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Preface

The primary responsibility of dentists has always been to relieve 
dental pain and prevent tooth loss. Despite their efforts, many 
teeth develop caries, suffer traumatic injury, or are impacted by 
other disorders that may require endodontic care. Endodontics is a 
discipline of dentistry that deals with the morphology, physiology, 
and pathology of the human dental pulp and periapical tissues, 
as well as the prevention and treatment of diseases and injuries 
related to these tissues. Its scope includes diagnosis and treat-
ment of pain of pulpal and/or periapical origin, vital pulp therapy, 
regenerative endodontic procedures, nonsurgical root canal treat-
ment, surgical or non-surgical retreatment of cases with persistent 
disease and internal bleaching of discolored teeth. Ultimately, the 
primary goal of this discipline is to preserve the natural dentition. 
Root canal treatment is a well-tested procedure that has provided 
pain relief and has restored function and esthetics to patients for 
decades. Millions of patients expect preservation of their natural 
dentition. When root canal treatment is indicated, patients should 
be aware that the procedure is safe and has a high success rate, if 
properly performed.

As with other dental specialties, the practice of endodontics has 
two inseparable components: art and science. The art consists of 
executing technical procedures during root canal treatment. The 
science includes the basic and clinical sciences related to biologi-
cal and pathological conditions that guide the art of endodontics 
through the principles and methods of evidence-based treatment. 
Evidence-based treatment integrates the best clinical evidence 
with the practitioner’s clinical expertise and the patient’s treatment 
needs and preferences. A principal objective of Endodontics: Prin-
ciples and Practice is to incorporate recent evidence-based informa-
tion regarding technological and scientific advances in the field of 
endodontics when available and when appropriate.

There are not enough endodontists to manage the endodontic 
needs of the public, so general dentists must assist endodontists 
to preserve natural dentition. Their responsibility is to diagnose 
pulpal and periapical diseases and to perform uncomplicated root 
canal treatments. In fact, most of the endodontic procedures are 
performed by generalists. Our textbook, written specifically for 
dental students and general dentists, focusses on clinical content 
and contains the information necessary for those who would like 
to incorporate endodontics in their practice. This includes diagno-
sis and treatment planning as well as management of pulpal and 
periapical diseases. In addition, the general dentist must be able to 
determine the case complexity and whether she or he can perform 
the necessary treatment or if referral is the better option.

The new edition of this book focuses on clinical content and has 
removed some of the basic science since the readers have already 
studied the basic sciences related to endodontic practice. We have 
also overhauled the table of contents with many new contributors 
to combine and / or eliminate chapters to be more updated and 

have newer clinically relevant information. In addition, it includes 
Expert Consult pin-code access for the first time.

This edition contains information regarding the pathogenesis 
of pulp and periapical diseases, systemic consideration for patients 
who need endodontic intervention, endodontic radiology includ-
ing the use of CBCT, diagnosis and treatment planning, differ-
ential diagnosis of pain and radiolucencies of non-pulpal origin, 
endodontic case complexity and when to refer to an endodontist, 
endodontic instruments, local anesthesia, emergency treatment, 
management of vital pulp including regeneration of pulp-dentin 
complex, traumatic injuries, root canal anatomy, access prepara-
tions, cleaning and shaping, obturation, and temporization as well 
as restoration of endodontically treated teeth and bleaching. In 
addition, it covers etiology, prevention, and treatment of acciden-
tal procedural errors, as well as treatment of cases with persistent 
disease using nonsurgical and surgical approaches and their treat-
ment outcomes that provide guidelines regarding the assessment 
of these procedures.

The other distinctive features of the new edition include mid-
chapter questions (online) so that the reader can check whether s/he 
understand a concept and the rationale before moving to the next 
topic in a chapter.

The hard copy of this book is enhanced by online access (via 
the pin code on the inside front cover) to additional video clips 
for selected procedures. These features provide the reader with a 
textbook that is concise, current, and easy to follow in an interac-
tive manner.

Endodontics: Principles and Practice is not intended to include 
all background information on the art and science of endodon-
tics. At the same time, it is not designed to be a “cookbook” or 
a preclinical laboratory technique manual. The purpose of this 
textbook is to provide the reader with the basic information to 
perform root canal treatment and to give the reader background 
knowledge in related areas. It should be used as a building block 
for understanding the etiology and treatment of teeth with pulpal 
and periapical diseases; then the reader can expand her or his end-
odontic experiences with more challenging cases. Providing the 
best quality of care is the guiding light for treatment planning and 
performing appropriate treatment.

We would like to thank the contributing authors for sharing 
their materials and experiences with our readers and with us; their 
contributions improve the quality of life for millions of patients. 
In addition, we acknowledge our colleagues and students who 
provided cases and gave us constructive suggestions to improve 
the quality of our book.

Mahmoud Torabinejad
Ashraf F. Fouad

Shahrokh Shabahang
2020
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1
Pathogenesis of Pulp and 
Periapical Diseases
CHRISTINE SEDGLEY, RENATO SILVA, AND  
ASHRAF F. FOUAD

Histology and Physiology of Normal Dental 
Pulp
The dental pulp is a unique connective tissue with vascular, lym-
phatic, and nervous elements that originates from neural crest 
cells. It resides inside the tooth in a chamber with rigid walls.

The pulp contains odontoblasts, highly specialized cells with a 
secretory function, which not only form dentin, but also interact 
with dental epithelium early in tooth development to initiate the 
formation of enamel. The pulp also contains fibroblasts, undiffer-
entiated mesenchymal cells, collagen type I and II, proteoglycans, 
glycoproteins, and water1 (Fig. 1.1).

The histologic structure of the pulp is important, because it 
reflects a unique architecture suited for the formation of dentin 
and defense against invading pathogens. Odontoblasts form a 

palisading layer that lines the walls of the pulp space, and their 
tubules extend about two thirds of the length of the dentinal 
tubules. The tubules are larger at a young age and eventually 
become more sclerotic as the peritubular dentin becomes thicker. 
The odontoblasts are primarily involved in production of mineral-
ized dentin. They are connected by gap junctions that allow them 
to form a semipermeable membrane. In addition, odontoblasts 
play an important role in defense as they express Toll-like recep-
tors (see later), cytokines, and defensins, among other immuno-
logic mediators.

Two main types of sensory fibers innervate the pulp: Aδ-fibers 
in the periphery and C-fibers in the central pulp. The Aδ-fibers 
are responsible for the sharp response to thermal changes. They 
extend between the odontoblasts, lose their myelin sheath, and 
extend to a distance of 100 to 200 μm into the dentinal tubules. 
The C-fibers are unmyelinated and are responsible for the dull 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Describe the histology and physiology of the normal dental 
pulp.

 2.  Identify etiologic factors causing pulp inflammation.
 3.  Describe the routes of entry of microorganisms to the pulp and 

periapical tissues.
 4.  Classify pulpal diseases and their clinical features.
 5.  Describe the clinical consequences of the spread of pulpal 

inflammation into periapical tissues.

 6.  Describe the histopathological diagnoses of periapical lesions of 
pulpal origin.

 7.  Identify clinical signs and symptoms of acute apical periodon-
titis, chronic apical periodontitis, acute and chronic apical 
abscesses, and condensing osteitis.

 8.  Discuss the role of residual microorganisms and host response 
in the outcome of endodontic treatment.

 9.  Describe the steps involved in repair of periapical pathosis after 
successful root canal treatment.

C H A P T E R  O U T L I N E
Histology and Physiology of Normal Dental Pulp, 1

Etiology of Pulpal and Periapical Diseases, 2

Microbiology of Root Canal Infections, 5

Endodontic Infections Are Biofilm Infections, 5

The Microbiome of Endodontic Infections, 6

Pulpal Diseases, 8

Normal Pulp, 11

Reversible Pulpitis, 11

Irreversible Pulpitis, 11

Pulp Necrosis, 12

Clinical Classification of Periapical (Apical) Conditions, 13

Nonendodontic Pathosis, 15
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2 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

ache that affects patients with symptomatic irreversible pulpitis. 
The pulp may also have Aβ-fibers and sympathetic fibers in the 
walls of arterioles.

The pulp vasculature plays a critical role in its response to irrita-
tion. When the tooth first erupts into the oral cavity, the root apex is 
immature, and there is ample blood supply to the pulp. Eventually, 
the apex matures, and the ability of the pulp to withstand external 
irritation, such as from trauma or caries, diminishes. However, the 
pulp of the mature tooth has mechanisms to cope with increased 
blood flow during inflammation, such as arteriovenous anastomoses 
and loops that can circulate and increase volume of blood when the 
need arises. The pulp also contains an elaborate network of arteri-
oles and capillaries around the odontoblasts, which are high-meta-
bolic-rate cells, commonly known as the terminal capillary network. 

Etiology of Pulpal and Periapical Diseases
Injury or irritation of pulpal or periapical tissues can result in 
inflammation. The reactions of the dental pulp to irritants are 
largely dictated by the type and duration of a stimulus. These irri-
tants can be broadly classified as nonliving (mechanical, thermal, 
or chemical) or living (microbial) (Video 1.1).

Mechanical Irritants
The potential for pulp irritation increases as more dentin is 
removed during deep cavity preparations because dentinal per-
meability is greater closer to the pulp2 (Fig. 1.2). The removal 
of tooth structure without proper cooling may also cause pulp 
inflammation. Deep scaling and curettage may injure apical ves-
sels and nerves, resulting in pulpal damage.3

Pulpal damage can occur because of impact injuries. Teeth 
undergoing mild to moderate trauma and those with immature 
apices have a better chance of pulpal survival in comparison with 
those suffering severe injury or those with closed apices. Intrusion 
injuries are more likely to lead to pulp necrosis than are lateral or 
extrusion injuries4 (Fig.1.3).

Periapical tissues can be mechanically irritated and inflamed by 
impact trauma, hyperocclusion, overinstrumentation of root canals, 
perforation of the root, and overextension of root canal filling materi-
als (Fig. 1.4). Inaccurate determination of root canal length is usually 
the cause of overinstrumentation and subsequent inflammation. In 
addition, lack of an adequate apical resistance form created during 
cleaning and shaping can cause overextension of filling materials into 
the periapical tissues, causing physical and chemical damage (Fig. 1.5).

Application of forces beyond the physiologic tolerance of the 
periodontal ligament (PDL) during orthodontic tooth movement 
results in disturbance of the blood and nerve supply of the pulp 
tissue.5,6 In addition, orthodontic movement may initiate resorp-
tion of the apex, usually without a change in vitality. 

Chemical Irritants
Antibacterial agents, such as silver nitrate, phenol with and without 
camphor, and eugenol, have been used to “sterilize” dentin after 
cavity preparations. The effectiveness of many of these products 
is questionable,7 and their cytotoxicity can cause inflammatory 
changes in the underlying dental pulp.8 Other irritating agents 
include cavity cleansers, such as alcohol, chloroform, hydrogen 
peroxide, and various acids; chemicals present in desensitizers, 
cavity liners and bases; and temporary and permanent restorative 
materials.

BA

C

PD BV

OD

OD

PD

D

FB

*

• Fig. 1.1 Histologic section of (A) rat molar tooth showing coronal (B) and (C) radicular dental pulp in 
higher magnification. Masson-Goldner trichrome staining. BV, Blood vessels; D, dentin; FB, fibroblasts; 
OD, odontoblasts in odontoblastic layer; PD, predentin. An artifact (*) separating the predentin from the 
odontoblastic layer. (Courtesy Dr. Claudia Biguetti.)
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3CHAPTER 1 Pathogenesis of Pulp and Periapical Diseases

Antibacterial irrigants used during cleaning and shaping of 
root canals, intracanal medications, and some compounds pres-
ent in obturating materials are examples of potential chemical 
irritants to periapical tissues.9,10 When testing the effects of anti-
microbial medications on dental pulp cells, researchers showed 
that calcium hydroxide and lower concentrations of antibi-
otic pastes are conducive to cell survival and proliferation, but 
more concentrated forms of antibiotic pastes have detrimental 
effects.11 

AA B

• Fig. 1.2 Scanning Electron Microscopy of Human Dentin. Dentinal permeability is greater closer to 
the pulp (A) than near the dentinoenamel junction (B) or the cementodentinal junction due to the higher 
number of tubules per unit and bigger tubule diameter. Therefore the potential for pulp irritation increases 
as more dentin is removed.
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• Fig. 1.3 Graphic representation of pulpal circulation subsequent to vari-
ous types of luxation injuries to teeth. Pulp circulation is measured in perfu-
sion units over a 36-week observation period.

• Fig. 1.4 Periapical radiograph showing overextension of root canal filling 
material.

• Fig. 1.5 Improper instrumentation and extrusion of filling materials into 
the periapical tissues causes periradicular inflammation (arrows).
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4 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

Microbial Irritants
Although mechanical and chemical irritations are predominantly 
transient in nature, the most significant cause of inflammation is 
microbial. Studies have shown that even superficial carious lesions 
in enamel are capable of attracting inflammatory cells in the 
pulp.12,13 The initial reaction of the pulp to these irritants is medi-
ated through the innate immune response. This early response to 
caries results in focal accumulation of chronic inflammatory cells, 
such as macrophages, lymphocytes, and plasma cells.14 As caries 
progresses toward the pulp, the intensity and character of the infil-
trate change. Pulpal tissue may remain inflamed for long periods 
and may undergo eventual or rapid necrosis. This change depends 
on several factors: (1) the virulence of the microorganisms; (2) the 
ability to circulate inflammatory fluids to avoid a marked increase 
in intrapulpal pressure; (3) host resistance, including genetic 
variations; (4) the amount of circulation and (5) an important 
factor, lymphatic drainage. Subsequently, microorganisms or their 
byproducts and other irritants from the necrotic pulp diffuse from 
the canal to the periapical region, resulting in the development of 
an inflammatory lesion (Fig. 1.6).

Pulpal and periapical pathoses do not develop without the pres-
ence of bacterial contamination.15,16 Kakehashi and collaborators 
created pulp exposures in conventional and germ-free rats.15 In the 
germ-free rats, minimal inflammation only occurred throughout the 
72-day observation period. Further, pulpal tissue in these  animals 
was not devitalized but rather showed calcific bridge formation by 
day 14, with normal tissue apical to the dentin bridge (Fig. 1.7, A).  
In contrast, infection, pulpal necrosis, and abscess formation 
occurred by the eighth day in conventional rats (Fig. 1.7, B). The 
bacteriological investigation by Sundqvist examining the flora of 
human necrotic pulps supports the findings of Kakehashi and col-
laborators15 and Möller and coworkers.16  Sundqvist examined previ-
ously traumatized intact teeth with necrotic pulps, with and without 
apical pathosis. The root canals of teeth without apical lesions were 
aseptic, whereas those with periapical pathosis had positive bacterial 
cultures.17

Several mechanisms have been proposed for identification of 
microorganisms as irritants by the immune system. Detection of 
these pathogens can occur via interaction between pathogen-asso-
ciated molecular patterns (PAMPs) and specific receptors broadly 

identified as pattern recognition receptors (PRRs).18 PRRs recog-
nize PAMPs and initiate host defenses. G-protein coupled recep-
tors and Toll-like receptors (TLRs) are part of the innate immune 
response and activate phagocytic functions to allow microbial 
ingestion. G-protein coupled receptors bind to chemokines, lipid 
mediators (e.g., platelet-activating factor, prostaglandin E2, and 
leukotriene B4) or bacterial proteins, causing extravasation of 
leukocytes and production of bactericidal substances. TLRs are 
transmembrane proteins that are expressed by cells of the innate 
immune system playing a central role in the initiation of cellular 
innate immune responses.19 These receptors recognize invading 
microbes and activate signaling pathways that launch immune 
and inflammatory responses to destroy the invaders. At least 13 
TLRs have been discovered to date with different recognition 
abilities. Table 1.1 presents some of the currently identified TLRs 
and their specific interactions. 

• Fig. 1.6 Egress of irritants (closed arrow) from the root canal into the peri-
apical tissue causes inflammation (open arrow) and replacement of normal 
periapical structures with a granulomatous tissue.

BA

D

P

• Fig. 1.7 A, No inflammation is seen in an exposed pulp (P) of a germ-free rat. Food particles and other 
debris (D) are packed into the chamber. B, Periapical lesion is apparent in a conventional rat after pulp 
exposure.  (Courtesy Dr. H. Stanley.)
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5CHAPTER 1 Pathogenesis of Pulp and Periapical Diseases

Microbiology of Root Canal Infections

Routes of Root Canal Infection
Under normal conditions, the dental pulp and dentin are isolated 
from oral microorganisms by overlying enamel and cementum. 
When the integrity of these protective layers is breached (e.g., as 
a result of caries, trauma-induced fractures and cracks, restorative 
procedures, congenital anomalies of teeth, scaling and root plan-
ing, attrition, or abrasion) or naturally absent (e.g., because of 
gaps in the cementoenamel junction at the cervical root surface), 
the dentin-pulp complex becomes exposed to the oral environ-
ment. The pulp then becomes at risk of infection by oral micro-
organisms present in caries, saliva, and dental plaque. The risk 
increases with the depth of lesions due to the diameter of dentinal 
tubules increasing as they approach the pulp (see Fig. 1.2).

Caries are the most common cause of pulpal exposure (Fig. 
1.8). However, microorganisms may also reach the pulp via direct 
pulpal exposure as a result of iatrogenic restorative procedures, as 
a result of trauma, and through a periodontal pocket extending 
to the apical foramen or lateral canal. After pulp necrosis, micro-
organisms can invade the entire root canal system uninhibited by 
host defense mechanisms. As a consequence of the interaction 
between microorganisms and the host defenses, inflammatory 
changes take place in the periapical tissues and give rise to the 
development of apical periodontitis.

Endodontic infections can be classified according to their ana-
tomic location as intraradicular or extraradicular. Microorganisms 
that initially invade and colonize the necrotic pulp tissue cause 
primary intraradicular infections. Microorganisms that were not 
present in the primary infection but were introduced into the 
root canal system during or after initial treatment cause secondary 
infections. Secondary infections are suspected when a preopera-
tive infection heals after treatment and then recurs at a later time. 
Persistent infections are caused by microorganisms from a pri-
mary infection that resisted intracanal antimicrobial procedures 
and remained in the prepared root canal system. Persistent and 
secondary infections are responsible for several clinical problems, 
including persistent exudation, continuation of symptoms, inter-
appointment flare-ups, and failure of the endodontic treatment.

The goal of root canal treatment is to remove microorgan-
isms from the root canal system. However, in the absence of a 
strict aseptic technique, microorganisms from caries and dental 
plaque can be introduced into the canal system during treatment 
because of lack of rubber dam usage or leakage of the rubber dam.  

Contaminated endodontic files and instruments, including deliv-
ery systems for antimicrobial agents, are additional potential 
sources for the introduction of microorganisms into the root canal 
system during treatment.

Microorganisms can enter the root canal system between 
appointments via loss or leakage of temporary restorative materi-
als, fracture of the tooth structure, and teeth left open for drain-
age. Entry of microorganisms after root canal filling occurs by loss 
or leakage of temporary or permanent restorative materials, dur-
ing preparation of posts or other intracanal restorations without 
the rubber dam, fracture of the tooth structure, and by recurrent 
caries that expose the root canal filling material. Leakage after 
completion of root canal treatment is more likely to occur if the 
placement of the permanent restoration is delayed.

Extraradicular infection is characterized by microbial invasion 
and proliferation into the inflamed periapical tissues and is almost 
invariably a sequel to intraradicular infection. Once the intraradicu-
lar infection is properly controlled by root canal treatment or tooth 
extraction and drainage of pus, the extraradicular infection can be 
addressed by the host defenses and usually subsides (Fig. 1.9). 

Endodontic Infections Are Biofilm Infections
The role of microorganisms as the primary etiologic agents of root 
canal infections was established in seminal studies published sev-
eral decades ago.15,16,20 In these and subsequent microbiological 
analyses of samples recovered from root canal infections, species 
were isolated and identified by using planktonic (liquid) culture 
techniques. During the past two decades, it became apparent that 
microorganisms exist in the root canal system not as planktonic 
cultures, or as single species, but rather as multispecies biofilm 
communities composed of microcolonies irreversibly attached to 
a substratum, to an interface like dentin, and to each other.21,22 
All anatomic areas of the infected root canal system can harbor 
microbial cells organized as highly variable biofilm structures22,23 
(Fig. 1.10).

Biofilm formation encompasses attachment of microbial cells 
to a surface, followed by cell proliferation, adherence to other 
microorganisms, production of matrix, and microcolony matu-
ration. Dispersal of cells allows the formation of new biofilm 
microcolonies.24 Microbial cells occupy only a small proportion 
of the biofilm. Quorum sensing is the expression of specific micro-
bial proteins after the bacterial cells reach a threshold number. It 

  Examples of Toll-Like Receptors (TLRS) and 
Associated Activators

PAMP PRR Pathogen

LPS, Lipid A TLR4 Gram-negative bacteria

Flagellin TLR5 Bacteria, flagellum

dsRNA TLR3 Virus

RNA TLR7,8 Virus

CpG DNA TLR9 Bacteria, DNA

PAMP PRR Pathogen

PAMP, Pathogen-associated molecular patterns; PRR, pattern recognition receptors.

  

TABLE 
1.1

• Fig. 1.8 Radiograph showing pulp exposure as a result of caries.
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6 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

allows the coordinated regulation of expression of these proteins 
by microorganisms in biofilms to regulate population density and 
possibly virulence.25 The majority of the biofilm structure is a 
highly heterogeneous matrix composed of extracellular polymeric 
substances (EPSs) produced by cells within the biofilm. The EPS 
matrix provides multiple functions (Fig. 1.11). From a clinical 

perspective, the EPS can act as a physical barrier to antimicrobial 
agents such as antibiotics and disinfectants.26 Microbial organiza-
tion into multispecies biofilm communities results in increased 
pathogenic effects on the host.27 

The Microbiome of Endodontic Infections
The identity of specific microorganisms in root canal infections has 
been a major focus of interest for more than a century.28 Studies 
using culture-dependent approaches have recovered several species 

BA

C

• Fig. 1.9 A, Preoperative radiograph of a second molar with pulpal necrosis and evidence of chronic api-
cal periodontitis. B, Postoperative radiograph of the tooth. C, Postoperative radiograph 2 years after root 
canal therapy shows complete resolution of the periradicular pathosis.

• Fig. 1.10 Intracanal Biofilms With Predominance of Cocci. Note the 
high concentration of cells at the bottom of the biofilm and in direct con-
tact with the root canal wall. (From Ricucci D, Siqueira JF Jr: Biofilms and 
apical periodontitis: study of prevalence and association with clinical and 
histopathologic findings, J Endod 36(8):1277–1288, 2010.)

Ions eDNABACTERIA

Proteins

EPS

Fungi
Cells

Water
Waste

Diversity
Pores Nutrients

Channels
Polysaccharides Lipids

EPS

Electrons
Molecules

Architecture
Stability
Barrier

What happens in biofilms?

What’s in biofilms?

EPS matrix:
Binding

Retention
Renewal

Adherence
Sorption
Antagonism

Imports Protection
AggregationExports

Competition

QuorumSensing
Communication

Metabolism

Resistance

Digestion SynergismRegeneration
Exchange

Surface

• Fig. 1.11 Properties of biofilms emerging from life in the extracellular poly-
meric substance (EPS) matrix. (From Flemming HC: EPS-then and now, 
Microorganisms 4[4]:pii: E41, 2016 Nov 18.)
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7CHAPTER 1 Pathogenesis of Pulp and Periapical Diseases

that have been identified as putative endodontic pathogens. The 
microbiome of carious dentin causing pulpitis and subsequent 
endodontic infection includes significant numbers of lactobacilli,29 
gram-negative bacteria,30 and species from the Firmicutes, Actino-
bacteria, and Proteobacteria phyla.31 Primary root canal infections 
harbor a multispecies population of facultative and strict anaero-
bic gram-positive and gram-negative bacteria, spirochetes, yeasts, 
Archaea, and other unidentified species.32-36 In addition, Epstein-
Barr virus may be associated with irreversible pulpitis and apical 
periodontitis,37 and papilloma virus and human herpes virus have 
been found in exudates from acute apical abscesses.38

Microorganisms have been traditionally characterized in terms 
of their morphology (rods, cocci, spirilla), cell wall characteristics 
(gram-positive and gram-negative), and oxygen tolerance (anaero-
bic and facultatively anaerobic). Genera cultured from symptom-
atic and asymptomatic root canal infections include Prevotella, 
Porphyromonas, Fusobacterium, Peptostreptococcus, Streptococcus, 
Lactobacillus, Enterococcus, Actinomyces, Propionibacterium, and 
Candida.20,39 (Table 1.2)

More recently, the microbiome of endodontic infections has 
been redefined using culture-independent molecular biology 
techniques. These studies have both confirmed the findings from 
culture studies and greatly expanded knowledge. Many species 
that had already been considered putative pathogens because of 
their frequency of detection, as reported by culture-dependent 
methods, have been found in a similar or even higher preva-
lence by using molecular approaches, strengthening associations 
with causation of apical periodontitis. Molecular technology has 
enabled the recognition of many new putative pathogens that had 

not previously been found in samples from endodontic infec-
tions.40,41 A review of 12 studies that used next-generation DNA 
sequencing (pyrosequencing) methods to evaluate the microbi-
ome of endodontic infections has corroborated previous multiple 
reports of microbial diversity. The most abundant phyla were Fir-
micutes, Actinobacteria, Bacteroidetes, Proteobacteria, and Fuso-
bacteria. The most frequently detected genera were Prevotella, 
Fusobacterium, Porphyromonas, Parvimonas, and Streptococcus.42 
(Fig. 1.12)

Many microorganisms isolated from endodontic infections 
have also been identified as commensals in the oral cavity. The 
transition from oral “commensal” to root canal “pathogen” likely 
reflects an innate ability to switch on genes that enable survival 
and propagation in a different environment and encode a range 
of virulence factors (Fig. 1.13). The first reported virulence fac-
tor associated with endodontic infections was lipopolysaccha-
ride (“endotoxin”), a virulence factor produced by gram-negative 
bacteria.43

It has been suggested that symptoms increase when certain 
microbial species are part of the infective endodontic microbiome. 
Nevertheless, the same species can be found in asymptomatic 
cases with prevalence comparable to that of symptomatic cases; 
this apparent discrepancy could be explained in part by the varia-
tions in expression of virulence factors by different strains of the 
same species. Protein analyses (the metaproteome) of endodontic 
infections, along with the host response, are future steps toward 
better understanding of interactions between the microbiome of 
endodontic infections and the host throughout the infection and 
healing process.44,45 

  Bacterial Genera Represented in Endodontic Infections

GRAM-NEGATIVE BACTERIA GRAM-POSITIVE BACTERIA

Anaerobes Facultatives Anaerobes Facultatives

Rods Rods
Dialister
Porphyromonas
Tannerella
Prevotella
Fusobacterium
Campylobacter
Pyramidobacter
Catonella
Selenomonas
Centipeda

Capnocytophaga
Eikenella
Haemophilus

Actinomyces
Pseudoramibacter
Filifactor
Eubacterium
Mogibacterium
Propionibacterium
Eggerthella
Olsenella
Bifidobacterium
Slackia
Atopobium
Solobacterium
Lactobacillus

Actinomyces
Corynebacterium
Lactobacillus

Cocci Cocci

Veillonella
Megasphaera

Neisseria Parvimonas
Peptostreptococcus
Finegoldia
Peptoniphilus
Anaerococcus
Streptococcus
Gemella

Streptococcus
Enterococcus
Granulicatella

Spirilla

Treponema

TABLE 
1.2
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8 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

Pulpal Diseases

Host Response in the Dental Pulp
The response of the dental pulp to microbial and other physical 
and chemical irritants is similar to the response in other connec-
tive tissues. An inflammatory process starts in the pulp and corre-
sponds to the location where the irritation reaches it. For example, 
in an incipient carious lesion at the depth of an occlusal fissure, 
the pulp at the end of the affected dentinal tubules is seen to have 
a small inflammatory process histologically. This inflammation 
progresses throughout the coronal pulp as the carious lesion pen-
etrates deeper in dentin, until the microbial irritants eventually 
invade the pulp in large numbers and cause severe inflammation 
(Fig. 1.14).

However, unlike other connective tissues, the dental pulp lacks 
collateral circulation and is confined within rigid dentinal walls. 
Therefore at a specific point in the disease process, the inflamma-
tion changes from reversible (one that would respond favorably 
to conservative methods of treatment and eventually heal) to irre-
versible pulpitis. The transition of reversible to irreversible pulpitis 
is important to identify clinically because it determines the opti-
mal procedure that should be employed to treat it.

Studies have shown that the inflammatory response in the 
pulp is associated with several cellular and molecular changes  
(Video 1.2). The degree of irritation appears to trigger a cor-
responding level of inflammation. This titration of the 

inflammatory response to the level of irritation is orchestrated 
by a balance of proinflammatory and antiinflammatory factors 
in the pulp. The condition of the pulp deteriorates or improves 
based on the reaction of pulpal factors to the external environ-
ment. Cellular responses include the increase in inflammatory 
cells, most notably neutrophils, lymphocytes, macrophages, 
plasma cells, mast cells, and dendritic cells (Figs. 1.15 to 1.17). 
The inflammatory cell response correlates in its intensity with 
the depth of the carious lesion.46 Noninflammatory cells, such 
as odontoblasts and fibroblasts, do contribute to the inflamma-
tory response. Odontoblasts have been shown to express TLRs, 
cytokines, chemokines, and defensins.47 However, the degree 
to which noninflammatory cells contribute to the inflamma-
tion is much less than inflammatory cells like neutrophils and 
macrophages. A recent study showed reasonably good agreement 
between clinical signs and symptoms, and the histologic con-
dition of the pulp in cases with caries.48 In this study, micro-
bial ingress into the pulp, which is indicative of severe pathosis, 
seemed to be confined to cases diagnosed clinically as irreversible 
pulpitis.

In recent years there has also been considerable interest in 
molecular mediators of pulpal inflammation. Some inflam-
matory mediators have been shown to correlate directly with 
increased pulpal pain and the clinical diagnosis of symptomatic 
irreversible pulpitis. These mediators include prostaglandins, 
neuropeptides, bradykinin, cytokines, chemokines, and matrix 
metalloproteinases.49,50 The dental pulp is heavily innervated by 
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• Fig. 1.12 A heat map of root canal community profiles based on bacterial prevalence in 15 groups of root 
canal microbiomes gathered from 12 studies using next-generation DNA sequencing. Microbiome profiles 
are divided into general (entire root canal) and apical samples. Heat map scale ranges from 0 to 1 by taxa 
where “1” indicates that all samples had that specific taxa as their top 5 phyla or genera. A “0” score indi-
cates that taxa did not appear as a top 5 phyla or genera. (From Shin JM, Luo T, Lee KH, et al: Deciphering 
endodontic microbial communities by next-generation sequencing, J Endod 44[7]:1080–87, 2018.)
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9CHAPTER 1 Pathogenesis of Pulp and Periapical Diseases

sensory fibers. During the inflammatory process, there is sprout-
ing of pulp nociceptors, with an increase in secretion of neuro-
peptides like substance P and CGRP. These mediators lower the 
pain threshold and increase the permeability of blood vessels to 
inflammatory cells.

The compromised ability of the pulp to survive severe forms 
of inflammation, in comparison with other connective tissues, is 
illustrated by the differences in response to trauma between teeth 
with immature apex and those with mature apex. After luxation 
injuries, such as extrusion, intrusion, or even total avulsion and 
replantation, the tooth with immature apex is much more likely 
to retain (or revascularize) a vital pulp than a tooth with mature 
apex. This difference is primarily related to the increased collateral 
circulation in the immature teeth that can take advantage of the 
wide apical foramen.

Occasionally, radiographic analysis of the dental pulp reveals 
an increase in mineralization and deposition of hard den-
tinal tissues. Increased mineralization occurs gradually due to 
deposition of secondary dentin throughout life. However, as 

a result of traumatic injuries, a substantial increase in miner-
alization may occur in the tooth or teeth that were trauma-
tized. Increased areas of mineralization, commonly known as 
pulp stones, are also associated with caries or deep restorations. 
Excessive pulp stones have also been associated with cardio-
vascular diseases,51 and with intake of statin medications.52 
Increased mineralization of the pulp, even when obliterating 
the entire canal space (Fig. 1.18), in the absence of symptoms 
or apical pathosis, is not considered pathologic. However, if 
pulpal disease arises in these conditions, root canal treatment 
may become very challenging.

Less frequently, the pulp may undergo internal resorptive 
defects (Fig. 1.19). The cells that typically initiate the resorption, 
the osteoclasts or odontoclasts, are not normal inhabitants of the 
healthy pulp. These cells, which arise from monocytes, are normal 
mediators of bone turnover and are present in the PDL and alveo-
lar bone. When resorptive lesions are detected clinically (internally 
or externally), they have usually attained a large size and are con-
sidered pathologic, even in the absence of symptoms. 

• Fig. 1.13 Potential Virulence Factors Associated With a Bacterial Cell. (From Sedgley CM. Virulence 
of endodontic bacterial pathogens. In Fouad AF, editor: Endodontic microbiology, Ames, IA, 2009, Wiley-
Blackwell Publishing, pp. 130–151.)
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10 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

• Fig. 1.14 A localized inflammatory reaction containing mainly polymor-
phonuclear leukocytes (PMNs) at the site of a carious pulpal exposure. 
The remainder of the coronal pulp is almost free of inflammatory cells. 
(Courtesy Dr. J.H. Simon.)

• Fig. 1.15 Mast cells are readily visible as dark-stained cells in this inflamed 
human dental pulp.

• Fig. 1.16 Some plasma cells stain positively for IgM in inflamed human 
dental pulp, indicating immunologic activity.

• Fig. 1.17 Many dendritic cells (arrows) are present in an inflamed dental 
pulp. (Courtesy Dr. M. Jontell.)

 1.  Which of the following is a condition that can be described as 
irreversible pathosis of the pulp:

 a.  Dentin hypersensitivity
 b.  Pulp canal obliteration (total calcification)
 c.  Internal resorption
 d.  Sharp, brief pain with thermal changes
 2.  The following inflammatory mediator(s) is/are not elevated in the pulp, 

in cases with symptomatic irreversible pulpitis:
 a.  Prostaglandins
 b.  Leukotrienes
 c.  Bradykinin
 d.  Neuropeptides
 e.  Matrix metalloproteinases
 3.  The following cytokine acts to control the expansion of periapical 

lesions:
 a.  IL-1
 b.  IL-8
 c.  IL-10
 d.  TNF-alpha
 e.  IL-17
 4.  Root canal infections are best described as:
 a.  Single-species biofilms, predominantly microorganisms
 b.  Single-species biofilms, predominantly extracellular matrix
 c.  Multispecies biofilms, within an extracellular matrix, predominantly 

microorganisms
 d.  Multispecies biofilms, within an extracellular matrix, predominantly 

matrix
 5.  Compared with bacteria in suspension (planktonic), microorganisms in 

biofilms:
 a.  Are less resistant to antimicrobial agents
 b.  Can resist alkaline stress better
 c.  Have a decreased potential for cell-to-cell interaction
 d.  A and C

 • BOX 1.1      Review Study Questions
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Clinical Classification of Pulpal Conditions
The dental pulp is encapsulated by hard tissues and therefore is not 
amenable to direct visual or tactile examination, or sampling for 
biopsy. The clinician must rely on signs and symptoms of disease, 
the results of clinical testing, and radiographic imaging to reach 
a pulpal diagnosis (see Chapter 4). A diagnosis must be obtained 
before any endodontic procedure is contemplated. Here the gen-
eral classification and features of different pulpal conditions will 
be described to introduce the reader to the disease progression in 

the dental pulp. Histological examination of the pulp in various 
stages of disease, except for total necrosis, reveals that different 
areas of the pulp may have different stages of normalcy, inflamma-
tion, or necrosis. Indeed, the progression from reversible pulpitis 
to irreversible pulpitis and then to necrosis is gradual and occurs 
in small compartments of the pulp at any one time, thereby com-
plicating the clinical diagnosis. 

Normal Pulp
As noted previously, normal pulp is histologically characterized 
by the presence of an intact odontoblastic layer, a cell-free zone, a 
cell-rich zone, and the absence of inflammation or necrosis. The 
odontoblasts may be interspersed with dendritic cells or nerve 
endings. Occasionally, inflammatory cells such as lymphocytes, 
neutrophils, or macrophages may be seen, but they are sporadic 
and located in the central pulp. However, the pulp tissue is pri-
marily composed of fibroblasts, vascular elements, stem cells, and 
myelinated and unmyelinated nerve fibers. 

Reversible Pulpitis
Pulpal inflammation begins with the onset of a carious lesion, or 
other irritation, such as a crack, cervical abrasion, crown attri-
tion or fracture, or in response to a dental procedure on an intact 
tooth. These external stimuli lead to biological or physical irrita-
tion of the pulp and result in an increased area of inflammatory 
response in close proximity to the area of irritation. An example of 
this response may be dentin hypersensitivity in relation to cervical 
abrasion or attachment loss treated with scaling and root plan-
ing. Clinically, the patient with reversible pulpitis usually has no 
symptoms, or may have mild hyperalgesia of the pulp. The latter 
is expressed as increased sharp pain (with thermal changes) that is 
short in duration. Correction of the clinical problem that caused 
reversible pulpitis, such as with a restoration of a carious lesion 
or desensitization of hypersensitive dentin, results in healing and 
resolution of symptoms. 

Irreversible Pulpitis
The transition from reversible to irreversible pulpitis is gradual 
and may or may not be associated with changes in symptoms. 
Irreversible pulpitis is characterized histologically by the presence 
of areas of severe inflammation and partial necrosis in the pulp, 
commonly in proximity to an area of carious exposure. There is 
typically microbial invasion of a portion of the pulp, with intense 
inflammatory response that is attempting to wall off the microbial 
infection. The rest of the pulp tissue typically has mild inflamma-
tion or no inflammation and therefore, is responsive to clinical 
vitality testing. Irreversible pulpitis may be associated with severe 
spontaneous and lingering pain, or with milder symptoms or no 
pain. Because the association of pain with irreversible pulpitis is 
not consistent, the diagnosis of irreversible pulpitis may be chal-
lenging (see Chapter 4).

Two additional conditions are usually diagnosed as irreversible 
pulpitis: cases with internal resorption, with a vital (responsive) 
pulp (Fig. 1.19) and cases with hyperplastic pulpitis (pulp polyp) 
(Fig. 1.20). The latter represents a proliferative response that is 
occasionally seen in the pulp of children, that has been exposed 
to the oral cavity, and in which the pulp tissue may be covered by 
desquamated epithelium from oral mucosa. 

• Fig. 1.18 Calcific metamorphosis does not represent pathosis per se and 
may occur with aging or low-grade irritation. It also may occur subsequent 
to a traumatic injury to the tooth.

• Fig. 1.19 Hard tissue resorption that causes disappearance of nor-
mal radiographic evidence of the root canal usually indicates an internal 
resorption defect.
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12 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

Pulp Necrosis
In about 40% of cases, irreversible pulpitis develops into pulp necro-
sis without symptoms.53 In this condition, the dental pulp degener-
ates completely and is replaced by serous or purulent fluid or by 
dry necrotic tissue. The root canal environment contains microbial 
biofilms that vary in their composition, location, and thickness, 
depending on nutritive factors, pH, oxygen tension, and continued 
access to the oral cavity. In addition, the biofilm invades dentinal 
tubules, which are wide enough to accommodate microbial cells, 
especially in young patients with larger dentinal tubules.54

Pulp necrosis is asymptomatic, because the nerve endings sup-
plying the pulp are no longer present. However, clinically, there are 
instances when the patient can feel endodontic instruments that 
are exploring the necrotic pulp space. This sensation may be due to 
remaining pulpal nerve fibers or fluid pressures that stimulate api-
cal nociceptors. In addition, pulp necrosis may be associated with 
several apical conditions that are symptomatic (see later section).

Periapical Diseases
As the inflammation progresses throughout the radicular pulp, 
it gradually starts to affect the periapical tissues. The progression 
of the pulp disease into the periapical tissues presents a major 

biological challenge to those tissues. The PDL is a very thin, highly 
fibrous tissue that is confined within the bony crypt. As such, these 
tissues are not capable of mounting an immune response that can 
stop the advancing microbial ingress. Therefore the hallmark of 
apical periodontitis is bone resorption to accommodate the for-
mation of a soft tissue lesion, in which the immunologic reactions 
that can stop the advancing infection can be concentrated.

Animal studies have shown that apical bone resorption and 
inflammatory response starts soon after the initiation of pulpal 
inflammation. In one study, researchers found that the pathogen-
esis of pulpitis and apical periodontitis in the initial phases, and in 
the absence of severe virulent bacteria, is primarily coordinated by 
innate rather than adaptive immune responses.55 In another study, 
adaptive responses were found to be critical in preventing dissemi-
nated infections if a significant microbial load of virulent species 
is introduced.56 As noted before, a variety of microbial factors are 
important in development of periapical lesions, such as lipopoly-
saccharides (LPSs), lipoteichoic acid, bacterial enzymes, adhesion 
factors, toxins, etc. (Fig. 1.13). Although LPS is a well-charac-
terized irritant that can induce pulpal and periapical lesions even 
in the absence of live bacteria,57,58 periapical lesions have been 
induced in animal models that do not respond to LPS in a similar 
manner to normal animals.59 Periapical lesions typically take 5 to 
8 weeks in large animal models to be visible radiographically.60

The inflammatory response in the periapical lesion is similar to 
that in the pulp, except that bone resorption is now a critical com-
ponent of the host response. Numerous studies have documented 
the tightly regulated process of periapical bone loss that correlates 
with the degree of the advancing microbial irritation and the bal-
ance of proinflammatory and antiinflammatory factors. Important 
cytokines in bone resorption include IL-1, IL-6, IL-11, IL-17, and 
TNF-alpha. Cytokines that limit bone resorption include IL-4 
and IL-10. Another key protein that plays a major role in bone 
resorption is nuclear factor-κB ligand (RANKL). RANKL binds 
to its receptor (RANK), resulting in osteoclast differentiation. 
This interaction is inhibited by osteoprotegerin (OPG), a decoy 
protein that binds to the receptor. Levels of RANKL and the ratio 
of RANKL to OPG both peak at 2 to 3 weeks, concurrent with 
the progression of periapical bone destruction. RANKL produc-
tion tapers off between weeks 4 and 8, whereas production of 
OPG increases during this time, creating a negative feedback loop 
that limits the amount of bone destruction caused by bacterial 
infection.61 The RANKL-RANK interaction is involved in both 
physiologic and pathologic bone resorption. In periapical tissues, 
a significant increase in RANKL levels has been found in granulo-
matous lesions compared with healthy controls.62,63 Finally, T-reg 
lymphocytes have been shown to control the size of periapical 
lesions in a significant manner.64

Histologically, periapical lesions have traditionally been classi-
fied into granulomas, cysts, or apical abscesses. A granuloma has 
a collection of inflammatory cells, such as lymphocytes, plasma 
cells, macrophages, and mast cells, that are arranged in a granular 
manner, thus the name granuloma. Occasionally, there are multi-
nucleated giant cells and foam cells that may represent osteoclasts 
or engorged macrophages, respectively. A periapical cyst arises 
in a part of a granuloma and thus has a granuloma as part of 
its wall. A cyst represents a proliferation of the epithelial rests of 
Malassez, which are vestigial embryonic cells that remain after the 
disintegration of the epithelial root sheath of Hertwig after root 
development. Cysts may be formed by one of several mechanisms. 
Either the epithelial strands proliferate to surround an area of the 
granuloma, restrict the blood supply, and cause degeneration of 
the central tissue, or the epithelial mass widens to the extent that 

A

B

• Fig. 1.20 A, Pulp polyp, also known as hyperplastic pulpitis. The involved 
tooth is usually carious with extensive loss of tooth structure; the pulp 
remains vital and proliferates from the exposure site. B, Histologic exami-
nation of hyperplastic pulpitis shows surface epithelium and underlying 
inflamed connective tissue.
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13CHAPTER 1 Pathogenesis of Pulp and Periapical Diseases

central cells degenerate due to their distance from the sources of 
nutrition. Cysts contain clear cyst fluid that may be filled with 
eosinophilic material and cholesterol crystals (Fig. 1.21).

The literature shows that the incidence of granulomas and 
cysts varies considerably. Most of these studies are from pathol-
ogy services, in which only a select number of cases are submitted 
for examination, typically when the practitioner suspects non-
endodontic pathosis. The sources may be extracted teeth that may 
or may not have had endodontic treatment, lesions recovered dur-
ing apical surgery, or lesions in edentulous areas, suspected to have 
been associated with previously extracted teeth. The tissue may 
or may not be the complete lesion, and the pathologist may or 
may not perform serial sectioning to diagnose the entire lesion. In 
addition, many pathologists would diagnose a cyst upon identify-
ing any epithelial tissue in the lesion, and some pathologists need 
to see evidence of cyst lining and lumen before making the same 
diagnosis. Finally, some of the larger studies have documented a 
high percentage of nonendodontic lesions (27% in one study65) 
that are submitted for examination, thus raising the possibility 
that some of these cases may not adhere to other characteristics of 
apical pathosis. With this diversity, the incidence of cysts has been 
reported to be from 7% to 54% of apical lesions.

Two types of apical radicular cysts have been described in the 
literature: true cysts and pocket (or bay) cysts. True cysts are 
those that do not communicate directly with the apical foramen 
of the offending tooth but are separated from it by an area of 
the lesion. Pocket or bay cysts are those in which the root apex 
and apical foramen open directly into the lumen of the cyst. 
This distinction between the types of cysts was proposed as a 
rationale for an argument that true cysts would not respond to 
nonsurgical treatment and would require surgical enucleation.66 
However, there has never been direct evidence to support this 
hypothesis.67,68

A large body of literature has examined the differences 
between cysts and granulomas in inflammatory cells or molec-
ular mediators and whether they can be distinguished clinically 
without obtaining a biopsy. However, it is now thought that 
cysts arise from granulomas of long standing and in conditions 
that are conducive to the proliferation of the epithelial rests. It 
is also generally accepted that the differentiation of cysts and 
granulomas is not critical, because both can heal equally well 
after surgical or nonsurgical treatment,68 provided that bacte-
rial irritants have been controlled.67 The clinical importance 

of apical radicular cysts (or large granulomas) may be in the 
differential diagnosis from other nonodontogenic lesions (see 
later section). Cysts may also push roots, causing malalignment 
of teeth.69

An apical abscess is characterized histologically by the pres-
ence of an intense inflammatory response surrounding areas of 
tissue necrosis. If bacterial stains are used, then bacteria may be 
physically present in these areas of necrosis. If bacterial inva-
sion is extensive and prolonged, particularly in patients who are 
immunocompromised, osteomyelitis may develop. Histologically, 
areas of necrotic bone with empty lacunae are seen surrounded 
by intense inflammatory response. Microbial presence in asymp-
tomatic apical lesions is relatively infrequent.70,71 However, stud-
ies have shown that about 50% of cases with persistent disease 
after endodontic treatment may have bacterial presence in the 
lesion.72 Occasionally the predominant bacterial colony is from 
the Actinomyces spp.73 This organism is filamentous in nature, and 
the histologic picture is characteristically described as actinic rays 
(Fig. 1.22) 

Clinical Classification of Periapical (Apical) 
Conditions

Normal Periapex
In this clinical condition, there is no evidence of apical pathosis 
clinically or radiographically, and the tooth is asymptomatic to 
percussion and apical palpation. In these cases, it is thought that 
the inflammation of the pulp has not yet reached the apical tissues 
but may do so if the pulpal condition is not addressed. 

Symptomatic Apical Periodontitis
In this condition, the tooth is tender to percussion and/or apical 
palpation. This condition is also referred to as mechanical allo-
dynia of the involved tooth. The inflammation has progressed in 
this case to the apical tissues, and therefore the pulpal pathosis is 
considered irreversible in nature. It is noteworthy, however, that 
after restorative procedures on a vital normally responsive pulp, if 
the occlusion on the tooth is inadvertently left high, the tooth is 
rendered tender to percussion. In these cases, the occlusion needs 
to be adjusted, and the pulpal condition is considered reversible.

Cases with symptomatic apical periodontitis may have widened 
PDL space on the periapical radiograph (Fig. 1.23), or a small 
radiolucency on the cone beam computed tomography (CBCT). 
However, there are also many cases with asymptomatic apical 
periodontitis, in which an apical lesion is evident radiographically, 
that eventually develop clinical symptoms and become symptom-
atic. It is not clear why asymptomatic lesions occasionally exac-
erbate and become symptomatic; however, it is thought that this 
change may be due to changes in the microbial composition of 
the infected root canal causing an increase in virulent strains, an 
increase in microbial load, or a disruption of the host response 
that favors a more pathogenic infection. 

Asymptomatic Apical Periodontitis
In these conditions, an apical radiolucent lesion is evident radio-
graphically and associated with a necrotic pulp (Fig. 1.24). The 
lesion is typically associated with one or more roots of the tooth 
and occasionally extends to the furcation area as well. In fact, the 
lesion is associated with any area of the root in which there is the 

• Fig. 1.21 A region of human apical cyst consists of a central cavity filled 
with eosinophilic material (EM) and a wall lined with epithelium.
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14 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

• Fig. 1.23 After cementation of a three-unit bridge, the premolar devel-
oped clinical signs and symptoms of acute apical periodontitis. Radio-
graph shows a widened periodontal ligament space (arrow).

• Fig. 1.24 Some plasma cells stain positively for immunoglobulin M (IgM) 
in inflamed human dental pulp, indicating immunologic activity.

foramen of the main, lateral, or accessory canals. Occasionally, the 
presence of the lesion indicates the location of a foramen of a large 
lateral canal that cannot be seen radiographically and may not 
be treatable directly due to its location and size. Asymptomatic 
apical periodontitis may remain asymptomatic for years and may 
reach very large sizes. In these cases, the lesion is detected if the 
dentist develops a suspicion to image for apical pathosis or as an 
incidental finding on an intraoral or extraoral radiograph taken 
for other purposes. These lesions may be granulomas or cysts, but 
this distinction cannot be determined clinically. 

Acute Apical Abscess
This condition is the most serious clinical diagnosis in endodon-
tics. It indicates that virulent bacterial infection has invaded the 
periapical tissues in sufficient numbers to cause pain and swelling 
related to the offending tooth (Fig. 1.25). An acute apical abscess 
ranges in severity from a small localized swelling in the attached 
gingiva that is not associated with constitutional symptoms, to a 
large swelling that invades fascial spaces and causes severe mor-
bidity or even mortality of the patient. Microorganisms from the 
root canal environment are capable of raising systemic immuno-
globulins, acute phase proteins, and systemic cytokines such as 
IL-1.74-77 

Chronic Apical Abscess
This condition is less severe than an acute apical abscess, although 
it is biologically very similar to it. The pulp necrosis in this case 
is the source of virulent bacteria that invade the apical tissues and 
cause purulent drainage through a sinus tract, typically in the 
attached gingiva surrounding the involved tooth. The drainage 
may also occur through an isolated periodontal pocket that com-
municates with the apical lesion. The path of the sinus tract is 
determined by the path of least resistance. In rare instances, the 
sinus tract travels beyond the insertion of facial muscles and opens 
on the skin of the patient’s face or chin area. A sinus tract, regard-
less of location and duration, spontaneously heals once the source 
of the microorganisms, namely the infected root canal environ-
ment, is effectively treated through root canal treatment or tooth 
extraction. 

Inflammatory cells

Bacterial coloniesA B

• Fig. 1.22 Apical Actinomycosis. Cone beam computed tomography (CBCT) in (A) is of a patient with 
persistent apical periodontitis related to previously treated tooth #10. After root end resection and filling, 
the biopsy result was apical actinomycosis. Photomicrograph of the lesion is shown in (B).
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15CHAPTER 1 Pathogenesis of Pulp and Periapical Diseases

Condensing Osteitis
This condition represents a radiographic feature of the periapex 
of some teeth with pulpal pathosis. In these cases, the bone sur-
rounding the apical region is more sclerotic than that surround-
ing neighboring teeth. The pulpal condition may have any of 
the pathologic conditions described earlier in this chapter. It is 
thought that low-grade irritation of the bone may result in sclero-
sis rather than in resorption. In the absence of irreversible pathosis 
of the pulp, there is no need to address condensing osteitis. Con-
densing osteitis is often confused with enostosis (sclerotic bone), a 
nonpathologic entity that may be associated with teeth with nor-
mal pulp. 

Nonendodontic Pathosis
Benign lesions with radiographic appearances like periapical 
lesions include (but are not limited to) the initial stages of periapi-
cal cemental dysplasia (Fig. 1.26), early stages of fibrous dyspla-
sia, ossifying fibroma, odontogenic keratocyst, lateral periodontal 
cyst, dentigerous cyst, median maxillary or mandibular cyst, trau-
matic bone cyst, central giant cell granuloma, central hemangi-
oma, hyperparathyroidism, myxoma, and ameloblastoma. Usually 
(but not always), radiographically the lamina dura around the root 
apices is intact, and responses to pulp tests are normal. The final 
diagnosis of these lesions is often based on surgical biopsy and 
histopathologic examination.

Malignant lesions that may simulate periapical lesions of pulpal 
origin and are often metastatic include lymphoma (Fig. 1.27), 
squamous cell carcinoma, osteogenic sarcoma, chondrosarcoma, 

and multiple myeloma. Unlike endodontic lesions, these lesions 
are usually associated with rapid and extensive hard tissue (bone 
and tooth) destruction. Ordinarily, the teeth in the affected region 
remain responsive to vitality tests, although occasionally the pulps 
or sensory nerves are disrupted and nonresponsive. The patient 
may also experience numbness rather than pain in these situations. 

A

C B

• Fig. 1.25 A, Localized vestibular swelling resulting from the necrotic pulp in the right lateral incisor. B, An acute 
apical abscess (AAA) has created diffuse facial swelling. C, Histologic examination of the AAA shows edema-
tous tissue heavily infiltrated by degenerating polymorphonuclear leukocytes (PMNs).

• Fig. 1.26 A periapical radiolucency in the early stages of cementoma can 
simulate a periapical lesion of pulpal origin. However, the pulps’ responses 
are within normal limits.
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16 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

The percentages of different histopathologic diagnoses have been 
presented in one of the largest studies to document endodontic 
and nonendodontic apical pathosis submitted for biopsy65 (Fig. 
1.28).

Role of Residual Microorganisms in the Outcome 
of Endodontic Treatment
Root canal treatment aims to eliminate necrotic pulp tissue, bio-
film, and debris from the root canal system. However, several 
obstacles to optimal root canal disinfection can exist, resulting 
in persistent infections, or infections arising from members of 
the original microbiome that have survived root canal treat-
ment.78 These obstacles include the anatomic complexities of 
the root canal system, the buffering effects of dentin, and the 
physical barrier to antimicrobials provided by the EPS matrix of 
the biofilm. As a consequence, some species survive endodon-
tic treatment procedures, and persistent infection can ensue.79,80 
Microbial products from persistent infections diffusing into the 
apical tissues through root canal ramifications and exposed den-
tinal tubules can induce an inflammatory response with conse-
quent release of cytokines that activate resorption mechanisms 
(Fig. 1.29).

The primary cause of endodontic treatment failure has been 
attributed to intraradicular infections, usually in the form of bio-
films.81 Microorganisms present in the apical portion of the root 
canal, apical deltas, and lateral canals have the potential to sustain 
long-standing infections.22 Those microorganisms that survive 
need to be able to resist periods of starvation and withstand pos-
sible disruption of the EPS matrix. If communication with the 
apical tissues is present, then the biofilm is likely to have access to 
a source of nutrients that facilitates growth and a subsequent host 
response that sustains or exacerbates periapical inflammation and 
avoids healing.

Extraradicular infections have been associated with cases of 
long-standing lesions and persistent root canal infections.82 It is 
generally accepted that Actinomyces spp. and Propionibacterium pro-
pionicum are involved in periapical lesions refractory to endodontic 

treatment because of their ability to evade the host response, survive 
in the apical tissues, and prevent apical healing (Fig. 1.22). How-
ever, there is no clear evidence that apical actinomycosis is actually 
independent of the intraradicular infection.73 In these cases surgi-
cal management that includes root end resection and removal of 
the infected tissue typically provides a successful outcome. 

Healing of Pulp and Periapical Tissues
Regeneration is a process by which altered tissues are completely 
replaced by tissues native to their original architecture and func-
tion. Repair is a process by which altered tissues are not completely 
restored to their original structures. Inflammation and healing are 
not two separate entities; in fact, they constitute part of one pro-
cess in response to tissue injury. On the molecular and cellular lev-
els, they are inseparable. Inflammation dominates the early events 
after tissue injury, shifting toward healing after the early responses 
have subsided. The level of healing is proportional to the degree 
and extent of tissue injury and the nature of tissue destruction. 

Process of Pulp Healing
In the absence of irritants, a healthy pulp has tremendous capac-
ity to heal. Odontoblasts are the first cells to encounter the 
invading microorganisms and their components, as well as to 
detect dentin matrix constituents released during demineral-
ization.83 Together with pulp fibroblasts,84 they are capable of 
orchestrating an inflammatory response, contributing to the 
recruitment of immune system cells and releasing cytokines and 
chemokines.85,86

Human dental pulp stem cells (hDPSCs) are ectodermal-
derived stem cells, originating from migrating neural crest cells, 
and possess mesenchymal stem cell (MSC) properties. It has been 
reported in the literature that stem/progenitor cells from inflamed 
human dental pulp retain tissue generation potential.87 Pulp cap-
ping materials may also contribute to pulpal stem cells’ differentia-
tion and repair.88,89 Andelin and associates used immunostaining 
with dentin sialoprotein (DSP) to determine the type of tissue 

A B

• Fig. 1.27 A, Periapical radiolucent lesion of nonpulpal origin. B, Positive results of vitality tests and histo-
logic examination of the tissue confirmed a diagnosis of carcinoma.
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• Fig. 1.28 Lesions associated with crowns of unerupted teeth (dentigerous cysts, hyperplastic follicle) 
which would not be confused with ones from endodontic origin, have been excluded from this list (n = 
9.723). Apical cysts and granulomas were the most common, comprising 73% of the considered jaw 
lesions. Ameloblastomas were reported 144 times (1.2%). Squamous odontogenic tumors and chondro-
genic sarcomas were reported twice (0.02%) and a Stafne bone cyst was reported once (0.01%). (From 
Koivisto T, Bowles WR, Rohrer M: Frequency and distribution of radiolucent jaw lesions: a retrospective 
analysis of 9,723 cases, J Endod 38[6]:729–32, 2012.)

A B

• Fig. 1.29 Apical Foramen and External Surface of Tooth With Persistent Root Canal Infection. A, Lon-
gitudinal section cut through the foramen, which appears clogged with a biofilm, extending on the outer 
apical surface (Taylor-modified Brown-Brenn, original magnification 50). B, High-power view of the external 
apical surface indicated by the arrow in (A) showing different concentrations of bacteria within the biofilm, 
which appears firmly attached to the resorbed cementum (original magnification × 400). (From Ricucci D, 
Loghin S, Gonçalves LS, et al: Histobacteriologic conditions of the apical root canal system and periapical 
tissues in teeth associated with sinus tracts, J Endod 44[3]:405–413, 2018.)
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18 CHAPTER 1  Pathogenesis of Pulp and Periapical Diseases

that forms after pulp capping procedures.88 DSP is present in both 
bone and dentin but is expressed at an approximately 400-fold 
higher level in dentin than in bone.90 Depending on the capping 
material used, dentin healing may occur through regeneration of 
dentin (identified through heavy DSP staining; Fig. 1.30, A) or 
through repair with an amorphous mineralized scar tissue (light 
DSP staining; Fig. 1.30, B).

Mild injury to the pulp and endothelial cells stimulates stem-
cell recruitment, and proliferation of dental stem cells can be stim-
ulated by platelet-derived growth factor BB (PDGF-BB), vascular 
endothelial growth factor (VEGF), insulin-like growth factor 1 
(IGF-1), and transforming growth factor β1 (TGF-β1).91 On the 
other hand, prolonged injury (e.g., as seen in microbial infections) 
results in stem-cell apoptosis and impairment of these cells’ func-
tion and ability to repair the pulp.92 

Process of Periapical Healing
The sequence of events leading to resolution of periapical lesions 
has not been studied extensively. Based on the processes involved 
in the repair of extraction sites,93 after removal of irritants, inflam-
matory responses decrease, and tissue-forming cells (fibroblasts 
and endothelial cells) increase; finally, tissue organization and 
maturation ensue. Bone that has resorbed is replaced by new 
bone; resorbed cementum and dentin are repaired by cellular 
cementum. The PDL, which is the first tissue affected, is the 
last to be restored to normal architecture (Fig. 1.31). Histologic 
examination of healing of periapical lesions shows evidence of 
healing in the form of cementum deposition, increased vascular-
ity, and increased fibroblastic and osteoblastic activities.94 Stud-
ies have shown that some cytokines, MMPs and TIMP1, HSP27, 
and Serpine1 play an important role during healing of periapical 
lesions.95-98 MSCs’ mobilization also results in the attenuation of 
apical periodontitis progression associated with immunosuppres-
sive and prohealing mechanisms.99

Some lesions do not completely regain all the original struc-
tures. Variations are seen in different fiber or bone patterns. These 
variations may be obvious radiographically with a widened lamina 
dura or altered bony configuration. Certain factors, such as the size 
of the defect or the extent of injury to the underlying stroma, may 
affect complete regeneration of the original tissue architecture. 

Factors Influencing Healing
Other factors that may affect the healing of periapical lesions 
include inherent host factors (e.g., leukopenia, impairment of 
blood supply, inadequate nutrition), corticosteroids, and other 
systemic diseases. For instance, patients with diabetes mellitus 
have a significantly lower healing rate after root canal therapy of 
teeth with apical lesions than do nondiabetic patients.100 Uncon-
trolled hyperglycemia may also affect pulp healing. In a pulp cap-
ping model using streptozotocin-induced diabetes in rats, Garber 
and coworkers found significant impairment of dentin bridge 
formation compared with that of normal rats.101 Impairment of 
dentin bridge formation was directly correlated with the amount 
of pulp inflammation.

It has been suggested that genetic predisposition can contrib-
ute to an individual’s susceptibility to pulpal inflammation and 
apical periodontitis and that a complex signaling network operates 
in the determination of the nature and extent of their progression, 
as well as the associated bone-destructive process. In recent years, 
polymorphisms in a few genes (IL1B, MMP2, MMP3, HSPA1L, 

and HSPA6) mostly belonging to immune response–related path-
ways, have been shown to be associated with pulpal inflammation 
and apical periodontitis.102-105 Differential methylation profiles 
of immune response–related genes, such as FOXP3106 and micro-
RNAs,107 may also have an influence on individual susceptibility 
to pulpal and apical inflammation and patient treatment out-
comes through their potential contributions to altered expression 
of disease-relevant genes.

 6.  Biofilms have been observed on the apical root surface of teeth with 
persistent apical periodontitis:

 a.  True
 b.  False
 7.  Direct pulp exposure to microorganisms is not a prerequisite for pulpal 

response and inflammation
 a.  True
 b.  False
 8.  The process by which altered or damaged pulp tissues are completely 

replaced by tissues native to their original architecture and function is 
described as

 a.  Repair
 b.  Revascularization
 c.  Regeneration
 d.  Calcification
 9.  Which of these sentences is considered wrong in regard to the process 

of pulp healing?
 a.  In the absence of irritants, a healthy pulp has tremendous capacity 

to heal.
 b.  DSP is present in both bone and dentin but is expressed at an 

approximately 400-fold higher level in bone than in dentin.
 c.  Mild injury to the pulp and endothelial cells stimulates stem cell 

recruitment and proliferation of dental stem cells.
 d.  Prolonged injury results in stem cell apoptosis and impairment of 

these cells’ function and ability to repair the pulp.
 10.  Genetic predisposition to pulpal and periapical inflammation has been 

reported in the literature as an important factor that can influence 
healing. Which of the genes listed is considered a good candidate gene 
for the investigation of individual’s susceptibility to develop pulpal and 
periapical inflammation?

 a.  TGFB
 b.  IL1B
 c.  OPG
 d.  IL10

 • BOX 1.2      Study Questions

A N S W E R S

Answer
1 c. Internal resorption
2 b. Leukotrienes
3 c. IL-10
4 d. Multispecies biofilms, within an extracellular matrix, predominantly 
matrix
5 b. Can resist alkaline stress better
6 a. True
7 a. True
8 c. Regeneration
9 b. DSP is present in both bone and dentin but is expressed at an approxi-
mately 400-fold higher level in bone than in dentin

10 b. IL1B
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• Fig. 1.31 Schematic Illustration of Wound Healing of Periapical Tissues After Endodontic Therapy. Api-
cal periodontitis is an inflammatory lesion caused by microorganisms and their byproducts derived from an 
infected root canal system. It also represents an important host defense mechanism with the participation 
of inflammatory cells such as polymorphonuclear leukocytes (PMNs), macrophages, and lymphocytes 
(Th1/Th17). These cells express several proinflammatory cytokines that will activate osteoclasts contribut-
ing to bone resorption. After successful endodontic therapy, T regulatory cells (Tregs), mesenchymal stem 
cells (MSC), connective tissue fibroblasts, and osteoblasts will initiate the healing/repair process, releasing 
growth factors and antiinflammatory cytokines, resulting in matrix deposition and new bone formation. 
IL10, Interleukin 10; LPS, lipopolysaccharides; TGFb, transforming growth factor beta; VEGF, vascular 
endothelial growth factor. (Courtesy Dr. Claudia Biguetti.)

BA

• Fig. 1.30 A, Sclerotic dentin, which appears as an irregularly organized, mineralized tissue and stains 
lighter than normal tubular dentin with antibody against dentin sialoprotein (DSP). B, Dentin bridge; also, 
secondary dentin, deposited along canal wall after a pulp capping procedure, which shows a tubular 
structure and stains similarly to the primary dentin with antibody against DSP.
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Health and Medical History
Successful dental management of a patient with extensive medi-
cal history depends on a thorough evaluation of the patient and 
on determining the diagnosis and treatment plan that takes risks 

and benefits into consideration. It is essential to determine and 
identify modifications to the dental treatment for a medically 
complex patient. Thorough discussion of the dental management 
and risk assessment of medically complex patients is beyond the 
scope of this chapter. However, some of the common illnesses will 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Recognize the various ways in which endodontic pathosis and 
systemic disease interact and some of the mechanisms of such 
interactions.

 2.  Identify general consideration for the safe management of the 
endodontic patient with systemic disease.

 3.  Identify the effects of diabetes mellitus, smoking, genetic 
predisposition, irradiation, sickle cell disease, and viral infections 
on the pathogenesis of endodontic pathosis and endodontic 
treatment outcomes.

 4.  Determine the potential for acute and chronic endodontic infec-
tions to cause or contribute to systemic disease.

 5.  Discuss the prognosis of the endodontic treatment in relation to 
the systemic condition.

 6.  Identify age changes in the anatomy and physiology of the 
older dental pulp and periapical tissues, as well as differences in 
pathogenesis of disease and response to treatment.

 7.  Identify factors that complicate case selection and discuss the 
differences in treatment between older and younger patients.

 8.  Identify those elderly patients who should be considered for 
referral.
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be explained. In patients with serious disorders, referral to an end-
odontic specialist may be appropriate. Specialist care is generally 
more expedient and offers better prevention and management of 
treatment complications (see Chapter 6). 

The Systemic Health Assessment of the 
Endodontic Patient
In the review of the medical history and during clinical examination 
and treatment of the endodontic patient, the clinician needs to be 
keenly aware of specific areas in which systemic health affects the 
management of the patient. Importantly, endodontic patients should 
be managed in a manner that assures their safety, comfort, and well-
being during and after the procedure (see Endo-Medical History 
Video 2.1).

Patients should be asked whether they have received prior end-
odontic treatment and how they view and feel about this form 
of dental treatment. Previous experiences or information that 
patients have from other sources may render them especially anx-
ious about this procedure. Many patients have severe apprehen-
sion about having endodontic treatment, and their care may need 
premedication, sedation, or other auxiliary methods that facilitate 
the experience for them. Occasionally, especially in the case of 
children, moderate to deep sedation or general anesthesia may be 
the only practical approach to treating them.

Endodontic patients especially should be asked about the his-
tory of chronic pain of any type. These patients are at an increased 
risk of postoperative and of persistent pain, and this aspect should 
be reviewed with them during the informed consent process (see 
Chapter 5).

Endodontic treatment involves the effective use of local anesthesia 
(see Chapter 8), adjunctive analgesics, and antibiotics. Therefore com-
plete history of cardiovascular, endocrine, respiratory, hepatic, and renal 
systems should be obtained. Preoperative vital signs, such as blood pres-
sure, pulse, and respiration, should be recorded. Occasionally, preop-
erative glycemia (blood glucose measurement or glycated hemoglobin 
[HbA1c]) are needed to assess the control of glycemia for diabetics or the 
need for referral to a physician in patients at high risk of diabetes (see 
video 2.2 for A1c Now Measurement). International normalized ratio 
(INR) is required for the patient on Coumadin (warfarin), especially 
before surgical treatment. The INR is a standardized way of express-
ing the prothrombin time test (PT). Heparin is an anticoagulant that 
will prolong partial thromboplastin time, activated PTT (PTT, aPTT). 
Detailed lists of medications, allergies, previous hospitalizations, medi-
cal and surgical treatments, and previous untoward reactions should be 
collected. Like any dental procedure that results in risk of bacteremia, 
the risk of infective endocarditis or of late artificial joint infection should 
be identified, and appropriate antibiotic coverage should be instituted 
whenever indicated according to current guidelines. The American 
Dental Association has recently provided guidelines for the use of sys-
temic antibiotics for endodontic patients (see https://ebd.ada.org/en/
evidence/guidelines/antibiotics-for-dental-pain-and-swelling?utm_
source=EBDsite&utm_content=guidelines for guidelines).

Allergies to specific materials or reagents used in endodontics are 
rare. Reports of hypersensitivity to gutta percha, amide-based local 
anesthetic agents, sodium hypochlorite, and nickel (present in nickel 
titanium files) should be considered in the treatment of the end-
odontic patient. Consultations with a medical specialist in hyper-
sensitivity reactions should be made before treatment decisions are 
made. Referral to an endodontist would be indicated for manage-
ment of patients with true allergy to any endodontic materials. 

Physical Examination: Vital Signs
Vital signs are an important component of patient treatment and 
give the health care provider information regarding the current 
medical status of that patient (see Chapter 4). Blood pressure, 
heart rate, respiratory rate, and temperature should be recorded. 
In some cases, fasting blood glucose and/or the values of HbA1c 
are recorded or documented, too (see video 2.2 of A1c Now Mea-
surement). This information helps the clinician better understand 
the patient’s physiological state. 

Systemic Considerations
Dentists are members of the health team whose role ultimately is 
to ensure that the patient’s health, including oral health, is main-
tained at an optimal level. Over the past two to three decades, 
the close relationship between oral health and systemic health has 
gained much attention, and many advances in this area have been 
achieved. In the early part of the 20th century, endodontic infec-
tions were thought to be a focus of infection that may lead to a 
variety of ailments and chronic diseases in the body. Although the 
systemic spread of acute oral infections is clear, recent objective 
research has identified compelling associations between systemic 
disease and chronic oral infections, including endodontic infec-
tions. The available evidence on the relationship between end-
odontic pathosis and systemic disease is presented here.

Endodontics and Systemic Disease
With regard to the relationship between endodontic pathosis and 
systemic disease, the practitioner needs to be aware of three fac-
tors: systemic diseases that mimic endodontic pain or periapical 
radiolucency (see Chapters 4 and 5), systemic diseases that may 
accelerate or potentiate pulpal pathosis or influence treatment 
outcomes, and conditions in which the endodontic infection may 
initiate or contribute to an infection in a distant site or another 
systemic disease.

Systemic Diseases That May Influence Endodontic  
Pathosis or Its Treatment
Certain systemic conditions were reported to be associated with 
pathogenesis of endodontic lesions in a recently published sys-
tematic review.1 Specifically the authors found that there was a 
moderate risk for and association of cardiovascular disease and 
diabetes with endodontic pathosis. In another systematic review, 
the authors investigated the interaction of systemic disease with 
endodontic healing and reported that certain systematic diseases 
are associated with endodontic healing.2 Patients with medical 
conditions that compromise their immune response may have a 
less favorable endodontic treatment outcome. Though the mecha-
nism or pathway for this interaction remains speculative at this 
time, it is critical to note that the patient’s medical condition is 
preemptive to his or her dental care and prognosis. 

Endodontic Disease May Initiate or Contribute to  
Systemic Diseases
The oral cavity is the first component of the digestive system and has 
a large component of the human microbiome (as noted in Chap-
ter 1). The diversity of microorganisms in the mouth is related to 
its exposure to dietary and environmental factors and to the unique 
characteristics of the oral environment. Deleterious effects of these 
microorganisms are prevented by an intact mucosal lining, which is 
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25CHAPTER 2 Systemic Health Considerations in the Endodontic Patient and Geriatric Endodontics

capable of a formidable immune response, and by oral hygiene mea-
sures that limit the progression of oral microbial biofilms. The dental 
pulp is protected from bacteria by intact enamel and dentin, whereas 
the periodontium is protected by periodontal attachment and sulcu-
lar epithelium. With marginal periodontitis or pulpal pathosis, these 
barriers are absent, and the oral microflora may have free access to 
the periodontium or periapical tissues; in this way, microorganisms 
that are normally commensals become pathogenic. 

Acute Endodontic Infections
There is no doubt that bacteria from acute endodontic infections 
can cause bacteremia and can migrate to local lymph nodes and fas-
cial spaces. Case reports have documented the association of acute 
endodontic infections with brain abscess,3-5 mediastinitis,6,7 and 
fatal necrotizing fasciitis.8 In fact, researchers reported that about 
8000 patients in the United States are hospitalized annually for peri-
apical abscesses, some of whom have comorbid conditions such as 
diabetes or hypertension.9 Therefore it is essential for the practitio-
ner to obtain adequate diagnostic data for patients with acute end-
odontic infections and to evaluate their progress carefully, in case 
they need referral for management in a hospital setting. Patients 

with abscesses should have their temperature measured, and they 
must be evaluated for lymphadenopathy, malaise, and fascial space 
infection. These patients should receive prompt and complete elimi-
nation of local irritants, including drainage of the swelling. Those 
with a fascial space infection (cellulitis) also should be treated with 
adjunctive antibiotics and, most important, should be monitored 
carefully until their condition improves (see Chapter 9). 

Chronic Endodontic Infections
The evidence for the presence of bacteria in periapical lesions and 
their escape systemically in chronic endodontic infections is less 
conclusive. Animal10,11 and human12,13 studies show that this is 
infrequent in primary lesions (Fig. 2.1). Studies have found that 
the number of bacteria in persistent periapical lesions after unsuc-
cessful treatment may be much higher.14,15 Teeth with chronic 
apical abscesses and sinus tracts have been reported to have very 
complex bacteriologic conditions with biofilm attached to the 
outer root surfaces in 17 out of 24 teeth.16

One way to investigate this potential for bacteria in chronic 
infections to travel from the endodontic environment to partici-
pate in the pathogenesis of systemic disease is to determine the 

B CA
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• Fig. 2.1 Periapical Actinomycosis. A, Preoperative radiograph shows tooth #8 presenting with signs 
of pulp necrosis and chronic apical abscess. B, Root canal treatment was completed. C, Recall in  
6 months revealed a persistent sinus tract. D, Root-end surgery was completed, and tissues were submit-
ted for biopsy. E, Biopsy result revealed actinic filaments (*) surrounded by a severe inflammatory reaction. 
 (Courtesy Dr. Blythe Kaufman.)
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epidemiologic associations between the two forms of disease. One 
report associated periapical lesion-years (the number of years with 
a periapical lesion) and incident coronary heart disease in men 
younger than age 40.17 Another study of patients with myocar-
dial infarction (MI) reported a significantly higher number of 
patients with missing teeth and teeth with periapical lesions in the 
MI group compared with controls.18 An additional large cohort 
study of male health professionals showed that the presence of 
coronary heart disease was significantly associated with the pres-
ence of one or more root canal–treated teeth (as a marker of pulpal 
and periapical disease).19 In a systematic review of longitudinal 
cohort studies, the authors reported a moderate risk of causa-
tion.20 However, they raised questions about the interrelationship 
of these different diseases, warranting further animal and human 
studies. Interventional studies would be required to prove causa-
tion, and those are clearly difficult to perform, given the ethical 
issues involved. 

Diabetes Mellitus
Diabetes mellitus is one of the most significant chronic diseases 
that affects humans worldwide. In the United States about 30.3 
million people, or 9.4% of the U.S. population, had diabetes in 
2015. This total included 30.2 million adults age 18 or older, or 
12.2% of all U.S. adults. About 7.2 million of these adults had 
diabetes but were not aware that they had the disease or did not 
report that they had it.21 Diabetes is not curable, and it has seri-
ous complications, including cardiovascular disease, neuropa-
thy, renal disease, blindness, limb amputations, and periodontal 
disease.

Health care practitioners generally know that diabetics have a 
higher prevalence of teeth with periapical lesions.1,22-25 The longi-
tudinal treatment outcome is generally not different for diabetics 
and nondiabetics.26,27 However, if the outcomes of cases with and 
without preoperative periapical lesions are separated, a notable 
difference is observed. In cases with preoperative lesions, diabetics 
are significantly less likely to have successful treatment than do 
nondiabetics, especially when controlling for several other con-
founding factors.28,29

People with diabetes may have compromised healing, par-
ticularly those with higher glycemic rates and with preopera-
tive endodontic infection, for several reasons. These individuals 
may select for specific microorganisms that may be more viru-
lent.30 They may have a variant of inflammatory cells, such as 
monocytes, characterized by excessive secretion of inflammatory 
mediators, including bone resorptive cytokines, that are critical 
for the development of periapical lesions.31 The increased gly-
cemia may also spontaneously result in excessive production of 
advanced glycation end products (AGEs). AGEs interact with 
their receptors (RAGEs), resulting in the production of bone 
resorptive mediators, which may lead to persistence of the peri-
apical lesions.32 

Hypertension
Hypertension is a sign of cardiovascular disease that may indi-
cate a variety of underlying conditions and comorbidities, 
including diabetes. Hypertension appears to be associated with 
reduced survival (meaning continued presence of the tooth in 
the mouth) of endodontically treated teeth. In a study of the 
Indian Health Service in two U.S. states, 4500 patients were 
examined.33 It was found that patients who had diabetes and/

or hypertension had a significantly reduced chance of retention 
of endodontically treated teeth within a period of 10 years. In 
another cohort that included more than 49,000 teeth followed 
for about 2 years, researchers found that the presence of diabetes 
and/or hypertension resulted in significant reduction in tooth 
retention.34 It is noteworthy, however, that the study of tooth 
survival in the absence of exact endodontic diagnosis and assess-
ment of periapical health is confounded by the fact that diabetes 
and cardiovascular diseases are also associated with periodontal 
disease, which may have played an important role in the loss of 
these teeth. 

Risk for Osteoradionecrosis or Osteonecrosis 
of the Jaw
Patients who have undergone radiation therapy for the treatment 
of malignancies in the craniofacial area are at risk of osteoradio-
necrosis at the site of a surgical procedure such as tooth extrac-
tion. Therefore many of these patients have teeth that would 
ordinarily not be amenable to treatment but that are retained with 
endodontic treatment to avoid the risk of osteoradionecrosis. A 
report documented the treatment outcome in 22 patients treated 
endodontically after having received 50 Gy irradiation in the area 
within the preceding 6 months.35 After a mean of 19 months, 
successful treatment was found in 91% of the patients, which was 
consistent with treatment averages for normal patients in other 
studies. However, treatment of patients who have undergone 
radiation therapy is frequently complicated by fibrotic tissues that 
do not permit adequate mouth opening (Fig. 2.2). About 66 to 
70 Gy of radiotherapy has been reported to result in progressive 
decrease in pulp vitality testing and electric pulp testing at 12 
months.36 Also, dry mouth results in recurrent caries, compromis-
ing the prognosis.

Over the past decade, it has been recognized that patients 
undergoing bisphosphonate therapy may be at risk for bisphos-
phonate-related osteonecrosis of the jaw (BRONJ). This risk is 
greater in patients receiving intravenous (IV) bisphosphonates, 
particularly if more than one agent is used simultaneously, and the 
risk increases with the duration of bisphosphonate use and with 
surgical procedures, such as extractions.37 Although rare, BRONJ 
may occur after endodontic treatment38 or endodontic surgery.39 
When nonsurgical endodontic treatment is performed on a patient 
receiving IV bisphosphonates, care should be taken not to injure 
the soft tissue. For example, the clamps should be carefully placed 
to avoid injury to the soft tissues and alveolar bone40.

Oral bisphosphonates pose a much lower risk of BRONJ. End-
odontic outcomes are not different between patients taking oral 
bisphosphonates and other patients.41 

Viral Infections

HIV/AIDS
When the human immunodeficiency virus (HIV) was first identi-
fied, practitioners were concerned that patients with HIV infection 
would be so compromised that severe complications would ensue 
with endodontic disease and/or endodontic treatment, particularly 
in patients whose cluster of differentiation 4 (CD4+) cell count had 
dropped below 200/mL. However, a cohort study of patients with 
acquired immune deficiency syndrome (AIDS) who had received 
various oral health procedures documented that the patients did not 
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appear to suffer any undue pain or infection with endodontic treat-
ment.42 In addition, 1 year after treatment, no difference was seen 
in the outcomes of treatment between patients who were HIV posi-
tive and those who were not infected with the virus.43 

Herpes Viruses
There are many different types of herpes viruses that affect 
humans. These types include varicella zoster virus (VZV), which 
causes herpes zoster infection; human herpes viruses (HHV1-8); 
human cytomegalovirus (HCMV); and Epstein-Barr virus (EBV).

Herpes zoster infections frequently represent a diagnostic 
dilemma, because after the herpetic blisters heal, the patient may 
suffer from postherpetic neuralgia, which mimics endodontic 
pain. Careful documentation of the medical history and diagnos-
tic tests should help the practitioner identify this condition and 
make the right decisions and/or referrals. However, herpes zoster 
infection may also induce spontaneous pulpal pathosis.44-48

Periapical lesions in patients infected with HCMV and/or 
EBV, but not herpes simplex viruses, may be larger and more 
painful. In addition, irreversible pulpitis or acute endodontic 
infections may be associated with a higher incidence of EBV 
or the HHV pathogens.49,50 However, it is not yet conclusively 
known whether the viral association potentiates the development 
of more aggressive forms of endodontic pathosis or whether the 
findings of the small studies and case reports available were 
merely coincidental. One systematic review has not identified 
significant associations between HCMV or EBV and symptom-
atic endodontic pathosis.51 

Sickle Cell Anemia
Sickle cell anemia is characterized by a congenital abnormality of 
red blood cells that results in deficient oxygenation of the blood. 
A milder form of the disease, known as sickle cell trait, results from 
homozygous transmission of the affected gene. Oral findings of 

sickle cell anemia include the radiographic “stepladder” trabecu-
lar pattern of bone, enamel hypomineralization, calcified canals, 
increased overbite, and overjet.52 An older case series showed the 
spontaneous development of pulpal pathosis in some noncarious 
teeth in patients with sickle cell anemia.53 More recently, it was 
shown that patients with sickle cell anemia have a significantly 
higher incidence of orofacial pain than controls and have pulp 
necrosis in 6% of their teeth that have no other apparent etiologies 
in comparison with none in the controls.54 

Smoking
The oral health problems of smoking, including the increase in 
periodontal disease, mucositis, and oral premalignant and malig-
nant lesions, have been well documented. Recently, there has been 
an interest in the association of smoking with pulpal and peri-
apical diseases. Smoking is also associated with a high prevalence 
of periapical lesions55-57 and with incident root canal treatment 
as a marker of pulpal and periapical diseases.58 The incidence 
of root canal treatment (as a marker of endodontic disease and 
its treatment) was also increased with the duration of smoking 
and reduced in smokers who stopped smoking more than 9 years 
before the evaluation time. Smoking was also shown to increase 
the incidence of pain and/or swelling after endodontic surgery.59 
Smoking has been reported to change the immunoregulatory 
function of the cytokines and chemokines in dental pulps.60 In 
addition, smokers tend to have more postsurgical infections than 
do nonsmokers.59 

Genetic Predisposition
Several gene polymorphism associations have been made with 
endodontic treatment outcomes. Thus interleukin (IL)-1β allele 2 
was found to be associated with reduced healing after endodontic 
treatment.61 Gene polymorphism in IL-1β, IL-6, and IL-8 have 
been reported to be associated with apical periodontitis.62,63

BA

• Fig. 2.2 A compromised case of an older adult patient who had had a hemimandibulectomy on the right 
side to treat oral cancer, together with radiation therapy; that treatment resulted in severe restriction in 
mouth opening. The patient could open her mouth only about 15 mm at the incisors, making the introduc-
tion of radiographic sensors, mirrors, and dental instruments very difficult. A, A poor-quality preoperative 
radiograph shows a previous restoration that compromised pulp health and led to a periradicular lesion. 
B, Treatment was attempted to prevent osteoradionecrosis and save the tooth for function. Complications 
arose in the furcation area, because the clinician was unable to use the mirror and the handpiece together 
for access preparation.
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It is noteworthy, however, that these associations do not prove 
causation and that studies with large sample sizes are needed to 
confirm these initial findings. 

Presentation of Endodontic Disease in the 
Older Adults
Endodontic considerations in older adult patients are similar in 
many ways to those in younger patients, but there are some nota-
ble differences.

The number of persons age 65 or older in the United States 
exceeds 39 million, and they are expected to comprise 20% of 
the population by 2020. Their dental needs will also continue to 
increase.64-66 More older adult patients will not accept tooth extrac-
tion unless there are no alternatives.67 They have a high utilization 
rate of dental services.68 The expectations for dental health parallel 
their demands for quality medical care. An even more important 
consideration is that these dentitions will continue to experience 
caries69 and decades of dental disease, in addition to restorative65 
and periodontal procedures specifically70 (Fig. 2.3). These factors 
all have compound adverse effects on the pulp and periapical and 
surrounding tissues (Fig. 2.4). In other words, the more injuries 
inflicted, the greater the likelihood of irreversible disease, and thus 
the greater the need for treatment. The number of older adult end-
odontic patients is increasing and will continue to do so.71

The combination of an increase in pathosis and dental needs, 
coupled with greater expectations, has resulted in more endodon-
tic procedures among aging patients (Fig. 2.5). Furthermore, 
expanded dental insurance benefits for retirees and more dispos-
able income have made complex treatment more affordable.72 
Other means will likely be available to finance the costs of oral 
health care in the future.73

Endodontic considerations in older patients include physical, 
biologic, medical, and some psychologic differences from young 
patients, in addition to treatment complications.

Physical Limitations
If a patient cannot be suitably reclined or if the mouth opening is 
limited, referral should be considered. 

 1.  Why is it important to be familiar with the patient’s medical history?
 a.  Most patients require antibiotic treatment. Thus the clinician needs 

to premedicate most patients.
 b.  Most patients are in pain and need to be premedicated with 

antibiotics, analgesics, and narcotics.
 c.  As with any invasive procedure, there is a high prevalence for 

bacteremia.
 d.  The clinician needs to be keenly aware of the patient’s systemic 

health as it affects the dental management.
 2.  Reports of hypersensitivity to gutta percha, amide-based local 

anesthetic agents, sodium hypochlorite, and nickel (present in nickel 
titanium files) have been reported, but it is rare.

 a.  True
 b.  False
 3.  Diabetes has which of the following complications:
 a.  Neuropathy
 b.  Liver dysfunction
 c.  Blood disorder
 d.  Hepatitis
 4.  There are several reasons why diabetics may have compromised 

healing. All the following are reasons except one. Which one is the 
EXCEPTION?

 a.  Impaired immunologic cells
 b.  More virulent microorganisms
 c.  Variant inflammatory cells
 d.  Reduced glycemia
 5.  What dose of radiotherapy has been reported to result in progressive 

decrease in pulp vitality testing and electric pulp testing at 12 months?
 a.  10 to 20 Gy
 b.  30 to 40 Gy
 c.  50 to 55 Gy
 d.  66 to 70 Gy

 • BOX 2.1      Review Study Questions

BA

• Fig. 2.3 A, This 87-year-old woman has Alzheimer’s disease. B, Her dentition shows diverse problems 
caused by many years of disease, restorations, and oral and systemic changes. Diagnosis is challenging, 
and the dentition will be difficult to restore to acceptable function and esthetics, particularly in a patient 
with mental impairment.
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• Fig. 2.4 Cervical External Resorption Exposing the Pulp. A free-end 
removable partial denture has settled posteriorly, exerting pressure on the 
gingiva and inducing inflammation and root resorption. (From Walton RE: 
Endodontic considerations in the geriatric patient, Dent Clin North Am 
41(4):795–816, 1997.)

• Fig. 2.5 Restorations, caries, and time have resulted in dentin formation. 
The first premolar shows calcific metamorphosis (a very small pulp space 
is present). The second premolar has dentin formation (arrow) in response 
to recurrent caries. Both are difficult to treat and restore. (From Walton 
RE: Endodontic considerations in the geriatric patient, Dent Clin North Am 
41(4):795–816, 1997.)

Restorative Considerations
Severe caries or fractures from trauma may render the tooth dif-
ficult to isolate or restore. 

Biologic Considerations
Biologic considerations are both systemic and local. In the older 
patient, systemic or local changes unique to endodontics are not 
different from those for other dental procedures. Similarly, the 
response of the pulp and periapical tissues is not markedly different. 

Anatomy

Pulp Chamber
As a tooth ages, pulp chamber space decreases. Chamber size and 
pulp stones, in addition to the extent of calcifications in the canal 
system, must be considered. 

Canal Calcification (Calcific Metamorphosis)
Secondary and perhaps tertiary dentin formation leads to narrow-
ing of the canals, sometimes to an extent that they are not visible 
radiographically (Figs. 2.6 and 2.7).

Calcifications include denticles (pulp stones) and diffuse (linear) 
calcifications.74 Pulp stones tend to be found in the coronal pulp, 
and diffuse calcifications are found in the radicular pulp. It has 

been speculated that the nidi of calcification arise from degener-
ated nerves or blood vessels, but this has not been proved. Another 
common speculation is that pulp stones may cause odontogenic 
pain; however, this is not true. Pulp stones were shown to increase 
in patients with cardiovascular disease and those on statins.75 

Pulp Response

Changes With Age
Two considerations are important in age-related changes in pulp 
response: (1) structural (histologic) changes that take place as a 
function of time and (2) tissue changes that occur in response to 
irritation from injury. These changes tend to have similar appear-
ances in the pulp. In other words, injury may prematurely “age” 
a pulp. Therefore an “old” pulp may be found in a tooth of a 
younger person (e.g., a tooth that has experienced caries, restora-
tions, etc.). Whatever the etiology, these older (or injured) pulps 
react somewhat differently than do younger (or uninjured) pulps. 
The aging pulp may be less resistant to injury, although this may 
be due to the cumulative effect of irritation, which increases with 
age, rather than the effect of age. Stem cells were shown to be pres-
ent in periapical tissues of older adults.76 This is not necessarily the 
case with the young immature tooth (open apex) in which pulps 
have indeed been shown to be more resistant to injury. There is 
a theory that pulps in older teeth may in fact be more resistant 
because of decreased permeability of dentin.77 However, this resis-
tance to injury in old teeth has not been proved.78 Therefore the 
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dental pulp in older patients require more care in preparation and 
restoration; this response to irritation is probably the result of a 
history of previous irritation rather than age per se. 

Chronologic Versus Physiologic
Does a pulp in an older individual react differently to injury com-
pared with pulp in a younger individual? This question has not 
been answered definitively. A previously injured pulp (from car-
ies, restoration, and so on) in a younger person probably has less 

resistance to injury than an undamaged pulp in an older indi-
vidual. At a histologic level, there are some consistent changes in 
the older pulps and in irritated pulps. 

Structural
The pulp is a dynamic connective tissue. With age, there are 
changes in cellular, extracellular, and supportive elements. There 
is a decrease in cells, including both odontoblasts and fibroblasts. 
There are also fewer supportive elements (i.e., blood vessels and 
nerves).79,80 Fewer and smaller vessels result in a decrease in blood 
flow in the pulp; the significance of this decrease is unknown. 
Capillaries show somewhat degenerative changes in the endothe-
lium with age.81 There is presumably an increase in the percentage 
of space occupied by collagen but less ground substance.82 

Dimensional
In general, pulp spaces progressively decrease in size and often 
become very small,83 a phenomenon known as calcific metamorpho-
sis or pulp canal obliteration.84 Dentin formation may be acceler-
ated by irritation from caries, trauma, abrasion, restorations, and 
periodontal disease and is not uniform. For example, in molar pulp 
chambers there is more dentin formation on the roof and floor than 
on the walls.79 The result is a flattened (disk-like) chamber (Fig. 2.8). 

Nature of Response to Injury
The older patient does tend to have more severe pulpal reactions 
to irritation than the reactions that occur in the younger patient. 
The reason for these differences is not fully understood, but the 
more severe reactions probably result from a lifetime of cumula-
tive injuries. 

• Fig. 2.7 Pulp chamber and root canals show calcific metamorphosis; this 
situation is rated as extreme risk.

A

B

C

BA

• Fig. 2.6 A, Periapical radiolucency (A) and mesial radiolucency in the apical third (B). The canals are 
calcified, the root is narrow, and there is a hint of a significant mesial concavity in the coronal third (C). 
The tooth is also crowned, which increases access complexity. This is considered a high-risk case. B, 
Postoperatively, the mesial radiolucency resulted from the buccal root exiting several millimeters shorter 
than the palatal root, with a significant distal curvature. The practitioner must be prepared to manage the 
unexpected should problems arise during treatment.
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Irritation
There are reasons for pulp pathosis after restorative procedures. First, the 
tooth may have experienced several injuries in the past. Second, the tooth 
is likely to have undergone more extensive procedures that involve con-
siderable tooth structure, such as crown preparation. Multiple potential 
injuries are associated with a full crown, such as foundation placement, 
bur preparation, impressions, temporary crown placement (temporary 
crowns may leak), cementation, and unsealed crown margins. The cause 
of final demise, or “coup de grâce,” of a pulp that is already stumbling 
along may be that final restoration. 

Systemic Conditions
There is no conclusive evidence that systemic or medical conditions 
directly affect (decrease) pulp resistance to injury. One proposed condi-
tion is atherosclerosis, which has been presumed to directly affect pulp 
vessels85; however, the phenomenon of pulpal atherosclerosis could 
not be demonstrated.86 There may be differences among patients due 
to gene polymorphism that lead to faster or slower pulp necrosis. For 
example, one study showed that two heat shock protein gene varia-
tions were significantly associated with whether deep carious lesions 
were related to the presence of vital pulp versus a periapical lesion.87 

Periapical Response
Little information is available on changes in bone and soft tis-
sues with age and how these changes might affect the response 
to irritants or to subsequent healing after removal of those irri-
tants. There is some indication that relatively little change occurs 
in periapical cellularity, vascularity, or nerve supply with aging.88 

Therefore it is unlikely that there are significantly different periapi-
cal responses in older patients compared with younger individuals. 

Additional Considerations
In treatment planning for older patients, the tendency is to plan 
according to anticipated longevity.89 It is natural to assume that 
procedures need not be as permanent because the patient may not 
live very long. The concept that treatment should not outlast the 
patient is not accepted by many elder patients, who desire health 
care equivalent to that rendered to younger patients. Esthetic and 
functional concerns may not differ. 

Root Canal Treatment

Treatment Considerations
Time Required
On average, longer appointments are necessary to accomplish the 
same procedures in older adult patients, for the reasons discussed 
earlier. 

Anesthesia
Primary Injections
The need for anesthesia is somewhat less in older patients with 
pulp necrosis and an increased risk to local anesthetic toxicity.90 It 
is necessary for vital pulps but is often unnecessary for pulp necro-
sis, obturation appointments, and retreatments. Older patients 
tend to be less sensitive and are more likely to prefer procedures 
without anesthetic. Also, they tend to be less anxious and there-
fore have a higher threshold of pain. Although there are no dif-
ferences in effectiveness of anesthetic solutions, various systemic 
problems or medications may preclude the use of vasoconstrictors. 

Supplemental Injections
Intraosseous, periodontal ligament (PDL), and intrapulpal forms 
of anesthesia are effective adjuncts if the primary anesthesia is not 
adequate. Certain cardiac conditions may preclude the use of epi-
nephrine, particularly with the intraosseous and PDL techniques. 
The duration of anesthesia is considerably decreased without a vaso-
constrictor, and reinjection during the procedure may be required. 

Procedures
Isolation
Isolation is often difficult because of subgingival caries or defective 
restorations. However, placement of a rubber dam is imperative 
and often requires ingenuity (see Chapter 13). 

Access Preparation
Achieving good access that enables the clinician to locate and then 
negotiate canal orifices is challenging in older teeth because of the 
internal anatomy (Fig. 2.9). Radiographs are helpful. A slightly 
larger, rather than a too small, access opening is preferable, par-
ticularly through large restorations such as crowns. Magnification 
is also helpful, either from a microscope or from other visual aids.

A supererupted tooth, as a result of caries or restoration, has a 
short clinical crown, requiring a less deep access preparation. The 
distance from the reference cusp to the chamber roof should be 
measured on the bur radiographically. A very small or invisible 
chamber may be an indication to begin the access without the 

• Fig. 2.8 Disk-like Chamber (arrow). The chamber is flattened because 
of dentin formation on the roof and floor. These chambers and canals are 
a challenge to locate. (From Walton RE: Endodontic considerations in the 
geriatric patient, Dent Clin North Am 41(4):795–816, 1997.)
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rubber dam; this helps the clinician parallel to the long axis of the 
tooth (Fig. 2.10). Once the canal has been located, the rubber dam 
is immediately placed, before working length radiographs are made.

Locating canal orifices is often fatiguing and frustrating for 
both the clinician and the patient. Although a reasonable time 
should be allocated for this, there is a limit. It may be best to stop 
and have the patient return for another appointment. Often the 
canals are readily located at a subsequent visit. This circumstance 
also is a time to consider a referral because imaging with cone 
beam computed tomography (CBCT) and/or another procedure, 
such as surgery, may be indicated. 

Working Length
There are some differences in working length for the older patient.91 
Because the apical foramen varies more widely (Fig. 2.11) than in 
the younger tooth and because of the decreased diameter of the canal 
apically, it is more difficult to determine the preferred length.92 In 
teeth of any age, materials and instruments are best confined to the 
canal space. One millimeter short of the radiographic apex is the 
preferred working and obturation length93; this length should be 
decreased if an apical stop is not detected.Electronic apex locators 
are also useful, particularly when there is difficulty obtaining ade-
quate working-length radiographs.94 

Cleaning and Shaping
A common challenge is a much smaller canal that requires more 
time and effort to enlarge. A very small canal may be more easily 
negotiated and initially prepared with a lubricant, such as glyc-
erin, RC-Prep, or Glyde. This process may be used through two or 
three smaller sizes of files to facilitate enlargement and to reduce 
the risk of binding and separation. The same principles of débride-
ment and adequate shaping are followed. Glide path 0.02 taper 
instruments such as PathFiles or ProGlider (Sirona/Dentsply) may 
be helpful in these situations (see Chapter 14). 

Intracanal Medicaments
Intracanal medicaments are not useful, with the exception of cal-
cium hydroxide. This chemical is antimicrobial, inhibits bacterial 
growth between appointments, and possibly reduces periapical 
inflammation.95 Its use is indicated if the pulp is necrotic and the 
canal preparation is essentially complete. 

Obturation
There is no demonstrated preferred approach, although cold-
lateral and warm-vertical gutta-percha obturations are the most 
commonly used and their use the best documented. 

Effect of Restoration
In general, the larger and deeper the restoration, the more com-
plicated the root canal treatment would be. The old tooth is more 
likely to have a full crown. There are two concerns when there is 
a crown: (1) potential damage to retention or components of the 
crown and (2) blockage of access and poor internal visibility.

The porcelain-fused-to-metal (PFM) crown is more common 
than a full metal crown and creates additional problems. Porcelain 
may fracture or craze during access preparation. This problem is 
minimized by using burs specifically designed to prepare through 

A

B

• Fig. 2.10 A, The first premolar is tilted and has a “receded” pulp chamber. 
B, Aids in orientation during access. The preparation is initiated without 
the rubber dam in place. A pencil mark is placed on the crown to guide 
the bur in the long axis of the root. (From Walton RE: Endodontic consid-
erations in the geriatric patient, Dent Clin North Am 41(4):795–816, 1997.)

• Fig. 2.9 Age, caries, and restorations have resulted in small chambers 
(arrows). Either would be a challenge to access, and referral should be 
considered.
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porcelain,96 combined with slow cutting and copious use of water 
spray. Occlusal access is wide (Fig. 2.12). Metal should not be 
removed after the chamber has been opened to prevent metal shav-
ings from entering and blocking canals. Access through a PFM or 
gold crown (either anterior or posterior) that is to be retained is 
best permanently repaired with amalgam. Anterior nonmetallic 
crowns may be repaired with composite. 

Retreatment
Factors that lead to failure tend to increase with age; thus retreatment 
is more common in older patients. Retreatment at any age is often 

complicated and should be approached with caution; these patients 
should be considered for referral. Retreatment procedures and out-
comes are similar in older and younger teeth (see Chapter 19). 

Endodontic Surgery
Considerations and indications for surgery are similar in older 
adult and younger patients. These indications include incision 
for drainage, periapical procedures, corrective surgery, root 
removal, and intentional replantation. Overall, the incidence 
of most of these factors increases with age. Small nonnegotia-
ble canals, resorptions, and canal blockages occur more often 
with age. Perforation during access or preparation, ledging, and 
instrument separation are related to restorative and anatomic 
problems. 

Medical Considerations
Medical considerations may require consultation and are a con-
cern but generally do not contraindicate a surgical approach.97 
This contraindication is particularly true when extraction is the 
alternative; surgery is often less traumatic.

Excessive hemorrhage during or after surgery is a concern; 
many older adult patients are receiving anticoagulant therapy. 
Interestingly, recent studies examined bleeding patterns in oral 
surgery patients taking low-dose aspirin98 and prescribed antico-
agulants.99 The findings were that anticoagulant therapy should 
not be altered and that hemorrhage was controllable by local 
hemostatic agents.100 Consultation with the physician and main-
tenance of the INR at the 2- to 3-unit range are appropriate in 
these cases. It is important to note that patients undergoing anti-
thrombotic therapy, patients with previous history of MI, patients 
with history of renal disease, or patients with severe asthma should 
not receive nonsteroidal antiinflammatory drugs.101 

Biologic and Anatomic Factors
Bony and soft tissues are similar and respond the same in older and 
younger patients. There may be somewhat less thickness of overly-
ing soft tissue; however, alveolar mucosa and gingiva seem to be 

BA

• Fig. 2.11 Variability in Apical Foramen Location. A, The foramen is not visible radiographically. B, His-
tologically, the distal root shows the foramen to be well short of the apex. (From Walton RE: Endodontic 
considerations in the geriatric patient, Dent Clin North Am 41(4):795–816, 1997.)

• Fig. 2.12 Access Through a Porcelain-Fused-to-Metal Crown. The out-
line is large for visibility. Also, the preparation does not extend to the porcelain 
to avoid fracture of the porcelain. (From Walton RE: Endodontic consider-
ations in the geriatric patient, Dent Clin North Am 41(4):795–816; 1997.)
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structurally similar. Anatomic structures, such as the sinuses, floor 
of the nose, and location of neurovascular bundles, are essentially 
unchanged. Often, periodontal and endodontic surgery must be 
combined. In addition, crown-to-root ratios may be compromised 
because of periodontal disease or root resorption. 

Healing After Surgery
Hard and soft tissues heal as predictably in older patients as they 
heal in younger ones, although somewhat more slowly.102-104 Post-
surgical instructions should be given both verbally and in writing 
to minimize complications. If the patient has cognitive problems, 
instructions are repeated to the person accompanying the patient. 
Even very old patients have good healing, provided they follow 
posttreatment protocols and have no underlying immunologic 
problems. Ice and pressure (in particular) applied over the surgical 
area reduce bleeding and edema and minimize swelling. Overall, 
older patients experience no more significant adverse effects from 
surgery than do younger patients. Outcomes depend more on oral 
hygiene than on age, as has been shown in periodontal surgery 
patients.105

One problem that seems to be more prevalent in older patients 
is ecchymosis after surgery. This is hemorrhage that often spreads 
widely through underlying tissue and commonly presents as dis-
coloration (Fig. 2.13). Patients are informed that this may occur 
and that it should not be a concern. Normal color may take 1 to 
2 weeks or longer to return. In addition, the discoloration may go 
through different color phases (purple, red, yellow, green) before 
disappearing. 

Identifying Patients for Referral
The AAE Endodontic Case Difficulty Assessment Form and 
Guidelines is a great tool for decision-making regarding case 
selection. In general, those patients with complex medical  history, 
serious illness, or disability (American Society of Anesthesiolo-
gists Classes 3–5) should be referred. On that list, there are also 
those patients who are difficult to anesthetize, uncooperative, 
have limitation in opening, have extreme gag reflex that has com-
promised past dental care, and/or have severe pain or swelling. 

 • BOX 2.2      Study Questions

 6.  All the following are changes that occur in the pulp with age except 
one. Which one is the EXCEPTION?

 a.  Decreased vascular elements
 b.  Increase in numbers of fibroblasts
 c.  Decrease in numbers of odontoblasts
 d.  Increase in occurrence of calcifications
 7.  Which of the following statement is true regarding calcifications in the 

pulp space?
 a.  Pulp stones are found frequently in the radicular pulp.
 b.  Pulp stones are associated with odontogenic pain.
 c.  Calcification increases with both age and irritation.
 d.  Diffuse calcifications are mostly commonly found in the pulp 

chamber.
 8.  With age, which of the following describes the dimensional changes in 

the pulp space?
 a.  Pulp space progressively decreases in size in occlusal-apical 

dimension.
 b.  Pulp space decreases primarily in a mesiodistal dimension.
 c.  The volume remains the same.
 d.  Pulp space increases in size in response to irritation; hence called 

inflammation.
 9.  Epinephrine should be used with caution particularly in patients with
 a.  Hepatic disease
 b.  Renal disease
 c.  Cardiovascular disease
 d.  Diabetes
 10.  Working length determination in older adult patients may be more 

difficult because of which of the following?
 a.  Increased bone density, making radiographs harder to interpret
 b.  Increased cementum deposition, modifying the apical anatomy
 c.  Differences in tissue electrical resistance, making apex locators 

less accurate
 d.  Patient’s inability to withstand and sit still for radiograph

A N S W E R S

Answer Box 2
1 d. The clinician needs to be keenly aware of the patient’s systemic health 
as it affects the dental management.
2 a. True
3 a. Neuropathy
4 d. Reduced glycemia
5 d. 66 to 70 Gy
6 b. Increase in numbers of fibroblasts
7 c. Calcification increases with both age and irritation
8 a. Pulp space progressively decreases in size in occlusal-apical  
dimension
9 c. Cardiovascular disease

10 b. Increased cementum deposition, modifying the apical anatomy

• Fig. 2.13 Postsurgical Ecchymosis. Root-end surgery of a maxillary 
lateral incisor resulted in widespread migration of hemorrhage into the tis-
sues, with resultant discoloration. This is not an uncommon occurrence in 
older adult patients. No treatment is indicated, and the problem resolves 
in 1 to 2 weeks.
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Other considerations include difficult diagnosis, extreme curva-
ture of the roots, extensive pretreatment modification required 
for rubber dam isolation, significant deviation from normal tooth 
due to crown morphology to root morphology, indistinct canal 
morphology, extensive resorption, concurrent severe periodontal 
disease, cracked teeth, and endodontic surgery.
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3
Endodontic Radiology
KENNETH ABRAMOVITCH AND MOHAMED I.  FAYAD

Prologue
Dr. William Herbert Rollins was already an established Harvard-
trained physician and dentist when x-rays were discovered in 
1895. Dr. Rollins, like his contemporaries, was fascinated by the 
usefulness of x-ray images. However, he was also one of the first to 
recognize the poorly understood―but genuine―risks associated 
with x-ray imaging.

Suffering radiation erythema to his hand in January 1898, 
and having seen the lethal effects of x-rays in his guinea pig 
experiments, Rollins attempted to caution his contemporaries of 
its dangers; however, the enthusiasm for the new x-ray technol-
ogy was blinding radiographers to its morbid hazards. By the late 
1920s, it was clear that there were biorisks associated with x-rays 
as the ranks of prominent radiographers in the New England 
area had been thinned. Further demonstrating this risk was the 
fact that at radiology meetings in the 1920s, roast beef was rarely 
served because the radiographers wore gloves to hide their scars 
and, by doing so, could not cut the roast beef with the cutlery 
provided.1

It was not until the post-World War II atomic era, that the 
scientific community again began to heed the warnings of Rollins 
from a half century earlier.1 

Introduction
By virtue of its ability to image beyond the scope of the intraoral 
examination, radiography is an indispensable part of the diagnostic 
process in dentistry. Within this scope of oral health care, endodon-
tics makes full use of this most useful of diagnostic techniques.

Imaging in the 21st century no longer relies solely on the 
use of x-rays for diagnostic imaging. Other imaging modalities 
from which dental care now benefits include optical scan imag-
ing, magnetic resonance imaging, and on the frontier, ultrasound 
imaging.2,3 However, with the advent of digital technology, x-ray 
imaging remains progressive with constant innovation. These 
innovations keep x-ray imaging an integral and up-to-date part of 
the diagnostic process for endodontic care.

The use of sensors in dental imaging has changed dramatically, 
from the earliest days of photographic emulsion on glass plates, 
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L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Differentiate between stochastic and deterministic dental 
x-radiation biorisks and recognize which poses the greatest 
endodontic patient risk.

 2.  Understand the basic design of a wall mounted x-ray unit and 
why it is preferred to hand-held x-ray units.

 3.  Contrast and compare the differences between the indirect  
PSP plate sensors, the CCD solid state direct sensors and the 
CMOS solid state direct sensors used for intraoral endodontic 
radiography.

 4.  Understand how shifting horizontal angles of the intraoral  
x-ray beam can be used to localize the relative buccal  
vs. lingual/palatal locations of superimposed root canals or  
jaw pathoses that superimpose teeth.

 5.  Recognize FOV dimension measurements and how these  
relate to the coverage needed for most endodontic scan  
indications.

 6.  Understand how voxel size affects storage space, uploading, 
downloading and transmission of CBCT volumes.

 7.  Differentiate between DICOM file data and proprietary file  
data and how these interplay with various CBCT viewer  
software programs.

 8.  Recognize how beam hardening and scatter artifacts  
degrade CBCT image quality.

 9.  Review indications where CBCT imaging provides diagnostic 
and treatment advantages over the standard endodontic  
image requirements.
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39CHAPTER 3 Endodontic Radiology

to the development of plastics to support radiographic emulsion 
(i.e., film). In the 1980s, intraoral digital sensors were introduced 
by Dr. Frances Mouyen.4 Endodontics eventually embraced this 
technology because digital sensors dramatically facilitated the effi-
ciency at which endodontic procedures could be completed.5

In the 1960s endodontics became the eighth recognized dental 
specialty of the American Dental Association. At the same time, 
extraoral panoramic imaging became the exhilaration of dentistry 
with its ability to image large areas of the jaws in a single exposure. 
However, extraoral imaging was not as beneficial to the intricacies 
of endodontic patient care until the introduction of cone beam 
computed tomography (CBCT). In the 21st century, CBCT is 
a digital extraoral imaging modality that has greatly facilitated 
endodontic care. This chapter outlines the utility of radiographic 
imaging for endodontic patient care with the continued use of 
intraoral radiography as well as the progressive advances initiated 
with extraoral CBCT. 

Radiation Biology
Contemporary clinicians must still deal with the reality that there 
are long-term risks that may be realized from exposure to x-radia-
tion. Endodontic care will typically lead to multiple patient x-ray 
exposures. The radiation dosage to oral and other tissues has been 
calculated to be very low and extrapolated to cause minimal (but 
some) risk.6,7 Table 3.1 illustrates the effective doses of various 
dental imaging procedures. This table provides the reader with a 
measure of the biorisk from intraoral exposures in relation to other 
dental imaging procedures. A more detailed radiation dosimetry 
review is available elsewhere.8,9

In the early days of x-ray imaging, deterministic biorisks, such 
as skin burns, scarring, and cataracts, were prominent, and the 

stochastic risks of malignancy (skin cancers and leukemias, etc.) 
were also very high. The reality of deterministic risks is negligible 
today, but the morbidity risk from x-ray–induced malignancies 
(i.e., stochastic risks) remains.10,11 Practitioners must also be cog-
nizant of the fact that the probability of getting an x-ray–induced 
malignant disease increases with increased numbers of exposures. 
With each exposure from each new endodontic procedure, small 
but cumulative increases in the probability of suffering an x-ray–
induced malignancy exist. However, the endodontist must also 
remember that the overall patient x-ray biorisk is not merely from 
endodontic x-ray procedures. Risk will increase and be added 
to from additional endodontic procedures, such as other dental 
or medical imaging needs (e.g., dental implants, cardiovascular 
imaging, brain scanning, gastrointestinal [GI] series, orthopedic 
imaging, etc.). Therefore the risks remain real, and the need for 
vigilance to keep radiation exposures as low as reasonably achiev-
able (i.e., ALARA) remains forever present.12 The value of imag-
ing for any endodontic diagnosis or treatment indication should 
be determined on an individual basis to assure that the benefit-to-
risk assessment supports the use of imaging.13

In pediatric patients, the biorisks from the x-radiation are greater 
than the adult risks for a given radiation dose. This increased risk 
is due to the pediatric patient’s inherently greater radiosensitivity 
and because children have more remaining years of life during 
which a radiation-induced malignant neoplasm could develop.14 
Hence, as with any imaging modality, the decision to use any 
diagnostic x-radiation is an objective-laden thought process where 
the benefits of the information obtained must outweigh the risks 
of the x-radiation. 

Equipment for 2D Image Capture

Intraoral X-ray Units
Standard Wall-Mounted Units
Dental x-ray units have changed very little over the years since 
David Coolidge designed the first enclosed x-ray tube and tube 
head, the Victor CDX, in 1919.15

Exposure times have decreased to less than 20% of the expo-
sures from as little as three decades ago. Because of this, the need 
for large x-ray tube heads housing the larger generators needed to 
produce kV potentials greater that 70 kV has decreased. The need 
for high milliamperage (i.e., mA settings greater that 10 mA) is 
also no longer indicated with the shorter exposure times needed 
for digital receptors. Most contemporary x-ray tube heads are 
smaller with kV potentials between 60 and 70 kV and mA in the 
6- to 8-mA range. With some exposure times now less than 0.10 
seconds, most units have digital microprocessor timers that can 
reproducibly generate direct current (DC) exposures in the 0.05- 
to 0.10-second range. These smaller x-ray units produce adequate 
x-radiation to expose contemporary digital receptors, including 
American National Standards Institute (ANSI) F speed film, and 
reduce patient radiation dose with the shorter exposure times

Another option available in dental x-ray units is the recessed 
x-ray tube. Instead of the x-ray tube placed adjacent to the win-
dow within the tube head and the position indicating device 
(PID), contemporary x-ray tube heads have the x-ray tube recessed 
further away from the window (Fig. 3.1). The recessed tube pro-
duces a longer focal distance (x-ray source-to-object distance), 
which projects a sharper image outline. With an increased focal 
distance, the inverse square law dictates that the exposure must be 
increased. However, even though the exposure needs to be greater 

   Differential Diagnosis for the Most Common 
Injuries to the Periodontium

Type of  
Radiographic Exam

Medain 
Effective Dose 
(μSv)

Days of Equivalent 
Background 
Radiation

Rectangular Collimation 
BW PSPP

5 0.6

FMX PSP 40 4

FMX CCD 20 2.5

Round Collimation  
FMX D-speed

400 48

FMX PSP - 200 24

FMX CCD - 100 12

Panoramic 20 –2.5

Cephalometric 5 0.6

CBCT - large FOV  
(craniofacial)

120 15

CBCT - medium FOV (full 
arch; dentoalveolar)

100 12

CBCT -small FOV (∼3-5 
teeth; <6.0cm. dia.)

50 6

TABLE 
3.1
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to obtain a diagnostic image density, the patient dose is actually 
decreased, which is an added benefit of the recessed x-ray tube. 
This benefit is because the increased distance will prevent many 
of the low-energy x-ray photons in the beam from reaching the 
patient. Thus the recessed x-ray tube acts as a distance filter, which 
will decrease the patient dose. 

Handheld Units
In the past decade, handheld x-ray units for dental imaging have 
become very popular in clinical practice.16,17

Handheld units were originally designed for the benefit of 
mobility to provide dental imaging in remote locations where 
standard equipment is not available or for nonambulatory patients 
in need of dental services who cannot access standard dental facili-
ties. Because these units are made for portability, they have become 
more popular in regular office designs and are used as a single 
unit for multiple standard operatories. Image quality is generally 
acceptable; however, due to the portability, the maximum kV and 
mA are less than those possible with standard units. The biggest 

issue with handheld units is the radiation dose to the operator if 
used without proper training. However, units have been shown to 
have adequate shielding to protect the operator if used properly 
with a backscatter shield.18-20

Proper usage includes assuring that backscatter shields are 
attached to the units so that the operators can keep their bodies 
within the protective range of the shield (Fig. 3.2).

Because of their convenience and popularity, several handheld 
units are now commercially available. There is concern that some 
newer units do not have the same degree of protective operator 
shielding.21 This aspect is a critical feature when considering a 
handheld unit of choice.

Despite their convenience for remote venues, the units lack the 
power of the wall-mounted units. However, smaller power packs 
are necessary to keep the unit at an appropriate lighter weight 
for the handheld use of the typical office staff member. Hence, 
remote charging and reinserting battery packs become an addi-
tional maintenance task. Care must also be taken when lifting and 
handling the nonergonomic units to avoid shock damage.

Furthermore, there is concern that the features of portability 
do present challenges for optimal image quality and safety. Con-
sequently, unless clinical facilities demonstrate distinct advan-
tages of handheld units over wall-mounted units where the latter 
installations are possible, the routine practice of using handheld 
units over wall-mounted units is not always a recommended 
guideline.22 

Intraoral Image Receptors
As described in this chapter’s introduction, the types of sensors used 
in dental imaging have changed dramatically. Digital sensors are the 
preferred type of sensor for endodontic management. Although it 
has been shown that the digital image quality has no major advan-
tages over film images,23-28 digital sensors are by far more practical 
than film. Digital sensors are advantageous in that there is reduced 
patient radiation exposure, with increased speed of image acquisi-
tion, storage, retrieval, and transmission. An additional advantage 
of digital sensors over film is that digital sensors forego the arduous 
chemical film processing, which takes longer and also requires the 
use of a darkroom. Digital sensors have dramatically facilitated the 
efficiency at which endodontic procedures can be completed.

Types of Digital Image Receptors
Digital image formats include indirect photostimulable phosphor 
(PSP) plates and the direct solid-state sensors that may either be 

Backscatter
shield

Tigger

Control panel
(on top surface)

Battery pack
(within handle)

A B

• Fig. 3.2 A, KaVo™ NOMAD Pro 2™ handheld x-ray unit. B, Proper operator position for handheld x-ray 
unit which maximizes operator protection from backscatter radiation. All operator body parts are within the 
shields protective range. (A, Courtesy KaVo, Charlotte, NC. USA; www.kavo.com)

• Fig. 3.1 X-ray tube head with position dot indicating the position of the 
focal spot that is inside the x-ray tube head (red arrow). The inset image 
demonstrates the increased length of the focal distance. This increased 
length offers sharper image outlines and reduced patient dose.
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41CHAPTER 3 Endodontic Radiology

the charge-coupled device (CCD) sensor or the complementary 
metal-oxide semiconductor (CMOS) active pixel sensor. The lat-
ter is also abbreviated as CMOS-APS.

Photostimulable Phosphor Plates
The PSPs are considered indirect because, after exposure, the sen-
sor must be removed from the patient’s mouth and transferred 
to a laser scanner so that the stored latent electronic charges of 
the pixels on the sensor’s surface can be scanned with a laser 
light to generate an electrical signal. The digital process includes 
assigning a numerical value to the electrical signal strength of 
each of the pixels. These numerical values are then assigned a 
gray-scale value to be used by the imaging software for display 
on a monitor. 

Solid-State (Direct) Sensors
The solid-state direct sensors transmit the electronic signal straight 
from the sensor directly to a computer so the image can be dis-
played in as little as 3 to 5 seconds or less, depending on the com-
puter processing speed and the server’s size and efficiency.

At this time, the CMOS is the predominantly used direct sen-
sor. They are generally less expensive to manufacture and are faster 
in transmitting the electronic signal for processing and require 
a simple USB connection to a computer. Despite the improved 
CCD sensitivity to x-radiation, their slightly greater manufactur-
ing costs and their more cumbersome digital processing sequences 
have now decreased their commercial availability.

Despite the advantages and increased preference for direct 
digital sensors, there remain some disadvantages, which delay 
an industry-wide total conversion to these sensors. Direct 
digital sensors are thicker (5 to 8 mm)29 and less comfortable 
than the thinner and more flexible traditional film or PSPs. 
Because of this discomfort, not all patients tolerate imaging 
procedures with direct sensors. Although the direct digital sen-
sors have the approximate height and width of conventional 
film sensors, the actual active sensor area is smaller, ranging 
among different manufacturers from 20% to 25% reduction 
of the image surface area compared with conventional film or 
PSPs.29,30

This problem creates issues with cut-off apices from the com-
promised vertical dimension and missing apices when the hori-
zontal dimension is compromised, and horizontal angulation is 
needed to image the multiple root apices of multirooted teeth. 

Dental Film
For those clinicians still using dental film, “F”-speed film is the 
film recommended for endodontic use. However, the slower “D”-
speed film is still available, the increased radiation exposure and 
slightly higher contrast are not of any added benefit for endodon-
tic imaging. Although the active surface areas are larger on film (as 
previously discussed), this technology is being replaced by direct 
sensor technology. For clinicians still using dental film, a more 
detailed discussion of their use and chemical film processing is 
discussed in other reference sources.31-33

Techniques for Intraoral Image Capture

Periapical Imaging
The main image capture techniques for periapical imaging are the 
paralleling technique and the bisecting angle technique. These 
techniques are amply described in main radiology textbooks.33-35 

For the paralleling technique, the receptor is ideally positioned 
parallel to both the long axis and the mesiodistal plane of the 
tooth being evaluated. The beam is then directed perpendicular 
to the plane of the receptor. It is necessary to stabilize the recep-
tor in this planned position. When it is not possible to place the 
receptor parallel to the tooth, the bisecting angle technique may 
then be applied. With this technique, the receptor is stabilized 
against the lingual side of crown and the adjacent palatal/lingual 
mucosa. Because the receptor no longer parallels the long axis of 
the tooth, it is necessary to project the vertical angle of the x-ray 
beam perpendicular to the plane that bisects the angle formed by 
the intersecting planes of the long axis of the tooth and the verti-
cal axis of the receptor. Frequently, clinicians choose to align all 
these planes freehand, with the use of simple receptor bite blocks 
or with other simple holding instruments (modified hemostats, 
Snap-a Ray devices, etc.), but without the aid of beam alignment 
devices (Fig. 3.3, A and B). However, for more predictable imag-
ing, receptor stabilizing–beam alignment devices are available for 
this purpose. These instruments are preferred for best image qual-
ity with minimal projection artifact, such as cone cutting, fore-
shortening, elongation, and so on (Fig. 3.3, C).
When working length images or master cone images are needed, 
the rubber dam clamp does make it more cumbersome to posi-
tion the receptor. Again, the use of the receptor stabilizing–beam 
alignment devices best facilitate obtaining the most favorable 
images. Specially adapted instruments are made with appropri-
ate bite block modifications to accommodate the rubber clamp 
and endodontic files positioned in the canals (Fig. 3.3, D).

Due to the variability of human nature, it is not always possible 
to get patient cooperation to tolerate the placement of the instru-
ments necessary for beam alignment. This difficulty is especially 
true for the “working” radiographs taken during an endodon-
tic treatment with the rubber dam in place. Sometimes, it may 
require cooperation by the patient if they hold the sensor in posi-
tion. In these scenarios, trying the modified paralleling technique is 
recommended.36 Essentially, the sensor is not parallel to the tooth, 
but the central beam is oriented at right angles to the receptor sur-
face. In endodontic working radiographs, a further modification 
is made by varying the horizontal beam angle.

Tube Shift
Modification of the horizontal angle of the x-ray beam becomes 
a necessary modification to separate structures that superim-
pose one another on the 2D image. Principles of relative move-
ment of structures and sensor orientation are applied to the 
differentiation of object position, as demonstrated in Figs. 3.4 
and 3.5.37-39

These principles of tube shift have been adapted to object local-
ization of structures in the nonvisible buccolingual dimension of 
2D radiography. One of the most useful techniques in endodon-
tics is the SLOB Rule.38 SLOB is an acronym―Same Lingual 
Opposite Buccal, as first described by Richards.38

When two objects and the sensor are in a fixed position buccal 
and lingual from each other, and the radiation source is moved in 
a horizontal or vertical direction, the images of the two objects 
move apart in opposite directions (Fig. 3.6).

One way to visualize this effect is to close one eye and hold 
two fingers directly in front of the open eye so that one finger is 
superimposed on the other. By moving the head one way and then 
the other, the position of the fingers relative to each other shifts. 
The same effect is produced with two superimposed roots (the 
fingers) and the way in which they move relative to the radiation 
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A B

• Fig. 3.4 A, The receptor is positioned parallel to the plane of the arch. The central ray (arrow) of the x-ray 
beam is directed toward the receptor at right angles. This is the basic beam–receptor relationship used for 
horizontal or vertical angulations. B, There is a clear outline of the first molar but limited information about 
superimposed structures (canals that lie in the buccolingual plane). The arrow points to a periodontal liga-
ment space adjacent to a superimposed root bulge, not to a second canal. (From Walton RE: Endodontic 
radiographic techniques, Dent Radiogr Photogr 46(3):51–59, 1973.)

A B

C D

• Fig. 3.3 Receptor Stabilizing Devices for Intraoral Imaging. A, A hemostat is used for grasping film or 
a PSP plate and does help orient the x-ray beam. B, A hemostat holds a plastic holder for a solid-state 
digital sensor. C, The Rinn XCP-DS ORA receptor stabilizing-beam alignment device is used for standard 
periapical projections. D, The XCP-DS FIT Universal Sensor Holder and beam alignment device for work-
ing endodontic radiographs. This sensor holder stretches to fit all types of receptors including solid state 
sensors. (C, Courtesy Dentsply Sirona, York, PA; D, Courtesy Dentsply Sirona, York, PA)

source (the eye) and the central beam (the line of sight). When 
the cone-shift technique is used, it is critical to know in which 
direction the shift was made and to determine what is buccal and 
what is lingual. Otherwise, serious errors may occur. Fig. 3.7 dem-
onstrates how the horizontal angle is shifted to accomplish these 
localization techniques.

This horizontal tube-shifting technique can be used to separate 
superimposed root canals and superimposed roots or to separate 
roots of teeth from adjacent superimposing anatomy, such as the 
mental foramen in the mandible or the zygomatic process of the 
maxilla in the maxillary arch. Examples of this tube shift are dem-
onstrated in Fig. 3.11, A–F,  of the next section. 

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


43CHAPTER 3 Endodontic Radiology

1

2

23 1

3

Position of shadows on sensor

Red rectangle in lingual positon

Blue circle in buccal positon

Three different positions for the x-ray
beam direction

• Fig. 3.6 This schematic demonstrates the projected images of the blue circle (buccal) that is closest to 
the x-ray source and the red rectangle that is further from the x-ray source and closest to the receptor 
(lingual). In Position 2 of the x-ray beam, the objects superimpose on the Sensor 2 projected image. When 
the object superimposes on this single 2D image, it is not possible to tell which of the objects is positioned 
in the buccal or lingual position. When the beam is projected from Position 1 (i.e., left of Position 2), the 
objects are separated on the projected Sensor 1 image. The resulting image on Sensor 1 shows the red 
rectangle lingual object moved in the same left direction as the beam and the blue circle buccal object 
moved in the opposite direction of the beam to the right; hence, the acronym SLOB―Same Lingual 
Opposite Buccal. When the beam is projected from Position 3 (i.e., right of Position 2), the objects are 
separated on the projected Sensor 3 image. The resulting image on Sensor 3 shows the red rectangle 
lingual object moved in the same right direction as the beam and the blue circle buccal object moved in the 
opposite direction of the beam to the left, hence the SLOB rule applies again. (Modified from: Abramovitch 
K. Imagery Chapter 5. In Impacted teeth, Alling III CC, Helfrick JF and Alling RD. WB Saunders, Philadel-
phia, 1993, pp. 110–116.39)

A B

• Fig. 3.5 A, The horizontal angulation of the cone is 20-degrees mesial from the parallel, right-angle posi-
tion (mesial projection). B, The resultant radiograph demonstrates the morphologic features of the root or 
canal in the third dimension. For example, two canals are now visible in the distal root of the first molar. 
(From Walton RE: Endodontic radiographic techniques, Dent Radiogr Photogr 46(3):51–59, 1973.)
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Endodontic Imaging Needs
There are numerous indications in endodontic patient manage-
ment where imaging plays a vital role in decision making and 
treatment rendering. These indications range from diagnosing 
a treatment indication, to rendering the treatment, and then to 
follow-up of the treatment. These situations are outlined later in 
this section (Video 3.1).

Disease Diagnosis
Before diagnosing any disease process, the clinician must be able 
to distinguish the normal anatomic range of structures in the den-
toalveolar complex and its supporting structures. This range would 

include the root and pulp anatomy of any affected dentition and 
their relationship to adjacent structures, whether maxillary molar 
roots adjacent the zygomatic process and maxillary sinus in the 
maxilla or the apices of mandibular premolars adjacent the mental 
foramen. Pulp chambers are identified within the dental crown, 
and the root canals will extend from the pulp chamber to its spe-
cific root apex. The periodontal ligament (PDL) space is differen-
tiated from the pulp chamber as it follows the outline of roots and 
has a consistent narrow width (<1.0 mm) around the roots. It also 
will have a peripheral thin radiopaque lamina dura adjacent to it 
(Fig. 3.8).

Identifying Pathosis
The recognition of disease requires an understanding of the 
pulpal, periodontal, or periapical changes that may arise in 

A B C

• Fig. 3.7 Horizontal angulation is determined by looking down from the top of the patient’s head. A, The 
position is set by aligning the horizontal plane of the position indicating device (PID) indicated by the arrow, 
parallel to the long axis of the hemostat handle. Mesial (B) and distal (C) horizontal angulations are then 
varied accordingly. (From Walton RE and Fouad AF, 2014.)

• Fig. 3.8 This standard periapical projection shows the root surface 
outlines with the periodontal ligament space and the adjacent lamina 
dura around the roots of the premolars and first molar. Even with the 
superimposition of the palatal and distobuccal roots, the root surface 
outlines (short, thick arrows) and the periodontal ligament space (lon-
ger, thick arrows) and adjacent lamina dura (long, thin arrows) still 
project, and the clinician must visualize these structures to evaluate 
periapical health.

 1.  The major biorisk from x-rays used for endodontic imaging is:
 a.  Deterministic
 b.  Traumatic
 c.  Cyclic
 d.  Stochastic
 2.  A disadvantage of digital solid-state sensors for periapical imaging is 

the:
 a.  Smaller area for image capture
 b.  Projection of double images
 c.  Greater propensity for dimensional distortion
 d.  Inferior diagnostic sensitivity to dental film
 3.  In comparison with handheld x-ray units, wall-mounted x-ray units:
 a.  Are more durable
 b.  Have greater portability
 c.  Produce less image distortion
 d.  Process digital images more quickly
 4.  Handheld x-ray units:
 a.  Improve image resolution
 b.  Increase biorisk to the radiographer
 c.  Require shorter exposure times
 d.  Are used only with digital sensors
 5.  Tube shifting is a
 a.  CBCT technique that improves image resolution
 b.  A method of directing the rotational path in a CBCT scanner
 c.  Beam alignment method that minimizes root canal length distortion
 d.  Technique used to localize the buccal and lingual position of objects

Study Questions
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the presence of disease and how these changes can affect the 
identification of the normal anatomic outlines. Similarly, an 
understanding of systemic or local hard tissue pathologic pro-
cesses that affect the jaws is also necessary to recognize these 
processes as they present. The more astute clinicians recognize 
these changes in their earliest stages of tissue alteration. It is 
also important to remember that pathologic processes in their 
earliest stages are often symptomatic before the development 
of prominent radiographic signs or clinical signs or symptoms 
(Fig. 3.9).

The presence and nature of lesions that may arise on rou-
tine or follow-up radiographs must be evaluated on any images 
taken during the course of treatment or follow-up. These lesions 
may be periapical, periodontal, or nonendodontic. It is impor-
tant to repeat that such lesions frequently present with no overt 
signs or symptoms and may be detectable only radiographically  
(Fig. 3.10). A more detailed discussion of pathologic changes is 
given in Chapters 1 and 4. 

Moving Superimposed Structures
Radiopaque anatomic structures often overlay and obscure roots and 
apices. Using special cone angulations, these radiopaque structures 
can be “moved” to give a clear image of the apex. The zygomatic 
process of the maxilla is one such structure40 (Fig. 3.11, A and B).
The mental foramen on the buccal surface of the mandibular 
basal bone can be positioned on radiographs to superimpose in 
the vicinity of the mandibular second premolar apex. In these 
instances, it can simulate apical periodontitis. Again, a horizontal 
shift of the beam angulation can separate the two structures for 
a better evaluation of the premolar apices (Fig. 3.11, C and D). 

Locating Roots and Canals
Canal location is obviously essential to success. Standard and hori-
zontal beam-shifting techniques allow the practitioner to determine 
the position of canals either not located on a standard periapical 
image or possibly even missed during access (Fig. 3.11, E and F ). 

Evaluating Treatment Progress
During endodontic treatment, “working” radiographs are needed 
usually with a dental rubber dam and clamp in place. These images 
are needed at various stages during the treatment phase. These 
include the (1) initial assessment of working length; (2) deter-
mining the working length; (3) fitting the master cone; and (4) 
evaluating the obturation made while the dental dam is in place 

A B

• Fig. 3.9 A, Physiologic apical periodontal ligament (PDL) outlines are present on the mesial and distal 
roots of tooth #19. Note the position of the retentive pin adjacent the mesial pulp horn which was the 
cause of the patient’s odontalgia. B, Note the altered apical PDL and external resorption on #24 that is 
occurring in the absence of symptoms. These changes and the periodontal bone loss compromise this 
tooth’s prognosis.

• Fig. 3.10 This 60-year-old female patient presented with asymptomatic 
gingival swelling. There were no signs of pulpal disease on any of her 
radiographs. A lateral periodontal cyst is present in the #23/#24 interra-
dicular bone.
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A B

C D

E F

• Fig. 3.11 A, The #14 palatal root apex is difficult to evaluate. B, By changing the horizontal angle by 20 
degrees to the distal, the buccally positioned zygomatic process moves mesial (opposite the direction of 
the tube shift), and the palatal root can be evaluated better when isolated from the zygomatic process. C, 
Radiolucent area over the apex could be mistaken for pathosis. D, Pulp testing (vital response) and a more 
distal horizontal and increased vertical angulation show the radiolucency to be the buccal positioned men-
tal foramen. With this distal angulation, the #29–#30 interproximal contact opens and the mental foramen 
moved more mesial and inferior to the #29 apex. E and F, The first premolar root outlines are not clear. 
By shifting the horizontal angle by 20 degrees to the distal, the outlines of the palatal and buccal roots are 
identified. The buccal root has moved mesially (opposite the direction of the tube shift), and the palatal root 
has moved distally (the same direction as the tube shift). Arrows point to the palatal and buccal apices. 
(Courtesy Dr. Jason Fowler, Loma Linda, CA.)
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A B

• Fig. 3.12 A, An initial assessment of working length. Note the tip of the endodontic file and its distance relationship with the radiographic apex. B and 
C, The preliminary radiograph and then the working length assessment with the tip of the endodontic file at the radiographic apex. This particular tooth 
and the adjacent premolar have hypercementosis on the root. There is no contraindication to nonsurgical root canal therapy (NSRCT) in roots with this 
condition.

A B

• Fig. 3.13 Fitting of the master cone (A) and final obturation (B) evaluations

(intermediary fill radiograph), which creates problems in film 
placement and cone positioning. These radiographs are exposed 
during the treatment phase and the special tube-shifting tech-
nique applications discussed earlier in this chapter may then be 
necessary to accomplish diagnostic images.

Initial Assessment of Working Lengths
The distance from a reference point to the radiographic apex is 
determined precisely. This determination establishes the distance 
from the apex at which the canal is to be prepared and obturated41 
(Fig. 3.12). 

Determining Working Length
In general, establishment of working length should require only a 
single exposure. If a root contains or may contain two superim-
posed canals, either a mesial or distal angle projection is absolutely 
necessary; the straight facial view is not particularly helpful.42 
Additional working length radiographs may be required later for 
confirmation of working lengths to detect the presence or lengths 

of newly discovered canals or for reexposure if an apex has been 
cut off in the first radiograph. The length from the apex, density, 
taper, and outline of the root canal’s shape are constantly evaluated 
with these images. 

Master Cone
The same principles used with working length films apply. With 
proper technique, only one radiograph is necessary to evaluate the 
length of the master gutta-percha cone. The master cones should 
extend to, or very close to, the corrected working length (Fig. 3.13, A) 
Procedures for the fitting of master cones are discussed in Chapter 15. 

Evaluating the Obturation (Intermediary Fill and Final 
Radiographs)
After canal obturation, postoperative radiographs provide consid-
erable information on the general quality of obturation in terms 
of the overall density and presence of voids and quality of fill to 
the level of the apical foramen, which are determined from these 
radiographs (Fig. 3.13, B). 
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Follow-up of Treatment Outcomes
Ultimate success of treatment is verified at specified intervals of 
months or years after treatment. Generally, the first follow-up is 
done at 6 months, and then annually for 2 to 4 years until the 
final disposition of the treatment is determined. Because failure of 
endodontic treatment can occur before the development of signs 
or symptoms, follow-up radiographs are essential to evaluate the 
periapical status43 (Fig. 3.14).

The same exposure and projection principles used for diagnos-
tic and treatment-evaluation radiographs remain applicable to any 
of the follow-up or recall radiographs. Exposure factors typically 
follow the x-ray unit and sensor manufacturer’s recommendations. 
However, these factors can always be tweaked, pending the prefer-
ence of the clinician, so that the image quality is acceptable and 
that the exposure parameters do not exceed the recommended 
dose limits set by the state or any other regulatory agencies.

Pretreatment lesions should be healing or should have healed. In a 
successfully treated case, reestablishment of the PDL, lamina dura, and 
trabecular bone is expected to reestablish apical health (Fig. 3.14, A). 
However, if the treatment is deemed to be questionable (missed canals, 
inadequate fill, root fracture, etc.) or if there is disease recurrence  
(Fig. 3.14, B), additional angled radiographs may become necessary.

Determining Root and Pulpal Anatomy
Determining the anatomy involves not only identifying and 
counting the roots and canals, but also identifying unusual adja-
cent anatomy (Fig. 3.15) or anomalous tooth anatomy, such as 
dens invaginatus and a C-shaped configuration,44 and determin-
ing curvatures, canal relationships, and canal location.45,46 

Cone Beam Computed Tomography

Equipment and Principles for 3D Image Capture
CBCT was introduced two decades ago as a new dental technol-
ogy for the 21st century47,48 that has certainly had a dramatic and 
highly positive effect on endodontic care. The dental marketplace 
is very competitive, with new units and complementary software 
programs continuously being developed for CBCT applications 
in endodontic, other specialty, and general dentistry patient care. 
Except for the size of the receptor opposite the x-ray tube, CBCT 
units look similar to panoramic x-ray machines (Fig. 3.16). 

• Fig. 3.15 The curvilinear radiolucent structure adjacent the molar roots 
and within the superimposing the sinus lumen (red arrows), is the anoma-
lous presence of the posterior superior alveolar canal that courses its way 
anteriorly in the lateral wall of the maxillary sinus. The presence of this 
structure on periapical radiographs is dependent on numerous factors in 
the patient’s anatomy and the projection angle of the x-ray beam. If seen 
unilaterally, it should not be misinterpreted as pathologic.

• Fig. 3.16 An example of a cone beam computed tomography (CBCT) unit 
with small field of views (FOVs) more typically used for endodontic evaluations. 
Note the flat panel detector (red arrow) on the left side of the gantry opposite 
the x-ray tube head. Veraview X800. (Courtesy J. Morita USA, Inc., Irvine, CA.)

A B

• Fig. 3.14 A, On the 2-year posttreatment follow-up, healing is noted at the three apices of the first molar. 
B, The 6-year follow-up demonstrates a periapical lesion on the mesial buccal (MB) root. The patient did 
report mild, transient symptoms. The premolar and second molar continue to show no signs of recurrent 
disease in this 6-year time interval.
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Field of View
The size of the scanned object volume is called the field of view 
(FOV). The FOV for CBCT units with a flat panel detector is a 
cylindrical shape. The CBCT scanning controls are programmed 
to scan FOVs within the limits of the size of the flat panel as 

determined by the manufacturer. The dimensions of a flat panel 
detector’s FOV are expressed by the height of the cylinder (H) and 
the diameter of the base (D) (Fig. 3.17, A).

The FOV is a very flexible option in contemporary scanners. The 
range of commercially available FOVs for flat panel detectors can be 

(D)
diameter

height(H)

A B

C

• Fig. 3.17 A, Cylindrical shape of the field of view (FOV) for cone beam computed tomography (CBCT) units with flat panel detectors. B, 40 mm × 40 mm 
FOV multiplanar image reconstruction. C, 40 mm × 80 mm FOV multiplanar image reconstruction.
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from 30 mm (D) × 30 mm (H) to 240 mm (D) × 165 mm (H). For 
endodontic purposes, the smaller FOV options are typically used. 
These smaller FOVs are dependent on the size of the detector units 
but typically range from 40 mm × 40 mm (three to five teeth in 
one jaw arch) to 40 mm × 80 mm (which will include similar 
numbers of maxillary and mandibular teeth (Fig. 3.17, B and C). 
Although these larger FOVs are available, they are more expensive 
and not really indicated for the smaller field sizes needed for end-
odontic purposes. Smaller FOV units which image three to five 
teeth in a jaw (maxilla or mandible) are therefore the preferred 
FOV for endodontic evaluations. The area covered in these smaller 
volumes is adequate for a thorough 3D periapical evaluation of 
the selected teeth, alveolar bone, and the limited amount of maxil-
lary or mandibular basal bone. Flat panel detectors are the most 
used detector for CBCT units. 

Voxel Size and Bit Depth
Voxel size and bit depth are two components of CBCT imag-
ing not germane to standard intraoral imaging. Voxels are the 
cubic-shaped elements that store the 3D object density informa-
tion in the volumetric data. The smaller the voxel size at which 
the object is scanned, the higher the resolution of the object. 
Due to the indications for endodontic CBCT imaging (early-
stage apical periodontitis, vertical root fractures [VRF], complex 
root anatomy, etc.), smaller voxel sizes are preferred. Voxel sizes 
for endodontic reasons are typically in the range of 0.075 mm3  
(75 μm) to 0.125 mm3 (125 μm). Most other CBCT applications 
do not require this degree of resolution. For these other indica-
tions (implants, large pathologic lesions, etc.), voxel sizes are in the 
range of 0.20 mm3 (200 um) to 0.40 mm3 (400 μm). Although 
voxel sizes less than 0.075 mm3 (75 μm) are possible, there is an 
increase in image graininess that offsets the benefit of the increased 
resolution.

Because smaller voxel sizes provide more density information 
of the object, the radiation exposure needs to be higher to gen-
erate adequate x-ray photons for the greater number of smaller 
voxels in the volumetric data. Intuitively, more x-ray photons 
in the radiation beam are needed to provide the signal to the 
greater number of smaller voxels that compose the volumetric 
data of the object. The scan time will be longer, and the frame 
rate of basis image capture will be higher. This increase in the 
frame rate causes an increase in the radiation dose for small FOV 
scans. Consequently, although the radiation dose for endodontic 
CBCT scans is lower due to the smaller FOV, this dose-lowering 
is offset by the greater radiation dose needed when the smaller 
voxel sizes are employed. This paradox with respect to voxel size 
explains the large dose range for small FOV scans (Table 3.1). It 
also explains the dose overlap of small FOV scans with the inter-
mediate and large FOV scans. Large FOV scans have a larger 
dose due to the larger body part being scanned. The option of 
large FOV scans with small voxels sizes are not typically a setting 
on CBCT units. The higher frame rate, processing time, RAM, 
and storage memory are beyond the capacity of larger commer-
cially available CBCT units.

Another property of the image detector is the bit depth. 
The bit depth is an exponential binary property expressing the 
total number of gray shades the detector is able to discrimi-
nate. A 16-bit detector (i.e., 216) can display 65,536 shades 
of gray. The range of bit depth of commercial CBCT units 
is between 12 and 16 bits (4096 and 65,536 shades of gray), 
indicating the wide range of contrast discrimination capabil-
ity. Although the detector is capable of this degree of gray 

scale discrimination, limiting features to the contrast resolu-
tion include the lower bit depth of the imaging software and 
the monitor display, and the eye perception of the viewing 
clinician. Even though bit depth is important for contrast 
resolution, the American College of Radiology has concluded 
that there is no added benefit to diagnostic interpretations by 
the use of higher than 8-bit depth in the viewing computer’s 
operating system.49 

Volumetric Data and Projection Data
During a CBCT scan, image capture software, usually proprie-
tary to each machine manufacturer, will capture multiple “basis” 
images at the various angles in the scan rotation. The number 
of basis images per scan ranges from 300 to 600 images. The 
complete set of basis images is called the projection data, which 
is then used by the software to construct a 3D volumetric data 
set. This processed data is then accessed by image reconstruction 
software programs to “construct” the primary multiplane images 
or multiplanar reconstructions (MPR) for display, as previously 
seen in Fig. 3.17, B and C. The MPRs are often derived from 
the proprietary software that comes with the particular CBCT 
scanner. However, because of the versatility of independent 
“third-party” imaging software to also construct multiple kinds 
of secondary reconstructions (panoramic, temporomandibular 
joint, implant planning, etc.), clinicians may prefer to view the 
scan data in these other software programs. Third-party imaging 
software is software not associated with the capture and proprie-
tary software of the CBCT scanner. Currently, a variety of third-
party software programs are commercially available for image 
reconstruction of CBCT volumetric data sets. Some examples 
are listed in Table 3.2. 

Image File Format
If third-party software is being used, the file format of the vol-
ume set must be converted from the proprietary file format or file 
language to a more universal or common digital file format. This 
common digital file format must conform to the Digital Imaging 
and Communications in Medicine (DICOM) standard (National 

  Third-party software available for imaging 
DICOM CBCT data sets

Software Manufacturer

NobelClinician Nobel Biocare USA, LLC
Yorba Linda, CA

CareStream 3D CareStream Dental
Rochester, NY

Dolphin 3D Dolphin Imaging
Chatsworth, CA

InVivoDental Anatomage Inc.
San Jose, CA

OnDemand3D Cybermed Inc.
Irvine, CA

OsiriX Pixmeo SARL
Berne, Switzerland

Xelis™ Dental Infinitt NA,
Phillipsburg, NJ

TABLE 
3.2
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Electrical Manufacturers Association [NEMA] Standard PS3 
2018, i.e., the current DICOM standardized file format.)50 This 
format is the International Organization for Standardization (ISO) 
referenced standardized digital file format for medical images and 
related information (i.e., ISO 12052.) To facilitate access to health 
care, multiple imaging modalities used in medicine and dentistry 
(x-ray, visible light, ultrasound, etc.), all must be compliant with 
ISO 12052. 

Scatter and Beam Hardening Artifacts
During image reconstruction of a data set, dense metal struc-
tures in the FOV often cause scatter and beam hardening arti-
facts on the image reconstructions. Gutta-percha and silver 
point endodontic filling materials, cement overfills, metal posts, 
silver amalgam, dental implants, and metal alloys used in coro-
nal restorations all create artifacts that present either as light or 
dark scatter lines (streaking), or as a dark periphery adjacent to 
metallic borders (beam hardening). The streaks often superim-
pose regular anatomy and significantly degrade image quality. 
The main types of beam hardening are the dark streaks or the 
dark bands that present adjacent radiopaque restorations in the 
image reconstructions. The latter often simulates disease, such 
as recurrent caries or fractures in endodontically treated teeth 
(Fig. 3.18, A and B). In other instances, beam hardening can 
also give the illusion of extra root canals, which, if not prop-
erly interpreted, can lead to inappropriate endodontic treatment 
(Fig. 3.18, C–E).

These artifacts are prominent problems for dental applica-
tions with CBCT as root canal treatment (RCT) fillings and 
coronal metallic restorations are often within the FOV of most 
dental and endodontic patient CBCT scans. The metallic res-
torations then cause the resultant beam hardening and streak 
artifacts, which then compromise the image quality. To repeat, 
the examples in Fig. 3.18 illustrate how harmful these artifacts 
are at degrading image quality and making image assessments 
very difficult.

Software correction algorithms that minimize these metallic 
artifacts have been reported.51,52 However, they have not been 
demonstrated to be any more beneficial than noncorrected soft-
ware programs when evaluating peri-implant and periodontal 
disease53 or root fractures.54 Differences in root fill materials also 
have no effect on minimizing the effects of these artifacts.55 Con-
sequently, there are no immediate methods to correct or minimize 
these prominent artifacts. The best way to avoid streaking and 
beam hardening is to try to keep the FOV as small as possible in 
an attempt to minimize the number of metals within the scan’s 
FOV.

Indications and Special Applications
The American Association of Endodontists (AAE) and the Ameri-
can Academy of Oral and Maxillofacial Radiology (AAOMR) 
wrote a joint position paper in 2011.56 They made several evi-
dence-based guidelines for CBCT use in endodontic patient care. 
This joint position paper was subsequently updated in 2015,57 
and the key recommendations from this latest publication are out-
lined in the remainder of this chapter.

1. 2D Imaging remains the initial imaging procedure of choice
Endodontic diagnosis depends on evaluation of the patient’s chief 
complaint, the medical and dental history, and the clinical and 
radiographic examination. According to these AAE/AAOMR 

recommendations, 2D intraoral imaging remains the imaging 
procedure of choice for these initial evaluations and most end-
odontic imaging needs (Recommendation 1).  

Only if the 2D evaluation leaves the diagnosis or the treat-
ment in question does CBCT with its advanced capabilities 
become indicated. These situations will arise as 2D radiographs 
have inherent limitations due to the manner in which anatomic 
structures in three dimensions are compressed onto a 2D image. 
Interpreting 2D images continues to be a somewhat subjective 
process. Goldman et al.58 showed that the agreement between six 
examiners was only 47% when evaluating healing of periapical 
lesions using 2D periapical radiographs. In a follow-up study, 
Goldman et  al.59 also reported that when examiners evaluated 
the same images at two different times, they had only 19% to 
80% agreement with their previous interpretations. Agreement 
among six observers for detecting periradicular radiolucencies 
with 2D digital images was less than 25%; whereas the agree-
ment for five of six observers was approximately 50%.60 Several 
studies have shown where CBCT overcomes many of the 2D 
imaging limitations.61-67 

2. Limited FOV CBCT is indicated for cases with contradictory 
or nonspecific clinical signs and symptoms associated with 
endodontically untreated or previously treated teeth
This indication is the main premise of AAE/AAOMR Recom-
mendation 2. CBCT imaging has the ability to detect periapical 
pathology before it is apparent on 2D radiographs68 (Fig. 3.19).  
This capability was validated in clinical studies in which the 
sensitivity of detecting apical periodontitis on intraoral radio-
graphs versus CBCT images was 20% and 48%, respectively.69 
Ex vivo studies in which simulated periapical lesions were created 
showed a similarly greater CBCT sensitivity than did intraoral 
radiography.70,71
  

The inability to determine the etiology of persistent den-
toalveolar pain can be attributed to the limitations in both 
clinical vitality testing and intraoral radiography. Atypical 
odontalgia (AO) is a persistent dentoalveolar pain without 
the evidence of periapical bone destruction.72 The diagnostic 
yield of CBCT compared with intraoral radiographs was 17% 
greater in definitively diagnosing apical periodontitis from 
suspected AO.73 

3. Limited FOV CBCT should be considered the imaging modal-
ity of choice for initial treatment of teeth with the potential for 
extra canals and suspected complex morphology
The efficacy of CBCT as a modality to accurately explore tooth 
anatomy and identify the prevalence of extra or atypical canals 
is the premise of Recommendation 3. The greater sensitivity 
at identifying a second mesiobuccal canal (MB2) in maxillary 
molars with CBCT in comparison with the gold standard (clin-
ical and histologic sectioning) has been well documented.74,75 
Fig. 3.20 demonstrates a recurrent case of apical periodontitis 
in a maxillary first molar initially diagnosed and treated with 
periapical imaging. The recall radiograph with the persistent 
disease is seen in Fig. 3.20, A. Fig. 3.20, B–D demonstrates 
the MB2 canal in the multiplanar reconstructions. The MB2 
was not seen when tooth #14 was diagnosed and treated with 
periapical radiographic imaging. The final postoperative peri-
apical radiograph Fig. 3.20, E shows the obturated MB1 and 
MB2 canals.  
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A B

C D

E

• Fig. 3.18 Beam Hardening Artifact and Streaking Adjacent the #5 Root Canal Treatment (RCT). A, Parasagittal reconstruction with beam hardening 
artifact adjacent the #3 MB RCT. B, Radiolucent and radiopaque streak artifact radiates from the #3 MB and #3 DB root fills. Note how the former often 
simulate fracture lines (arrows). C, Parasagittal reconstruction evaluating the persistent pain on #20. D, Cross-section of #20 oriented through the root 
canal filling. Note the fill overextension and the ∼2.0 mm widening of the apico-buccal periodontal ligament (PDL) that is not apparent on 2D imaging. 
E, Cross-section of #20 oriented between the root canal filling and the distal proximal surface. Note the beam hardening artifact of the RCT filling that 
simulates a second unfilled canal.
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A B

• Fig. 3.19 This patient presented with pain to percussion and no response to cold testing on #30. Peri-
odontal probing depths were within normal limits. Root canal therapy was indicated based on the cone 
beam computed tomography (CBCT) radiographic findings and the clinical tests. A, Periapical radiograph 
of tooth #30. B, 2D parasagittal CBCT reconstruction. The periapical radiolucency is better delineated 
demonstrating involvement of the furcation and both the mesial and distal root periapices.

CBCT showed higher mean values of specificity and sensitiv-
ity in comparison with intraoral radiographic assessments in the 
detection of the MB2 canal.76 

4. Limited FOV CBCT should be used for the detection of VRF
A thorough dental history, pain symptoms, clinical signs of swell-
ing, a sinus tract, and/or an isolated deep periodontal pocket are 
suggestive of a VRF. Radiographically, a combination of a periapi-
cal and a lateral root radiolucency “halo” (or J-shaped) appearance 
is also suggestive of VRF. Any combination of these clinical and 
radiographic findings may be present to establish a presumptive 
diagnosis of VRF.77 The following five CBCT findings were found 
to be consistent in confirmed cases of VRF78:
 1.  Loss of bone in the midroot area with intact bone coronal 

and apical to the defect
 2.  Absence of the entire buccal plate of bone in MBR
 3.  Radiolucency around a root where a post terminates
 4.  Space existing between the buccal/or lingual plate of bone 

and fractured root surface
 5.  Visualization of the VRF on the CBCT multiplanar views.

Fig. 3.21 shows an example of the sensitivity of CBCT in 
detecting a VRF. The application of a dye during surgical explora-
tion is still the gold standard for VRF diagnosis.79

Several studies have demonstrated the validity of using CBCT 
to detect VRFs when 2D imaging is inconclusive (Recommen-
dation 6). In a study comparing the sensitivity and specificity of 
CBCT with those of 2D radiography in detecting VRF, the sen-
sitivity and specificity were 79.4% and 92.5%, respectively, for 
CBCT and 37.1% and 95%, respectively, for 2D imaging.80 This 
same study reported that the specificity of CBCT was reduced in 
the presence of root canal filling material.80 Higher sensitivity and 
specificity were observed in a clinical study in which the definitive 
diagnosis of VRF was confirmed at the time of surgery to vali-
date CBCT findings, with sensitivity being 88% and specificity 
75%.81 In  vivo and laboratory studies82-83 evaluating CBCT in 

the detection of VRF agreed that sensitivity, specificity, and accu-
racy of CBCT were generally higher and reproducible. The detec-
tion of fractures was significantly higher for all CBCT systems 
compared with that of intraoral radiographs.

However, any radiographic assessment of fracture must be inter-
preted with caution because the detection of VRF is dependent on 
the size of the fracture and the spatial resolution (voxel size) of the 
CBCT.84 Consequently, this affects the sensitivity in not being able 
to detect a fracture that may actually be present (false negative find-
ing). The beam hardening and streaking artifacts discussed previ-
ously also make it difficult to discern these VRF, either by obscuring 
or by simulating fracture lines. The former may also contribute to a 
false negative finding. The latter would affect the specificity and lead 
to a false positive finding if in fact a fracture was not present. These 
VRF diagnostic dilemmas come to light more often in teeth with 
posts because these teeth have more potential for root fracture and 
the metallic posts and metallic coronal restorations contribute to the 
streaking artifact, which would then affect both the sensitivity and 
the specificity of VRF diagnosis. 

5. Utilization of Limited FOV CBCT in non-surgical retreatment, 
surgical treatment planning,  assessment of endodontic treat-
ment complications or retreatment of  treatment complications:
Accurate diagnostic data leads to better treatment decisions and 
potentially more predictable outcomes.85 The use of CBCT has 
been recommended for treatment planning of endodontic surgery 
(Recommendation 7).86-88

CBCT was a more accurate imaging modality for the diagnosis 
and subsequent treatment planning of endodontic pathology com-
pared with the diagnosis and treatment decisions using only peri-
apical radiographs. An accurate diagnosis was reached in 36.6% to 
40% of the cases when using periapical radiographs in comparison 
with 76.6% to 83.3% of the cases when using CBCT.89 This high 
level of misdiagnosis is potentially clinically relevant, especially in 
cases of invasive cervical root resorption and VRF, when a lack of 
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• Fig. 3.20 A, A follow up 2D periapical image on #14 demonstrates recurrent apical periodontitis. B–D, The 
sagittal, coronal, and axial cone beam computed tomography (CBCT) reconstructions further  document 
the recurrent #14 apical periodontitis and the unfilled palatal canal in the mesiobuccal root (MB2). E, The 
2D periapical image of the retreatment demonstrates the filled MB2 canal (see arrows). (A, Courtesy  
Dr. Janelle Silvers, Redlands, CA; E, Courtesy Dr. Janelle Silvers, Redlands, CA.)
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• Fig. 3.21 A, Periapical radiograph of tooth #30; B, 3D reconstruction demonstrating midroot buccal plate fen-
estration of the mesial root. C, 2D coronal reconstruction demonstrating the midroot buccal fenestration (arrow). 
D, Surgical curettage and degranulation of the defect demonstrating the mesial root’s vertical fracture (arrow).

early detection could lead to unsuccessful treatment and tooth loss. 
The previous study also demonstrated that the treatment plan may 
be directly influenced by information gained from CBCT studies as 
the examiners altered their treatment plan after viewing the CBCT 
scan in 56.6% to 66.7% of the cases overall (Recommendation 8). 
This high number indicates that CBCT had a significant influence 
on the examiners’ treatment plan. 

6. Use of limited FOV CBCT to localize root apex/apices and to 
evaluate the proximity to adjacent anatomic structures
CBCT visualization of periapical disease proximity to vital 
structures and anatomic landmarks is superior to that of 
periapical images. Therefore it is recommended for surgical 
treatment planning where such proximity is suspected (Recom-
mendation 9). Figs. 3.22 and 3.23 exemplify the use of CBCT 

A B

• Fig. 3.22 A, 3D rendering demonstrating the relation of the inferior alveolar nerve (IAN) to the periapical 
defect at the #29 periapical lesion. B, A cropped 3D coronal rendering demonstrating the mental foramen 
and the IAN in relation to the base of the periapical defect (arrow). Note the apical root resorption.
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A B

C D

• Fig. 3.23 A, Periapical radiograph of tooth #30. This tooth was referred for periapical surgery after non-
surgical retreatment was unsuccessful. An untreated third distal canal was identified and treated, and the 
mesial canals were blocked. B, Cone beam computed tomography (CBCT) coronal reconstruction of #30 
mesial root demonstrating the communication of the periapical defect with the inferior alveolar canal. C, 
Surgical view of the mesial root apex after curettage and degranulation of the defect. The inferior alveolar 
nerve was uncovered immediately inferior to the base of the defect (white arrow). D, Axial and coronal 
views of tooth #30 at the 24-month recall demonstrating complete remodeling of the defect and restora-
tion of the surgically defect in the buccal cortical plate.
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imaging in surgical treatment planning of cases with proximity 
to vital structures. 

7. Use of CBCT in endodontic diagnosis and detection of 
resorptive defects
Diagnosis and detection of root resorption is often challenging 
owing to the quiescent onset nature and varying clinical presenta-
tion. Because CBCT is a better imaging option than periapical 
imaging for resorptive defects,90,91 it is the AAE/AAOMR Recom-
mendation 12. There is now a 3D classification for external cervi-
cal resorption (ECR) that takes into account lesion height, degree 
of circumferential spread, and proximity to the root canal.92 This 
novel and clinically relevant classification that relies on CBCT 
better facilitates the objective description of ECR progression or 
resolution. It is also expected to facilitate effective communication 
of ECR between colleagues. Fig. 3.24 shows an example where 
CBCT imaging facilitated the diagnosis and treatment planning 
of inflammatory resorptive defects. 

8. Use of CBCT in endodontic diagnosis and detection of trau-
matic dental injuries (TDI)
Radiographic assessment is important to identify the location, type, 
and severity of TDI. In the 2012 International Association of Den-
tal Traumatology guidelines,93 a series of periapical radiographs 

from different angulations and an occlusal film are recommended 
for evaluation of TDI. However, 2D imaging has limitations in 
the evaluation of TDI due to projection geometry, magnification, 
superimposition of anatomic structures, distortion, and projection 
errors. The use of CBCT for TDI is now a recommendation of the 
AAE/AAOMR (Recommendation 11), particularly traumatic or 
horizontal root fractures (HRFs) and lateral luxations, for monitor-
ing of healing and or any related complications.

In the diagnosis of HRF using 2D imaging, the fracture line 
will be detected only if the x-ray beam passes directly through it. 
The 2D nature limits the accuracy in the diagnosis of the loca-
tion, severity, and extent of HRF. The risk of misdiagnosis of the 
location and extent of the fracture by using only 2D intraoral 
radiography could lead to improper treatment and an unfavor-
able outcome. Because of the limitations of intraoral radiography, 
CBCT was suggested as the preferred imaging modality for diag-
nosis of HRF.94

CBCT overcomes several of the limitations of 2D imaging by 
providing a considerable amount of 3D information about the 
nature and extent of the HRF. The significant difference in the 
nature of HRF when assessed with 2D radiographs compared 
with CBCT has been reported.95 Fig. 3.25 demonstrates a case 
where CBCT imaging is advantageous in the diagnosis, prognosis, 
treatment planning, and treatment follow-up of an HRF case.

A B C

• Fig. 3.24 This patient was referred for evaluation and treatment of an internal resorptive defect on #21. 
A, Parasagittal view of tooth #21 demonstrating the external/internal resorptive defect. B, Cross-sectional 
view of tooth #21 also demonstrating the external/internal resorptive defect. C, 3D reconstruction of the 
resorptive defect. In addition to the resorptive defects, images (B) and (C) demonstrate a buccal root 
perforation (white arrow). This cone beam computed tomography (CBCT) finding rendered tooth #21 
nonrestorable, and this changed the endodontic treatment plan.
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A B C

• Fig. 3.25 A 15-year-old patient with a history of trauma to the anterior maxilla was referred for consulta-
tion of teeth #8 and #9. Tooth #8 had a grade I mobility and tooth #9 had a grade II+ mobility. A, Periapical 
radiograph of teeth #8 and #9 demonstrated midroot horizontal root fractures in both teeth. Periodontal 
probing depths were within normal limits. The marginal and attached gingiva demonstrated normal color 
and architecture. B and C are the sagittal views of teeth #8 and 9, respectively. Note the oblique nature 
of the root fractures and bone fill between the coronal and apical segments in (C). Because the patient 
was asymptomatic and cone beam computed tomography (CBCT) revealed no periradicular pathosis, a 
palatal splint was suggested to address the mobility, but no endodontic intervention was recommended 
at the time.

 6.  In CBCT scanning, generally the smaller the voxel size, the 
__________ the image resolution.

 a.  darker
 b.  higher
 c.  lower
 d.  worse
 7.  “Beam hardening” effects seen on CBCT reconstructions
 a.  Occur when the mA settings are high
 b.  Compromise diagnostic image quality
 c.  Improve the outlines of endodontic treated canals
 d.  Occur less with restorative materials in the FOV
 8.  The AAE/AAOMR joint position paper on the CBCT applications for 

endodontic patient care is highly valued because:
 a.  Many endodontists follow the recommendations.
 b.  The recommendations are evidence based.
 c.  The use of CBCT images can shorten the duration of RCT treatment.
 d.  CBCT images are the most definitive for posttreatment follow up 

evaluations.

 9.  The imaging procedure of choice for most endodontic evaluations is:
 a.  Limited CBCT FOV with a large voxel size
 b.  Periapical intraoral imaging
 c.  Any size CBCT FOV with high resolution
 d.  The procedure favored by the treating endodontist
 10.  Consistent CBCT findings for a VRF include all of the following EXCEPT:
 a.  Loss of bone at the mid root level with intact bone apical and 

coronal to the defect
 b.  Apical radiolucency around a root with a restorative post
 c.  Absence of cortical bone in the 3D multiplanes
 d.  Actual visualization of the VRF in the CBCT multiplanes
 11.  CBCT is a preferred imaging modality for evaluating
 a.  HRF
 b.  Carious dental lesions approaching the pulp
 c.  Posttreatment recalls of more than 5 years
 d.  All maxillary first molars in need of endodontic treatment

Study Questions

A N S W E R S

Answer Box 3
1 d. Stochastic
2 a. Smaller area for image capture
3 a. Are more durable
4 b. Increase biorisk to the radiographer
5 d. Technique used to localize the buccal and lingual position of objects

6 b. Higher
7 b. Compromise diagnostic image quality
8 b. The recommendations are evidence based
9 b. Periapical intraoral imaging

10 b. Apical radiolucency around a root with a restorative post
11 a. HRF
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4
Endodontic Diagnosis and 
Treatment Planning
BROOKE BLICHER, RICHARD E. WALTON, AND  
MAHMOUD TORABINEJAD

Introduction
Accurate diagnosis is paramount to appropriate care. Endodon-
tic diagnosis and treatment planning generally occur in two basic 
scenarios. In the first scenario, the emergency patient presents 
with pain and possibly swelling, or with a displaced, fractured, 
or avulsed tooth. In the second, pulpal or periapical disease is 
detected incidentally; endodontic care is expected. Emergency 
situations demand an accurate and timely diagnosis. Missteps in 
diagnosis will result in continued morbidity. Errors in diagnosis 
may result in the addition of unnecessary treatment with increased 
cost and suffering for the patient (Fig. 4.1), In the short term, 
misdiagnosis can result in unsatisfied patients and clinical frustra-
tion for the provider. In the long term, uncontrolled infections 
may have serious consequences to systemic health and affect the 
prognosis of future treatments.

Even nonemergent situations require care in confirming 
the appropriate diagnosis, because nuances to the diagnosis 
can render traditional nonsurgical root canal therapy inef-
fective. For example, a tooth that has developed pulpal and 
periapical pathosis secondary to a coronal fracture with root 
involvement might not survive in the long term after end-
odontic therapy. Additionally, other normal and pathological 
entities can mimic endodontic pathosis; these entities are dis-
cussed in Chapter 5.

Diagnosis is the science of recognizing and identifying disease by 
means of signs, symptoms, and tests. The basic elements of diagnosis 
are data gathering and analysis to develop a differential diagnosis, a 
definitive diagnosis, and a treatment plan. This chapter will focus on 
the appropriate means to obtain an accurate endodontic diagnosis, 
including the specifics of the examination process, the appropriate 
terminology to describe endodontic pathosis, and a discussion of 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Recognize that diagnosis and treatment planning for pulpal 
and periapical conditions should be part of a broader examina-
tion and treatment plan.

 2.  Understand the importance of the medical and dental histories 
to endodontic diagnosis.

 3.  Conduct comprehensive extraoral and intraoral examinations 
of both hard and soft tissues, including the application of pulp 
sensitivity tests.

 4.  Develop the knowledge base to order and interpret appropri-
ate diagnostic radiographs.

 5.  Consolidate all data from the history, clinical examination, and 
radiographic examination to form a diagnosis of pulpal and 
periapical conditions using appropriate terminology.

 6.  Diagnose adjunctive conditions to the typical endodontic 
diagnosis, including resorption, fractures, and endodontic–
periodontic interrelationships.

 7.  Recognize when orofacial pain and infections are not of 
 endodontic origin.

 8.  Identify conditions for which root canal treatment is indicated 
and contraindicated; understand alternative treatments.

 9.  Integrate the endodontic diagnosis and treatment plan into an 
overall treatment plan.

 10.  Understand which procedures are ordinarily not within the 
graduating dentist’s realm of training or experience and which 
patients should be considered for referral.

C H A P T E R  O U T L I N E
Introduction, 61

Examination, 62

Pulpal Lesions, 68

Diagnosis, 69

Treatment Planning, 78
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definitive care to be delivered based on the findings and their inter-
pretation (Video 4.1). 

Examination

Subjective Examination
Chief Complaint
The chief complaint is the first verbal information from the 
patient. The chief complaint is often volunteered without a ques-
tion and is recorded in the patient’s own words. Close attention is 
paid to this statement. 

Dental History
Dental history is divided into the present dental illness, also 
referred to as the history of the chief complaint, and the past den-
tal history. Once the patient has described why he or she is seeking 
care, details are established by methodical questioning. There are 
a limited number of complaints of endodontic consequence. If 
there are two or more concurrent complaints, such as pain and 
swelling, then the history of each complaint should be obtained.

Beyond gathering a list of reported symptoms, questions are 
asked regarding their timeline and quality. As pain is the most 
common reason for seeking endodontic care, this symptom is 
questioned directly. Some patients supply a detailed history of 
pain; others require guidance to determine the location, onset, 
duration, quality, intensity, and exacerbating or relieving factors. 

Directive questions should be open-ended when possible to avoid 
any influence on the patient’s answers. In the early stages of a pul-
pitis, pain may be difficult to localize, thus nonlocalizable pain 
raises suspicion. Certain referral patterns of odontogenic pain 
are common, such as pain from a pulpitis in a mandibular molar 
commonly referring to the ear. Similarly, certain referral patterns 
for nonodontogenic pain are common and will be discussed in 
Chapter 5. Examples of questions to obtain a detailed history of 
the chief complaint are in Table 4.1 (Video 4.3).

Patients will often falsely report presence or a history of swelling. 
True swelling must be associated with pulp necrosis, though patients 
may perceive swelling even with symptomatic irreversible pulpitis.

Although localized acute apical abscesses do not associate with 
systemic symptoms,1 endodontic infections rarely can spread with 
serious sequelae. Patients with swelling require further question-
ing about the onset and duration, changes over time, and effects 
on jaw opening, swallowing, or breathing. Although rare, any 
rapidly progressive swelling, accompanied by trismus, dysphagia, 
or dyspnea is considered a progressive cellulitis (space infection) 
necessitating prompt referral to an oral surgeon or hospital for 
intravenous antibiotics and probable extraoral incision and drain-
age. The nature of the swelling, whether indurated or soft, and 
associated drainage may be reported by the patient. With cellulitis, 
the patient should also be examined for signs of systemic involve-
ment such as fever, malaise, or lymphadenopathy, all of which 
might prompt the use of systemic antibiotics.2,3 More information 
on dental emergencies and indications and contraindications for 
systemic antibiotics are in Chapter 9.

Traumatic dental injuries require their own workup, includ-
ing an assessment for comorbid injuries, such as concussion, jaw 
fractures, soft-tissue lacerations, or involvement of other teeth, as 
well as lapses in tetanus immunity. More information specific to 
the workup related to traumatic dental injuries is in Chapter 11.

• Fig. 4.1 A reliance on “clinical experience” rather than on adequate tests 
resulted in the wrong treatment. The dentist relied on a radiograph only 
(no tests) and concluded that the lateral incisor was the painful problem 
tooth. After treatment, with no change in the level of pain, the patient was 
referred for root-end surgery. Examination of preoperative and postopera-
tive radiographs, as well as clinical tests, showed that treatment had been 
performed on a tooth with normal pulp. The central incisor was found to 
have pulp necrosis and an acute apical abscess. Immediate pain relief fol-
lowed root canal treatment on the correct tooth.

  Example Questions to Guide a Patient Through 
the History of the Chief Complaint

Location Where is the pain located?
Is it always in the same spot?

Onset When did your symptoms start?
Did or does anything initiate the 

pain?

Duration When you have pain, how long does 
it last?

When did your symptoms last 
occur? Is the pain continuous or 
intermittent?

Quality How would you describe your pain? 
(For example, dull/achy or sharp/
electrical)

Intensity On a 0–10 scale, where would you 
rate your pain at its worst?

Exacerbating factors Does anything make your pain 
worse? (For example, cold, heat, 
or biting.)

Relieving factors Does anything make your pain bet-
ter? (For example, cold, pressure, 
or analgesics.)

TABLE 
4.1
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Patients presenting with endodontic pathosis will usually have 
a history of dental procedures. Prior pain is even considered a risk 
factor for current endodontic pathosis.4 Patients are asked about 
overall oral health, including recent dental procedures, a history 
of trauma, and previous issues with temporomandibular dysfunc-
tion. Patients may report cracks or fractures that prompted prior 
restorative care. Other findings during the objective portion of 
the examination prompt further questioning. For example, if soft-
tissue scarring is seen, a patient may be asked about a history of 
oral surgical care. 

Medical History
An updated picture of the patient’s health is obtained at each visit, 
including a complete medical history, list of active medical issues, 
medications, and allergies.

Certain health issues are of concern in endodontic diagno-
sis. For example, acute respiratory infections, particularly of the 
maxillary sinus, often produce toothache-like symptoms. Pain-
modulating conditions, such as fibromyalgia, may have atypical 
pain presentations. Treatment options may be affected. Bisphos-
phonates, biologics, and chemotherapy agents are associated 
with osteonecrosis of the jaw and can limit a patient’s options for 
surgical or extraction alternatives in favor of root canal therapy.5 
Radiation therapy to the head and neck limits these more invasive 
treatment options due to risks of osteoradionecrosis.

A complete list of medications and allergies is needed to ensure 
that drug interactions and adverse events will not occur during 
treatment. The need for antibiotic prophylaxis related to cardiac 
conditions, prosthetic joints, and certain immune deficiencies are 
considered. A comprehensive review of medical conditions that 
can affect endodontic care, as well as discussion of antibiotic pro-
phylaxis, are in Chapter 2. Whenever doubt exists as to limitations 
for care or the need to premedicate, consultation should be had 
with the patient’s treating physicians. 

Objective Examination
Vital Signs
Vital signs, including blood pressure, respiratory rate, and pulse, 
should be obtained as part of the examination process. In addition, 
in patients reporting swelling or signs and symptoms of infection, 
including suspected fever, malaise, or lymphadenopathy, an oral 
temperature reading should be taken. 

Extraoral Examination
General appearance, skin tone, facial asymmetry, swelling, discol-
oration, redness, extraoral scars or sinus tracts, and lymphadenop-
athy are indicators of the physical status of the patient. Aberrant 
findings are suggestive of related orofacial infections or inflamma-
tion (Fig. 4.2; Video 4.2). 

Intraoral Examination
Soft Tissue
Examination of the intraoral soft tissues includes a thorough 
visual, digital, and probing examination of the lips, oral mucosa, 
cheeks, tongue, palate, muscles, and periodontium for abnormali-
ties. Particular focus should be paid to the alveolar mucosa and 
attached gingiva adjacent to a suspicious tooth for the presence 
of discoloration, inflammation, ulceration, and sinus tract for-
mation. A stoma or parulis is the visible point of drainage of a 
sinus tract, and usually indicates the presence of a necrotic pulp 
and chronic apical abscess (Fig. 4.3). Sinus tracts may also occur 

secondary to nonendodontic pathology such as a periodontal 
abscess, vertical root fracture (VRF), or even osteomyelitis; thus, 
the source of drainage should always be determined. Sinus tracts 
may be traced radiographically with gutta-percha, or cone beam 
computed tomography (CBCT) imaging may show their point 
of origin.

A limited periodontal examination should occur as part of 
any endodontic workup. Periodontal probing depths should be 
measured, because localized attachment loss can indicate not only 
the presence of periodontal disease that might affect the overall 
prognosis and affect treatment planning but can also suggest the 
presence of additional pathology. Fractures, whether originating 
coronally, or involving root structure, may present with local-
ized deeper probing depths when a root is involved.5-7 Endodon-
tic–periodontic lesions will typically present with a wider area of 
attachment loss (Fig. 4.4; Video 4.4).

Mobility should be measured, as extreme mobility usually indi-
cates limited periodontal support or an underlying root fracture. 
In addition, a periapical lesion may occasionally alter the peri-
odontal support; mobility should decrease dramatically after suc-
cessful root canal treatment (Video 5.4). 

Hard Tissue
A visual examination assesses for discolorations, fractures, abra-
sion, erosion, caries, defective restorations, or other abnormalities. 
Use of a pointed explorer can help detect caries, failing restorative 
margins, and sometimes subgingival root resorption. A discolored 
crown is often pathognomonic of pulpal pathosis or may be the 
sequela of earlier root canal treatment. The most common eti-
ologies of pulpal involvement are caries, fractures, or historically 
deep restorations; a visual examination will help elicit the cause 
of pathosis. Teeth that lack extensive restorations, or have small, 
class 1 nonbonded restorations in place, may suffer from pulpitis 
secondary to marginal ridge fractures extending deep into pulp or 
even root structure.8,9 

Clinical Tests
Objective tests are applied to both suspect and control teeth. 
These tests have limitations; some cannot be used on each tooth, 
and results are often inconclusive. The data they provide must be 
interpreted carefully and in conjunction with all other informa-
tion available. Importantly, these are not tests of teeth; they are 
tests of a patient’s response to a variety of applied stimuli, which 
may be highly variable. Tests on control teeth educate the patient 
on which response to expect and provide a “calibrated” baseline 
for responses on suspect teeth (Video 4.6). 

Periodontal Inflammation Tests
Percussion, palpation, and bite testing can detect inflammation 
of the periodontium. Percussion testing is commonly performed 
by tapping on the incisal or occlusal surface of the tooth, with 
the end of a mirror handle parallel or perpendicular to the crown. 
This test is preceded by gentle digital pressure to detect teeth that 
are very tender and should not be tapped with the mirror handle, 
which could be very painful. (video 4.7)

Palpation testing is performed by application of firm fingertip 
pressure on the buccal or facial mucosa overlying the apex. Palpa-
tion testing additionally allows for careful detection of intraoral 
swelling or bony expansion. When pain on chewing is reported, 
bite testing should replicate symptoms. Bite testers include cotton 
rolls, cotton swabs, or commercially available  plastic testers that 
can isolate individual cusps (Fig. 4.5; Video 4.8).
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If a marked painful response is elicited, some degree of peri-
apical inflammation is assumed. Pain on biting can also indicate 
the presence of a coronal fracture, possibly hidden beneath a large 
occlusal restoration. Often, teeth adjacent to the diseased tooth 
may be tender because of the local spread of cytokines and neu-
ropeptides that lower the pain threshold. Periapical inflammation 
may also be nonendodontic, due to traumatic dental injuries, 
occlusal trauma, or periodontal disease. 

Pulp Sensitivity Tests
Determination of the vitality status of the pulp, whether normal, pul-
pitis, or pulpal necrosis, is critical. Absolute measures of pulp vitality 
are not yet clinically accurate. Measures to detect vascular compo-
nents using beams of light in dual wavelength spectrophotometry,10 
pulse oximetry,11 or laser Doppler flowmetry12 are, however, on the 
horizon. Currently, these approaches are more experimental than 

clinically practical, and the devices are expensive. As the technology 
improves and cost decreases, their use in the future is likely.

Until then, conduit measures of pulp sensitivity via nervous 
system response and replication of symptoms include thermal, 
direct dentin, and electric stimuli. Though no currently available 
test reflects the true histologic status of the pulp with absolute 
accuracy,13 reasonable agreement occurs.14,15

All tests are subject to errors and false responses,16 and certain 
teeth cannot be tested by all means. For example, immature teeth 
lack fully developed Aδ fibers, which are the responding fibers in 
currently available pulp sensitivity tests; thus, testing is unreliable 
until full root maturation occurs.17 The choice of which test to 
use should factor in reliability as well as the presenting chief com-
plaint. All aspects of the clinical and radiographic examination 
are assessed to define a pulpal diagnosis. The definitive diagnosis 
might change when the pulp is accessed and visualized. 

A

C

B

D

• Fig. 4.2 Extraoral Sinus Tract. A, This surface lesion (arrow) was misdiagnosed and treated unsuc-
cessfully by a dermatologist for several months. Fortunately, the patient’s dentist then recognized it to be 
a draining sinus tract and its source was a mandibular anterior tooth. B, The pulp was necrotic because of 
severe attrition with pulp exposure. C, After proper root canal treatment only, D, the sinus tract and surface 
lesion resolved completely (arrow).
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Cold Testing
Although no currently available test has absolute accuracy, cold 
testing is considered the most reliable measure.16 Often, cold sensi-
tivity is the chief complaint of a painful pulpitis, and replication of 
symptoms will point to the offending tooth. Although alternative 
means exist for cold testing, including the use of ice sticks, carbon 
dioxide, or dry ice, refrigerant sprays are considered the most con-
venient and reliable means of cold testing.18,19 Additionally, refrig-
erant sprays provide the most accurate results in testing through 
porcelain-fused-to-metal restorations20 (Fig. 4.6; Video 4.9).

Cold testing relies on outward hydrodynamic fluid flow to 
stimulate Aδ fibers in the pulp.21 Because inflammation associ-
ated with pulpitis can cause both allodynia and hyperalgesia of 
these fibers, the cold response may be heightened. A normal 
cold response is typically sharp and quick but should be com-
parable to responses for adjacent and contralateral control teeth. 

A

C

B

• Fig. 4.3 Sinus Tract and Parulis. A, Asymptomatic, intraoral swelling on mucosa near first molar.  
B, Purulence can be expressed. C, The first molar is nonresponsive to pulp sensitivity testing and there is 
a radiolucency apical to the mesiobuccal root.

• Fig. 4.4 Periodontal probing reveals a deep defect. Pulp necrosis sug-
gests that this lesion is endodontic and not periodontic.
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A heightened and lingering response to cold is very suggestive of 
symptomatic irreversible pulpitis. No response usually suggests 
pulpal necrosis.

A false-negative response is common when cold is applied to 
teeth with calcific metamorphosis presumably due to reduction 
in hydrodynamic fluid flow.22 A false-positive response may result 
if cold contacts gingiva or is transferred to adjacent teeth with 
vital pulps. Surprisingly, gingival recession and attachment loss 
decrease the sensitivity to cold testing.23 

Heat Testing
Heat testing is reserved for use when the chief complaint includes 
heat sensitivity; results are less reliable than cold and electric pulp 
testing (EPT).16 Various techniques and materials can be used. 
Heated gutta-percha applied directly to the buccal or facial crown 
surface, either by use of a Bunsen burner or a commercially avail-
able welled tip for a System B device, can be utilized.24 Use of a 
dry rubber prophy cup rotated on the surface of a tooth to create 
frictional heat is a safe alternative (Fig. 4.7). Heated metal instru-
ments or hot water can be damaging to the dental pulp and their 
use should be avoided (Video 4.10).24

Like cold testing, heat testing relies on hydrodynamic fluid 
flow causing Aδ fiber stimulation, this time in a pulpward direc-
tion away from the stimulus.21 As with cold, a sharp and nonlin-
gering pain response to heat indicates a vital pulp; however, false 

negatives are common. Heat responses may occur in previously 
treated teeth as a result of untreated anatomy.25 Diagnostic heat 
testing usually results in replication of the pain and corresponds to 
a diagnosis of symptomatic irreversible pulpitis. 

Electric Pulp Testing
EPT is a useful adjunct. It is less accurate than cold testing and 
does not differentiate between normal pulp and that with a pul-
pitis. All electrical pulp testers are used in a similar manner. It 
is important to clean, dry, and isolate the teeth. The surface is 
scrubbed with a cotton roll, isolated with the same roll, and dried 
thoroughly with the air syringe. A small amount of toothpaste 
is placed on the electrode. The electrical circuit is completed by 
using a lip clip or having the patient touch the metal handle. The 
electrode is placed on the facial or lingual surface of enamel or 
dentin (Fig. 4.8), and the level of current is gradually increased 
until a response is reported by the patient. (Video 4.11)

Electric pulp testers cannot contact composites or metallic res-
torations, including crowns.

EPT produces a high-frequency electric current that creates 
ionic changes in dentinal fluid, which stimulates the Aδ fibers in 
the pulp.26 Because it does not rely on the hydrodynamic fluid 
flow of the thermal tests, EPT may be more accurate with calcific 

A

B

• Fig. 4.5 A, Biting test. Firm pressure on a cotton swab that produces 
definite pain is a good indicator of apical periodontitis. B, Special diagnos-
tic “biting” instruments, such as a Tooth Slooth, are placed on one cusp 
at a time while the patient grinds with opposing teeth. Sharp pain on pres-
sure or release may indicate a cusp fracture or cracked tooth.

A

B

• Fig. 4.6 A, Refrigerant is available in a pressured can. B, Refrigerant 
sprayed on a large cotton pellet is convenient and effective for determining 
pulp responsiveness.
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metamorphosis.22 High readings tend to indicate necrosis. Low 
readings indicate vitality. Testing normal control teeth establishes 
the approximate boundary between the two conditions. The exact 
number of the reading is of no significance and does not detect 
subtle degrees of vitality, nor can EPT indicate inflammation.27 

Adjunctive Tests
Usually, this sequence of subjective and objective testing together 
with the radiographic examination will allow for accurate diag-
nosis. Occasionally, inconsistent findings will be found, or the 
question will remain as to whether endodontic pathosis is indeed 
present. Dentin stimulation (the stimulating of dentin without 
anesthesia) is often applied when traditional pulp sensitivity tests 
are inconclusive. A test cavity (or scratching exposed dentin or 
cementum) producing sensitivity is an indicator of pulp vitality. 
Several adjunctive means of examination are available, includ-
ing caries removal, selective anesthesia, transillumination, and 
 staining (Videos 4.12 and 4.13). 

Caries Removal
Determination of the depth of caries is often necessary to make a 
definitive pulpal diagnosis, particularly in asymptomatic cases with 
deep decay as seen on a radiograph. A soft carious pulp exposure 
after complete excavation of caries, in an otherwise asymptomatic 
tooth with normal responses to clinical testing, is asymptomatic 
irreversible pulpitis. 

Selective Anesthesia
The use of local anesthetic to selectively anesthetize and narrow 
the focus of pain can be especially helpful when a patient can-
not identify the offending tooth. When aiming to determine 
whether a pain source is maxillary or mandibular in origin, the 
maxilla is generally anesthetized first using local infiltration. The 
technique should begin with anesthesia in the mesial most sus-
pected location, working distally as needed to broaden the scope 
of anesthetized tissues. If maxillary teeth have been ruled out, then 
mandibular techniques, again moving mesially to distally, can be 

A

B

• Fig. 4.7 A, Heated gutta-percha via a welled tip used with an obturation device (photo of welled System 
B tip courtesy B&L Biotech), and B, a prophy cup run at high speed produce controlled heat for pulp 
sensitivity testing.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


68 CHAPTER 4  Endodontic Diagnosis and Treatment Planning

used, with administration of block anesthesia as the last line in 
the anesthesia of posterior mandibular teeth. Periodontal ligament 
(PDL) injections will often anesthetize several teeth and are not 
considered useful for this purpose.28 

Radiographic Examination
Radiographs detect carious lesions, defective restorations, pre-
vious root canal treatments, abnormal pulpal and periapical 
appearances, impacted teeth, the relationship among teeth 
and the adjacent neurovascular bundle and maxillary sinuses, 
and bone loss from periodontal disease. They may also reveal 
structural changes and bony disease unrelated to the pulp (Fig. 
4.9).

Selection of Appropriate Imaging Modality
A high-quality, properly aligned periapical image is essential. Bite-
wing radiographs are helpful in the determination of bone heights 
when considering restorability and when evaluating for caries 
depth, restoration integrity, occlusion, and periodontal health.

Although not yet the standard of care, CBCT imaging has 
increasingly become routine. CBCT imaging eliminates the ana-
tomic noise that limits two-dimensional imaging,29 particularly in 
areas of structural overlap, such as the maxillary posterior.30 CBCT 
images can detect periapical pathosis in an earlier stage of disease 
than can two-dimensional imaging techniques31 (see Chapter 3). 
As extraoral images, they can be readily used when otherwise lim-
ited by oral structures or a prominent gag reflex. CBCT imaging 
does, however, have disadvantages, including increased radiation 
exposure, as well as cost and availability. Images require a longer 
duration of time that a patient must be still, which can itself be a 
limiting factor.

CBCT imaging should be considered as an aid in difficult 
diagnoses, such as when there are contradictory clinical signs and 
symptoms, as a treatment aid related to complex anatomy, in pre-
viously endodontically treated teeth to assess for untreated anat-
omy, in evaluating for prior treatment complications, in assessing 
potential surgical cases, and in the workup of cases of trauma or 
resorption.32 

Periapical Lesions
Periapical inflammation results in bone resorption and the resul-
tant periapical radiolucency. Although small radiolucent lesions 
may be present with irreversible pulpitis, especially with the sensi-
tive images of CBCT, a sizable radiolucency with a vital pulp is 
not endodontic. It is impossible to determine whether a lesion 
is cystic by radiographs alone; rather, surgical access, biopsy, and 
histologic analysis are necessary for identifying the true nature of 
pathosis.33-38

Periapical lesions of endodontic origin generally have the fol-
lowing four radiographic characteristics:
 1.  The lamina dura is absent apically.
 2.  The radiolucency remains at the apex in radiographs made at 

different cone angles, as well as on CBCT imaging.
 3.  The radiolucency resembles a hanging drop.
 4.  There is an identifiable etiology that caused the pulpal necrosis.

Radiopaque changes can also occur.35-38 Condensing osteitis 
is a reaction to pulpal or periapical inflammation and results in 
adjacent increased density of trabecular bone,39 presenting as a 
diffuse circumferential medullary pattern with indistinct borders 
(Fig. 4.10). It is differentiated from the well-circumscribed, more 
homogeneous enostosis or sclerotic bone commonly found in the 
mandibular posterior region, and other nonendodontic radiopaci-
ties associated with the roots of teeth with normal pulp tissue.

Radiographs are often the only means to detect root resorp-
tion. External root resorption, including apical, lateral, and inva-
sive cervical forms, can be detected by changes in root size and 
shape. CBCT imaging is essential to determine the nature and 
location these lesions. 

Pulpal Lesions
Careful visualization of the pulpal space allows for detection of 
pathologic and nonpathologic conditions. Extensive diffuse calci-
fication in the chamber, or pulp canal obliteration, may indicate 
long-term, low-grade irritation related to deep restorative treatment 
or trauma and is not usually pathologic.40 Pulp stones are discrete 
calcified bodies found in pulp chambers and are sometimes visible 

• Fig. 4.8 The tooth surface is carefully scrubbed, dried, and isolated. 
A small spot of conductive medium is placed on the electrode, which is 
applied to tooth structure.

• Fig. 4.9 Horizontal, as well as vertical, bone loss is evident in this quad-
rant. All teeth are responsive to vitality tests; therefore the resorptive 
defects represent a severe periodontal condition and not pulp or apical 
pathosis. Root canal treatment is not indicated.
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on radiographs. They are not considered pathologic, but they have 
been associated with cardiovascular disease,41 gout, hypercalcemia, 
end-stage renal disease,42 dentinogenesis imperfecta,43 and certain 
medications, including statins44 and corticosteroids.45

Internal root resorption is an abnormally altered pulp space 
enlargement due to localized pulpal inflammation with resultant den-
tinoclastic activity,46,47 (Fig. 4.11). As in external resorption, CBCT 
imaging can determine the location and extent of these lesions. 

Diagnosis

Developing a Diagnosis
Endodontic pathosis is never without a cause (Fig. 4.12) and is 
usually dental in origin. Rarely, expansive tumors of the jaw can 

occur with resultant pulpal pathosis. Spontaneous pulpal necrosis 
has been reported due to sickle cell anemia48,49 or zoster.49

Endodontic pathosis is often discovered incidentally on routine 
examinations. Pulpal or periapical pathosis is frequently without 
marked signs and symptoms at time of examination or in the past50; 
thus, the development of associated periapical pathosis may also go 
unnoticed by the patient. A detailed discussion of nonendodontic 
sources of pain and pathology can be found in Chapter 5 (Fig. 4.13).

In the development of any diagnosis, it is helpful when subjec-
tive and objective findings are consistent. Whenever inconsistencies 
are encountered, additional testing modalities can be used, includ-
ing the use of the adjunctive tests like selective anesthesia described 
in the earlier section titled Adjunctive Tests. Analgesics, such as 
ibuprofen, have been shown to affect the results of cold, percus-
sion, and palpation testing51; thus, retesting on another date might 
allow for more reliable results. Referral to a specialist who has addi-
tional testing and imaging modalities, not to mention experience 
in elucidating the difficult diagnosis, should be considered. 

Endodontic Terminology
A limited number of possible diagnoses exist for pulp and periapi-
cal conditions.52 The pathosis of these conditions is described in 
Chapter 1.

Pulpal Diagnosis
Normal or Reversible Pulpitis
Generally, normal responses to pulp sensitivity testing compared 
with control teeth indicate a healthy, vital pulp. Slight hypersen-
sitivity to cold can occur in cases of reversible pulpitis, and these 
cases will resolve with removal of the causative irritant. 

Asymptomatic Irreversible Pulpitis
A carious exposure will cause inflammatory changes to the adja-
cent pulp, often without symptoms or aberrant clinical testing. 
Novel techniques propose vital pulp therapy using calcium sili-
cate–based materials such as mineral trioxide aggregate (MTA) 
as a viable means of definitive treatment as discussed in Chapter 
10; however, root canal therapy or extraction may be warranted 
depending on the extent of inflammation observed at the time of 
treatment, or due to developing pathosis down the line. 

BA

• Fig. 4.10 Condensing Osteitis. A, Surrounding the distal root apex is diffuse trabeculation. B, This  contrasts 
with the contralateral molar, which demonstrates a normal, sparse trabecular pattern.

 1.  A patient history should include which of the following?
 a.  Chief complaint
 b.  Past dental history
 c.  Medical history
 d.  Social history
 e.  A, B, and C
 2.  A visible sinus tract usually indicates…
 a.  Endodontic–periodontic pathosis
 b.  Resorption
 c.  Chronic apical abscess
 d.  Sinus infection
 e.  Cracked tooth
 3.  No response to cold testing indicates pulpal necrosis…
 a.  Always
 b.  Sometimes
 c.  Never
 4.  CBCT imaging is the standard of care for identifying suspected 

longitudinal fractures.
 a.  True
 b.  False
 5.  Pulp stones indicate endodontic pathosis.
 a.  True
 b.  False

Study Questions
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Symptomatic Irreversible Pulpitis
Painful pulpitis should correspond to replicable symptoms on 
clinical testing. Typically, cold testing results in a heightened and 
lingering response. Heat testing will mimic presenting symptoms. 
Root canal therapy or extraction is indicated. 

BA

• Fig. 4.11 Differing Pulp Responses to Injury. A, Central incisor shows extensive, perforating internal 
resorption; the lateral incisor has calcific metamorphosis. B, Special techniques manage these problems 
with both surgical and nonsurgical treatment.

A

B
R L

• Fig. 4.12 Common and Uncommon Etiologies of Endodontic Pathol-
ogy. A combination of recurrent caries and fracture led to endodontic 
pathosis in #18 (A). A failing chin implant with associated abscess dam-
aged the blood supply and led to pulpal necrosis in the mandibular anterior 
teeth (B).

L

A

B

• Fig. 4.13 A and B, A case of an infected torus mimicking endodontic 
pathology. (Courtesy Dr. Michael Melkers.)
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Necrosis
Though pain associated with periapical pathosis may be present, 
the necrotic pulp is typically nonpainful and nonresponsive to pulp 
sensitivity testing. Root canal therapy or extraction is indicated. 

Previously Initiated Treatment
Evidence of endodontic access, either by pulpotomy or pulpec-
tomy, requires definitive care. Intracanal medicaments may be in 
place. Assessment should be made as to the extent of prior treat-
ment and any anatomic alterations or procedural errors that might 
require additional treatment or affect the prognosis. Definitive 
treatment includes root canal therapy or extraction (Fig. 4.14). 

Previously Treated
This circumstance represents previous treatment with placement 
of some sort of obturation material. Included are nonsurgical or 
surgical root canal retreatment. As to management, the choice 
between nonsurgical and surgical root canal retreatment depends 
on many factors involving the restoration and accessibility to 
remove prior obturation material in an orthograde fashion, fea-
sibility of surgical access, patient preference, and provider pref-
erence related to the reasons for failure. The prognosis depends 
on whether the etiology of failure can be identified, and whether 
deficiencies in prior treatment can be corrected. Extraction is an 
alternative. For example, previously treated teeth with failure due 
to VRF will have a hopeless prognosis and should be considered 
for extraction or root removal. These cases of failed treatment are 
complex and should be considered for referral. 

Periapical Diagnosis
Normal
Normal periapical tissues are associated with teeth with either 
normal pulps, or those with pulpal disease. No periodontal liga-
ment-mediated symptoms, such as percussion, palpation, or bite 
sensitivity are expected, and radiographic changes are absent 

Symptomatic Apical Periodontitis
Inflamed or necrotic pulp tissue will usually result in periapical 
inflammation that may present with pain on pressure. When con-
fined to bone, the diagnosis is symptomatic apical periodontitis. 
Clinical tests will result in replicable sensitivity to percussion, 
palpation, or bite testing, though neither swelling nor signs of 

drainage will be present. Radiographic findings may be present or 
absent. Root canal therapy or extraction is indicated. 

Asymptomatic Apical Periodontitis
Pain does not always accompany periapical inflammation. When 
radiographic signs of periapical disease are present, but clinical find-
ings are unremarkable in regard to percussion, palpation, and bite 
testing, the diagnosis is asymptomatic apical periodontitis. Though 
emergency treatment is not required, definitive management includes 
root canal therapy or extraction. The size of the lesion seen on radio-
graph is of little concern. Lesions of different sizes will usually heal 
after appropriate treatment (Fig. 4.15). However, the mere presence 
of a radiographic apical lesion results in a reduced prognosis.52a 

A B

• Fig. 4.14 A and B, Before referral, a furcal perforation occurred in this case of previously initiated treatment, necessitating perforation repair with mineral 
trioxide aggregate before definitive root canal therapy.

• Fig. 4.15 Because of its size, this lesion is likely to be an apical radicu-
lar cyst. The lesion is related to pulp necrosis in the left central incisor. 
Although superimposed over the apex of the adjacent incisor, the pulp is 
not affected and therefore does not require treatment. Proper root canal 
treatment of the left incisor would lead to resolution without surgery.
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Acute Apical Abscess
When swelling is present, regardless of size, the diagnosis is acute 
apical abscess. The basic treatment is similar, with the addition 
that drainage of the abscess is attempted either through the tooth 
or by incision of the soft tissue. Occasionally, such drainage can-
not be achieved, so resolution of symptoms is slow. 

Chronic Apical Abscess
When drainage of an abscess is via a sinus tract, the diagnosis is 
chronic apical abscess. Confirmation of the source of the sinus 
tract may be facilitated via gutta percha tracing or CBCT imaging. 
The treatment for chronic apical abscess is the same as for the pre-
vious diagnoses except that drainage has already been established 
naturally. The sinus tract requires no treatment and resolves after 
appropriate débridement and obturation. 

Condensing Osteitis
As described radiographically, condensing osteitis is an inflamma-
tory reaction in the periapical bone secondary to pulpal or peri-
apical pathosis. This entity requires no special treatment. Because 
it occurs with different pulp conditions, treatment will vary. Con-
densing osteitis resolves in approximately 50% of teeth after success-
ful root canal treatment.53 Because there is no apparent problem 
if the condensing osteitis does not resolve, no further treatment is 
required unless there are other findings suggestive of failure. 

Adjuncts to the Endodontic Diagnosis
Certain disease entities can coexist with pulpal and periapical 
diagnoses that can modify their presentations and therefore treat-
ment. These adjunctive diagnoses include longitudinal fractures, 
trauma, resorption, and endodontic–periodontic pathosis. 

Longitudinal Fractures
These fractures represent diagnostic and treatment challenges. 
Fractures present with a variety of signs, symptoms, and radio-
graphic changes that require a careful differential diagnosis and 
accurate classification for appropriate management. Clinicians 
must determine the extent and nature of the fracture to decide 
whether a restoration should be placed, or if root canal therapy 
or even extraction is indicated.54 Crack detection is one aspect of 
a thorough evaluation, but the presence of a crack alone does not 
provide information on the status of the pulp or periapical tis-
sues; other tests and findings will determine a diagnosis. Because 
of their complex nature in terms of identification, diagnosis, and 
management, referral should be considered.

Some teeth with fractures can be managed and saved; others 
cannot. The key factors are knowing:
 1.  How to identify and classify cracks
 2.  The characteristic signs and symptoms of each
 3.  How to detect the crack early in development, if possible 

Diagnosis of Longitudinal Fractures
If a fracture is suspected, several steps are taken. These steps include 
obtaining a chief complaint and subjective history, followed by 
objective testing, probing, clinical and radiographic examination, 
restoration removal, transillumination, wedging forces, and pos-
sibly staining, or a surgical assessment if VRF is suspected.

Transillumination can be a useful aid because visualization 
of the full extension of a crack or fracture is difficult with the 

naked eye. A fracture line will not transmit light.55,56 Shining a 
fiber-optic light will illuminate the proximal portion of the tooth, 
whereas the distal portion of the tooth will remain dark (Fig. 4.16; 
Video 4.13).

Beyond transillumination, staining with methylene blue, 
iodine, or caries-detection dyes may also disclose fracture lines.56 
A cotton pellet soaked with dye is placed against the fractured 
tooth structure. The dye is then washed away, revealing the extent 
of the crack (Fig. 4.17). Improved visualization is enhanced by 
combining dyes and magnification via loupes or a surgical operat-
ing microscope. 

Longitudinal Fracture Types57

The term longitudinal is used because it describes the vertical exten-
sions of fractures that tend to grow and change over distance and 
time. Longitudinal fractures can further be divided into (1) craze 
lines; (2) fractured cusp; (3) cracked tooth; (4) split tooth; and (5) 
VRF. The first four types initiate from the occlusal, are primarily 
mesial-distal in orientation, and extend in a cervical/apical direc-
tion with time. VRFs are very different, as they initiate and are 
confined to the root and are facial-lingual.

Craze lines affect only the enamel, whereas other types involve 
other hard and soft tissues. The deeper fractures are a pathway for 
bacterial penetration, sometimes very deep, resulting in pulpal, 
periapical, and often periodontal pathosis. Because fractures are 
difficult or impossible to visualize on initial examination, their 
diagnosis may be confused with other etiologies. If the fracture has 
extended to the pulp, there may be signs and symptoms of pulp 
and periapical pathosis; thus, a careful and systematic differential 
diagnostic procedure is necessary. 

Classification of Fracture Types

Craze Lines
Most adult teeth have craze lines. In posterior teeth, craze lines are 
common and usually evident crossing marginal ridges or extend-
ing along buccal and lingual surfaces. Long vertical craze lines 
commonly appear on anterior teeth. Craze lines affect only the 
enamel, are not symptomatic, and require no treatment.58 Craze 
lines may be confused with cracks, which are more extensive, but 
can be differentiated by transillumination. If the fracture is con-
fined to enamel, the light passes through. If in dentin, the light is 
blocked because of the dentinal crack. 

Fractured Cusp
This fracture is a complete or incomplete fracture initiated from 
the crown and extending subgingivally, usually directed mesiodis-
tal or buccolingual. A single cusp or both cusps may be involved. 
Cusp fractures are more likely to occur in teeth with extensive 
caries or restorations undermining cusps.59 Treatment depends on 
the findings. If the fracture is complete (reaches surfaces in all 
directions), the fractured segment must be removed. Root canal 
treatment or vital pulp therapy is necessary if the pulp has been 
exposed, creating an irreversible pulpitis. If the fracture is incom-
plete, the tooth must be restored with preferably a full cast crown 
to hopefully stop the progression of the fracture. 

Cracked Tooth
In this case, an incomplete fracture (meaning it does not reach 
a surface in all areas) initiates from the crown and extends 
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A B

• Fig. 4.16 Cracked Tooth. A, Fracture through dentin reflects transilluminated light showing abrupt change in brightness. B, For comparison, an adjacent 
noncracked premolar with a craze line transmits light readily.

A B

C

• Fig. 4.17 A, Disclosing solution on a cotton pellet (in this case, methylene blue) is placed in the cavity for 
a few minutes or sealed in for a week. B, This technique may clearly disclose the fracture and its extent. 
C, Staining solutions may discolor the tooth.
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74 CHAPTER 4  Endodontic Diagnosis and Treatment Planning

subgingivally and mesio-distally (Fig. 4.18). The fracture may 
extend through either or both marginal ridges and down the prox-
imal root surface. This fracture is more centered and is more likely 
to expose the pulp than a cusp fracture would. If there is a restora-
tion, it should be removed for visualization. If a crack is detected, 
wedging determines the degree of separation of segments: little 
or no separation indicates incomplete fracture, and movement is 
more likely to be split tooth. Treatment will vary depending on 
the location and extent of the crack. Root canal treatment may 
be indicated based on signs and symptoms, as well as results of 
clinical testing, and is often successful.60 It usually involves access 
preparation for better visualization. If the fracture extends to 
the floor or into a canal, and there is a deep probing defect, the 
prognosis is poor and the tooth should be extracted. At best, the 
prognosis is always questionable, as the fracture may continue to 
propagate. However, with cracks presenting with a vital pulp, the 
chance of success is considerably improved.61 

Split Tooth
The split tooth is the result of a fracture that reaches all surfaces; 
the tooth is in two separate segments. A split tooth is an extension 
and end result of a cracked tooth. The split may occur suddenly 
after a traumatic biting incident but is more likely the result of 
long-term propagation of a crack. Split teeth can never be saved 
intact; if the fracture extends beyond the cervical third, the tooth 
must be extracted. The tooth may be saved if the fracture is more 
cervical; the smaller segment is removed, and the remainder of the 
tooth salvaged. 

Vertical Root Fracture62

This type is a complete or incomplete facial-lingual fracture initi-
ated on the root at any level. It extends to the PDL and causes 
considerable soft- and hard-tissue damage to the surround-
ing periodontium due to bacteria within the fracture and canal 
space.63 Patients generally have minimal signs and symptoms. The 
VRF may mimic other conditions, commonly periodontal disease 
or failed root canal treatment. The tooth will have a history of 
root canal treatment and often is restored with a post; both create 
significant internal wedging forces. Some teeth have normal prob-
ing patterns; however, most have deep defects in narrow or rect-
angular patterns.7 Radiographic evidence varies; only rarely will 

there be visible separation of the segments. Commonly, lesions 
are J-shaped and extend from apical to lateral surfaces. CBCT 
is not a good diagnostic tool for visualizing the fracture but will 
show the presence and shape of the bony lesion (Fig. 4.19). Signs, 
symptoms, tests, and probing patterns are not definitive in iden-
tifying a VRF. Flap reflection and visualization of the fracture, 
accompanied by a punched-out bony defect, has shown to be the 
best determinant.64 Once identified, the tooth or the root must 
be removed. 

Trauma
Traumatic injuries, including fractures of the crown and root, as 
well as luxation-type injuries and avulsions, require careful man-
agement. Pulpal and periapical pathosis will often develop related 
to the injuries. Evidence-based protocols related to the type and 
extent of injury exist.65 These protocols are defined distinctly, in 
addition to the endodontic diagnosis. A detailed discussion of 
traumatic dental injuries and their management is in Chapter 11. 

Resorption
Resorption of dental structures occurs due to lost unmineralized 
predentin or precementum, allowing for invasion of inflamma-
tion-mediated odontoclastic-type cells.46 The presentation and 
effects of the varying types of resorption are heterogenous. Resorp-
tion occurs in a variety of forms, with multifaceted clinical and 
radiographic presentations, and even more varied management 
options (Fig. 4.20). 

Internal Root Resorption
Inflammatory root resorption (IRR) is a combination of loss or 
damaged predentin along with adjacent pulpal inflammation. 
Usually, pulpal injury due to dental trauma, restorative dentistry 
without adequate coolant, pulp cap or pulpotomy occurs with 
resultant damage to the predentin, as well as localized coronal 
pulp necrosis. This damage leads to an inflammatory cascade in 
the adjacent pulp tissue, with resultant clastic activity to the sur-
rounding chamber wall.46,66 The resorption will arrest once com-
plete pulp necrosis occurs.67

A B

• Fig. 4.18 Cracks may be seen visually on coronal structure (A), or sometimes once a restoration is 
removed (B).
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IRR usually presents as a symmetric radiolucency continu-
ous with the pulp space or a clinically enlarged pulp chamber.67 
Treatment of IRR involves removal of the pulp tissue to arrest 
the resorptive process. The prognosis for treatment is excellent if 
the lesions are nonperforating and is reduced when perforation is 
present.68 

External Root Resorption
External root resorption involves loss or damage to the precemen-
tum with inflammation of the adjacent PDL.46 It can present 
as external inflammatory root resorption (EIRR) either apically 
due to pulpally mediated periapical inflammation or laterally due 
to extensive luxation-type or avulsive traumatic dental injuries. 
The presentation includes a radiographically irregular or mot-
tled appearance to the outside border of the root. Apical EIRR 
responds well to root canal therapy,69 whereas the prognosis for 
lateral EIRR depends on the extent of root surface involved.70 
Extensive lateral EIRR can progress to replacement resorption, or 
ankylosis (fusion of dentin and bone) once bone directly contacts 
root surface, with progressive, irreversible loss of root structure.70 
Further discussion of lateral EIRR and replacement resorption sec-
ondary to traumatic dental injuries can be found in Chapter 11.

External root resorption may also take the form of pressure 
resorption. Pressure resorption occurs due to direct damage to the 
cementum by orthodontic tooth movement,71 misaligned tooth 
eruption, or slow-growing jaw tumors or cysts.46 Removal of the 
orthodontic forces or inciting adjacent pathology will result in 
immediate arrest of the process, though its damage to root struc-
ture is irreversible. 

Invasive Cervical Root Resorption
Invasive cervical root resorption (ICRR) is a distinct type of resorp-
tion. It occurs due to either loss of precementum or a development 
gap between cementum and enamel, as well as inflamed junctional 
epithelium at the base of the periodontal sulcus.72 Though no 
definitive causes have been established, several associated factors 
exist, including orthodontics, trauma, intracoronal restorations, 
nonvital bleaching, dentoalveolar surgery, periodontal therapy,73 
herpes viruses,74 and potentially medications, including bisphos-
phonates.75 ICRR is often found incidentally on radiographs as it 
is commonly asymptomatic, and its subgingival location renders 
clinical detection difficult. Because the predentin surrounding 
the pulp can act as a barrier for invasion of the resorptive process 
unless secondary caries develops, the pulp is usually unaffected 

A

B

• Fig. 4.19 The typical findings of a vertical root fracture seen on digital (A) and cone beam computed 
tomography (CBCT) (B) imaging.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


76 CHAPTER 4  Endodontic Diagnosis and Treatment Planning

until very late stages of disease.72 Unless epithelial downgrowth 
occurs, a form of bony replacement can even occur, serving as a 
means of protection from periodontal pocketing and abscess for-
mation.76 Lesions are classified according to their size and extent72 
(Fig. 4.21). Class 1 lesions are small and localized to the cervi-
cal. Class 2 lesions are still localized but approach the pulp tissue. 
Class 3 lesions begin to invade into the coronal one third of the 
root. Class 4 lesions extend beyond the coronal one third of the 
root.

In early lesions, or when symptoms develop, treatment should 
involve surgical access, application of trichloroacetic acid to 
remove deep projections of vital resorbing tissue, and restoration, 
in addition to any additional endodontic and restorative treatment 
rendered necessary by the extension of the defect.77 Extensive 
lesions involving root surface may be monitored as long as they are 
asymptomatic and not creating adjacent bony pathosis, though 
they may progress at any time to make treatment necessary.72,76

Endodontic–Periodontic Interrelationships
The pulp tissue and periodontium are connected through the api-
cal foramen, lateral canals, and dentinal tubules. Pulpal diseases 
usually cause pathologic changes in the periodontium. Examina-
tion of pathogenesis of periapical lesions of pulpal origin and peri-
odontitis shows that the mechanisms involved in both diseases 
are similar in nature.78 The main differences between the two 
processes are their original source and the direction of their pro-
gression. Periapical lesions extend apically or coronally, whereas 
periodontal lesions tend to extend only apically. Because of their 
similarities, these lesions can mimic each other, and it is sometime 
difficult to make a proper diagnosis (Fig. 4.22). To arrive at the 
correct diagnosis and administer appropriate treatment, a system-
atic approach in obtaining information is required. Reliance on 
one test is a prelude to misdiagnosis and performing improper 
treatment. In general, periodontal disease is a chronic and general-
ized process that is associated with little or no significant pain. In 

A

C D

B

• Fig. 4.20 The varying presentations of pathological root resorption, including internal (A), apical external inflammatory root resorption (B), pressure 
resorption (C), and invasive cervical root resorption (D).
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contrast, pulpal and periapical lesions are localized conditions and 
are more likely to be associated with acute symptoms that require 
analgesics. However, chronic lesions of pulpal origin can cause 
periodontal defects that simulate periodontal disease. 

Classification and Differential Diagnosis of 
Endodontic–Periodontic Lesions
Based on their origin, periodontal defects have been classified into 
three major categories.79-81 These origins are either pulpal (end-
odontic) origin, periodontal origin, or endodontic–periodontic 
origin (true combined lesions) (Fig. 4.23). In very rare instances, 
long-standing primary defects of pulpal or periodontal origin can 
progress to secondary combined lesions (Video 4.14).

Primary Periodontal Defects of Endodontic Origin
A periodontal defect of endodontic origin is usually associated with 
pulpal necrosis of at least one root (Fig. 4.24, A). The patient may 
or may not have any discomfort. Occasionally, there is a localized 
abscess with swelling. Radiographic examination reveals the pres-
ence of isolated periapical lesions. Pulp sensitivity tests show the 
absence of a response to thermal or electric stimuli. The involved 
tooth may or may not be sensitive to palpation or percussion 

sensitivity tests. Periodontal probing usually shows normal sulci 
around the tooth except in one area with a narrow defect. Place-
ment of a gutta-percha cone or a periodontal probe in this sinus 
tract shows that the defect is deep, usually to the apex or possibly 
to the opening of a lateral canal. A periodontal defect of endodon-
tic origin should be considered a coronally extended periapical 
lesion, which is initiated and perpetuated by the toxic materials 
in the root canal system (Fig. 4.24, A). This defect is not a true 
periodontal pocket, and adequate cleaning and shaping as well 
as obturation of the root canal system usually result in its com-
plete resolution (Fig. 4.24, B and C). The defect does not  usually 
require adjunctive periodontal treatment (Video 4.14).79-81 

Primary Periodontal Defects
A periodontal defect of periodontal origin is usually associated 
with generalized gingivitis and/or periodontitis resulting from 
the accumulation of plaque and/or calculus formation. Except 
in cases of acute periodontal abscesses, patients usually have no 
significant symptoms. The affected tooth may or may not have 
extensive restorative procedures and is often associated with vary-
ing degrees of mobility. Radiographic examination of the involved 
tooth and its adjacent teeth shows the presence of generalized ver-
tical and horizontal bone loss along the root surfaces (Fig. 4.25). 
Teeth with these defects respond within normal limits to pulp 
sensitivity testing. Unlike the lesions of pulpal origin, defects of 
periodontal origin are wide and V-shaped.83 When probing, the 
crest is within normal limits. Then, in a “step-down” fashion, the 
probe reaches deeper. The pocket depth decreases in a “step-up” 
manner and reaches the normal depth on the other side of the 
pocket.79 Because these defects are not of endodontic origin, root 
canal treatment will not result in their resolution. Only periodon-
tal treatment is indicated (Video 4.16). 

Primary Periodontal Defects of Endodontic–Periodontic 
Origin (True Combined Lesions)
These defects have two concurrent components and occur less 
often than the previous two types. One component is an inde-
pendent periapical lesion originating from a necrotic pulp. The 
other component is an independent periodontal lesion that has 
progressed apically toward the periapical lesion (Fig. 4.26, A). 
Depending on their stage of development, the lesions may or may 
not communicate with one another. A true combined defect is 
usually associated with clinical signs and symptoms of generalized 

Class 1 Class 2 Class 3 Class 4

• Fig. 4.21 Heithersay’s classification of Invasive Cervical Root Resorp-
tion.72 (Reprinted with permission from Blicher B, Lucier Pryles R, Lin J: 
Endodontics review: a study guide. Chicago, 2016, Quintessence.)

A B

• Fig. 4.22 A, Pulpal necrosis has caused development of a large lesion extending along the mesial aspect 
of the distal root and furcation of the first mandibular right molar. B, Sinus tract exploration using a gutta-
percha cone shows that the lesion communicates with the oral cavity via a narrow defect on the buccal 
aspect of this tooth.
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gingivitis and/or periodontitis with little or no discomfort. The 
affected tooth may or may not have had extensive operative pro-
cedures and is often mobile. Radiographically, the involved tooth 
and its adjacent teeth may show the presence of generalized verti-
cal and horizontal bone loss along the root surfaces and periapical 
lesions isolated to that tooth. A tooth with true combined lesions 
is unresponsive to cold, heat, electric stimuli, or cavity tests. Peri-
odontal examinations and probing of a tooth with a combined 
lesion reveal the presence of plaque, calculus, periodontitis, and 
wide and conical periodontal pockets characteristic of defects of 
periodontal disease origin. Treatment of true combined lesions 
consists of endodontic and periodontal treatments (Fig. 4.26, B). 
The overall prognosis of the affected tooth depends on the prog-
nosis of each individual lesion. Generally, however, the prognosis 
of such advanced conditions is guarded. 

Treatment Planning
Planning and delivery of care follow the definitive diagnosis of end-
odontic pathosis. As discussed, certain diagnoses will not require 
endodontic treatment. The diagnosis of reversible pulpitis should 
be addressed by whatever means will remove or reverse the incit-
ing stimulus of inflammation, with expected resolution. Irrevers-
ible pulpitis, whether symptomatic or asymptomatic, and pulpal 
necrosis, should be considered for endodontic care. Previously 
initiated teeth will require definitive endodontic care or extrac-
tion, and previously endodontically treated teeth with associated 

True
combined

lesions

Periodontal
lesions of

Endodontic
Origin

Periodontal
lesions of

Periodontal Origin

• Fig. 4.23 Classifications of periodontal lesions by origin.

A B

C

• Fig. 4.24 A, Preoperative radiograph indicates bone loss from the crest of the ridge around the apices 
of the tooth. B, Root canal treatment completed. C, Four-year recall shows resolution of the radiolucency. 
(Reprinted from Harrington GW and Steiner DR, In Walton RE and Torabinejad M, Principles and practice 
of endodontics, ed 3, 2002:477.82)
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periapical pathosis require surgical or nonsurgical retreatment. Of 
course, all cases should be subject to a proper informed consent 
process, including discussions related to restorability, prognosis, 
treatment alternatives, and the strategic value of the tooth in the 
overall treatment plan.

Phasing Treatment
The diagnosis of endodontic pathosis can have a variety of presen-
tations, and the urgency of treatment often follows. Patients pre-
senting with pain and/or swelling require treatment sooner than 
those with incidental findings of endodontic disease.

Emergency Treatment
Endodontic emergencies are a special category and require skill in 
diagnosis, treatment planning, pharmacotherapeutics, anesthesia, 
and patient management (see Chapter 9). 

Definitive Treatment
Definitive treatment accompanies any provision for emergency 
care. Neither a pulpotomy nor pulpectomy, nor placement of any 
temporary restorative material, is expected to last long-term, and 
patient expectations should be set appropriately. Pursuit of defini-
tive treatment of endodontic pathosis should involve options for 
nonsurgical root canal therapy, nonsurgical or surgical root canal 
retreatment, or extraction. Further details on the indications and 
contraindications for these treatments, as well as detailed descrip-
tions of the endodontic procedures themselves can be found in 
Chapters 19 to 21.

Of course, the treatments explained in this section con-
cern the management of mature teeth. Alternative treatments, 
including apexification and apexogenesis, can be considered 
when managing immature teeth, discussed in greater detail in 
Chapter 10. 

The Comprehensive Treatment Plan
Consideration of the comprehensive treatment plan is included as 
part of the informed consent process. Even in cases of a severely 
painful pulpitis, local anesthesia can be administered so a patient 
can comfortably discuss his or her diagnosis, treatment options, 
and related factors with the provider before pursuit of definitive 
treatment.

Informed consent involves a discussion of the treatment 
advised and its expected prognosis, potential complications, as 
well as treatment alternatives. The discussion of treatment alterna-
tives should always include the options for no treatment as well as 
extraction. Patients should be informed of the risks and benefits of 
each of these treatment alternatives, including expected short- and 
long-term effects. For example, in patients electing not to proceed 
with treatment, continued pain and other sequelae are expected 
(Fig. 4.27). In the long term, even if problems improve spontane-
ously or with analgesics, untreated endodontic pathosis can result 
in recurrent infections with a perhaps reduced prognosis for future 
treatment. Effects on neighboring bone and teeth may limit future 
implant options, as well as result in potentially serious sequelae 
like cellulitis or space infections.

• Fig. 4.25 Periapical radiograph of the maxillary premolar region reveals 
the presence of severe periodontal lesions in this area, with generalized 
vertical and horizontal bone loss along the root surfaces. This severe peri-
odontal lesion indicates tooth extraction.

A B

• Fig. 4.26 A, A combined endodontic–periodontic lesion is observed in the second mandibular premolar. B, Endodontic and periodontal treatments of 
this tooth have resulted in the decrease of these lesions in 6 months.
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In some cases, extraction is the only choice, due to coexist-
ing periodontal disease, issues with restorability, cost-related 
factors, and a tooth’s strategic value in the overall treatment 
plan. Reliable replacement options, including fixed partial 
dentures and implant-supported restorations, should be dis-
cussed, as well as the potential limitations of these treatment 
alternatives.

Patients should be advised of additional procedures that may 
be required after initiation of endodontic therapy. These include 
follow-up visits to complete treatment, restorative care, and when 
relevant, any adjunctive procedures, such as crown lengthening 
surgery or orthodontic extrusion.

All these considerations, including the patient’s responses 
and preferences, must be recorded for possible further reference. 
Legal situations may arise by patients claiming they were never 
informed of adverse outcomes if the full, proposed treatment plan 
is not instituted. 

Factors That May Alter the Treatment Plan
Beyond the factors already discussed, certain qualities may affect 
treatment planning or require consultation with a specialist or 
referral. They include systematic factors, physical limitations, 
tooth anatomy, and calcific metamorphosis. A detailed discussion 
of these factors may be found in Chapters 2, 6, 12, 19-22.
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Introduction
Several conditions of nonendodontic origin simulate clinical 
and the radiographic appearances of pulpal and/or periapical 
lesions. Determining the cause of these conditions is a critical first 
step in diagnosis and treatment planning. Without an accurate 

diagnosis, treatment is unlikely to be effective. Initially, the clini-
cian must determine whether the cause of the problem is odon-
togenic (pulpal or periodontal) or nonodontogenic. Because of 
the similarities of clinical and radiographic appearance of many of 
these conditions, dentists must perform clinical tests in a system-
atic manner to arrive at an accurate diagnosis and avoid critical 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Identify the personal and societal effect that orofacial pain con-
ditions can have.

 2.  Understand the classification systems for common orofacial 
disorders that can cause tooth pain.

 3.  Understand both extracranial and intracranial conditions that 
can refer pain to the teeth.

 4.  Identify and manage confusing dental causes of tooth pain.
 5.  Identify and manage muscles, joint, neurovascular causes of 

tooth pain.
 6.  Understand head and neck structures that refer pain to the teeth.
 7.  Understand temporomandibular disorders (TMD) that can 

cause pain in the jaw, head, and neck.
 8.  Identify the radiographic features of normal anatomic struc-

tures and developmental entities and understand the clues on 
differentiating these entities from true pathologies of the max-
illofacial region.

 9.  Identify the clinicopathologic and radiographic features of inci-
sive canal cyst.

 10.  List the odontogenic and nonodontogenic tumors and cysts 
that involve the maxillofacial region.

 11.  Understand the key differentiating points when examining 
the odontogenic and nonodontogenic tumors and cysts that 
involve the maxillofacial region.

 12.  List different types of benign fibro-osseous lesions of the jaw 
and identify the clinicopathologic features of each.

 13.  Identify the clinicopathologic and radiographic features and 
etiopathogenesis of surgical ciliated cyst, traumatic bone cyst 
(TBC), and focal osteoporotic bone marrow defect, with a brief 
description of the histologic feature of each.

 14.  List and identify the clinicopathologic features of selective 
benign and malignant bone tumors.

 15.  Identify the spectrum of hematolymphoid disorders as well as 
plasma cell disorders and Langerhan cell disease (LCD).
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mistakes. Pulp vitality tests are the most important aids in dif-
ferentiating most of these conditions. To avoid misdiagnosis and 
performing wrong treatment, all relevant patient history, clinical 
signs and symptoms, vitality tests, and radiographic examinations 
should be utilized. The purpose of this chapter is differentiating 
and treating (1) pains of nonpulpal origin from those of pulpal 
and or/periodontal origin, and (2) radiolucencies of nonpulpal 
origin from those of pulpal origin. 

Pains of Nonpulpal Origin

Toothache of Nonpulpal Origin
Nonodontogenic pain can be extremely distressing to the patient 
and baffling to the clinician. For patients, this can result in years 
of misdiagnosis, mismanagement, and overtreatment, thus risking 
the development of chronic pain pathology. To further complicate 
the problem, patients will jump from one provider to another as 
treatment failures continue to mount. A history of unsuccessful 
treatment by numerous providers is a red flag for the endodontist 
to expand the differential diagnosis to include pain of a nonodon-
togenic origin. In this group of patients taking the time to com-
plete a comprehensive history will avoid unneeded diagnostic tests 
and misdirected treatment.

All pain disorders have a negative effect on the patient and those 
around them. This is especially true when it comes to painful con-
ditions in the facial region. These disorders have an especially high 
level of concern because this region is the center for both verbal 
and nonverbal communication as well as nourishment.

The face is also highly innervated by both sensory and special 
sensory nerves. The motor and special motor nerves respond to 
this afferent information. This cross talk of malfunctioning nerves 
can make specific diagnosis elusive for the provider and at the 
same time making the patient frantic for an explanation.

This combination is the perfect environment for unnecessary 
or unsupported treatment resulting in more failure and despair. 
Using a linear model of cause and treatment is not always success-
ful. To address this issue further, the research diagnostic criteria 
of Dworkin and Leveche considered the psychosocial side of pain 
and that both physical conditions and psychologic conditions 
contribute to the suffering, pain behavior, and disability associ-
ated with a person’s pain experience.1

Dentists are often the first clinicians involved in diagnosis and 
treatment of these conditions.2,3

To be successful in treating these patients, it is important to 
have a clear understanding of the many different ways in which 
the patient may experience nonodontogenic pain and how to 
avoid unnecessary treatment. In the dental field, the most useful 
pain consultants are (1) orofacial pain trained dentists, (2) endo-
dontists, and (3) oral maxillofacial surgeons. These professionals 
are a resource for medically trained pain management providers as 
well as dentists. Referral to one of these specialists is preferable to 
sending a patient to an urgent care facility or an emergency room. 

Incidence of Orofacial Pain
The frequency of continuing pain after endodontic treatment has 
been reported at 5%. Of these patients, 62% were found to be a 
pain of nonodontogenic origin.4 The frequency of persistent pain 
after orthograde root canal treatment in one study subsequently 
identified as nonodontogenic pain was 53%. In this study myofas-
cial pain was determined to be the source.5 Another study found 

that 44% of patients with persistent pain had previously received 
endodontic treatment or tooth extractions in an attempt to resolve 
their pain.6 Moreover, 23.5% of patients with headaches reported 
tooth pain referral as well.7 The importance of comprehensive 
examination of the muscles in the head and neck is emphasized 
in a study that reported pain referral patterns to the teeth in 138 
of 230 patients.8

In a survey of 827 randomly selected individuals from a general 
population group, 10% reported pain in the head, face, or neck.9 
Another group surveyed 1016 members of an HMO and found 
that 12% reported facial pain within the preceding 6 months and 
26% reported headache.10 Lipton et al. surveyed 45,711 house-
holds and found 22% had at least one of 5 types of orofacial pain 
in the preceding 6 months. Most common orofacial pains were 
toothache at 12.2%, temporomandibular (TM) joint pain at 
5.3%, and face/cheek pain in 1.4%.11

To better understand disorders of the orofacial region, a study 
was undertaken titled “Orofacial Pain: Prospective Evaluation and 
Risk Assessment (OPPERA).”12 This study provided improved 
insight into the number of people affected by pain in the orofacial 
region. Epidemiologic surveys in the United States, Canada, and 
the United Kingdom report the frequency of orofacial pain in the 
general adult population as ranging from 14% to 40%.

Basic Terminology in the Understanding and Diagnosis of 
Pain
Pain is defined as an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage or described in 
terms of such damage.13,14 Orofacial pain refers to oral pain, den-
tal pain, and pain in the face above the neck, anterior to the ears, 
and below the orbitomeatal line. 

Common Terms
Algesia – Any pain experience after a stimulus
Allodynia – Painful response to a nonpainful stimulus
Dysesthesia – An abnormal sensation that is unpleasant
Hyperalgesia – An increased pain response to a noxious stimu-

lus
Hypoalgesia – A diminished pain response to a noxious stimu-

lus
Hypoesthesia – A decreased sensitivity to stimulation similar 

to anesthesia
Neuroma – A mass of peripheral neurons formed by a healing 

damaged nerve
Neuropathic Pain – Aberrant sensation produced by a mal-

functioning nerve
Nociception – Perception of pain arising from tissue damage 

or injury
Pain Threshold – The lowest level of stimulation perceived as 

painful
Pain Tolerance – The highest level of pain a subject is prepared 

(or able) to tolerate
Sensitization – The increased excitability of nerve terminals or 

neurons produced by trauma or inflammation of peripheral 
tissues 

Diagnostic Process for Nondental Orofacial Pain
Due to the complexity of orofacial pain, many authors suggest 
classification or grouping of functional systems as the most direct 
method to evaluate these orofacial pain problems.2,3,14 Effec-
tive diagnosis and treatment of these disorders require a work-
ing knowledge of functional neuroanatomy, peripheral nervous 
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system (PNS) and central nervous system (CNS) pathways, 
descending pain-modulating systems, and their related structures. 
CNS changes may underlie persistent pain. The patient’s emo-
tional response to continuing pain is another factor that should 
be considered in the diagnostic process. To be an effective care 
provider, the clinician must have a solid understanding of the vari-
ous categories in which persistent orofacial pain can be classified.

It is important to remember that directing and providing the 
most appropriate care may involve multiple clinicians. By tak-
ing a thorough medical history and carefully processing clinical 
characteristics, the clinician can begin to identify the unique 
characteristics of extracranial, intracranial, musculoskeletal, 
vascular, neurologic, and psychological symptoms. This assess-
ment provides the most direct path to diagnosis, referral, or 
treatment.2,3,5,16

When a thorough assessment is completed, the clinician can 
confidently reassure the patient that his or her symptom will 
be appropriately managed. This proficiency is another critically 
important skill for the specialist to develop. Without confidence 
in the treatment provider, the patient’s anxiety and worry can 
interfere with the diagnostic process and resulting care.

Localization of the Pain
 1.  Eyes, ears, nose, throat, sinuses, tongue, teeth, and glands are 

head and neck structures that may be a source of pain. The 
quality of pain in a region involving such a broad range of 
structures can range from mild aching to excruciating pain. As 
previously mentioned, the most common cause of pain in the 
orofacial region is dental pathology.

 2.  A diligent search for dental pathology should begin early and 
continue throughout diagnosis and treatment.

 3.  Pain of dental origin will often awaken a patient from sleep 
or prevent sleep. Patients may regard sleep disturbance as 
noncritical medical information.2,3 Sleep disturbance is an 
important part of the differential diagnosis. It is important 
to ask very specific questions about the effect of pain on sleep 
patterns.

 4.  Pain of the pulpal tissues or periodontium is often very acute 
and easily localized on examination or by patient report. 
Affected teeth are typically painful to palpation or percussion. 
Use of percussion testing is extremely helpful in the diagnostic 
process.

 5.  Any tooth-related pain should be evaluated radiographically 
to exclude dental disease. Most computed tomography (CT) 
imaging and radiology reporting from a medical center do 
not provide an adequate evaluation of the dental structures. 
If imaging is completed, a dental provider should access the 
images and review them personally.

 6.  With nonodontogenic pain, the maxillary sinus and teeth are 
the areas that are most commonly affected by disease. Typi-
cal descriptors of sinus disease are “constant,” “aching,” “pres-
sure,” and “fullness.” Pain will often include the teeth or ear. 
Fever, congestion, and/or discharge may also be present. Head 
position or movement can often exacerbate this symptomatol-
ogy.2,3 

Confusing Dental Pathology
Periodontal Ligament Pain
Caused by repetitive strain to the dental periodontal ligaments 
through clenching, gross occlusal prematurities, or trauma to 
the teeth, this type of pain is characterized by deep somatic 

musculoskeletal pain. Periodontal ligament pain is generally a 
dull, aching pain in and around the teeth and can affect mul-
tiple teeth. Inflammatory fluid accumulation from a periodon-
titis or an apical abscess may cause displacement of the tooth 
in its socket, with a resulting acute malocclusion and pain 
(Fig. 5.1). The most common sign is tenderness of the teeth 
to percussion in the absence of pulpitis or periapical/periodon-
tal abscess. Treatment consists of using a splint to protect the 
teeth, reducing oral habits, and encouraging healing. The use of 
a transitional splint can help in diagnosing and treating these 
conditions.

Intracranial and Headache Pain
Although uncommon, neoplasm, hematoma, hemorrhage, 
edema, aneurysm, and infection of the CNS can result in facial 
pain. Space-occupying lesions are often associated with progres-
sive pain complaints and associated neurologic deficit or signs. 
Patient descriptors, including the “worst” or “first,” have been 
identified as specifically pathognomonic of more serious condi-
tions.2,3,15,16 These conditions can progress quickly and lead to 
permanent disability or even death. Prompt identification and 
referral for neurology consultation can be critical to successful 
diagnosis. The SNOOP acronym can be helpful to determine level 
of concern, as follows:
  

Systemic symptoms or disease: fever, weight loss, human im-
munodeficiency virus (HIV), systemic cancer

Neurologic signs or symptoms: confusion, clumsiness, weak-
ness, aphasia, vision change

Onset sudden: thunderclap, progressive, positional
Onset after age 40 years: vascular (temporal arteritis), tumor, 

infection
Pattern change: any new or changed headache pattern or qual-

ity or increase in frequency or intensity  

• Fig. 5.1 Periodontal ligament pain is cause by inflammatory and fluid 
accumulation from either a periodontitis or an apical abscess. (Redrawn 
after Fricton J, Kroening R, Hathaway K: TMJ and craniofacial pain: diag-
nosis and management, St. Louis, 1988, Medico Dental Media Interna-
tional, Inc.)
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Some of the most difficult primary headache diagnoses involve 
the orofacial region. It is important to remember that headache 
disorders can and do occur anywhere in the trigeminal distribu-
tion and can be difficult to differentiate from disease. For example, 
midface migraine and sinus disease can look and act very similar 
in many ways to dental pathology. Careful history-taking is criti-
cal to diagnostic accuracy and treatment effectiveness. Recurrence 
and duration can often be helpful in differentiation of primary 
headache. In addition, with the introduction of the specific drug 
class triptans, a medication trial can help clarify the diagnosis. 

Temporomandibular Disorders
Musculoskeletal conditions are the major cause of nonodonto-
genic pain in the orofacial region. Included in this group are cervi-
cal spine and temporomandibular joint disorders (TMD). Oral 
and facial pain may be the result of TMD, myofascial disorders, or 
systemic rheumatologic, collagen, or cervical spine disease. TMD 
refers to pain and dysfunction specific to the TM joint that fre-
quently involves mandibular movement disorders. Palpation of 
the region is usually associated with exacerbations of pain, and 
functional pain is common.

The TM joint is made up of three major structures: the con-
dyle, the disk, and the skull. The TM joint is a complex joint, 
capable of both rotational and translational movements. Rapid 
displacement of the joint can result in pressures that disrupt the 
disk–condyle relationship, resulting in lack of coordinated move-
ment. On examination, this disorder can be identified as clicking 
or popping in the joint. Less subtle noises, such as crepitation, can 
occur with degenerative disease of the region and must be consid-
ered in the diagnostic process.

Mechanical disturbance of this joint is often associated with 
inflammatory events that often respond to antiinflammatory 
treatment.2,15,16 Noise in the TM joint that presents without pain, 
catching, locking, or sudden and notable change in bite position 
is often simply a finding that requires no more than identification. 
Because of the TM joint’s location in relation to the ear, patients’ 
concerns about joint noise must be addressed and explained as 
present and being considered in the diagnostic process to avoid 
unnecessary treatment focused on the TM joint.

Trauma is thought to be the main cause of dysfunction in the 
region. Microtrauma resulting from tooth grinding or jaw clench-
ing, or macrotrauma resulting from external forces such as a MVA 
or facial effect has been discussed in the literature as the etiology 
of such disorders.2,3,15-17 Jaw joint and muscle strain and sprain 
(JAMSS) is another potential precedent to TMD and facial pain. 
Trauma may occur during dental treatment. Hyperextension of 
the mouth for extended time periods and excessive force placed 
on the jaw during a procedure or after local anesthetic injections 
may cause injury. More than 50% of patients with TMD associate 
initial onset of this problem with this type of trauma.18 

Psychological Disturbances
Psychological disturbances have also been proposed as a cause of 
tooth pain. However, even though practitioners know factors such 
as stress, muscle tension, anxiety, and depression can contribute 
to an enhanced experience of pain, psychological factors have not 
been established as a cause of toothaches of nondental origin. Psy-
chological disturbances are considered more of a contributing fac-
tor to periodontal ligament strain and muscle pain but not tooth 
pain. Psychological illness with reported pain complaints is com-
mon. Psychological illness requires the inclusionary criteria present 
for any other disease and should not be assumed. Once identified, 

treatment plans should be developed and presented as clearly and 
succinctly as those of the other pain etiologies discussed.

It is important to remember that many of the currently 
described pain disorders were, as recently as the 1990s, consid-
ered to be psychological illnesses. Therefore care should be exer-
cised when allowing this diagnosis to be made by exclusion.2,3 It 
is also important to remember that with extended time, multiple 
treatment failures, and constant pain, patients who present with 
depression, fear, and feelings of hopelessness and helplessness 
are actually showing signs of a “normal” response to a chronic 
condition. 

Types of Pain
Musculoskeletal Pain
Myofascial pain is the most common muscle pain disorder of 
the orofacial region. Muscle splinting, muscle spasm, and myo-
sitis are the most common acute conditions and, based on dura-
tion, may precede myofascial pain in etiology.17 Factors associated 
with aggravation of muscle pain include prolonged muscle ten-
sion, poor posture, parafunction, trauma, sleep disturbance, viral 
infection, metabolic disturbance, and specific joint pathology.17 
The most common examination finding associated with muscle 
problems involves pain with palpation, movement anomalies, and 
referred pain. Knowing the common referral patterns for the head 
and neck muscles will save hours of confounding findings and 
prevent failed treatments. The text by Travell and Simons is the 
best resource for information about this disorder.17 

Joint Disorders
Joint disorders have been identified as a major cause of nondental 
pain in the orofacial region and are considered to be a subclassifi-
cation of musculoskeletal disorders.19 

Neurovascular Pain
Migraines, cluster headaches, and hemicrania continua are types 
of headaches that result from changes in the nerves and blood 
vessels of the head. In some cases, through referral patterns of the 
trigeminal nerve, these headaches can also be felt in the teeth, caus-
ing toothaches. The pain can be spontaneous, severe, and throb-
bing, and it can have periods of remission. Treatment is directed 
at the cause of the headache and often includes behavioral therapy 
and medications. 

Neuropathic Pain
Neurologic or neuropathic pain is the result of abnormality in 
nociceptors. These receptors are activated by stimuli that threaten 
or damage the body’s integrity. They respond to mechanical, ther-
mal, and chemical stimuli. Both peripheral and central locations 
and mechanisms may be involved.

Decreased inhibition and/or increased peripheral activity 
result in two basic types of pain: paroxysmal and continuous 
neuralgias.2,20,21

Paroxysmal neuralgias are described as intense, sharp, stabbing, 
electric-like pains, usually of unilateral presentation involving a 
specific nerve.

The intensity of the pain is described as “the worst pain known 
to man.” This type of pain can occur in short or extended-dura-
tion volleys.20,21 Although the intensity of these types of pain is 
extreme, they do not often awaken the sleeping patient, which 
helps differentiate this pain from pulpal or periodontal pain.

Trigeminal neuralgia affects the fifth cranial nerve. It is usually 
unilateral and is more common in women over the age of 50. 
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Etiology includes idiopathic, demyelination, or vascular malfor-
mations.2,3 Additional etiology theory includes pathologic (bone) 
cavities at the site of previous tooth extraction, periodontal lesions, 
and previous endodontic therapy.3

Because of the similarity between the symptoms of trigeminal 
neuralgia and dental etiology, it is common for patients to have 
consulted with an endodontist. The endodontic specialists must 
become very familiar with the unique features and provide the 
evaluation “to eliminate” toothache as the etiology.

The majority of patients describe the classic high-intensity, 
triggerable pain in association with such activities as eating and 
talking. Even simple things, such as a cold breeze, can trigger a 
pain episode.20,21

In addition to the paroxysmal nature of classic trigeminal 
neuralgia, a pretrigeminal neuralgia has also been described by 
Fromm.22 This type of pain is of note due to its more constant, 
dull aching characteristics and is often described by patients as 
feeling “like a toothache.” To further confound the pain provider, 
most neuralgias are disabled for 4 to 8 weeks by dental proce-
dures such as endodontic treatment and oral surgery. When the 
pain returns, it is “transferred” to the next tooth in the same arch, 
which is then incorrectly treated. Patients can often undergo mul-
tiple endodontic procedures chasing this disorder.

Glossopharyngeal neuralgia and nervous intermedius neural-
gia are more rare than trigeminal neuralgia and involve branches 
of the glossopharyngeal and vagus nerves.20,21 Symptoms of pain 
often include the ear, throat, tonsillar pillar, and submandibular 
regions. Triggering mechanisms, including chewing, talking, and 
swallowing, are often the hallmark. Aggressive imaging of the 
region is recommended because of the high likelihood of regional 
lesion or pathology associated with this disorder.3 

Deafferentation Syndromes
Partial or total loss of nerve supply to a region can result in a 
painful condition. This disorder can be a direct result of traumatic 
injury, surgery, or a breakdown of the neural structures.

Deafferentation-type pain is thought to involve the sympathetic 
nervous system, as blockade of this system may often eliminate or 
reduce the complaints of the patient. Characteristic descriptors 
used with this type of pain seem most commonly to include the 
words “burning,” “stinging,” “itching,” and “crawling.” Pain is not 
always present immediately at the time of injury or trauma and 
may be the result of a breakdown of the central inhibition. 

Atypical Odontalgia
This term is used to describe a persistent, painful condition in the 
oral cavity that cannot be readily attributed to a known cause. The 
International Headache Society defines atypical odontalgia (AO) 
as a subgroup of persistent idiopathic facial pain that does not 
have the characteristic cranial neuralgias and is not attributed to 
another disorder.”23

Phantom tooth pain, atypical facial neuralgia, and idiopathic 
toothache are terms that are used synonymously with AO.

Differential diagnosis includes these four findings:
	•	 	Duration	longer	than	4	months
	•	 	Normal	radiographic	examination
	•	 	No	clinical	observable	cause
	•	 	Description	as	a	toothache	or	tooth	site	pain

Words often used to describe this pain are “diffuse,” “burning,” 
“stabbing,” or “throbbing.”

It is generally thought that AO is a subset of neuropathic 
pain, i.e., “pain arising as a direct consequence of any lesion or 

disease affecting the somatosensory system.”24 In this instance, it 
is thought to result from injury to sensory fibers supplying the 
extirpated pulp or extracted tooth.

Dental procedures, testing, and diagnostic block of the somatic 
system are rarely conclusive. Confirmation is associated with posi-
tive sympathetic nerve block.2,3,16 

Neuromas and Neuritis
Neuromas are a growth or tumor of nerve tissue and are often 
associated with trauma or a direct section of nerve tissue. Stimula-
tion of the region is consistent for diagnostic purposes; however, 
treatment can be elusive due to recurrence. Neuritis as a systemic 
inflammatory response is often associated with herpes zoster 
viral infection. Aggressive and early identification and treatment 
can often decrease or eliminate the constant sequelae of a zoster 
episode.20,21 

Referred Pain
Cervical Spine Pain
Disruption in spine position, structure, and movement can often 
refer pain into the orofacial region. Careful assessment, his-
tory, and clinical examination, including the cervical spine, are 
paramount to correct identification of etiology and exclusion of 
referred pain phenomena.3,16,17

These disorders can generally be subdivided into muscles or 
those from the cervical spine. These structures commonly refer to 
the face and should not be overlooked in cases wherein a diagnos-
tic question exists.25 

Pain Arising from Vascular Structures
Carotidynia and temporal arteritis are two such disorders that can 
present with pain in and around the teeth, jaws, and related struc-
tures. Palpation localized to their specific anatomic locations assist 
in the diagnostic process.2,3,15,16 

Cardiac Toothache
Heart problems such as angina pectoris or acute myocardial infarc-
tion refer pain to the shoulder, arm, and even to the jaw. We know 
that these conditions can refer pain to teeth as well. Sometimes 
cardiac toothache is associated with chest pain, but occasionally it 
is not. When a toothache has a cardiac origin, it usually increases 
with exercise and decreases with medication specifically prescribed 
for the heart (such as nitroglycerin tablets). Treatment is directed 
to the underlying heart problem usually after a dentist has evalu-
ated the tooth. 

Sinus/Nasal Toothache
Problems in the maxillary sinuses and/or paranasal mucosa 
can refer pain to the upper teeth. The pain is usually felt in 
several teeth as dull aching or throbbing. Sometimes it is 
associated with pressure under the eyes, and it can increase 
with lowering the head (which puts pressure over the sinuses), 
coughing, or sneezing. Tests performed on the teeth, such as 
cold, chewing, and percussion, can increase the pain from 
sinus origin. A history of an upper respiratory infection, nasal 
congestion, or sinus problem should lead to suspicion of a 
“sinus toothache.” Diagnostic tests such as visual nasal exami-
nation, sinus x-rays, or magnetic resonance imaging (MRI) 
will reveal this condition. Also, application of topical anesthe-
sia to the offending area should eliminate the pain. Treatment 
with antihistamines, decongestants, and antibiotics will help 
(Fig. 5.2). 
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Neoplasias and Other Lesions in the Head
Some tumors, aneurysms, and other intracranial disorders can 
cause pain in the mouth or teeth. The tooth symptoms are gen-
erally accompanied by other nerves malfunctioning or by sys-
temic symptoms, such as weight loss, fatigue, and so on. These 
accompanying symptoms suggest more than a localized tooth 
problem is occurring. Tumors can also appear in the areas near 
the nerves of the teeth, which may cause the teeth to be loose or 
displaced. Proper imaging of the face, jaw, and head is impor-
tant to evaluate for these problems. Although possible, these 
problems are very rare, and treatment needs to be directed to 
the specific problem. 

Salivary Gland Dysfunction
Patients with salivary gland dysfunction can experience dental pain 
through different mechanisms. Pain may occur through referred 
pain from the glands to the teeth. It may also occur through com-
promising the health of the teeth and supporting structures and by 
the absence of the protective saliva. In such cases, a comprehensive 
evaluation of the salivary glands is needed (Fig. 5.3). 

Treatment
Over the past three decades, significant progress has been made in 
understanding the pathophysiology of painful conditions.26

Treatment of painful conditions of the orofacial region involves 
identification of the specific illness and correction of the site. If 
there is no current curative understanding, a management strategy 
is employed, with the focus being on improving quality of life and 
decreasing unnecessary treatment and resulting suffering.

Management of painful conditions attempts to employ the 
most efficient medications and treatments with little or no nega-
tive experience, side effect, or misuse potential. This goal can be 
quite elusive and is the subject of another chapter in this book. 

Radiolucencies of Nonpulpal Origin
The radiolucencies that simulate clinical and radiographic appear-
ances of pulpal and/or periapical lesions include normal anatomic 
structures and developmental entities, odontogenic and nonodon-
togenic cysts and tumors, osseous pathology, as well as hemato-
lymphoid conditions, malignancies, and related disorders. 

• Fig. 5.2 Sinuses and Associated Structures. (Redrawn after Fricton J, Kroening R, Hathaway K: TMJ 
and craniofacial pain: diagnosis and management, St. Louis, 1988, Medico Dental Media International, 
Inc.)
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Normal Anatomic Structures and 
Developmental Entities
Several normal anatomic landmarks and developmental entities 
may be confused with true pathologic conditions.

The Mental Foramen
Clinical Features
This foramen bilaterally transmits the sensory and motor fibers of 
the mental nerve. 

Radiographic Features
Despite the fact that the location and appearance of the mental 
foramen is well-characterized and described as asymmetric uniloc-
ular radiolucency between the roots of the premolar teeth, many 
variations in its position and number have been reported27 and 
are best viewed on cone beam computed tomography (CBCT) 
imaging. Accessory foramina can sometimes appear as multiple, 
small, well-demarcated, or semi–well-defined radiolucencies, close 
to and/or juxtaposed to the mental foramen proper.27,28 The fora-
men, which is typically located below the apices of the first and 
second premolars, may occasionally be confused with periapical 
pathology. Clinicians must use judgment during radiographic 
evaluation and account for age-related variation in the location 
of the foramen with respect to the width and height of the alve-
olar ridge and potential changes in respect to the ridge height  
(Fig. 5.4, A and B). 

Histology
Histologic confirmation is not required, but it would demonstrate 
mature neural tissue with perineural sheath, representing the men-
tal nerve. Tooth vitality testing and changing the angulation of 
radiographs can help in differentiating between the foramen and 
periapical lesions of pulpal origin.

Nasopalatine Duct Cyst
Also referred to as “incisive canal cyst” (Fig. 5.5), nasopalatine 
duct cyst (NPDC) is the most common developmental cyst of the 
maxillofacial region. It constitutes approximately 60% of all non-
odontogenic cysts of this region and is derived from nasopalatine 
ductal epithelial lining remnants. 

Clinical Features
The NPDC may be totally asymptomatic or may produce anterior 
maxillary palatal swelling, and occasionally a salty taste originating 
from the anterior palatal region may be experienced. 

Radiographic Features
A well-circumscribed, round or heart-shaped radiolucency, 
identified slightly higher than the interradicular region of vital 
maxillary central incisors with intact lamina dura, is considered 
diagnostic of this cyst, which may be also potentially confused 
with periapical pathology of pulpal origin including a periapical 
cyst.29-31 

Histology
Histomorphologic examination should easily distinguish 
NPDC from a periapical cyst. NPDC typically demonstrates 
a cystic cavity lined by pseudostratified columnar respiratory-
type epithelium, an inflammatory cell infiltrate of variable 
intensity, and minor salivary gland lobules, compared with a 

Parotid
duct

Parotid
gland

Submandibular
gland

Sublingual
gland

• Fig. 5.3 Salivary Glands. (Redrawn after Fricton J, Kroening R, Hatha-
way K: TMJ and craniofacial pain: diagnosis and management, St. Louis, 
1988, Medico Dental Media International, Inc.)

 1.  Orofacial pain is present in what percent of the population:
 a.  5% to 9%
 b.  10% to 14%
 c.  15% to 40%
 d.  More than 50%
 2.  Pain tolerance is best described by:
 a.  The minimum amount of pain a person can perceive
 b.  The average amount of discomfort a person reports
 c.  The maximum a person will allow
 d.  The maximum amount of energy a nerve can generate
 3.  Oral splints can be helpful in the diagnostic process of toothache:
 a.  Only when a TM joint dysfunction is present
 b.  When bruxism may be present
 c.  When the patient has a history of “TMJ”
 d.  When endodontic testing is resulting in inconsistent results
 4.  Clicking in the TM joint should be suspected:
 a.  As always a contributing factor in endodontic diagnosis
 b.  As present before endodontic therapy
 c.  As likely the primary cause of toothache
 d.  If directly associated with the onset of a person’s chief complaint
 5.  “Classic” trigeminal neuralgia
 a.  Involves V1
 b.  Involves V2
 c.  Involves V3
 d.  All of the above
 6.  What does SNOOP refer to?
 a.  Concerns regarding family members, opinions on what is wrong
 b.  An animal-based contagious disorder
 c.  A method to remember key risk factors in diagnosis
 d.  Syndrome unrelated to the diagnostic process of facial pain

 • BOX 5.1      Study Questions
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radicular cyst, which typically shows nonkeratinized stratified 
squamous epithelium that is intensely inflamed, hyperplastic, 
and edematous, and that often contains cholesterol clefts within 
the cyst wall.29 A thorough pulp testing, confirming vitality sta-
tus of the maxillary central incisors, should delineate NPDC 
from periapical pathosis. Changing the horizontal angulation 
of a periapical radiograph may further help differentiate NPDC 
from a radicular cyst, which, compared with NPDC, typically 
tends to maintain its position around the apex of the maxillary 
central incisor.

Incisive Foramen
Generally, the identification of an ill-defined 0.6-cm to 0.8-cm 
radiolucency in the interradicular area of maxillary central incisors 
should suggest the diagnosis of a normal but widened incisive fora-
men. The least-invasive technique to differentiate between a NPDC, 
radicular cyst, and an enlarged incisive foramen is a fine-needle aspi-
ration and examination of the contents of the foramen.31,32 

Stafne Defect
Stafne defect (SD), also called Stafne bone cavity and static bone 
defect, is a rare, asymptomatic developmental mandibular concavity. 

Clinical Features
The condition is asymptomatic and is discovered during routine 
dental examination. It is overwhelmingly prevalent among males. 
A connection between the lower border of the lesion and inferior 
border of the mandible exists. This connection and lack of cortical 
bone leads to the herniation of the submandibular gland into the 
concavity that is often seen and best viewed on CBCT images. 

Radiographic Features
Radiographic features present as a unilateral, homogeneous, well-
circumscribed, unilocular radiolucency in the posterior part of the 
mandibular body, more commonly than in the anterior and ramus 
areas, below the inferior alveolar canal (Fig. 5.6). Documentation 
of stability in size with time is characteristic of this entity. 

A

B

C

• Fig. 5.4 A, A cadaver mandible, showing the typical location of the mental foramen between the roots 
of the mandibular premolars. B, The typical radiographic presentation of the mental foramen as a well 
demarcated radiolucency in the interradicular region of the mandibular premolars. C, The mental foramen 
appearing in close relationship to the mandibular second premolar, mimicking periapical pathosis. (A and 
C, Courtesy Dr. Dwight Rice, Loma Linda University; B, Courtesy Dr. Ying Wu, OHSU.)

• Fig. 5.5 Radiographic presentation of nasopalatine duct cyst, demon-
strating a heart shaped radiolucency, situated above the roots of viable 
maxillary central incisors (yellow arrow). The mental foramen could also 
be seen in the interproximal region of the mandible premolar teeth (white 
arrow).
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Histology
Fine-needle aspiration of the concavity may demonstrate sali-
vary tissue within or may yield nothing. The stable size and 
pathognomonic radiographic presentation below the inferior 
alveolar canal can readily exclude other pathologies, including 
a residual cyst and aneurysmal bone cyst (ABC), among oth-
ers.33,34 Performing tooth vitality tests should also aid in dif-
ferentiating between SD and true aforementioned pathologies. 

Odontogenic and Nonodontogenic Cyst, 
Tumors, and Related Entities
Several odontogenic and nonodontogenic cysts and tumors can 
be included under this category of lesions. These include amelo-
blastoma (Am), calcifying odontogenic cyst (COC), calcifying 
epithelial odontogenic tumor (CEOT), odontogenic keratocyst 
(OKC), odontoma, ameloblastic fibro-odontoma (Amfo), ame-
loblastic fibroma (Amf ), dentigerous cyst (DC), odontogenic 
myxoma, and adenomatoid odontogenic tumor (AOT).34-39

Ameloblastoma
Clinical Features
Am is the most common odontogenic tumor (aside from odon-
toma). It most commonly involves the posterior mandibular body 
and ramus regions, more than other gnathic areas, as an expansile 
asymptomatic mass with a potential for buccal and lingual corti-
cal, as well as teeth root resorption. Am occurs in patients of a 
wide age range, from the third to seventh decades, with a mean 
age of 40 years old.

Radiographic Features and Differential Diagnosis
The majority of cases present as large, expansile, multilocular 
radiolucencies, more than unilocular radiolucencies, but may 
also present as a pericoronal, interradicular, or even a periapical 
lesion, mimicking radiolucencies of pulpal origin.34-38 Differen-
tiating Am from the latter from periapical pathology, which can 
be readily achieved by thorough tooth vitality testing and histo-
logic examination, is of special significance, taking in consider-
ation the locally aggressive nature of the tumor. The identification 
of a  multilocular radiolucency in middle-aged patients, which 
involves the posterior mandibular area more than it does the max-
illa or other gnathic regions, includes three entities in addition 
to the differential list: Am (Figs. 5.7 and 5.8), OKC, and odon-
togenic myxoma, whereas the detection of radiographic evidence  
of  radiopacity within the same age spectrum favors CEOT and 
in a younger age favors the differential diagnosis of COC and 
Amfo.40-44 Helpful clues in the diagnosis of odontogenic myxoma 
are the identification of fine bony trabeculation and septae that 
transect the radiolucency. Am characteristically does not dem-
onstrate any evidence of hard tissue formation, histologically or 
radiographically reflecting the development of the tumor from the 
odontogenic epithelium of developing enamel organ before the 
processes of induction and cell differentiation taking place. 

• Fig. 5.6 Stafne bone defect appearing as a well-demarcated radiolu-
cency below the inferior alveolar canal.

A B

• Fig. 5.7 A, A sagittal view of computed tomography (CT) scan demonstrating a large pericoronal radiolu-
cency associated with impacted tooth #32. This was enucleated and demonstrated histologically dentiger-
ous cyst. B, A large expansile radiolucency in the left mandibular body of a 45-year-old female, causing 
significant bone destruction, buccal cortical expansion and perforation. Biopsy revealed ameloblastoma. 
(Case courtesy Dr. Rui Fernandez, Jacksonville, FL.)
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Histology
Am is characterized by islands, follicles, and cords of odontogenic 
epithelium showing reverse peripheral palisaded columnar cells 
and enclosing stellate reticulum-like tissue. The unicystic Am 
appears confined to cystic lining detected around an impacted 
tooth, compared with solid tumors where they show a diffuse 
infiltrative pattern. Variable histomormorphologic patterns have 
been reported, albeit with no significant prognostic differences. 
Nevertheless, in the desmoplastic type, a dense collagenous tis-
sue background supports the ameloblastomatous islands, where 
the tumor displays a mixed radiolucent and opaque pattern and 
therefore is seldom diagnosed as Am but is rather easily confused 
for other osseous pathology. In CEOT, a monotonous benign epi-
thelial tissue is seen, accompanied by concentric-type calcification 
(Liesegang rings) and also characteristically shows amyloid depo-
sition, whereas in COC, ghost cells, many of which calcify, are 
characteristically seen. Odontogenic myxoma shows mildly vas-
cular, loose, myxoid tissue that is gelatinous in nature due to high 
hyaluronic acid content and supports stellate-shaped nuclei with 
tapered ends.38 

Dentigerous Cyst and Pericoronal 
Radiolucencies

Clinical Features
DC is the most common inflammatory odontogenic cyst of the 
gnathic region, and it may present with limited expansion but 
occasionally may also be associated with marked swelling, tooth 
displacement, and discomfort. The cyst occurs in a wide age 
range but most likely to be encountered in middle-aged adults 
and virtually around any impacted tooth, most specifically around 
impacted third molars.

Radiographic Features and Differential Diagnosis
DC appears as pericoronal radiolucency around any impacted 
teeth but is more commonly seen in association with impacted 
mandibular third molar teeth more often than with others. The 
differential diagnosis of pericoronal radiolucency in a middle 
identification of pericoronal radiolucency in adolescent- to mid-
dle-aged patients should include the differential diagnosis of DC, 
unicystic Am, OKC, and myxoma, whereas the detection of radi-
opacity in the same age range may favor CEOT. In comparison, 
similar lesions detected in young and adolescent patients may rep-
resent COC, Amf, and Amfo. AOT is another rare odontogenic 
tumor to be included in the differential of pericoronal radiolucen-
cies when radiopacities are detected within. However, this tumor 

uniquely involves the anterior maxillary canine region more than 
other regions and is also typically seen in teenagers, 19 years old 
and under, with a slight female predilection. Thorough vitality 
teeth testing, coupled with a representative biopsy of the tumors 
discussed, should readily distinguish the aforementioned entities 
from periapical pathology of odontogenic origin. 

Histology
A biopsy of a DC typically presents as a cystic cavity lined by 
hyperplastic inflamed and edematous stratified squamous epi-
thelium, which often demonstrates variable histologic patterns, 
including the presence of cilia, mucous cell prosoplasia, and apo-
crine-type changes. Further, an inflamed cyst with bleeding may 
also depict cholesterol clefts with accompanying multinucleated 
foreign-body-type giant cell reaction. AOT demonstrates benign 
odontogenic epithelium, arranged in ducts and spherules and 
may or may not contain amyloid, and is diagnostic for AOT.38 
Occasionally, an apical displacement of DC or even an adenoma-
toid odontogenic tumor may also mimic periapical pathosis, and 
therefore vitality testing, in addition to a representative biopsy 
showing the histomorphologic features of DC and AOT, should 
confirm the diagnosis and exclude any periapical pathology pres-
ent, avoiding any unnecessary root canal therapy and/or tooth 
extractions. 

Differential Diagnosis of a Soft Tissue Mass, 
With or Without Opacity Obstructing the 
Eruption of a Permanent Tooth
In addition to what has been described in the previous section, the 
detection of a soft or mixed soft and hard tissue mass that is obstruct-
ing the eruption of a permanent tooth would most likely represent 
one of three entities, namely, an odontoma, Amf, or an Amfo.34,37,38

Odontoma
This tumor is considered the most common odontogenic tumor 
overall, despite the fact that some favor classifying the lesion as a 
hamartoma rather than a tumor.

Clinical Features
The majority of the cases are discovered incidentally during the 
investigation of lack of permanent tooth eruption, but rarely, jaw 
expansion has been also reported. 

Radiographic Features
An odontoma may simulate miniature teeth or dense solid radi-
opaque pattern favoring compound and complex odontoma sub-
types, respectively.

Histology
Odontomas basically recapitulate tooth formation, showing 
enamel, dentin, and cementum and odontogenic epithelial frag-
ments arranged in teethlike figuration haphazardly, defining the 
compound and complex subtypes respectively. 

Ameloblastic Fibroma
Clinical Features
Amf is typically detected in the posterior mandible discovered 
incidentally during the investigation of lack of the eruption of a 
permanent tooth in patients 20 years of age and under. 

• Fig. 5.8 A large multilocular radiolucency causing significant bone 
destruction in left mandibular angle and rams of a 50-year-old female. 
Biopsy showed ameloblastoma.
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Radiographic Features
Almost half of the cases are associated with unerupted tooth; how-
ever, lesions may also demonstrate unilocular or multilocular well-
defined radiolucent pattern. 

Histology
Amf demonstrates cellular mesenchymal tissue-type proliferation 
with high resemblance to dental papilla tissue, supporting ame-
loblastic epithelium with inconspicuous stellate-reticulum com-
ponent and also typically shows compressed and slender tumor 
islands. 

Ameloblastic Fibro-odontoma
Clinical Features
This tumor is also most likely detected during the investigation of 
a soft and hard tissue mass that is preventing the eruption of a per-
manent tooth; however, similar to what has been described earlier, 
lesions may also cause painless expansion of the jaw. 

Radiographic Features
The lesion most likely appears as a soft and hard tissue density 
overlying an impacted tooth, but it may also appear as a unilocular 
or a multilocular radiolucency with radiopacity within. 

Histology
An identical feature to those described in Amf would be encoun-
tered in Amfo, albeit with the addition of an odontoma com-
ponent, as described earlier,34,37,38 although the aforementioned 
tumors are not easily confused with periapical pathosis and do not 
cause a challenge and diagnosis, especially after histologic confir-
mation and confirmation of the vitality status of the teeth should 
readily exclude the possibility of periapical pathology, especially 
when the soft tissue mass is apically or laterally displaced. 

Odontogenic Keratocyst
Clinical Features
OKC is a rare, benign, locally aggressive developmental cyst that 
is more commonly encountered in the posterior mandibular 
body and ramus regions in adolescent and middle-aged adults, 
although it has also rarely been reported in wider age ranges. 
The cyst is also well-known for its high incidence of postsurgical 
recurrences. 

Radiographic Features
OKC most commonly presents as a multilocular, pear-shaped, 
interradicular radiolucency, pericoronal radiolucency, or rarely as 
a periapical lesion associated with vital teeth, which is essential 
in distinguishing the lesion from periapical pathology, especially 
when taking into consideration its locally aggressive and destruc-
tive growth potential. 

Histology
OKC demonstrates a stratified, squamous epithelium of uniform 
thickness, with a wavy parakeratinized surface, palisaded basal 
layer, and devoid of rete ridges. The latter feature is often associ-
ated with detachment of the cystic epithelium from the underly-
ing connective tissue wall, which may significantly contribute to 
the recurrence to the characteristic high-recurrence potential. The 
differential diagnosis of an interradicular radiolucency of the jaw, 
identified within the context of tested and confirmed vital teeth, 
should include lateral periodontal cyst, Am, squamous odonto-
genic tumor (SOT), as well as OKC, among few other entities. 
It is also essential to differentiate a lateral radicular cyst, which 

occurs as a result of the lateral canal transmitting inflammation 
and bacteria to the periodontal ligament, from a true lateral peri-
odontal cyst and OKCs, primarily to initiate appropriate treat-
ment, as well as to avoid unnecessary endodontic treatment. An 
accurate pulp testing of vitality status should help the clinician 
exclude that possibility with confidence. 

Squamous Odontogenic Tumor
Clinical Features
SOT is a benign, locally infiltrative odontogenic tumor, which 
arises within the periodontal ligament with a well-known famil-
ial transmission, and also shows equal tendency for maxillary and 
mandibular involvement. It is regarded by many to be a ham-
artomatous-type growth, rather than a true neoplasm because of 
its histologic features. The tumor may be asymptomatic or may 
produce mild painful gingival swelling. 

Radiographic Features
SOT may appear as an interradicular radiolucency that pushes the 
roots of teeth apart or as a well- or an ill-defined radiolucency with 
or without sclerotic borders. 

Histology
SOT demonstrates benign monotonous squamous epithelium 
that lacks atypia or abnormal morphology and may even produce 
keratinization, analogous to normal native epithelial tissue.34,35,39 

Surgical Ciliated Cyst
Clinical Features
This is a true cyst of the maxillary sinus that develops iatrogeni-
cally secondary to surgical intervention with involvement of the 
sinus floor (Fig. 5.9). 

Radiographic Features
The most common presentation is that of a well-demarcated 
unilocular radiolucency present in the sinus and is considered 
fairly nonspecific and should be excluded from other pathologies, 
including a residual cyst pushed into the sinus lining. 

Histology
A cystic cavity lined by respiratory-type epithelium with the cystic 
wall contiguous with Schneiderian membrane is required to estab-
lish the diagnosis and exclude other sinonasal pathology, including 
those of pulpal origin; however, history of surgical intervention, 
coupled with the confirmation of vitality tests of the teeth in the 
region, and histomorphological confirmation can help arrive at 
the correct diagnosis.40

Other nonodontogenic entities, such as traumatic bone cyst 
(TBC), ABC, and central giant cell lesion (central giant cell 
granuloma [CGCG]), may be also included in this category of 
lesions. 

Traumatic Bone Cyst
Clinical Features
TBC is a pseudocyst. The cyst is most likely discovered inciden-
tally during radiographic examination of the patient’s dentition 
during the second decade of life. 

Radiographic Features
The presentation of an interradicular unilocular radiolu-
cency, showing scalloping between the roots of teeth with the 
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confirmation of the presence of an empty cavity upon surgi-
cal exploration is diagnostic and at the same time therapeu-
tic for solitary bone cyst (also known as TBC or hemorrhagic 
bone cyst).41 Complete bone repair is expected after surgical 
manipulation.40,42 

Histology
Histology, TBC is usually noncontributory. Exploratory surgical 
manipulation reveals fragments of bony trabeculae, hemorrhage, 
and/or potential fragments of collagenous soft tissue. 

Focal Osteoporotic Bone Marrow Defect
Clinical Features
This defect is a rare, reactive, nonneoplastic condition of the jaw, 
primarily affecting the posterior mandibular alveolar ridge and 
is discovered during routine dental examination in middle-aged 
females more than in others. It is often seen in the area of an 
extraction or surgical manipulation. 

Radiographic Features
This defect most likely presents as an ill-defined radiolucency of 
variable dimensions, typically present above the inferior alveolar 
canal, and most often presents with fine lines/trabeculae within 
the radiolucency. 

Histology
Although histology is very typical and diagnostic, showing red 
marrow elements, namely megakaryocytes and nucleated red 
blood cells (RBC), among other elements, histology is required 
for making the accurate diagnosis, especially because radiographic 
presentation may overlap with other odontogenic lesions such as 
Am, CGCG, ABC, as well as metastatic tumors. Further, it should 
be also distinguished from lesions of endodontic origin, and this 
clarification could be achieved tentatively with accurate teeth 
vitality testing and further confirmed with histologic examination. 

ABC
Clinical Features
ABC of the maxillofacial region constitutes approximately 2% of 
all cases involving jaw bones. ABC may be self-limiting or may 
demonstrate an aggressive behavior with a tendency for marked 
expansion and post enucleation and curettage local recurrence43 
(Figs. 5.10 and 5.11). The etiopathogenesis of ABC is controver-
sial and may be attributed to trauma, or nonneoplastic reactive 
malformation, with possible genetic predisposition, namely chro-
mosome translocation t(16;17)(q22;p.13) abnormality.43 

Radiographic Features
Variable presentations may be encountered, ranging from the 
well-demarcated unilocular radiolucency to a more common pre-
sentation as an expansile multilocular radiolucency that may also 
present with a lateral ballooning extension and extrusion from the 
alveolar ridge. 

Histology
ABC demonstrates large blood-filled spaces, lacking true endo-
thelial lining and often showing multinucleated giant cells in the 
vicinity of the blood-filled spaces. 

Central Giant Cell Lesion

Clinical Features
CGCG (Figs. 5.12 and 5.13) is a reactive nonneoplastic entity 
that is somewhat unique to the gnathic–jaw region and tends to 
involve younger individuals, with a mean age of approximately 25 
years old and with predilection for mandibular occurrence.

• Fig. 5.10 Displaying a well-demarcated radiolucency located in the 
interradicular region of the posterior mandibular teeth. Histomorphologi-
cal examination was consistent with aneurysmal bone cyst. (Courtesy Dr. 
Edwin Leung, Portland, OR.)

A

B

• Fig. 5.9 Surgical Ciliated Cyst of the Maxillary Sinus. A, A Panto-
mogram generated from the cone beam computed tomography (CBCT) 
study, depicting a well-demarcated radiolucency detected within the R. 
maxillary sinuses (yellow arrow). B, Histologic examination confirmed the 
diagnosis of surgical ciliated cyst, showing a cystic cavity, lined by respira-
tory type epithelium and inflamed Schneiderian membrane (hematoxylin 
and eosin stain, ×20, inset ×40.)
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A B

• Fig. 5.11 A, Demonstrates a large multilocular radiolucency, occupying the entire mandibular ramus. 
B, Histomorphologic examination demonstrated large blood filled pseudocystic spaces, characteristically 
lacking endothelial lining, diagnostic of aneurysmal bone cyst. (Hematoxylin and eosin stain, original mag-
nification ×20.)

A

B C

• Fig. 5.12 A, A large expansile radiolucency of the anterior mandible in a 14-year-old male. B, Biopsy con-
firmed the diagnosis of recurrent central giant cell granuloma (CGCG), which was previously enucleated 
from the same region several months prior. B, The lesion demonstrated multinucleated osteoclasts type 
giant cells supported by a well vascularized cellular stroma. C, Hemorrhage with abundant hemosiderin 
pigment deposition is also evident (A and B, hematoxylin and eosin stain, original magnification ×40).  
(A, Courtesy Dr. Petrisor, OHSU.)
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Radiographic Features
The most common radiologic presentation of central giant cell 
granuloma is a multilocular radiolucency; however, it may also 
be unilocular or may be also rarely seen in a periapical loca-
tion, which may also constitute a diagnostic and management 
dilemma.45 However, accurate pulpal status evaluation, coupled 
with thorough histomorphologic evaluation, should confidently 

distinguish CGCG and ABC from periapical radiolucencies of 
pulpal origin. 

Histology
Histologically, CGCG shows a highly vascularized collagenous 
stroma that is loaded with monotonous multinucleated osteoclast 
type giant cells observed. Fine-needle aspiration showing blood 
with hemosiderin pigmentation is highly suggestive of the diag-
nosis of ABC or CGCG but most significantly excludes other 
intraosseous true vascular lesions―specifically, high flow heman-
giomas and arteriovenous malformation.46 

Osseous Pathology
Bone pathology often presents with diverse radiographic mani-
festations, which in turn translate to a large list of entities to be 
included in the differential diagnosis with significant overlap in 
clinical and radiographic presentation.

Benign Fibro-osseous Lesions of the 
Maxillofacial and Gnathic Region
Clinical Features
Benign fibro-osseous lesions of the maxillofacial and gnathic 
region (BFOL) is a classic example of such diverse entities. They 
can be separated into one of three categories: (1) fibrous dysplasia 
(FD), which is considered by some to be a developmental type 
with neoplastic potential and by others to be a neoplastic condi-
tion from the very beginning, based on the identification of the 
GNAS gene mutation in these lesions and is characterized by a dif-
fuse, ill-defined expansion of bone in younger individuals during 
adolescent years and constitutes less than 10% of all benign bone 
tumors; (2) ossifying fibroma (also known as cementifying and ossi-
fying fibroma, or CCOF) (Fig. 5.14), which is a benign neoplastic 

• Fig. 5.13 Demonstrating large expansile radiolucency involving the max-
illary sinus and left maxilla with considerable facial expansion. Biopsy 
revealed central giant cell granuloma (CGCG). (Courtesy Dr. Roman Car-
los, Guatemala.)

A B

• Fig. 5.14 A, A periapical radiograph which reveals the presence of an evolving periapical cementoos-
seous dysplasia, seen in association with vital mandibular central incisors. B, A mixed stage of periapical 
cemento-osseous dysplasia, with evidence of radiopacity, evolving at the edges of the radiolucent periapi-
cal lesion. (Courtesy Dr. Ying Wu, OHSU.)
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condition that is unique to the maxillofacial region. CCOF occurs 
in patients who are approximately10 years older than those seen 
with FD. It is also more common in females and also shows prev-
alence toward the posterior mandible; and (3) cemento-osseous 
dysplasias, representing a group of reactive nonneoplastic condi-
tions. The last category, cemento-osseous dysplasia, is of special 
interest here because it is exclusive to the gnathic area and exists 
as focal cemento-osseous dysplasia, florid cemento-osseous dys-
plasia, and periapical cemento-osseous dysplasia, where the latter 
is of special significance because it could be easily confused with 
periapical pathology of endodontic origin.

Radiographic Features
FD typically presents as an ill-defined mixed radiolucent or 
radiolucent/radiopaque lesion which displays a ground-glass 
radiographic pattern which also demonstrates obliteration of 
the periodontal ligament spaces. In comparison, CCOF char-
acteristically shows a well-defined radiolucent or a radiolucent/
radiopaque mass that is also described to be easily shelled-out 
in one piece by the surgeon during its removal. Osseous dys-
plasia, on the other hand, presents initially with well-defined 
radiolucencies of the apical portion of vital mandibular cen-
tral incisors with gradual production of radiopacities at the 
edges of the radiolucencies (Fig. 5.15). Furthermore, it typi-
cally involves the periapical region of vital mandibular central 
incisors and may therefore be mistaken for periapical pathol-
ogy if pulpal vitality testing is not conducted, which leads to 
unnecessary endodontic treatment.38,47-49 One exception to the 
well-demarcated routine presentation of CCOF is observed in 
the “juvenile cementifying-ossifying fibroma” subtype, which 
tends to be less well-demarcated radiographically, more aggres-
sive clinically, and having higher tendency for local recurrence 
and a more cellular osteoblastic rimming with osteoid produc-
tion on microscopic examination, which may be alarming to the 
untrained observer.34,49 

Osteoblastoma
Clinical Features
Osteoblastoma (OB) is another rare benign bone tumor with 
known predilection for the maxillofacial and head and neck 
bones, especially the mandible. 

Radiographic Features
OB may appear either as a well-defined or an ill-defined radio-
lucency, with or without radiopaque pattern, depending on the 
time the lesion is discovered. It may also rarely mimic lesions 
of endodontic origin but confirmation of the vital status of the 
adjacent teeth should easily delineate the lesion from periapical 
pathology.50 

Histology
OB demonstrates osteoid and woven-bone production that also 
typically exhibits well-formed prominent and plump osteoblastic 
rimming, supported by dense well-vascularized fibrocollagenous 
background.51

Although rare, selective malignant entities may also be included 
here, specifically gnathic osteogenic and chondrogenic sarcomas. 

Osteogenic Sarcoma
Clinical Features
Osteogenic sarcoma (OS) of the gnathic region accounts for 7% 
to 13% of all osteosarcomas with equal distribution between the 
maxilla and mandible. The tumor is slightly more commonly seen 
in males during the third and fourth decades of life. A painful 
swelling is typically seen and is often accompanied by paresthesia, 
loosening of teeth, as well as nasal obstruction and epistaxis in 
maxillary tumors. 

Radiographic Features
OS is radiographically characterized by large destructive “moth-
eaten” lytic or opaque lesions, accompanied by widening of the 
periodontal ligaments around the teeth in the involved region and 
a distinct sunray pattern, which is directly attributed to osteo-
blastic activity that is also often observed on the surfaces of these 
tumors. 

Histology
Malignant osteoid, cartilage and/or fibrous tissue, or a combina-
tion of all of the aforementioned tissues may be detected. The 
bone is typically laid down in a lacelike pattern within this tumor. 

Chondrogenic Sarcoma
Significant overlap in the clinical features and radiographic fea-
tures between chondrogenic sarcoma (CS) and OS may be seen; 
however, CS of the maxillofacial and gnathic region is far rarer 
compared with OS. Additionally, pain is more characteristic of 
OS, whereas bone expansion, which may or may not be symptom-
atic, favors chondrosarcoma.

Radiographic Features
To reiterate, overlap in radiographic presentation of OS and CS 
may be seen, where both lesions can demonstrate widening of 
the periodontal ligament (PDL), spiky roots resorption, and lytic 
“moth-eaten” and destructive lesions. Further, chondrosarcoma 
may occasionally present as a multilocular lesion and thus would 
be potentially mistaken for an odontogenic tumor or cyst, or even 
other primary intraosseous pathology. Additionally, both entities 
may also rarely present as radiolucencies in the apical regions and 

• Fig. 5.15 Sagittal computed tomography (CT) scan demonstrating a 
large expansile mixed, radiolucent and radiopaque mass effacing the right 
maxillary sinus. Biopsy demonstrated central cementifying and ossifying 
fibroma. (Courtesy Dr. Patrick Louis, UAB.)
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thus may be also mistaken for periapical pathology. The presence 
of pain may further direct the clinician toward the diagnosis of 
periapical pathology of pulpal origin; however, accurate pulpal 
vitality assessment confirming vitality status of the teeth, coupled 
with histomorphologic examination confirmation of malignan-
cies, can help the clinician reach an accurate diagnosis. 

Histology
Lesions show malignant cartilaginous tissue with variation in 
histomorphology, including mesenchymal chondrosarcoma that 
demonstrates a small round cell tumor component within. 

Ewing’s Sarcoma
Ewing’s sarcoma (ES) is a rare tumor of neuroectodermal origin 
that is considered rare in the head and neck region. Jaw involve-
ment is extremely rare, less than 3% of cases seen involving 
this region; however, mandibular involvement is more com-
mon in comparison with involvement of maxilla. The tumor 
also shows prevalence for children and young adult Caucasian 
males.45,52-54 

Clinical Features
The tumor typically exhibits an aggressive rapidly expanding and 
painful mass with high probability of metastasis, which is often 
discovered at the time of diagnosis. 

Radiographic Features
The tumor exhibits a large destructive lytic lesion with buccal 
and/or lingual cortical erosion. Less commonly, lesions may also 
appear as a multilocular radiolucency and also have a tendency 
to periosteal reaction (onion skinning radiographic pattern). 
Although rare, reports of ES mimicking periapical pathology, 
including odontogenic infections, are also well-documented; 
however, a thorough vitality testing of the teeth coupled with 
representative histomorphologic confirmation should help clini-
cians arrive at the right diagnosis. Additionally, tumors involv-
ing the maxillary sinus and alveolar process may initially present 
with tooth pain and may even devitalize teeth, which results in 
undesirable delay in establishing the accurate diagnosis, as well 
as unnecessary endodontic treatment.45 However, histomor-
phologic confirmation, the confirmation of tooth histology, and 
vitality status may allow clinicians to confidently exclude periapi-
cal pathosis. 45,52-54, 

Histology
ES demonstrates a cellular proliferation of small, round, blue 
cell with a well-demarcated nuclear contour and inconspicuous 
cytoplasm. A brisk mitotic activity and hyperproliferative index 
are often seen. The tumor cells demonstrate positive staining 
with vimentin, and desmin and a distinct membranous staining 
with anti-CD99. Other immunohistochemistry stains may also 
be performed to exclude other small round cell tumors including 
lymphoma. Chromosomal analysis, demonstrating t(11;22) gene 
rearrangement performed by FISH (fluorescence in situ hybrid-
ization) is also considered confirmatory and diagnostic. 

Hematolymphoid Conditions, Malignancies, 
and Related Disorders
The involvement of the head and neck region with metabolic and 
neoplastic hematolymphoid conditions is well established.

Sickle Cell Anemia
Sickle cell anemia (SCA) is the most common inherited hemoglo-
binopathy worldwide, characterized by the production of abnor-
mal hemoglobin (HgS),

Clinical Features
Patients characteristically have anemia, RBC deformity, and 
hemolysis; they also experience pain, including bone pain and 
necrosis, among other complications.

Radiographic Manifestations
SCA typically produces widening of the marrow spaces with 
course trabecular bone pattern, which may also be mistaken for 
periapical pathology, accentuated by the presence of pulpal necro-
sis that arises secondarily in these patients.45,47-54,55-57 Detailed 
medical, social, and family history, as well as thorough laboratory 
and genetic workup, should definitely exclude lesions of endodon-
tic origin. 

Lymphoma
Lymphoma is a malignancy of the immune system cells, which 
could be roughly divided into Hodgkin’s lymphoma, malignancy 
derived from B-cell lineage and non-Hodgkin’s types, and those 
with T-, B-, or plasmablastic cell lineages. Approximately 40% 
of the non-Hodgkin’s lymphomas are encountered in extrano-
dal sites, and of these, approximately 2% to 3% involve the oral 
cavity and the gnathic bones with jaw bones representing the 
most common location of osseous lymphomas in the craniofacial 
skeleton.58-61

Clinical Features
Jaw involvement with this potentially aggressive and even deadly 
malignancy typically presents with marked bone destruction and 
expansion. 

Radiographic Features
The majority of the cases present as large radiolucent lesions with 
significant bone resorption and destruction and are often accom-
panied by cervical lymphadenopathy; however, it may also rarely 
mimic periapical pathology.60,61 

Histology
Although the majority of cases represent large B-cell lymphoma, 
the whole spectrum of hematolymphoid malignancies, includ-
ing those of B-cell, T-cell, and plasmablastic cell lineage, may be 
seen. A diffuse atypical lymphoid infiltrate showing brisk mitotic 
activity and a variable amount of cytoplasm, depending on the 
tumor subtype and phenotype, may be observed. Subclassifying 
lymphomas requires a battery of immunohistochemistry staining 
in addition to other studies such as chromosomal analysis, flow 
cytometry, and others. Thorough vitality teeth testing, coupled 
with histomorphologic confirmation and immunohistochemistry 
staining, would aid in reaching an accurate diagnosis with defini-
tive disease phenotyping. 

Langerhan Cell Disease
Clinical Features
The vast majority of Langerhan cell disease (LCD) patients do 
not exceed 20 years of age, and the disease can be separated, in 
descending-age predilection, into three categories: eosinophilic 
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granuloma (localized bone involvement); Hand–Schüller–Chris-
tian disease, characterized by the triad of exophthalmos, diabetes, 
and bone lesions of LCD; and Letterer–Siwe syndrome, character-
ized by cutaneous involvement with the disease. 

Radiographic Features
Jaw involvement often presents with distinguished radiographic 
manifestations, displaying punched-out radiolucencies in the jaw, 
skull, and other bones, that lack sclerotic borders and may show 
the so-called “teeth floating in air” phenomenon mimicking an 
advanced periodontal disease. 

Histology
LCD is characterized by an admixture of histiocytes that often 
exhibit grooved nuclei, a prominent number of eosinophils, and 
a distinct population of reactive plasma cells in the supporting 
connective tissue background. Positive immune-histochemical 
staining for anti S-100 protein, CD1a/Langerin are considered 
diagnostic and confirmatory of the diagnosis.62 Although rare, 
LCD may also mimic periapical pathosis, and therefore a thor-
ough tooth vitality testing in addition to histologic sampling 
showing features described previously may be required to confirm 
the diagnosis. 

Multiple Myeloma
Multiple myeloma (MM) is an aggressive neoplasm of plasma 
cell origin characterized by proliferation of histologically atypical 
plasma cells that also characteristically display monoclonal plasma 
cell infiltrate.

Clinical Features
The disease is most often seen in adults, with age ranges between 
the sixth and seventh decades of life. It is also characterized by 
bone pain, most likely experienced in the spine, but could be also 
experienced with any bone involved, including the jaws. Addi-
tionally, patients with advanced disease may also suffer from bone 
fractures and repeated episodes of osteomyelitis. 

Radiographic Features
In comparison with LCD, the identification of punched-out 
radiolucencies in the jaw or skull, which also may be accompanied 
by large lytic and destructive lesions of the jaw with a spiky pat-
tern of teeth root resorption in older patients (age range is sixth to 
seventh decades),34,62 is considered diagnostic of MM.63-65 Gen-
erally, plasma cell dyscrasia may present as solitary jaw or sinus 
lesions or disseminated disease, and in the former, monoclonal 
and polyclonal plasma cell infiltrate may be detected. 

Histology
A thorough histomorphologic examination, depicting an atypi-
cal plasma cell infiltrate, coupled with the immunohistochemistry 
assessment for kappa and lambda clonality studies should be con-
firmatory of the diagnosis. Rarely, the lytic lesions of MM may 
also mimic periapical pathosis, which may be further complicated 
by the fact that these lesions have been also found to devitalize 
teeth in long-term disease and which may further delay the diag-
nosis and lead to unnecessary endodontic treatment. However, 
the identification of malignant monoclonal plasma cell popu-
lation in large painful lytic lesions of the jaw, spine, or skull is 
characteristic of MM. Additionally, patients also typically present 
with hypercalcemia and markedly elevated levels of monoclonal 

immunoglobulins (Bence Jones protein) and may also demon-
strate the deposition of amyloid protein in the involved bones. 
The aforementioned features may collectively distinguish MM 
from periapical pathology of endodontic origin.63-65 Despite the 
aggressive therapeutic regimens applied in its management, and 
the fact that up to 60% of patients may experience remission, the 
disease remains incurable, with a guarded prognosis and an overall 
median survival rate ranging from 13 to 31 months, depending on 
the overall underlying health status of the patient.65
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 7.  The mental foramen is typically situated between the first and second 
mandibular molars.

 a.  True
 b.  False
 8.  Nasopalatine duct cyst (NPDC) typically presents as heart-shaped 

radiolucency between the maxillary central incisors.
 a.  True
 b.  False
 9.  Am recapitulates the process of odontogenesis before epithelial/

mesenchymal induction.
 a.  True
 b.  False
 10.  Which of the following is true regarding malignant myeloma (MM)?
 a.  It is a disease of childhood.
 b.  It is histologically characterized by eosinophils and histiocytes.
 c.  Serologically, patients demonstrate high immunoglobulin 

production.
 11.  The majority of jaw lymphomas are of the large B-cell type.
 a.  True
 b.  False
 12.  What is the most common radiographic presentation of sickle cell 

anemia (SCA) in the mandible?
 a.  Widened marrow spaces
 b.  Sunray pattern
 c.  Punched out radiolucencies
 13.  Which of the following does not typically present as a multilocular 

radiolucency?
 a.  Ameloblastoma (Am)
 b.  Odontogenic keratocyst (OKC)
 c.  Traumatic bone cyst
 14.  Which of the following entities proves to be devoid of any content upon 

surgical exploration?
 a.  Traumatic bone cyst (TBC)
 b.  Odontogenic keratocyst (OKC)
 c.  Surgical ciliated cyst
 15.  Of the following entities, which has a well-known familial transmission?
 a.  Ameloblastoma (Am)
 b.  Ameloblastic fibroma (Amf)
 c.  Squamous odontogenic tumor (SOT)
 16.  All of the following are true regarding the radiographic features of 

Langerhan cell histiocytosis except one. Which is the exception?
 a.  Often presents with teeth hanging in air pattern
 b.  Often presents with punched-out radiolucencies
 c.  Often present as multiple radiopaque jaw masses

 • BOX 5.2      Study Questions
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Endodontic Case 
Complexity and Working 
with the Specialist
BRADFORD JOHNSON, HAMID ABEDI, AND  
SHAHROKH SHABAHANG

Introduction
Dentistry is one of the most trusted professions in the United States, 
routinely ranked among the top five in surveys that ask the public to 
rate the honesty and ethical standards of people in different fields.1 
This high level of trust has been earned by generations of dentists who 
have consciously chosen to act in their patients’ best interests. Perhaps 
nowhere else in the practice of endodontics is the responsibility to act 
in the patient’s best interests more relevant than initial evaluation of 
case complexity and deciding whether to treat or refer to a specialist. 
The American Dental Association (ADA) Code of Ethics addresses 
the duty to refer, when indicated, by stating: “The dentist’s primary 
obligations include keeping knowledge and skills current, knowing one’s 
own limitations and when to refer to a specialist or other professional…”.2

Although the definition of standard of care still varies some-
what by location, most states have moved away from a local, 
experience-based standard of care to acceptance of a national, 
evidence-based standard of care.3 The standard of care for end-
odontic therapy is the same for specialists and general dentists; 
therefore, if case difficulty assessment determines that the pro-
cedure is beyond the level of skill and experience of the general 
dentist, referral to an endodontic specialist is indicated.4 This 
chapter provides an overview of specialty training requirements, 
standard of care, communication between general dentists and 
specialists, and a more detailed review of evaluation of case 
complexity. The American Association of Endodontists (AAE) 
Endodontic Case Difficulty Assessment Form (Fig. 6.1) will be 
presented with guidance for clinical use. 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Evaluate the multiple factors that determine case difficulty and 
potential need for referral.

 2.  Identify the indications for referral to an endodontic specialist.
 3.  Explain the major differences in predoctoral training in end-

odontics and advanced specialty training in endodontics.
 4.  Describe differences in quantity and type of endodontic treat-

ment performed by general dentists and endodontists in the 
United States.

 5.  Describe the optimal methods of communication between the 
general dentist and the endodontist.

 6.  Define the standards of care for endodontic treatment.
 7.  Identify the important elements of record keeping with respect 

to endodontic treatment.

C H A P T E R  O U T L I N E
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• Fig. 6.1 A and B, Case difficulty classification by the American Association of Endodontists. (Published 
with permission from the AAE.)
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Advanced Dental Education Programs in 
Endodontics
Endodontics is one of the nine specialties recognized by the ADA. 
Specialty recognition is currently in a state of flux in the United 
States. To reduce potential bias and conflict of interest in the rec-
ognition process, the ADA recently supported the formation of an 
independent specialty recognition body, the National Commis-
sion on Recognition of Dental Specialties. Another independent 
specialty recognition board, the American Board of Dental Spe-
cialties, was also recently formed and recognizes four dental spe-
cialties that are not currently recognized by the ADA. Ultimately, 
it is under the purview of each individual state to determine which 
dental specialties to recognize.

Specialty recognition is separate from the actual accreditation 
of an advanced dental education training program. Advanced den-
tal education programs in endodontics are accredited by the Com-
mission on Dental Accreditation (CODA) and have specific and 
rigorous clinical, didactic, research, and teaching requirements. 
Programs are between 2 and 3 years in length, with a minimum of 
24 months. Completion of a CODA-approved program in end-
odontics is required to announce specialty status in endodontics. 

Communication Between Endodontists and 
General Dentists
According to the most recent ADA summary of dental services in 
2005 to 2006,5 there were 22.3 million endodontic procedures 
carried out, with general dentists performing 68.2% and endo-
dontists accounting for 25.4% (the remainder carried out by other 
specialists). These trends are little changed from the ADA 19996 
study, which reported 75.2% and 20.3%, respectively. Most end-
odontic procedures are performed by general dentists, and for 
optimal patient care it is important to have a good communi-
cation between the generalist and specialist. This partnership is 
essential in helping patients save their teeth.

Communication between general dentists and specialists takes 
place in the context of the referral of urgent or complex cases, dis-
cussion of an optimal treatment plan for a patient, and/or discus-
sion of the latest evidence for a particular procedure or material 
used in endodontic treatment. Many endodontists also endeavor 
to speak at local study clubs or regional meetings to promote infor-
mation on the latest technologies and practices in the field. Most 
interactions occur by printed forms or letters that are given to the 
patient (for subsequent delivery) or sent by mail. Phone communi-
cation is a common and secure means to efficiently exchange ideas 
and information about the patient. Electronic forms of communi-
cation have become very common. However, many popular meth-
ods of electronic communication, such as e-mail, text messages, 
and online portals, are not inherently secure. Some e-mail pro-
grams permit encryption, which must be used for communication 
related to patients. Some practice management software programs 
offer online sites where information can be uploaded and viewed 
in a secure manner. According to the Health Insurance Portability 
and Accountability Act (HIPAA), there are 19 information items 
that constitute protected health information (PHI), which can 
be used to potentially identify a patient. These include the name, 
birth date, contact information, and health record number, among 
other items, and they must be kept secure to comply with the law. 

What Is Expected of a General Practitioner
Woodmansey and colleagues7 found through an online survey of 
40 predoctoral program directors at U.S. and Canadian dental 
schools that the average predoctoral student completed an average 
of 5.9 root canal procedures on live patients, and only 36% of 
the directors felt that their graduates were competent to perform 
molar root canals in private practice. By contrast most postgradu-
ate endodontic programs in the United States run about 2 to 3 
years. Gulabivala and coworkers (2010)8 wrote a position paper 
published by the European Society of Endodontology stating that 
the minimal clinical requirement should be at 60% of the time, 
with a minimal number of 180 clinical cases completed.

Burry (2016)9 looked at a very large database from insurance 
companies for up to 10 years for treatment completed by endo-
dontists and general dentists, and the data indicated that there is 
no statistically significant difference in success and failure for inci-
sors, canines, and premolars at 10 years. For molar teeth, however, 
the results were statistically significant at 10 years, with better out-
comes for teeth in treatments performed by endodontists. This data 
is borne out in private practice as well, with studies showing that 
molars are the teeth most commonly referred to the endodontist.

Clearly this is a challenging gap and therein exists a potential 
opportunity for better relationships between the specialist and 
general dentist.

Abbott and colleagues10 surveyed general dentists to assess their 
perceptions and understand the factors associated with referrals 
to endodontists. A total of 983 general dentists responded; 93% 
agreed that “endodontists are my partners for delivering quality 
dental care.” In that study, the highest percentage of general den-
tists (96%) rated communications in the form of timely follow-up 
reports and images as the best ways to build relationships/part-
nerships, followed by referring the patient back for restorative 
treatment (94%) and patient scheduling accommodation (92%). 
Conversely only 38% mentioned that signs of appreciation, such 
as gifts, were an effective way to build a lasting relationship. This 
study reconfirms the importance of communications.

Explicit written instructions, pertinent findings, treatment 
history, and appropriate radiographs (original or duplicate) are 
mailed or sent via secure e-mail or website link to the endodontist. 
(Asking the patient to hand-carry these materials is discouraged.) 
These instructions should include how the tooth fits into the over-
all treatment plan, including the anticipated restoration. 

What Is Expected of an Endodontist
Lin and colleagues11 looked at the relationship between the endo-
dontists and their referrals. They looked at many different factors 
related to the economics of endodontics and referral base. A total 
of 875 endodontists responded to the survey. In terms of market-
ing, the majority of participants reported providing gifts (77.8%), 
personally visiting general dentist offices (76.0%), having websites 
(66.8%), and organizing social activities (51.9%). Some partici-
pated in local study clubs (39.7%) or had their business in the 
Yellow Pages (29.9%) or on Facebook (19.4%). Seven percent of 
participants reported having mobile app presences. Also, of interest 
here was the fact that the most commonly referred tooth type was 
maxillary molar (60.2%), followed by mandibular molar (38.8%). 
Almost 10% of the referral cases were referred after a procedural 
mishap. Almost 50% of the endodontists had performed some 
form of regenerative procedure.
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Specialists serve both the patient and referring dentist, and 
their responsibilities are to both. They should deliver appro-
priate treatment and communicate with the practitioner and 
the patient. When treatment is complete, the referring dentist 
should receive written confirmation from the endodontist that 
includes a radiograph of the obturation. A note is included 
about how the tooth was treated, anticipated recalls, the prog-
nosis (both short term and long term), and unusual findings or 
circumstances. A suggestion regarding the definitive restoration 
is appropriate. Before and during treatment, the endodontist 
explains to the patient all the important aspects of the procedure 
and the anticipated outcome. After completion of treatment, the 
patient is informed of the prognosis, appropriate follow-up care, 
and any possible additional procedures in the future, as well as 
the need to return to the referring dentist for definitive restora-
tion and continued care.12

Based on these findings, two main points become clear. First, 
there is a disparity in predoctoral dental education, and second, 

the general dentist has great confidence and belief in the part-
nership with the endodontist. As the pendulum shifts back to 
the maintenance of a healthy dentition related to our increased 
awareness of peri-implantitis, the generalist and specialist have 
a great opportunity to work together for the benefit of our 
patients.

Many endodontists are educators at heart, having taught in the 
undergraduate endodontic clinics, and are passionate about their 
craft. One of the best ways to nurture this relationship is through 
education and continuing education (CE) courses to develop 
the deep relationships that would strengthen and solidify these 
bridges and ultimately lead to a better patient experience. Fig. 6.2 
shows the outline of a CE program that has worked well for one of 
the authors. There are many other topics, such as dental trauma, 
regenerative procedures, and cone beam computed tomography 
(CBCT), that are common areas of interest and will help with the 
synergistic relationship that will ultimately lead to better patient 
outcomes. 
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Polished case presentation

Patient considerations
Diagnostic and treatment
considerations
Additional considerations

Radiograph – lamina dura
Tests, vitality, percussion,
periodontal
Arrive at

Pulpal diagnosis
Apical diagnosis

Reassure
Confidence

Chronic vs acute
disease

Ideal Patient Experience
(IPE)

NO PAIN

OPEN AND MEDICATE NO TREATMENT ROOT CANAL TREATMENT

COMMUNICATIONS

CASE DIFFICULTY ASSESSMENT

DIAGNOSTICS
(Every tooth to be restored)

PAIN

• Fig. 6.2 Ideal steps in diagnosis, case difficulty assessment, communication with the patient, and treat-
ment.
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Standard of Care and Endodontic Case 
Documentation
Based on reports by the AAE, approximately 75% of nonsurgi-
cal root canal procedures are performed by general dentists, and 
25% are performed by endodontists (endodontists perform 62% 
of molar root canals and the majority of retreatment root canal 
and endodontic microsurgery procedures).13 Although case selec-
tion plays a significant role in these percentages, it is important to 
recognize that there is one uniform standard of care for providing 
endodontic treatment regardless of whether the procedures are per-
formed by general dentists or endodontists. Case selection is made 
based on proper diagnosis, factors that affect long-term progno-
sis, and complexity of the case being considered. Each practitio-
ner should be fully aware of his or her technical skills and levels of 
knowledge to determine which cases to treat and which to refer. 
The AAE has developed a Case Difficulty Assessment Form (see Fig. 
6.1) that can be used to assist dentists in assessing the level of diffi-
culty when treatment planning a tooth for endodontic procedures.

Once the decision is made to plan an endodontic procedure 
treatment of a tooth, the procedural steps and quality of services 
provided must adhere to the same standards, regardless of who pro-
vides the treatment. These steps include obtaining informed con-
sent based on assessment of patient history, chief complaint, clinical 
and radiographic examination, diagnosis of pulpal and periapical 
status, and clear presentation of the treatment plan, which includes 
prognosis as well as risks, benefits, and alternatives. Accurate record 
keeping is paramount in documenting that the patient has been 
advised of his or her condition and understands the treatment rec-
ommended, including associated risks and costs. Accurate record 
keeping is also important to memorialize the examination proce-
dures that were used, as well as specific materials employed during 
treatment. When performing the procedures, if a general dentist 
encounters challenges that could jeopardize the outcome or create 
procedural accidents, a consultation with a specialist is advisable.

Proper diagnosis and pretreatment assessment of long-term 
prognosis depend on accurate and complete gathering of relevant 
information. Diligent review of the patient’s medical history and 
chief complaint provide an initial impression that can serve as guid-
ance for next steps required to confirm a diagnosis. Even the best 
treatment based on the wrong diagnosis will predispose the clinician 
and patient to frustration and an unfavorable treatment outcome. 
In fact, no treatment is better than rendering the wrong treatment, 
regardless of how inclined the clinician is to perform services to help 
a patient in need. The next steps include employment of proper 
diagnostic tests and obtaining diagnostic radiographs.

The clinical tests currently available simply evaluate the 
response of an individual to a given stimulus. Thus control teeth 
are necessary to understand a normal response for the individual 
patient. For instance, some patients may have extreme sensitiv-
ity to cold with all dentition. Evaluation of a single tooth may 
yield a false impression of an elevated response indicating pulpitis. 
On the other hand, some individuals do not exhibit a response to 
stimulus from any teeth. In this case lack of response to a stimulus 
in the suspected tooth alone may falsely indicate pulpal necrosis. 
Inclusion of control teeth will help establish normal responses to 
pulp testing in unaffected teeth before testing the suspected tooth.

A complete radiographic evaluation requires multiple angu-
lations when using intraoral radiographic images to 3-dimen-
sionally visualize a single tooth with multiple roots, presence of 
severe dilacerations, or multiple canals in a single root. Further, 
more information can be gathered from multiple views. The 

radiographic image must capture the whole root and periapical 
structures, including the entire extent of an apical lesion when 
present. If apices are not clearly visible, additional images are 
required. All images obtained must be kept in the records regard-
less of quality because each angle can provide potentially benefi-
cial information and because records must show all radiographs 
obtained. Bitewing radiographs allow visualization of bone levels 
in relation to existing restorations or caries, as well as visualiza-
tion of the depth of the pulp chamber.14 When challenges are 
encountered visualizing pathologic findings (e.g., incipient peri-
apical lesions) to diagnose fractures or to determine proximity 
of certain anatomic structures, CBCT scans may be indicated.15 
Again, accurate documentation and recording of the preoperative 
test results are required for future reference.

The ultimate long-term prognosis of a tooth may be deter-
mined by other factors, such as periodontal status and restor-
ability of the tooth in question. Measurement of periodontal 
attachment loss is critical in determining the correct diagnosis, 
which will ultimately dictate whether a tooth is likely to respond 
to endodontic treatment. Restorability may often require removal 
of existing restorations and caries to assess fully the remaining 
sound tooth structure. Patients must be informed of these consid-
erations before initiation of treatment. Completion of endodontic 
treatment on an unrestorable tooth is as unethical as extraction of 
a sound tooth.14

Once a definitive diagnosis is made and the patient has con-
sented to begin treatment, endodontic procedures performed 
must adhere to the accepted standard of care. These steps include 
the following:

Proper and profound anesthesia. Although this topic is cov-
ered in detail in Chapter 8, it is important to point out that most 
patients who express anxiety with regard to root canal therapy 
(RCT) have concerns about pain during the procedure. Profound 
anesthesia will provide a more pleasant experience for patient and 
clinician and will allow greater attention to performing the pro-
cedure properly.

Adequate rubber dam isolation. The primary goals of nonsur-
gical root canal treatment are to remove microbial contamination 
and to provide an adequate seal to prevent reinfection of the root 
canal system. To adhere to strict aseptic protocols, proper rubber 
dam isolation is necessary to prevent salivary contamination of the 
field of operation and to prevent aspiration of instruments, irrig-
ants, or other materials. In short, tooth isolation using a rubber 
dam is standard of care and mandatory.16

Proper biomechanical débridement. Biomechanical débride-
ment relies on the use of endodontic files to remove debris and to 
enlarge the canal space, allowing penetration of irrigating solu-
tion. Although canal enlargement should be adequate to allow 
passive insertion of a small-gauge needle, care must be taken not 
to overinstrument the canals at the expense of dentinal walls (no 
less than 1 mm). Proper working length determination early in the 
procedure is essential to minimize occurrences of overextension of 
material or creation of procedural mishaps, such as ledge forma-
tion or strip perforations.13

Use of approved materials. Mechanical instrumentation alone 
does not allow for optimum disinfection of the root canal system, 
and irrigation solutions with antimicrobial activity are required 
during canal débridement. Although sodium hypochlorite in vari-
ous concentrations remains the most popular root canal irrigant, 
many new irrigation solutions have entered the market with vari-
ous properties, including antimicrobial activity and/or smear layer 
removal activity. Because many of these irrigants can cause some 
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degree of irritation to the periapical tissues, care must be taken to 
avoid inadvertent extrusion of the solution beyond the root apex, 
which may occur by locking the needle in the canal space.

Most obturation systems include a solid core used in conjunc-
tion with a sealer. Proper canal instrumentation and competency 
in techniques employed for placement of these materials is essen-
tial to prevent overextension of the materials beyond the root 
apex. Although relatively biocompatible, most root canal filling 
materials can cause irritation because the immune system in the 
periapical tissues may recognize these materials as foreign. Paste 
fillers generally are not recommended because they are more diffi-
cult to control during obturation. Further, paste fillers containing 
paraformaldehyde must be completely avoided.17

Adequate final restoration. After completion of endodontic 
treatment, proper coronal restoration is critical to prevent rein-
fection of the root canal system and protect the tooth. Studies 
have shown that properly instrumented and filled root canals 
can become rapidly contaminated if not properly restored and 
exposure of gutta-percha and sealer to saliva can cause rapid pen-
etration of bacteria.18-20 Provisional restorations placed after the 
completion of endodontic procedures serve as a temporary seal 
and must be planned for replacement with a permanent resto-
ration, preferably within 30 days. Exposure of provisional access 
restorations to saliva can cause recontamination of the root canal 
system within 30 days.21

Proper postoperative care and instructions. Postoperative 
instructions should be provided before and after treatment to help 
patients know what to expect in the ensuing days. These instruc-
tions should be provided in written form because patients often 
forget verbal information. Additionally, adequate perioperative 
medications should be provided as needed. More specific infor-
mation regarding medications will be provided in Chapter 9. 

Case Difficulty Assessment—When to Treat 
and When to Refer
The AAE has developed a form to assist with assessment of case dif-
ficulty and potential need for referral to a specialist, AAE Endodon-
tic Case Difficulty Assessment Form and Guidelines (see Fig. 6.1). The 
form is a free download available at https://www.aae.org/specialty/
wp-content/uploads/sites/2/2019/02/19AAE_CaseDifficultyAssess-
mentForm.pdf The assessment form takes the user through a series of 
questions/conditions in three broad categories: patient considerations, 
diagnostic and treatment considerations, and additional consider-
ations. Each of the three major categories is divided into subcategories.

The guidelines use the classifications titled minimal difficulty, 
moderate difficulty, and high difficulty to assist the practitioner in 
identifying the parameters of case difficulty and making a judgment 
as to whether the case is within his or her level of expertise. At first, 
the process may seem cumbersome. However, repeated usage and 
familiarity reduces risk for both patients and general dentists. This 
process should allow the dentist to provide optimum quality care. 
Referral can happen before, during, and after root canal treatment. 

Patient Considerations

Medical History
Although some general dentists are well-trained in assessment 
and management of medically complex patients, especially clini-
cians who have completed a general practice residency (GPR) or 
Advanced Education in General Dentistry program (AEGD), a spe-
cialist is often better prepared to provide efficient RCT to a medi-
cally compromised patient. Frequently these patients are unable to 
stay in the dental chair for a long procedure, may require manage-
ment under intravenous (IV) sedation or in the operating room, or 
require premedication and close monitoring during treatment. All 
these are factors that can complicate treatment, even if the technical 
aspects of the treatment do not appear to be complicated. 

Anesthesia
Although true allergy to an amide local anesthetic is considered 
rare,22 a patient’s previous experiences with local anesthesia may 
nonetheless require some form of treatment modification. A thor-
ough dental history should identify patients who have had pre-
vious problems with local anesthesia; most commonly reported 
problems are sensitivity to a vasoconstrictor or difficulty achieving 
profound anesthesia. Both of these situations, individually and 
collectively, will elevate the degree of difficulty and can usually be 
determined with a good dental history. 

Patient Disposition
Anxious and uncooperative patients can present treatment chal-
lenges to both general dentists and specialists; however, the spe-
cialist’s additional training and experience can often translate into 
a better patient experience or, at least, the ability to complete a 
procedure in a shorter period of time. Specialty training includes 
strategies for managing challenging patients. 

Gag Reflex and Ability to Open Mouth
Patients with an active gag reflex present difficulties in acquiring 
diagnostic quality radiographs, especially for posterior teeth, as 

 1.  The ADA Code of Ethics position on duty to refer includes which of the 
following:

 a.  Being current on knowledge and skill
 b.  Knowing one’s own limitations
 c.  Recognizing when to refer
 d.  All of the above
 2.  When performing root canal treatment, what is the difference in 

standard of care expected of a general dentist and an endodontist?
 a.  General dentists are held to a higher standard of care than endodontists
 b.  Endodontists are held to a higher standard of care than general dentists
 c.  General dentists and endodontists are held to the same standard of care
 d.  General dentists and endodontists are not held to a state but not 

national standard of care
 3.  How many years of additional training beyond dental school is required 

to become a specialist in endodontics?
 a.  A minimum of 12 months
 b.  A minimum of 22 months
 c.  A minimum of 24 months
 d.  A minimum of 36 months
 4.  To whom does the specialist have the primary responsibility?
 a.  Patient
 b.  Referring dentist
 c.  Patient’s financial guarantor
 d.  No one
 5.  Who performs the majority of root canal procedures in the U.S.?
 a.  Endodontists
 b.  General dentists
 c.  Oral surgeons
 d.  Dental students

Study Questions
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well as treatment. Alternatives such as a panoramic radiograph 
and/or CBCT imaging can often provide valuable additional 
information but should not be routinely used as a substitute for a 
high-quality periapical radiograph. Many patients with an active 
gag reflex often respond well to placement of a dental dam because 
the soft palate is then protected from stimulation, whereas other 
patients become claustrophobic and are not able to tolerate a den-
tal dam. Oral anxiolytics or nitrous oxide/oxygen are sometimes 
useful, and there is a small subset of patients who will require 
general anesthesia for RCT. Because a dental dam is considered 
the standard of care for RCT, if it is not possible to place a dental 
dam, the patient is not a candidate for RCT.

Limited opening due to a variety of reasons can elevate the 
degree of difficulty from minimal to high. 

Emergency Condition
Patients presenting in severe pain and/or with significant swelling 
require a high level of skill and experience to manage (Fig. 6.3). 
Profound anesthesia is often difficult to obtain in the presence of 
infection and for teeth with a diagnosis of symptomatic irrevers-
ible pulpitis, especially mandibular posterior teeth. 

Diagnostic and Treatment Considerations

Diagnosis
Appropriate treatment follows accurate diagnosis. Diagnostic 
difficulties include confusing test results, nonspecific or unusual 
patterns of pain from periradicular lesions of nonpulpal origin, 
endodontic or periodontal lesions, and resorption.

As noted in Chapter 4 the practitioner should be able to use 
the patient’s signs and symptoms, the clinical and radiographic 
findings, and the results of clinical tests to establish a pulpal and 
periapical diagnosis and make treatment decisions accordingly. 
Applying these principles should allow the general practitioner 
to make an accurate diagnosis in most cases (Fig. 6.4). However, 
there are many cases in which the application of these basic prin-
ciples is not sufficient, and the practitioner would need the exper-
tise of a specialist to recognize and manage less common patient 
presentations or clinical conditions. These complex cases include 
situations in which diagnostic tests provide conflicting results 
or results that do not match the radiographic and clinical find-
ings, traumatic injuries to teeth and their sequelae, diagnosis of 
symptomatic cases that were previously treated endodontically  
(Fig. 6.5), and/or orofacial pain or radiolucencies of nonendodon-
tic origin that mimic endodontic pathosis. 

Radiographic Difficulties
Radiographs are important tools for proper diagnosis and treat-
ment planning. In cases in which obtaining and interpreting 
radiographs are difficult, the patient should be referred to an endo-
dontist. This circumstance occurs with patients who have muscle 
trismus, have received radiation therapy to the orofacial muscu-
lature, have severe gagging issues, and/or have a small oral cavity. 

Position in the Arch
Many dentists perform root canal treatment based on the location 
of the tooth in the arch. However, many other factors in addition 
to the location of the tooth in the arch make root canal treatment 
difficult. Depending on these factors, performing a root canal in 
a second molar in one patient may be easier than performing the 
procedure on a premolar in another patient. 

• Fig. 6.3 A 17-year-old male presented on an emergency basis complain-
ing of pain and swelling of the upper lip. The diagnosis was pulp necrosis 
with acute apical abscess and cellulitis. Obtaining profound local anesthe-
sia in situations like this can be very difficult and painful for the patient due 
to the diffuse tissue edema.

BA

• Fig. 6.4 An Example of Simple Diagnosis. Tooth #30 had caries and was not responsive to pulp test-
ing. A, The dentist excavated the restoration and placed a temporary restoration because “the tooth did 
not have a pulp exposure.” B, Three months later, a periapical lesion had developed. Endodontic treatment 
should have been initiated at the time of diagnosis for pulp necrosis.
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Tooth Isolation
Because of severe caries or crown fractures, a tooth may be too dif-
ficult to isolate or to restore; extraction may be the best alternative. 
In some instances, crown lengthening may be necessary to create 
biologic width before performing root canal treatment. Referral to 
a specialist for this type of treatment should be considered if such 
a problem exists (Fig. 6.6). 

Crown Morphology
A number of anatomic factors should be considered in the treat-
ment planning for a tooth intended for RCT. Many teeth that 
require root canal treatment have cast restorations. The restora-
tion anatomy usually does not correspond to the original crown 
anatomy, and the pulp chamber can be difficult to locate. When 
a tooth that requires root canal treatment is part of a bridge, the 
angulation of the restoration to the original crown (Fig. 6.7), and 

its location in the arch must be examined carefully before an access 
preparation is made. These considerations are particularly impor-
tant in maxillary first premolars, lateral incisors, and mandibu-
lar incisors. These teeth are narrow and prone to crown or root 
perforations during access cavity preparations. Access through 
gold is easier than access through nonprecious metals. Porcelain 
crowns are fragile and can break during access preparation. Newer 
zirconia-type crowns are very hard and often require special burs 
for access. When the pulp chamber and orifices to the root canals 
are not visible in the preoperative radiographs, referral to an endo-
dontist should be considered (Fig. 6.8). 

Canal and Root Morphology
Several situations may limit access to the tooth in question, mak-
ing it difficult to render routine treatment. These cases include 
limited mouth opening (particularly for the treatment of molars), 
tooth crowding, severe tilting or rotation, subgingival carious 
lesions necessitating crown lengthening or other procedures to 
ensure good isolation, and molars with very long working lengths. 
In the latter case, although the tooth may be accessible for routine 
restorative work, the use of long instruments to instrument the 
canals presents a challenge (Fig. 6.9).

There are a number of anatomic variations that may necessitate 
referral to an endodontist. These include teeth with an immature 
apex, teeth with severe canal curvature (Fig. 6.10, A and B), or 
teeth with a very calcified canal space. The general dentist should 
always be aware of the common anatomic variations of teeth and 
should rely on consultation or referral if he or she suspects addi-
tional canals that cannot be located, if the anatomic variation is 
unusual, or if the disease process persists despite treatment. Exam-
ples of circumstances in which the anatomic variations may render 
a case difficult to manage by the general dentist include mandibu-
lar premolars with more than one canal; maxillary premolars with 
more than two canals; radix entomolaris (extra roots in the man-
dibular molars); C-shaped canals (Fig. 6.11); dens invaginatus and 
evaginatus; fused and geminated teeth; teeth with palatal groove 
defects; and teeth with lateral or J-shaped lesions (which may have 
unusual canal branching). 

• Fig. 6.5 An Example of Complex Diagnosis. The patient had a chronic, 
dull ache in the mandibular left quadrant. Endodontic treatment had been 
completed 2 years earlier by an endodontist, and the lesion appeared to 
be resolving. The chief complaint could not be reproduced, and the radio-
graphic pattern of the bone suggested a possibility of bone pathosis. The 
case was diagnosed by an oral and maxillofacial surgeon as chronic scle-
rosing osteomyelitis.

• Fig. 6.6 In addition to the position of tooth #18 in the arch, this tooth 
will be challenging to isolate if retreatment root canal therapy (RCT) is indi-
cated and has questionable restorability.

• Fig. 6.7 This maxillary right second molar presents many challenges for 
endodontic therapy. It is mesially inclined about 45 degrees, has a full 
occlusal coverage restoration (abutment for a long-span fixed prosthesis), 
and moderately calcified canals. The degree of difficulty is high and would 
be even higher if the patient had limited ability to open.
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Radiographic Appearance of Canal(s)
As a tooth ages, its pulp chamber and root canals calcify. Pulp 
chamber and root canal sizes, the presence of pulp stones, and 
the extent of calcifications in the root canal system must be con-
sidered before a decision is made regarding root canal treatment 
(Fig. 6.12). Management of these teeth is always challenging and 
typically requires use of a dental operating microscope and often 
CBCT imaging. 

Resorption
Apical root resorption, common in necrotic teeth with long-
standing apical periodontitis, requires careful determination and 
control of proper working length to help prevent overextension 
of root filling materials. Internal and external resorption (invasive 

cervical resorption) are two separate conditions, and both require 
a high level of diagnostic and treatment skill (Figs. 6.13, A and B). 

Additional Considerations
Many of the cases that fall into the categories of traumatic inju-
ries, retreatments, and surgeries are further described in the cor-
responding chapters (Chapters 11, 19, and 20, respectively); a 
general description of the interaction of the general dentist and 
the specialist is given here. Many cases of traumatic injuries are 
first seen by the patient’s general dentist. The general dentist has 
an obligation to manage the emergency condition and triage 
the patient appropriately. The latest guidelines for management 
of traumatic injuries should be readily available and frequently 
reviewed. Diagnosis should include the pulpal and periapical 

A

B

C

A B

• Fig. 6.8 A, Periapical radiolucency (A) and mesial radiolucency in the apical third (B). The canals are 
calcified, the root is narrow, and there is a hint of a significant mesial concavity in the coronal third (C). The 
tooth is also crowned, thereby increasing access complexity. This case is considered a high risk. B, Post-
operatively, the mesial radiolucency resulted from the buccal root exiting several millimeters shorter than 
the palatal root with a significant distal curvature. The practitioner must manage unexpected complications 
should problems arise during treatment.

• Fig. 6.9 Maxillary left second molar with working lengths that ranged from 26 to 28 mm.
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conditions of all the teeth in the area of trauma after the neces-
sary examination and clinical testing has been performed. Man-
agement includes first aid for soft tissue injuries, repositioning 
of luxated teeth, and/or restoration of fractured teeth. The spe-
cialist should be involved in the diagnosis and management of 

extensive injuries and complications, including luxations, frac-
ture of the alveolar bone and obvious pulpal involvement, root 
fractures, root resorptions, teeth with immature apices, patients 
with behavioral or complex medical problems, and late compli-
cations of trauma.

The general dentist plays an important role as the gatekeeper 
of the patient’s oral health in recognizing and referring cases 
with failure of previous endodontic treatment (Fig. 6.14, A and 
B) Many of these cases are asymptomatic; therefore recognizing 
them requires adequate clinical and radiographic examination 
of the patient (Fig. 6.15, A and B). The general dentist should 
be aware of the treatment procedures that are within the scope 
of endodontic practice and educate the patient accordingly. It 
is important that the general dentist present the patient with 
all the available treatment options before recommending that 
a tooth be extracted and replaced by an implant or prosthe-
sis. There are many cases in which the general dentist recog-
nizes that additional expertise in determining the prognosis 
and treatment options is needed and that consultation with 
an endodontist is warranted. In retrospect, many of the cases 
that are surgically or nonsurgically retreated by an endodon-
tist should have been referred to the endodontist for primary 
treatment (Fig. 6.16). The prudent general dentist recognizes 
a case that is likely to be too complex and refers appropriately, 
rather than risk the development of treatment problems. There 
are many cases in which treatment appears to be routine, yet 
problems are encountered; referral to an endodontist can help 
ensure a good outcome. 

Referral During Treatment
The timing and discussion of referral with the patient are impor-
tant during treatment planning. It is poor practice to initiate 
 treatment with the sense that problems will be encountered and 
that a referral will be made then. An initial referral prevents poten-
tial procedural accidents and improves the prognosis of difficult 
cases. Midtreatment referral may also result in misunderstand-
ing and loss of confidence by the patient. Another issue is finan-
cial problems that may arise during midtreatment referrals. The 

A

B

• Fig. 6.10 A, This mandibular right second molar exhibited extreme root 
curvatures and presented access and isolation difficulties (Case courtesy 
Dr. Steve Weeks). B, Immediate postoperative radiograph of maxillary left 
second premolar demonstrating “S” curvature.

• Fig. 6.11 Mandibular right second molar with suspected S-shaped canal 
space. The location in the arch, moderate mesial inclination, and pres-
ence of full occlusal coverage restoration would add to the complexity of 
treatment.

• Fig. 6.12 Pulp chamber and root canals show calcific metamorphosis. 
This situation is rated as an extreme risk.
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endodontist is entitled to a full fee, and the patient should not be 
responsible for two fees for one tooth.

Despite all precautions and considerations, unanticipated 
problems may arise during treatments that require referral. 
A full explanation to the patient and a call to the endodon-
tist are the necessary elements to prevent future problems. 
Reasons for referral during treatment include flare-ups (pain 
and/or swelling), procedural accidents, inability to achieve 
adequate anesthesia, and other factors that hinder completion 
of RCT.

Flare-ups
Usually most pain or swelling occurs before initial treatment. 
After emergency treatments, pain usually decreases significantly 
in most patients within 24 to 48 hours. Flare-ups are not com-
mon during root canal treatments.23 However, some patients 
develop pain and/or swelling after initiation of root canal treat-
ment. The general dentist may elect to treat such flare-ups with 
appropriate local procedures and systemic medications. If these 
measures prove inadequate, referral to an endodontist is in 
order. 

Procedural Accidents
Procedural accidents during root canal treatment include ledge 
formation, creation of an artificial canal, root perforations, sepa-
rated instruments, hypochlorite accidents, and underfilling and 
overfilling. (The causes, prevention, and prognosis of these mis-
haps are discussed in detail in Chapter 18) Consultation with 
an endodontist is advisable to handle these accidents nonsurgi-
cally or, in some cases, surgically (properly and expediently) with 

appropriate follow-up. Treatment approaches and long-term 
assessment of these cases are usually beyond the expertise of a 
general dentist. 

Referral After Treatment
Persistent problems, such as pain, pathosis, and sinus tract after 
root canal treatment may indicate root canal failure and the need 
for further evaluation and treatment.

Pain
If pain and/or swelling persist or develop after treatment, the 
patient should be referred, or an endodontist should be consulted. 
These symptoms may be related to lack of débridement, inade-
quate obturation, missed canals, root fractures, or other causes. 
Surgical and/or nonsurgical retreatment procedures or extraction 
might be in order. 

Persistent Pathosis
Persistent periapical lesions or the development of new lesions after 
root canal treatment is indicative of root canal failure. Surgical and/or 
nonsurgical retreatment procedures are needed to resolve the problem. 

Sinus Tract
When a periodontal defect of pulpal origin or a sinus tract does 
not resolve after treatment, the patient should be referred to an 
endodontist. The presence of a new defect or sinus tract indicates 
treatment failure, and the patient must be referred for consulta-
tion or treatment by an endodontist. 

A

B

• Fig. 6.13 A, Large internal resorptive lesion observed in the distal root of the mandibular right second 
molar. B, Extensive invasive cervical resorption in maxillary left central incisor as seen in three angled 
radiographs. Cone beam computed tomography (CBCT) would be very useful to determine the extent of 
this lesion and develop a treatment plan.
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A

B

• Fig. 6.14 These are examples of previously treated teeth that present a 
high level of difficulty. (A) is a previously treated mandibular right first molar 
with carrier-based filling material; (B) has a post in the distal canal. This 
tooth could be managed either with nonsurgical retreatment or endodontic 
microsurgery, and both options could lead to a predictable outcome when 
managed by a specialist.

 6.  Which of the following is a potential indication for referral to a 
specialist?

 a.  A patient’s report of difficulty with local anesthesia during previous 
dental procedures

 b.  Severely calcified canal
 c.  Challenges posed by location of a tooth in the arch
 d.  Teeth with incomplete root development
 e.  All of the above
 7.  Which of the following is the proper method of tooth isolation 

for endodontic therapy in patients with a severe gag reflex or 
claustrophobia?

 a.  Cotton role and gauze
 b.  Rubber dam
 c.  Use of high-volume suction and mirror
 d.  None of the above
 8.  The general dentist plays an important role in which of the following?
 a.  Management of traumatic injuries
 b.  Identifying failure of previous endodontic therapy
 c.  Identifying complex cases, which may require referral to the 

appropriate specialist
 d.  All of the above
 9.  What is the definition of a flare-up?
 a.  Patient is upset about cost of treatment
 b.  Pain to cold and heat
 c.  A cracked tooth
 d.  Pain and swelling after initiation of root canal therapy
 10.  Procedure accidents include all of the following except:
 a.  Instrument separation during root canal therapy
 b.  Perforation during access preparation
 c.  Root fracture due to traumatic injury
 d.  Hypochlorite accident

Study Questions

A N S W E R S

Answer Box 6
 1  One of dentist’s primary obligations is knowing his or her own limitations 

and when to refer to a specialist.
 2  No difference
 3  2 or 3 years (minimum 24 months)
 4  False. Specialists serve both the patient and the referring dentist.
 5  False. General dentists perform approximately 75% of root canal proce-

dures, although endodontists perform 62% of molar RCT.
 6  True
 7   False. Use of a dental dam is the standard of care for root canal treat-

ment, primarily to protect the patient from aspiration or ingestion of 
endodontic instruments and also to maintain proper asepsis. Inability to 
place a dental dam is an absolute contraindication to performing root 
canal treatment.

 8  False
 9  True
 10   False. There are many other factors in addition to the location of the 

tooth in the arch that make root canal treatment difficult.

Summary
Sometimes the most important treatment planning decision made by 
a general dentist is deciding when not to treat. Midtreatment referral 
to an endodontist to help manage a treatment complication creates 
unnecessary stress for all involved and can damage the patient–den-
tist relationship. A good endodontist will never disparage the work 
of a general dentist; however, most patients can sense when a general 
dentist has started treatment that might have been better managed 
by an initial referral to a specialist. Part of an endodontist’s skill set 
is managing treatment complications, but every endodontist will tell 
you they would rather be the first clinician to initiate treatment on a 
difficult case rather than attempt corrective action.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


115CHAPTER 6 Endodontic Case Complexity and Working with the Specialist

A B

• Fig. 6.15 This asymptomatic previously treated maxillary right first molar was referred to an endodontist 
to evaluate for possible retreatment or endodontic microsurgery before proceeding with a new crown. The 
standard two-dimensional image (A) was of limited value. However, cone beam computed tomography 
(CBCT) of the tooth demonstrated clear evidence of periapical pathosis and sinus mucositis secondary to 
persistent endodontic disease.

B

C D

A

• Fig. 6.16 Patient presented to the general dentist for root canal treatment of tooth #3. The tooth has 
severe curvature of mesial buccal (MB) root. The dentist performed root canal treatment and a crown for 
the tooth. A, Three months later, the patient was referred to the endodontist with continued pain. The 
straight radiograph shows that the MB canal could not be negotiated to length and had a possible perfo-
ration. There was blockage apically in the palatal (P) and distal buccal canals. The palatal root has a small 
radiolucency. B, Distal shift showing the perforation on the MB canal and the lesion related to this root. The 
root apex had apical root resorption. C, Retreatment was successful in negotiating the MB and P canals. 
Sealed the perforation with mineral trioxide aggregate (MTA). D, Six months follow-up showing healing of 
the lesions and absence of signs and symptoms of disease.
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7
Endodontic 
Armamentarium
ADHAM A. AZIM AND PHILIP MICHAELSON

Introduction
The goals of nonsurgical root canal therapy (RCT) are to chemo-
mechanically débride, disinfect, and shape the root canal spaces, 
followed by adequately sealing all portals of entry and exit.1,2 To 
achieve these goals, multitudes of solutions and dental instru-
ments have been specially designed and used. Historically, varied 
attempts at endodontic treatments have been documented since 
ancient times. In 1728 Pierre Fauchard wrote The Surgeon Dentist, 
which described the dental pulp space and the procedure to access 
this space to relieve abscess formation. Fauchard recommended 
leaving the access to the pulp space open for months and then fill-
ing the opening with lead foil. Advancing on this concept, Robert 
Woofendale in 1766 was credited with the first endodontic proce-
dure in the United States. He would cauterize the dental pulp with 
a hot instrument and place cotton in the root canals. From this 
idea, the concept of pulp extirpation took hold. In 1838 Edwin 
Maynard fabricated the first endodontic instrument. He ground a 
watch spring into a broach, which he would then use to extirpate 

the dental pulp. Over the next several decades, endodontic instru-
ments continued to evolve into the instruments and materials we 
use today. Over the past two decades, the endodontic armamen-
tarium has undergone major renovations in nonsurgical and surgi-
cal treatment that have allowed endodontic treatment to become 
more successful.

This chapter provides an overview of basic and advanced 
 endodontic armamentarium and describes their use in the  clinical 
setting. Proper knowledge of the various instruments, materials, 
and equipment, together with their design, composition, and 
function, is critical to provide patients with proper diagnosis and 
treatment options. The field of endodontics is constantly evolving 
with improved armamentarium to assist clinicians with diagno-
sis and treatment. Clinicians should always consider using newer 
instruments, materials, and equipment to provide the best pos-
sible treatment for their patients. It will not be possible to include 
all armamentarium used in every endodontic procedure in this 
chapter. However, the most widely used instruments and materials 
will be covered in detail. 

L E A R N I N G  O B J E C T I V E S
At the end of this chapter, the student should be able to:

 1.  Define the basic set of armamentarium appropriate for diagno-
sis, emergency treatment, canal preparation, obturation, and 
endodontic surgery.

 2.  Describe the general characteristics of endodontic armamen-
tarium and show how these characteristics are related to their 
use.

 3.  Describe the importance of using magnification for proper 
endodontic treatment.

 4.  Present the advantages of three-dimensional (3D) versus two-
dimensional (2D) radiographic imaging.

 5.  Explain the basis for sizing and taper of hand and rotary instru-
ments.

 6.  Describe the basic design of the more common canal prepara-
tion instruments and their mode of use.

 7.  Describe the various adjunct tools needed to achieve adequate 
disinfection.

 8.  Identify the various temporary restorative materials used after 
endodontic treatment.

 9.  Describe the various adjunct tools used during endodontic 
surgery.

C H A P T E R  O U T L I N E
Introduction, 117

Examination and Diagnosis, 118

Magnification, 119

Isolation, 119

Nonsurgical Root Canal Treatment, 120

Instrumentation Armamentarium, 121

Coronal Seal, 129

Surgical Armamentarium, 130
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Examination and Diagnosis

Clinical Examination
The primary aim during endodontic diagnosis is to determine the 
vitality of the pulp and the status of the supporting periodontal 
structure. For that, clinicians use a basic examination kit, which is 
very similar to instruments used for restorative dentistry. It is com-
posed of a mouth mirror, Shepherd’s hook explorer, periodontal 
probe, and cotton pliers (Fig. 7.1). The vitality of the dental pulp 
is routinely examined using sensibility tests that aim to stimulate 
the pulp through temperature (cold or hot) or electric stimulation 

(Figs. 7.2 and 7.3). The supporting periapical tissues can be exam-
ined with the back of the mirror (percussion), the index finger 
(palpation), and the periodontal probe. Other instruments can be 
used to determine the presence or absence of a coronal crack or a 
root fracture, such as a “Tooth Slooth,” a transilluminator, methy-
lene blue, or caries detection dye. 

Radiographic Examination
Radiographic examination is the key diagnostic tool used to eval-
uate the periapex. Different types of radiographs can be used for 
 endodontic diagnosis. Two-dimensional (2D) intraoral radiographs, 
periapical and bitewing, are used to evaluate the teeth, their sup-
porting structures, and any existing restorations. Three-dimensional 
(3D) radiographs and cone beam computed tomography (CBCT) 
have become routinely used in endodontic diagnosis due to their 
ability to provide 3D images of the area of interest. In 2017 a sur-
vey sent to members of the American Association of Endodontists 
(AAE) showed that almost 50% of the endodontists in the United 
States have a CBCT machine in their offices.3 CBCT use among 
endodontists is increasing because it can further assist clinicians in 
proper diagnosis and treatment planning.4-8 Rodriguez et al.7 inves-
tigated the influence of CBCT imaging on clinical decision-making 
choices of different specialists among cases with different levels of 
difficulty. The results showed that examiners altered their treatment 
plan after viewing the CBCT scan in 27.3% of the cases and up 
to 52.9% in high-difficulty-level cases. Although periapical radio-
graphs are still used as the standard radiographic technique for end-
odontic diagnosis and treatment, there are several clinical situations 
in which 2D radiographs may not be able to properly assess the 
clinical condition. Periapical lesions have to reach a certain size and 
erode the inner cortical plates of the jaws to be visible on a periapical 
radiograph.9,10 In addition, 2D radiographs have significant limita-
tions in the detection, assessment, and treatment planning of exter-
nal cervical root resorption compared with CBCT imaging.6 In a 
joint statement by the AAE and the American Association of Oral 
and Maxillofacial Radiology (AAOMR),11 they outlined several cir-
cumstances in which CBCT can be very useful for better clinical 
examination (see Chapter 3). These conditions include cases with 
external and internal resorptive defects, trauma and fracture cases, 
presurgical treatment planning, and vertical root fracture cases. In 
addition, they recommend using CBCT to evaluate the nonhealing 

• Fig. 7.1 Examination kit containing a mouth mirror, periodontal probe, 
dental probe, and cotton pliers.

• Fig. 7.2 EndoIce used for cold testing.

• Fig. 7.3 Electric pulp testing used to determine pulp vitality.
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of previous endodontic treatment, in intra-appointment identifica-
tion and localization of calcified canals, for initial treatments with 
potential existence of extra canals and suspected complex morphol-
ogy, and for the diagnosis of patients who present with contradic-
tory or nonspecific clinical signs and symptoms associated with 
untreated or previously endodontically treated teeth. It should be 
noted, however, that the accuracy of CBCT relies to a great extent 
on the specifications and settings of the equipment used (field of 
view, voxel size, and artifact correction). Additionally, some lesions 
may not be accurately detected if they are smaller than 1.4 mm in 
diameter.5 

Magnification
The dental operating microscope (DOM) is considered standard 
equipment in the endodontic office. Before the early 1990s, den-
tal loops were used for magnification. The loops were limiting in 
two ways: first, only low-level magnification was possible; second, 
because the practitioner had to wear the loops, neck strain and 
postural problems often resulted. A web-based survey sent to 
AAE members in 200712 showed that 90% of endodontists were 
using a DOM during treatment in comparison with only 52% in 
1999. The clinician can better visualize the root canal anatomy 
as a result of the magnification and illumination provided by the 
DOM. Khalighinejad et  al. showed that maxillary first molars 
with nonhealed RCT in which DOM was not used were signifi-
cantly more likely to have a missed MB2 canal in the affected MB 
root. This study indirectly shows the value of using the DOM 
on the outcome of nonsurgical root canal treatment, at least in 
this situation.13 Other studies also showed that practitioners were 
better able to locate and negotiate canals when the DOM was 
used.14,15 Although dental loops can be used during endodontic 
treatment, the DOM offers multiple advantages: a wider field of 
view, improved illumination, and less physical strain on the prac-
titioner. DOM is also among the instruments and materials that 
have significantly improved the treatment outcome of endodontic 

surgery.16,17 In addition to allowing excellent visualization, it is 
a great tool for documentation as well. Clinicians can easily take 
images and videos of the various procedures and use them for bet-
ter patient communication and education (Fig. 7.4) (Video 7.1). 

Isolation
In 1862 Dr. Sanford Barnum developed the rubber dam to allow a 
saliva-free field in the mouth. Later, Dr. G. A. Bowman improved 
the rubber dam by inventing the rubber dam clamp, which 
allowed the stabilization of the rubber dam to a tooth. The rub-
ber dam is intended to isolate the tooth/teeth to be treated from 
the oral cavity to ensure no microbial contamination. In addition, 
it offers other kinds of benefits, such as enhancing visualization, 
providing a clean operative field, and preventing ingestion or aspi-
ration of any instrument, material, or irrigant during treatment. 
The 2010 AAE Position Statement on Dental Dams indicated that 
“tooth isolation using the dental dam is ... integral and essential 
for any nonsurgical endodontic treatment.” It is also considered 
the standard of care in today’s practice.

An isolation kit is composed of (1) clamps that clasp the tooth 
and are available in different shapes and sizes, depending on the 
tooth to be isolated (Fig. 7.5); (2) rubber dam sheet, a physical bar-
rier to isolate the tooth from the oral cavity; (3) rubber dam hole 
punch used to create a hole in the rubber dam sheet that allows for 
placement of the rubber dam clamp; and (4) a rubber dam frame 
used to hold the rubber dam sheet in place (Fig. 7.6). In some 
clinical cases, rubber dam placement alone may not sufficiently 
allow adequate isolation of the tooth before initiating treatment. 
Supplementary material such as OraSeal or OpalDam (Ultradent 
Products, Inc., South Jordan, Utah, USA) may be applied around 
the tooth/clamp junction to enhance tooth isolation (Fig. 7.7). In 
clinical cases in which an extensive amount of tooth structure is 
lost, restoration of the tooth to allow for proper isolation is rec-
ommended. This restoration can be achieved using glass ionomer 
or composite restorative materials (Fig. 7.8). If placing a clamp 

• Fig. 7.4 Illustration of the use of the dental operating microscope to detect cracks within the crown and 
root. (Courtesy Dr. Hajar Albanian.)
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on the tooth might result in damage of an existing restoration, a 
dental dam stabilizing cord, such as Wedjets (Coltene/Whaledent 
GmbH), can be used to stabilize the rubber dam in place without 
the use of a clamp (Fig. 7.9). 

Nonsurgical Root Canal Treatment

Nonsurgical Cassette
The nonsurgical treatment cassette includes all the instruments 
that are needed during RCT (Fig. 7.10). The cassette contains 
the instruments used in diagnosis in addition to other proce-
dure-specific instruments, such as (1) local anesthesia syringe; 
(2) endodontic explorer (DG 16), an instrument that aids in the 
identification of root canal orifices; (3) a ruler used to measure the 
instruments for length control during the root canal procedure 

(Fig. 7.11); (4) endodontic spreaders, used for lateral condensa-
tion of gutta-percha; and (5) endodontic pluggers, used for  vertical 
gutta-percha condensation during obturation. Endodontic spread-
ers and pluggers come in different sizes as well as both finger and 
handle design (Figs. 7.11 and 7.12). Finally, the cassette includes 
a metal or plastic instrument that is used to place the temporary 
filling into the pulp chamber. 

Length Determination
To ensure proper length control during root canal treatment, 
electronic apex locators (EAL) have been used to determine the 
position of the apical foramen and/or constriction and thus the 
apical extent for root canal instrumentations. The first EAL was 
introduced in 1962 by Sunada.18 Since their development, EAL 
have evolved to improve their accuracy and reliability in the 

• Fig. 7.5 Different types of clamps that can be used for rubber dam isolation, depending on the tooth 
morphology.

• Fig. 7.6 Rubber dam kit composed of (from left to right) clamp holder, rubber dam punch, rubber dam 
frame (white), and rubber dam sheet.
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various clinical conditions. Currently, EAL are consistently used 
by endodontists and widely used by general dentists.19 EAL have 
been shown to be more accurate than standard 2D radiographs 
in working length determination.20 When use of EAL is com-
bined with a radiograph, clinicians can reduce the risk of over- or 
underinstrumentation during root canal treatment,21 and thereby 
achieve more predictable results.22,23 

Instrumentation Armamentarium

Endodontic Access
The endodontic access is the opening in the crown of the tooth that 
allows for localization of the root canal space. Classically, the outline 
form for the access has been governed by G. V. Black’s principles of 
cavity preparation. However, the access for each tooth should be 
directed by the anatomy of both the pulp chamber and the curva-
ture of the root. Existing restorations and decay can alter the outline 
form of the access. Due to the implementation of the DOM, mod-
ern endodontic accesses can be smaller and more precise in their 
location on the crown of the tooth. The access is prepared using a 
high-speed handpiece and burs with water coolant. The selection 
of burs for access depends on the material(s) in the crown of the 

tooth. Ceramic restorations and porcelain are best approached using 
diamonds burs. Carbide burs are acceptable for metal (amalgam, 
gold, crown undercasting) and composite restoration.24 The typical 
armamentarium consists of sizes 2, 4, and 6 round diamond burs 
and size 4 round carbide or #1157 carbide burs. After achieving 
access to the pulp chamber, safe end burs (Endo Z) can be used to 
avoid any unnecessary damage to the floor of the pulp chamber.

Additional instruments are sometimes required to localize the 
root canal orifices/canals (Fig. 7.13). Root canal localization can 
be complicated by calcification in the form of pulp stones and dys-
trophic calcification of the root canal space. To remove these calci-
fied structures, Munce burs, Mueller burs, or Swiss LN burs can 
be used. They are long shanked rotary burs that can be used for 
precise troughing to expose root canal orifices. These burs come 
in different sizes to facilitate drilling at different levels without the 
root canal space and are used without water coolant, which can 
generate a significant amount of debris. Specialized endodontic 
ultrasonic tips can also be used for root canal localization. The 
advantages of ultrasonic tips are that they can be used very pre-
cisely and, if desired, used with water irrigation. Irrigants, dyes, 
and light can also help in root canal localization. A drop of sodium 
hypochlorite (NaOCl) can be placed in the pulp chamber and 
viewed under the DOM. The solution will often bubble and “light 

• Fig. 7.7 Images illustrating the use of further isolation after rubber dam placement. Lower left: Isolation 
using OraSeal putty (Ultradent). Lower right: OpalDam (Ultradent).
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• Fig. 7.8 Images illustrating the prebuildup using composite resin after removal of the old restoration and 
before initiating root canal treatment. (Courtesy Dr. Howard H Wang.)
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up” a canal orifice. Caries detection dye or other stains can also 
locate hard-to-find root canal orifices. Transillumination of the 
pulp chamber with a curing light has also been suggested to help 
locate root canal orifices. In summary, precise endodontic access is 
essential to a successful root canal treatment. 

Cleaning and Shaping Instruments
Once access to the root canal system has been achieved, disinfec-
tion of the root canal space can be initiated. The goal of root canal 

disinfection is removing all pulp tissue and infected debris from 
the root canal system. Because achieving a sterile environment is 
currently impossible, the root canal space is then filled with a spe-
cial filling material to “entomb” any remaining bacteria. Root canal 
disinfection is achieved through a step called “cleaning and shap-
ing.” Although the primary goal is only cleaning, the root canal 
space needs to be shaped by endodontic instruments to facilitate 
the cleaning process. It should be noted that the current disinfec-
tion process derives from the instruments and materials currently 
used. With the advancement in technology, noninstrumentation 

• Fig. 7.9 Clampless rubber dam isolation using Wedjet in an upper anterior tooth with an all-ceramic 
crown. (Courtesy Dr. Elham Shadmehr.)

• Fig. 7.10 Nonsurgical cassette used for endodontic treatment.
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techniques may be used, and the need to further shape the canal to 
facilities cleaning may be no longer needed. Cleaning and shaping 
of the root canal space with the current endodontic armamen-
tarium have two primary objectives: (1) the enlargement of the 
root canal space, and (2) creation of a space amenable to the fill-
ing “obturation” method being used. The instruments used for 
cleaning and shaping are classified by the ISO-Federation Den-
taire Internationale. Instruments used by hand only are Group I. 
Instruments similar to Group I but which are used with a rotary 
engine or motor are Group II. Rotary engine–driven drills are 
Group III. All three groups are typically used for an endodontic 
procedure. Initially, small hand files can be inserted to “scout” the 
root canal space. After providing a glide path, rotary instrumen-
tation can be commenced. Rotary instrumentation is performed 
using an endodontic electric motor (Fig. 7.14). The electric motor 
allows for more precise control of the speed of rotation than that 
allowed by an air-driven handpiece. Electric motors can also con-
trol the allowable torque, which can be set to maximize file perfor-
mance and minimize file separation (breakage).

Hand and rotary files use standardized systems for sizing and 
identification. The size of a file is defined by 100 times the tip 
size. The taper of the file (the increase in diameter from the tip 
of the file to the handle) is based on 1/100th of a millimeter. The 
color-coded identification system is based on file size. With the 
exception of the three smallest file sizes (6, 8, and 10), the color 
pattern repeats to aid in file size identification (Fig. 7.15). Hand 
and rotary files come with different cross-sections and accord-
ingly can be used in different motions and at different parts of 

the treatment. An illustration of the different hand instrument 
is shown in Fig. 7.16. The application and use of each of these 
instruments will be discussed in detail in Chapter 14. The taper 
for a standardized instrument is constant for the full length of 
the cutting flutes (typically 16 mm). The taper of the instrument 
refers to the incremental enlargement of the instrument diameter 
every 1 mm (Table 7.1). Some rotary endodontic files are variable 
in their taper, which means that the taper is not constant for the 
full extent of the cutting flutes and varies for different segments 
of the file.

After an initial glide path has been created, preparation of the 
coronal and middle thirds of the canal system can be started. A 
significant concept in the preparation of the coronal and middle 
thirds of the canal is called straight-line access. Root canal sys-
tems are typically similar to an hourglass in shape.25 Straight-line 
access decreases the curvature in the coronal and middle thirds of 
the root canal, which favorably preserves the apical curvature. The 
coronal and middle thirds of the canal can be prepared with hand 
or rotary instrumentation. Traditionally, Hedstrom files were used 
to enlarge the space. Currently, the coronal and middle thirds 
are enlarged with Gates Glidden burs, Peeso reamers, specialized 
access burs, or nickel-titanium orifice openers. All can be effective 
in the coronal enlargement of the root canal system. Gates Glid-
den and Peeso reamers can also be used for the preparation of post 
space after completion of RCT (Fig. 7.17). Their use, however, 
should be restricted to the coronal and middle third of the canal. 
Both are available in various sizes (Table 7.2) and lengths. The 
apical third of the canal can be enlarged with hand or rotary files. 
The desired final size and taper of the root canal is determined 
by the width, curvature, and length of the root. Each root canal 
should be individually evaluated for maximum apical prepara-
tion size and taper. The physical attributes of the file (material 
and design) dictate its optimal use. The clinician should select 
the instrument type based on its mechanical properties and the 
desired goal needed to be achieved. Historically, files were made 
from carbon steel. Carbon steel had strength but was less flexible 
and degraded by sterilization. Stainless steel is used today and has 
the benefits of strength, improved flexibility compared with car-
bon steel, and heat tolerance. More recently, nickel titanium has 
been used for file fabrication. Nickel titanium allows for strength, 
flexibility, ability to withstand sterilization, and the ability to • Fig. 7.11 Endodontic ruler.

• Fig. 7.12 Hand pluggers in different sizes.
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tolerate engine-driven rotation. The combination of these char-
acteristics allows nickel-titanium engine-driven files to produce 
a more consistent shape. Ultimately, the combined use of hand 
and engine-driven files is required due to the inherent limitations 
of each individual file. The ability to produce a consistent shape 
allows for more efficacious débridement, disinfection, and obtura-
tion of the root canal system. 

Irrigants, Irrigation Devices, and Intracanal 
Medicaments
The use of hand and rotary instruments to adequately disinfect 
the root canal space should always be performed with an irrigant. 
From a conceptual point of view, the ultimate goal of irrigants is to 
provide a disinfected, tissue-free, and debris-free root canal space. 
Currently, there is no irrigant that can ultimately achieve all the 

required goals. As a result, numerous irrigants are used in mod-
ern endodontic treatment. The advantages and disadvantages of 
each irrigant should be considered during each step of endodontic 
treatment. Endodontic treatment should then be deconstructed 
into sections and the appropriate irrigant used for each step.

Numerous irrigants are used during endodontic therapy. NaOCl 
is the most commonly used irrigant in endodontics because it can 
dissolve pulp tissue and lubricate the root canals during treat-
ment. In addition, NaOCl is bactericidal and can penetrate deep 
into the dentinal tubules.26-30 Although 2% chlorhexidine (CHX) 
has antibacterial effects and is less caustic than NaOCl, CHX can-
not dissolve organic tissue.31-35 Ethylenediaminetetraacetic acid 
(EDTA or EDTAC) is used during  endodontic treatment due to 
its ability to chelate inorganic molecules and remove the smear 
layer36; however, it lacks the degree of antibacterial or tissue dis-
solution properties of other irrigants.34,37,38 Sterile saline has been 
used to irrigate root canals as well. Baker determined sterile saline 
to be an effective irrigant with sufficient volume.39 However, its 
lack of disinfection and tissue dissolution are not ideal.27 Sterile 
saline can be used as an intermediary solution between certain 
irrigants, such as NaOCl and CHX, to prevent any undesired 
chemical interactions.40,41 Other disinfection solutions that con-
tain a mixture of irrigants, such as MTAD and QMix (Dentsply 
Sirona, Inc., Tulsa, Oklahoma, USA) have been proposed to be 
used in endodontic treatment. Further discussion on these irrig-
ants, their advantages, and drawbacks will be further discussed in 
Chapter 14.

In clinical practice, the practitioner must determine the proper 
combination of irrigants and the ultimate concentration needed 

• Fig. 7.13 Additional instruments used for canal localization. Long shank round burs in different sizes (left). 
Ultrasonic tips with a round diamond tip (right).

• Fig. 7.14 Wireless endodontic motor used for endodontic rotary instru-
ments.
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126 CHAPTER 7  Endodontic Armamentarium

for each irrigant on a case-by-case basis. Depending on the status 
of the pulp and the periapical tissue at the time of treatment, as 
well as the type of treatment being performed, the combination of 
different irrigants can improve the quality of canal débridement.42 
Irrigants are commonly delivered in the root canal space using an 
irrigation syringe and a small-gauge irrigation needle. Endodontic 
irrigation needles range between 25 to 31 gauge. Smaller-diameter 
(higher gauge) needles allow greater apical depth and irrigation 
delivery in the canal, and thus their use should be considered 
during root canal treatment (Fig. 7.18).43-45 Endodontic needles 
have various tip designs. They can be open-ended, close-ended, or 
side-vented. A side-vented irrigation needle is recommended to 
minimize pressure buildup caused by an opened-ended needle and 
thus minimize irrigation extrusion into the periapical tissues.46,47 
Energetically augmenting an irrigant’s effectiveness has also been 
determined to have a positive effect on root canal disinfection. 
Devices such as an Endoactivator (Fig. 7.19) can allow sonic acti-
vation of the irrigants through oscillating patterns of nodes and 
antinodes.48,49 The use of a small endodontic file on an ultrasonic 
handpiece to freely oscillate inside the canal is another form of irri-
gation activation. The transmittal of acoustic energy generating a 
rapid movement of fluid in a circular motion (acoustic streaming) 
and cavitation through the irrigant can improve its effectiveness.50 
Several other methods of irrigation activation will be discussed in 
Chapter 14.

With the complete preparation and disinfection of the root 
canal system, the final component to nonsurgical endodontic 
treatment is obturation of the root canal space. However, in 
some clinical situations when treatment is not completed due 
to time constraints or inability to achieve a dry canal, intra-
canal medicaments can be placed between visits, which can 
also enhance root canal disinfection. Among the intracanal 
medicaments used in root canal treatment is calcium hydrox-
ide [Ca(OH)2]. It has antibacterial properties and can assist in 
dissolving remaining pulp tissue in the root canal space.51,52 
Ca(OH)2 is available in different forms (powder + liquid or 
paste). Paste forms can be easily injected into the root canal 
space (Video 7.2) or inserted via lentulo spiral (Fig. 7.20) to 
allow adequate distribution on to the canal wall. Other medi-
caments, such as 2% CHX gel, can be also used as an intracanal 
medicament. 
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• Fig. 7.15 Color-coding specifications for standardization of files and 
reamers.

*Flex R
K–Reamer
(large)
K–File (large)

*K–Flex (small)
K–Reamer
(small)
K–File (small)

*K–Flex (large) Hedstrom * Unifile
* S–File

• Fig. 7.16 Longitudinal and cross-sectional shapes of various hand-operated instruments. Note that small 
sizes of K-reamers, K-files, and the K-Flex have a different shape than the larger sizes.
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127CHAPTER 7 Endodontic Armamentarium

Obturation Armamentarium
Obturation of the root canal space is performed to seal the root 
canal space and prevent reinfection.1 As mentioned earlier, Dr. 
Pierre Fauchard recommended obturating root canals with lead 
foil. During the past three centuries, numerous materials were 
promoted, including but not limited to, gold, plaster of Paris, 
rosin-chloroform, silver nitrate, formocresol, cotton, fiberglass, 
calcium hydroxide, silver cones, Hydron, and polyester. In 1867 
Dr. G. A. Bowman introduced gutta-percha as a sole root canal 
obturation material. In 1925 U. G. Rickert suggested using a 
sealer in conjunction with gutta-percha to improve the obtura-
tion. This concept was later modified to allow for cold lateral 

condensation (compaction) of the primary gutta-percha cone and 
the subsequent placement of additional gutta-percha. In 1933 Dr. 
E. A. Jasper introduced silver cones as an obturation material.53 
The use of silver cones and cold lateral condensation of gutta-
percha was the primary obturation methods for root canals until 
the 1960s. At that time, Dr. Herbert Schilder developed the warm 
vertical obturation method.1 This technique included heating a 
gutta-percha mass and hydraulically compacting the molten mate-
rial apically to obturate the pulp canal space. This method would 
create an apical seal, but the coronal and middle thirds of the canal 
would be devoid of material. The clinician would then continue 
obturating by inserting small pieces of gutta-percha into the root 
canal space, heating them, and condensing them, using endodon-
tic pluggers until the entire root canal was obturated. Although 
silver cones are not used currently, cold lateral and warm vertical 
gutta-percha obturation techniques are still commonly used today.

The armamentarium needed can vary depending on the obtu-
ration technique used and the complexity of each case. The fol-
lowing items are currently the most commonly used:
 1.  Gutta-percha cones are available in different sizes and tapers. 

Standardized gutta-percha cones correspond to the size and 
taper of endodontic files used during root canal instrumenta-
tion. They are also available in a nonstandardized form (fine, 

  Hand Files Tip Size and Diameter Based on Different file Taper

File Size (Color) Tip Size in mm
Diameter 3 mm from Tip 
with 02 Taper in mm

Diameter 3 mm from Tip 
with 04 Taper in mm

Diameter 3 mm from Tip 
with 06 Taper in mm

6 (Pink) .06 .12 .18 .24

8 (Gray) .08 .14 .20 .26

10 (Purple) .10 .16 .22 .28

15 (White)* .15 .21 .27 .33

20 (Yellow)* .20 .26 .32 .38

25 (Red)* .25 .31 .37 .43

30 (Blue)* .30 .36 .42 .48

35 (Green)* .35 .41 .47 .53

40 (Black)* .40 .46 .52 .58

*Color code repeats starting at size 45 files. After size 60, files increase by 10 and not by 5.

  

TABLE 
7.1

• Fig. 7.17 Left, Gates Glidden drill. Note the noncutting tip and the ellipti-
cal shape. Right, Peeso reamer. Note the noncutting “safe” tip and parallel 
sides. These are stiffer and more aggressive than the Gates Glidden drill. 
Both are used for straight-line access preparation.

  Rotary Flaring Instruments

Size Gates Glidden Drills Peeso Reamers

No. 1 0.4 mm 0.7 mm

No. 2 0.6 mm 0.9 mm

No. 3 0.8 mm 1.1 mm

No. 4 1.0 mm 1.3 mm

No. 5 1.2 mm 1.5 mm

No. 6 1.4 mm 1.7 mm

TABLE 
7.2
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128 CHAPTER 7  Endodontic Armamentarium

fine medium, medium, medium fine, and coarse) that can be 
customized for every case.

 2.  Paper points are used to dry the root canal space before obtu-
ration. The rationale for drying the canal before obturation is 
that sealers tend to be hydrophobic,54 preventing the flow of 
the sealer into the intricacies of the canal space. Moisture can 
also affect the setting property of sealers.54 Like gutta-percha, 
paper points are available in different sizes in standardized and 
nonstandardized forms. Another method to dry the canal is 
the use of a surgical suction with a cannula within the canal to 
remove moisture before obturation.

 3.  Sealer is a cement applied inside the root canal space to adhere 
the obturation material to the root canal wall. The ideal prop-
erties for sealers were defined by Dr. Louis Grossman (Chapter 
15). Sealers are available in different compositions. Zinc-oxide 
eugenol sealers have been traditionally used. However, modern 
sealers can be composed of epoxy resin or bioceramic mate-
rials (see Fig. 7.20). According to the type of sealer and the 
manufacturer, sealers can be supplied as either a powder and 
liquid, which are mixed at the time of use, or in a preprepared 
paste form. The obturation materials are classically placed on a 
glass slab before use. This placement allows for ease of visual-
ization and a surface to mix the sealer (if required), and it can 
be used to form custom-made gutta-percha cones (if needed). 
The placement of the sealer into the canal can be performed by 
coating a gutta-percha cone or paper point and inserting it into 
the canal, or via rotary displacement of sealer with a lentulo 

engine-driven spiral (Fig. 7.21). Currently, several endodon-
tic sealers are provided with an injection tip to facilitate direct 
application of the sealer in the root canal space.

 4.  Spreaders are used for lateral condensation of gutta-percha in 
the root canal space. Spreaders come in different shapes and 
sizes (standardized and nonstandardized). They can also be 
finger-held or hand-held (Fig. 7.22).

 5.  Heat source (e.g., System B) has the primary purpose of warm-
ing the gutta-percha, allowing it to flow under pressure. A heat 
source can also remove gutta-percha at any level within the 
root canal space.

 6.  Thermoplasticized gutta-percha dispensers (e.g., Obtura [Obtura 
Spartan, Algonquin, IL, USA] and Calamus [Dentsply Sirona, 
Tulsa, Oklahoma, USA]) are devices that preheat gutta-percha in 
a chamber, changing its physical properties from a beta phase to 
an alpha phase, thereby making it softer and easy to pack using 
endodontic pluggers. The gutta-percha can then be injected in 
the root canal space and compacted. Once the gutta-percha cools 
within the root canal space, it changes back to its beta phase, which 
is more stable. Some devices, such as Dual Calamus (Dentsply 
Sirona, Tulsa, Oklahoma, USA) can have both, a heat source and 
a thermoplasticized gutta-percha dispenser, in the same device 
(Fig. 7.23). Additional details are provided in Chapter 15 regard-
ing the various obturation techniques and  armamentarium that 
can be used to manage various clinical cases. 

• Fig. 7.18 Irrigation syringes containing different irrigation solutions that 
can be used during endodontic treatment. From top to bottom: (1) Sodium 
hypochlorite (NaOCl), (2) chlorhexidine (CHX), and (3) ethylenediaminetet-
raacetic acid (EDTA).

• Fig. 7.19 EndoActivator used for irrigation activation. • Fig. 7.20 The lentulo spiral drill is used to spin calcium hydroxide or 
sealer into canals.
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129CHAPTER 7 Endodontic Armamentarium

Coronal Seal
After completion of RCT, the access opening in the tooth must 
be restored. Although some treatments can allow for the place-
ment of a permanent restoration at the time of treatment, the 
tooth after root canal treatment is often sealed with a temporary 
material. The pulp chamber is cleaned of all sealer and gutta-
percha with a solvent. This process is typically performed using 
isopropyl alcohol on a cotton pellet or microbrush. Once com-
plete, a piece of sterile cotton or sponge is placed in the pulp 
chamber. The access is then sealed with a temporary material. 
Numerous temporary materials have been used historically. Most 

materials were eugenol-based, such as zinc oxide eugenol (ZOE) 
or intermediate restorative material (IRM). Noneugenol based 
materials, such as Cavit or glass ionomer are more commonly 
used today due to their improved mechanical properties.55-58 A 
plastic instrument is then used to adapt the temporary filling 
material to the access cavity. It should be noted that the success 
of endodontic treatment is significantly affected by the quality of 
the final restoration.59,60 In a systematic review by Gillen et al., 
researchers showed that the quality of the coronal restoration is 
as important as the quality of the root canal filling for the suc-
cess of the endodontic treatment.59 Thus nonsurgical endodontic 
treatment is fully completed only with a proper permanent res-
toration in place. 

 1.  All of the following are normally included in an examination kit EXCEPT:
 a.  Mouth mirror
 b.  Periodontal probe
 c.  Cotton pliers
 d.  Periosteal elevator
 e.  Dental explorer
 2.  Which of the following is not found in a typical nonsurgical treatment 

cassette?
 a.  DG16 explorer
 b.  Anesthetic syringe
 c.  Retro-pluggers
 d.  Cotton pliers
 e.  Plastic instrument
 3.  A CBCT scan is recommended for examining all the following conditions 

EXCEPT:
 a.  Dental caries detection
 b.  Internal resorption
 c.  External resorption
 d.  Traumatic injuries
 e.  Treatment planning for apical surgery
 4.  Rubber dam isolation…
 a.  Provides a clean operation field
 b.  Improves visualization of the tooth to be treated
 c.  Prevents aspiration of dental instruments
 d.  Limits the visibility to the floor of the mouth
 e.  All of the above
 5.  All of the following irrigants are used for nonsurgical root canal 

treatment EXCEPT:
 a.  NaOCl
 b.  EDTA
 c.  formocresol
 d.  Chlorhexidine
 e.  Sterile saline

Study Questions

• Fig. 7.21 Different types of endodontic sealers. Top: Bioceramic sealer 
(Brassler, Augusta, GA, USA). Bottom: AH plus sealer (Dentsply Sirona, 
Tulsa, OK, USA).

• Fig. 7.22 D11 handled spreader (left) and a fine finger spreader (right). 
Both are designed for lateral condensation.

• Fig. 7.23 Dual Calamus obturation device. On the left side is the heat 
system; on the right side is a thermoplasticized gutta-percha dispenser.
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Surgical Armamentarium

Incision and Drainage Armamentarium
Patients can present with swelling before or after endodontic 
therapy. The swelling can be defined as indurated (cellulitis) or 
fluctuant (abscess). The swelling can be confined to one fascial 
space or spread to multiple spaces. The practitioner should always 
remember that not all swellings are from dental (endodontic) 
cause. After the swelling has been definitively determined to be 
of endodontic origin and a thorough review of the patient’s past 
medical history does not contraindicate patient treatment, inci-
sion and drainage of the swelling is required. Incision and drain-
age for endodontic issues is not a solitary treatment. Endodontic 
therapy in addition to incision and drainage is required to remove 
the source of the infection and speed resolution of the swelling. 
The armamentarium used for an incision and drainage is relatively 
basic and includes (1) scalpel, (2) periosteal elevator, (3) hemo-
stat and (4) sterile saline in a plastic syringe, and (5) drain (Fig. 
7.24). Proper anesthesia should be administered before any inci-
sion. A scalpel is used to make an incision in the dependent base 
of the swelling. Number 12 and 15 blades are the most commonly 
used blades for this procedure. The type of blade used, however, 
may vary depending on the location and accessibility of the most 
fluctuant part of the swelling. The incision should not simply cut 
the gingiva but extend to the cortical bone. Whether the incision 
should be vertical or horizontal in origin is debatable. Classically, 
the incision is made in a horizontal direction. Care should be exer-
cised to avoid important anatomic landmarks (e.g., the mental 
foramen) where transient or permanent injury to the underlying 
tissues can occur. After making the incision, a periosteal eleva-
tor is then placed in the incision to perform blunt dissection. If 
the swelling is fluctuant, this procedure should provide laudable 
pus and exudate drainage. In some cases, a curved hemostat may 
be needed to drain and decompress the swelling. The hemostat is 
inserted and bluntly forced into the swelling to lyse any locula-
tions. The incision should then be copiously irrigated with sterile 

saline. After drainage, the clinician must decide whether to place a 
physical drain. Most swellings of endodontic origin that comprise 
one fascial space do not require the placement of a physical drain. 
The incision site will heal and close after treatment. However, the 
site is still weakened and therefore remains the path of least resis-
tance for future swelling, should it occur. If a physical drain would 
appear to be beneficial, a piece of rubber dam cut with a dove-
tail can be inserted into the incision. The dovetail should prevent 
dislodgement. A suture can also be placed to stabilize the drain 
if needed. For more extensive swellings, a Penrose drain can be 
inserted and sutured in place. The steps and techniques of drain 
placement will be further covered in Chapter 9. 

Root End Surgery (Apicoectomy) 
Armamentarium
Endodontic treatment is usually initiated by cleaning and sealing 
the root canal space through the crown portion of the tooth. In 
certain clinical situations or when a previously root canal–treated 
tooth fails, cleaning and sealing the root canal space may require 
further treatment using a surgical approach in an attempt to 
address the canals from the apical end (root end side). For that, 
a completely different set of instruments and materials are used 
to allow reflection of the soft tissue and bone, removal of the 
granulomatous tissue, resection of the apical portion of the root, 
preparation, and filling of the root end portion from an apical 
approach. This process can be followed by guided tissue regenera-
tion, if needed, and suturing the soft tissue back to its place. The 
surgical cassette (Fig. 7.25) consists of (1) scalpel, (2) periosteal 
elevator, (3) retractors, (4) bone curettes, (5) periodontal curettes, 
(6) micromirrors, (7) retro pluggers, and (9) needle holders. Also, 
other instruments and materials are needed in combination with 
the surgical cassette, such as (1) blades, (2) Impact Air handpiece 
(see later section), (3) burs, (4) retro-preparation ultrasonic tips, 
(5) hemostatic agents, (6) dye, (7) retro-filling material, and (8) 
suture material. The armamentarium used for root end surgery 
has been modified in the past two decades to allow better man-
agement of the soft tissue, bone structure, and root end portion 
of the tooth. The term used for these instruments in today’s prac-
tice is “microsurgical armamentarium,” and hence the procedure 
today is termed “microapical surgery,” rather than just traditional 
“apical surgery.” The success rate of microsurgery is very high, in 
the 90% range,61-64 and has been shown to be superior to tradi-
tional endodontic surgery.17,65 Thus the use of the appropriate 
armamentarium (and filling material) can play a major role in the 
success of the treatment provided. The blades used in microsur-
gery, such as microblades or #15 C, are smaller and more precise 
to cut soft tissue, compared with traditional surgery that often 
involved a #15 blade (Fig. 7.26). If microblades are to be used, a 
microscalpel will be needed. Using the appropriate blade together 
with proper flap design will result in less recession of the soft tis-
sue after treatment. Periosteal elevators or mold curettes are used 
to reflect the soft tissue away from the bone. They usually come 
in different shapes and sizes (Fig. 7.27). Selection of the appropri-
ate size will prevent laceration of the soft tissue during reflection. 
Unlike nonsurgical treatment, the Impact Air surgical handpiece 
is designed with a 45-degree angled head to allow for better vis-
ibility while cutting the bone (Fig. 7.28). It also does not release 
any air into the surgical site to avoid the possibility of surgical 
emphysema. The flap is retracted using the appropriate retractor. 
A classical retractor often used is the Minnesota retractor. Other 
retractors have been developed to facilitate easier retraction in the 

• Fig. 7.24 Basic emergency kit for an incision for drainage includes (1) 
scalpel handle, (2) blade, (3) periosteal elevator, (4) suction tip, (5) needle 
holder, (6) irrigating syringe with an 18-gauge needle, and (7) sterile saline. 
A rubber dam drain is a frequent addition.
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131CHAPTER 7 Endodontic Armamentarium

anterior and posterior area (Fig. 7.29). Surgical burs are used to 
remove bone, create the osteotomy, and cut the root end por-
tion of the tooth. After the osteotomy, bone curettes are needed 
to remove the granulation tissue from the bony crypt. They also 
come in different sizes to accommodate for the size of the bony 
crypt (Fig. 7.30). The granulation tissue is often attached to the 
root; thus periodontal curettes are used to release the granula-
tion tissue from the root surface (Fig. 7.31). Retro preparation 
is then initiated using specially designed ultrasonic tips (retro-
preparation tips), which come in different angulations and sizes 
to accommodate the different roots (anterior or posterior) (Fig. 
7.32). They are also available in different lengths (3 mm, 6 mm, 
and 9 mm). Although 3 mm retro preparation tips are the most 
commonly used, 6 mm and 9 mm tips can be often used to allow 
further cleaning of the root canal space from an apical direction in 
special clinical cases. Micromirrors are used to visualize the root 
end portion of the tooth after retro preparation to ensure that no 
cracks are present (Fig. 7.33). This technique can be combined 
with the use of dyes to stain the apical end of the root as well 

• Fig. 7.25 Surgical cassette for root end surgery.

• Fig. 7.26 Different types of blades, from top to bottom: (1) standard 15 
blade, (2) 15 C blade, and (3) microblade.

• Fig. 7.27 Mold curettes used to reflect the flap off the bone and elevate 
the periosteum.

• Fig. 7.28 Surgical handpiece with a 45-degree angled head (left). Non-
surgical handpiece for standard dental work.
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as transillumination to visualize any apical defects66 (Fig. 7.34). 
Adequate bleeding control is required for proper visualization and 
placement of the root end filling. For that, hemostatic agents such 
as epinephrine pellets, ferric sulfate, or resorbable collagen can be 
used to control bleeding. The retro-filling material is then placed, 
using carriers or hand instruments, into the retro cavity. Different 

categories of retro-filling materials have been used in endodontic 
surgery. Traditionally, amalgam has been used as a retro-filling 
material. Due to its moisture sensitivity, it did not provide an 
adequate seal in the apical area,67,68 and as a result, the outcome 
of apical surgery was affected.17 Over the years, several other 
retro-filling materials have been introduced, such as IRM, glass 
ionomer, and resin-based retro-filling material. The most recently 
introduced and commonly used material in today’s microsurgery 
armamentarium are calcium silicate–based materials such as min-
eral trioxide aggregate (MTA; Dentsply Sirona, Tulsa, Oklahoma, 
USA) or Bioceramic putty (Brassler, Augusta, Georgia, USA). 
These materials have shown superiority in their sealing ability as 
well as stimulation of hard tissue repair.68,69 Depending on the 
crypt size and bone structure, bone substitutes and resorbable 
membranes can be placed into the bony crypt to enhance and/
or restore the integrity of the supporting structure.70,71 Finally, 
sutures are used to place the flap back in position. Sutures also 
come in different sizes, starting 1-0 to 10-0. Usually, 5-0 or 6-0 
sutures are used to approximate the flap back to its place. For that 
process, specially designed needle holders would be used to allow 
adequate manipulation of the small threads (Fig. 7.35). More 
details regarding the use of all these instruments are discussed in 
Chapter 21.

• Fig. 7.29 Surgical retractors with different tip design for retraction at vari-
ous locations.

 6.  Endodontic surgery “apicoectomy” includes:
 a.  Resection of an entire root
 b.  The placement of a retro-filling material to seal the root canal  

apically
 c.  The use of NaOCl to disinfect the osteotomy site
 d.  Stimulation of bleeding to improve visualization and placement of a 

retro-filling material
 7.  Dental operating microscopes are beneficial for:
 a.  The prevention of carpal tunnel syndrome in the operator
 b.  Decreased illumination of the surgical field
 c.  Location and negotiation of root canals
 d.  Low level magnification
 e.  Nonsurgical treatment only
 8.  Which of the following radiographic methods is not commonly used in 

endodontic diagnosis?
 a.  Periapical radiographs
 b.  Bitewings
 c.  CBCT
 d.  Panoramic x-ray

 9.  Surgical operating microscopes are superior to dental loops in
 a.  Provides higher magnification
 b.  Allowing minimal illumination
 c.  Minimizing neck strains
 d.  All of the above
 e.  Only a and c
 10.  All of the following can be utilized to locate the canal orifices EXCEPT:
 a.  DG16 explorer
 b.  Mirror
 c.  Dental operating microscope
 d.  Apex locator
 e.  Caries detection dye
 11.  Which of the following irrigants has the ability to dissolve pulp tissue 

and disinfect the root canal system?
 a.  NaOCl
 b.  Ca(OH)2
 c.  EDTA
 d.  Chlorhexidine
 e.  Formocresol

Study Questions

A N S W E R S

Answer Box 7
1 d. Periosteal elevator
2 c. Retro pluggers
3 a. Dental caries detection
4 e. All of the above
5 c. formocresol

6 b. The placement of a retro-filling material to seal the root  
canal apically
7 c. Location and negotiation of root canals
8 d. Panoramic x-ray
9 e. Only A & C

10 d. Apex locator
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• Fig. 7.30 Angulated bone curettes to facilitate removal of granulation tissue from the periapical lesion.

• Fig. 7.31 Periodontal curette to scale the root surface after apical resection and removal of granulation tissue.

• Fig. 7.32 Ultrasonic set showing the different ultrasonic tip designs that can be used for root end prepa-
ration in the anterior and posterior roots.
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A B

• Fig. 7.33 Micromirrors used during endodontic surgery (right). Illustration of the use of a micromirror to 
visualize an apical crack (left).

• Fig. 7.34 The product called “To Dye For,” used to stain the root surface (left). Illustration of the staining 
process in root end surgery (top and bottom right).
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Local Anesthesia
AL READER, JOHN M. NUSSTEIN, AND MELISSA DRUM

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Explain why apprehension and anxiety, fatigue, and tissue in-
flammation create difficulties in obtaining profound anesthesia.

 2.  Define the pain threshold and the factors affecting it.
 3.  Describe patient management techniques that facilitate obtain-

ing adequate anesthesia.
 4.  List techniques that are helpful in reducing the pain of injec-

tions.
 5.  Describe the “routine” approach to conventional local anesthe-

sia: when and how to anesthetize.

 6.  Describe circumstances that create difficulties in obtaining 
profound anesthesia using conventional techniques.

 7.  Describe when to use supplemental methods of obtaining 
pulpal anesthesia if standard block or infiltration methods fail.

 8.  Review techniques of infiltration, intraosseous, periodontal liga-
ment, and intraseptal and intrapulpal injections.

 9.  Discuss how to obtain anesthesia for specific pulpal and periapi-
cal pathoses: symptomatic irreversible pulpitis, symptomatic 
teeth with pulpal necrosis, asymptomatic teeth with pulpal 
necrosis, and surgical procedures.

C H A P T E R  O U T L I N E
Factors Affecting Endodontic Anesthesia, 137

Initial Management, 138

Conventional Pulpal Anesthesia for Restorative Dentistry, 139

Mandibular Anesthesia for Restorative Dentistry, 140

Alternative Attempts to Increase Anesthetic Success, 140

Evaluating Mechanisms of Failure with the Inferior Alveolar 
Nerve Block, 141

Methods to Increase Success of the Inferior Alveolar Nerve  
Block, 142

Maxillary Anesthesia for Restorative Dentistry, 143

Supplemental Anesthesia for Restorative Dentistry in the 
Mandible and Maxilla, 144

Anesthesia Difficulties in Endodontics, 149

Supplemental Techniques for Mandibular Teeth in Endodontics, 
150

Anesthetic Management of Pulpal or Periapical Pathoses, 152

Anesthesia for Surgical Procedures, 153

Factors Affecting Endodontic Anesthesia
Emotional considerations, in addition to tissue changes, impair 
the effectiveness of local anesthesia.1 A patient who is psychologi-
cally distraught and has an inflamed pulp or periapex has a lower 
pain threshold (i.e., less stimulus is required to produce pain).2

Apprehension and Anxiety
Many endodontic patients have heard horror stories about root canal 
treatment. The cause may not be the treatment but the experience of a 
painful or “infected” tooth. They vividly recall the pain, swelling, and 
sleepless nights associated with the tooth before treatment. The proce-
dure itself is generally less threatening; a survey of endodontic patients 
completing therapy indicated that 96% would agree to have future 
root canal treatment.3 Therefore because they fear the unknown and 
have heard unfavorable stories, patients are apprehensive or anxious. 
This emotion plays a role in their perceptions and affects how they 
react to pain. Many patients can effectively mask this apprehension! 

Fatigue
Over a course of days, many patients with a toothache have not 
slept well, have not eaten properly, or otherwise have not func-
tioned normally. In addition, many are apprehensive or anxious 
about the appointment. The result is a patient with a decreased 
ability to manage stress and less tolerance for pain. 

Tissue Inflammation
Inflamed tissues have a lower threshold of pain perception4; this 
phenomenon is called allodynia. In other words, a tissue that is 
inflamed is much more sensitive and reactive to a mild stimulus.4 
Therefore an inflamed tissue responds painfully to a stimulus that 
otherwise would be unnoticed or perceived only mildly. Because 
root canal treatment procedures generally involve inflamed pulpal 
or periapical tissues, this phenomenon has obvious importance. A 
related complication is that inflamed tissues are more difficult to 
anesthetize.5
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A good example of the allodynia is sunburn. Exposed tissues that 
have been sunburned are irritated and inflamed. The skin has now 
become quite sensitive (lower pain threshold) to contact and is pain-
ful. The same principle applies to inflamed pulpal and periapical 
tissues.6 

Previous Unsuccessful Anesthesia
Unfortunately, profound pulpal anesthesia is not always obtained 
with conventional techniques. Previous difficulty with teeth 
becoming anesthetized is associated with a likelihood of subse-
quent unsuccessful anesthesia.7 These patients are likely to be 
apprehensive (lower pain threshold) and generally identify them-
selves by comments such as, “Novocain never seems to work very 
well on me” or “A lot of shots are always necessary to deaden my 
teeth.” The practitioner should anticipate difficulties in obtaining 
anesthesia in such patients. Often, psychological management and 
supplemental local anesthesia techniques are required (Video 8.1). 

Initial Management
The early phase of treatment is most important. If the patient 
is managed properly and anesthetic techniques are performed 
smoothly, the pain threshold elevates. The result is more predict-
able anesthesia and a less apprehensive, more cooperative patient.

Psychological Approach
The psychological approach involves the four Cs: control, 
communication, concern, and confidence. Control is impor-
tant and is achieved by obtaining and maintaining the upper 
hand. Communication is accomplished by listening to the 
patient and explaining what is to be done and what the patient 
should expect. Concern is shown by verbalizing awareness of 
the patient’s apprehensions. Confidence is expressed in body 
language and in a professional approach and communication 
style, giving the patient confidence in the management, diag-
nostic, and treatment skills of the dentist. Management of the 
four Cs effectively calms and reassures the patient, thereby rais-
ing the pain threshold. 

Topics Related to Injection Pain
Obtaining the Patient’s Confidence
Obtaining the patient’s confidence is critical. Before any injection 
is given, establishing communication, exhibiting empathy, and 
informing patients of an awareness of their apprehension in addi-
tion to their dental problem markedly increases the patient’s con-
fidence levels.8 Most important, having the patient’s confidence 
gives control of the situation to the dentist; this is a requisite! 

Topical Anesthetic
Use of a topical anesthetic is popular as an adjunct to oral injec-
tions. Some investigators have shown topical anesthetics to be effec-
tive,9-11 whereas others have not.12,13 The most important aspect 
of using topical anesthesia is not primarily the actual decrease in 
mucosal sensitivity, but rather the demonstrated concern that 
everything possible is being done to prevent pain. Another aspect 
is the power of suggestion that the topical anesthetic will reduce 
the pain of injection.13 When a topical anesthetic gel is used, a 
small amount on a cotton-tipped applicator is placed on the dried 
mucosa for 1 minute before the injection.14 

Needle Insertion
Initially, the needle is inserted gently into the mucosal tissue. 

Small-Gauge Needles
A common misconception is that smaller needles cause less pain; this 
is not true for dental needles. Patients cannot differentiate between 
25-, 27-, and 30-gauge needles during injections.15-17 These sizes 
have similar deflection patterns and resistance to breakage.17,18 
However, to prevent broken needles when administering inferior 
alveolar nerve blocks, do not use 30-gauge needles, bury the needle 
to the hub, or bend needles at the hub.19 As a recommendation, a 
27-gauge needle is suitable for most conventional dental injections. 

Slow Injection
A slow injection decreases both pressure and the patient’s discomfort.20 
A slow inferior alveolar nerve block is more comfortable than a rapid 
injection.20,21 A technique for slow injection is to use a computer-
controlled anesthetic delivery system (CCLAD) (Fig. 8.1, A and B).  

BA

• Fig. 8.1 A, Computer-controlled injection device. Note the handpiece assembly and microtubing. B, The 
specialized handpiece and needle may be used in most situations. (A, courtesy Milestone Scientific, Inc., 
Livingston, NJ, USA.)
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Most studies on CCLADs compared the pain of injection with delivery 
systems and pain with standard syringe injections,22-28 generally with 
favorable results.24-28 Therefore although the CCLAD reduces the pain 
of the injection, the system does not produce a painless injection.22-28 

Two-Stage Injection
A two-stage injection consists of initial, very slow administration 
of approximately a quarter-cartridge of anesthetic just under the 
mucosal surface. After regional numbness has been obtained, the 
remainder of the cartridge is deposited to the full depth at the target 
site. The two-stage injection decreases the pain of needle placement 
for females in the inferior alveolar nerve block.29 This injection 
technique is indicated for apprehensive and anxious patients or 
pediatric patients, but it may be used on anyone. It is also effective 
for any injection, including the inferior alveolar nerve block. 

Gender Differences in Pain
Women try to avoid pain more than men, accept it less, and fear it 
more.30,31 Anxiety may also modulate differences in pain responses 
between males and females.31 Women react differently to pain and 
are more likely to present anesthetic challenges. 

When to Anesthetize
Preferably, anesthesia should be given at each appointment. A 
common belief is that instruments may be used in canals with 
necrotic pulps and periapical lesions painlessly without anesthe-
sia. Occasionally there may be ingrowth of vital tissue in the api-
cal few millimeters of the canal.32 This inflamed tissue contains 
nerves and is sensitive. Not only is this vital tissue contacted dur-
ing instrumentation, but also pressure is created. These factors 
may cause discomfort if the patient is not anesthetized.

There is an antiquated notion that canal length can be deter-
mined in a nonanesthetized patient by passing an instrument into 
a necrotic canal until the patient shows an “eye-blink response.” 
Unfortunately, patient perceptions and responses are too variable 
for accuracy. Pain may be felt when the instrument is far short of the 
apex, or some patients may have no sensation even when the instru-
ment is several millimeters beyond the apex. Not using anesthesia to 
aid in length determination cannot replace radiographs or an elec-
tronic apex locator for accuracy. Another misconception is that after 
the canals have been cleaned and shaped, it is not necessary to anes-
thetize the patient at the obturation appointment. Unfortunately, 
during obturation, pressure is created, and small amounts of sealer 
may be extruded beyond the apex. This occurrence may be quite 
uncomfortable for the patient. Many patients (and the dentist) are 
more at ease if regional hard and soft tissue anesthesia is present. 

Adjunctive Pharmacologic Therapy
Anxious patients may benefit from sedation (oral, inhalation, intra-
venous). However, even with conscious sedation, profound local 
anesthesia is required to eliminate pain during dental treatment.33-35 
Nitrous oxide administration helps reduce pain during treatment 
in patients presenting with symptomatic irreversible pulpitis.34,36 A 
discussion of agents that control anxiety is included in Chapter 9. 

Conventional Pulpal Anesthesia for 
Restorative Dentistry
Success of local anesthesia is variable. Two surveys of patients and 
dentists indicated that inadequate anesthesia was common during 
restorative treatment.7,37 Several factors affect anesthesia, such as 

the type of procedure (endodontic, extraction, restorative, peri-
odontal, implant placement, etc.), arch location (maxillary or man-
dibular), the patient’s anxiety level, and the presence of inflamed 
tissue. This chapter emphasizes the evidence-based requirements 
for pulpal anesthesia, which differ from those for oral surgery, 
implant dentistry, periodontics, and pediatric dentistry.

Many clinical studies have objectively evaluated local anes-
thetic agents and techniques. A measurement of pulpal anesthesia 
before beginning a clinical procedure is obtained with a cold spray 
refrigerant (Fig. 8.2) or electric pulp tester (Fig. 8.3). The cold 

• Fig. 8.2 A cold refrigerant may be used to test for pulpal anesthesia 
before the start of a clinical procedure. (Courtesy Coltene/Whaledent, 
Cuyahoga Falls, OH, USA.)

• Fig. 8.3 An electrical pulp tester (EPT) also may be used to test for pulpal 
anesthesia before a clinical procedure is started. (Courtesy SybronEndo, 
Glendora, CA, USA.)

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


140 CHAPTER 8  Local Anesthesia

spray refrigerant is the easiest to use clinically. The cold refriger-
ant is sprayed on a large cotton pellet held with cotton tweezers. 
The cold pellet is then placed on the tooth (Fig. 8.4). No pulpal 
response to the stimuli after administration of anesthetic means 
probable profound pulpal anesthesia in asymptomatic teeth with 
vital pulps.38,39 Experimental studies that have investigated the 
use of local anesthesia are discussed in the following sections. 
Conventional injection techniques are detailed in other textbooks. 

Mandibular Anesthesia for Restorative 
Dentistry

Lidocaine with Epinephrine and Vasoconstrictors
The most commonly used local anesthetic agent is 2% lido-
caine with 1:100,000 epinephrine, which is a safe and effective 
drug.14,40 This agent is indicated for procedures in this chapter 
unless specified otherwise.

Vasoconstrictors are also generally safe. It has been stated that 
vasoconstrictors should be avoided in patients who have high 
blood pressure (higher than 200 mm Hg systolic or 115 mm Hg 
diastolic), cardiac dysrhythmias, severe cardiovascular disease, or 
unstable angina, or who are less than 6 months past a myocar-
dial infarction or cerebrovascular accident.14 These conditions 
are contraindications to routine dental treatment. Patients tak-
ing antidepressants, nonselective beta-blocking agents, medicine 
for Parkinson disease, and cocaine are at risk for problems.14,40 In 
patients taking these medications, plain mepivacaine (3% Carbo-
caine) can be used for the inferior alveolar nerve block. 

Anesthetic Factors Associated with the Inferior 
Alveolar Nerve Block
Although the most common method of mandibular anesthesia is 
the inferior alveolar nerve block, this injection also has the greatest 
number of failures.40 The following sections discuss the expected 
signs of successful (and unsuccessful) anesthesia after administra-
tion of one cartridge of 2% lidocaine with 1:100,000 epinephrine.

Lip Numbness
Lip numbness usually occurs in 4 to 6 minutes after injection.40-47 
Lip numbness indicates only that the injection blocked the nerves 

to the soft tissues of the lip, not necessarily that pulpal anesthesia 
has been obtained.40-50 If lip numbness is not obtained, the block 
has been “missed.” This circumstance occurs approximately 4% to 
6% of the time in asymptomatic patients and 2% to 8% in patients 
with irreversible pulpitis.51 Fowler et al. also found that administra-
tion of a two-cartridge volume was significantly better than a one-
cartridge volume in both asymptomatic subjects and emergency 
patients presenting with irreversible pulpitis.51 If missed blocks 
occur frequently, the injection technique should be reviewed. 

Soft Tissue Anesthesia
Lack of mucosal or gingival response to a sharp explorer does not 
indicate pulpal anesthesia.40-50 

Onset of Pulpal Anesthesia
Pulpal anesthesia usually occurs in 5 to 9 minutes in the molars 
and premolars and 14 to 19 minutes in the anterior teeth.40-50 In 
some patients, onset occurs sooner, and in others it is delayed.40-50 

Duration
The duration of pulpal anesthesia in the mandible is very good.40-50 
Therefore if successful anesthesia usually (but not always) persists 
for approximately 2½ hours.48 

Success
The incidence of successful mandibular pulpal anesthesia tends to 
be higher in molars and premolars and lower in anterior teeth.40-50 
Pulpal anesthesia is not achieved in all patients after what appears 
to be a clinically successful inferior alveolar nerve block (i.e., 
numb lip and chin). In such cases, other approaches are required. 

Alternative Attempts to Increase Anesthetic 
Success

Increasing the Volume
Increasing the volume of anesthetic from one to two cartridges 
does not increase the success rate for obtaining pulpal anesthesia 
with the inferior alveolar nerve block.40,41,49,50 

Increasing the Epinephrine Concentration
There is no improvement in pulpal anesthesia with a higher concentra-
tion (1:50,000) of epinephrine in an inferior alveolar nerve block.50,52 

Alternative Solutions

2% Mepivacaine with 1:20,000 Levonordefrin, 4% Prilo-
caine with 1:200,000 Epinephrine, and Plain Solutions 
(3% Mepivacaine and 4% Prilocaine)
As alternative solutions, 2% mepivacaine with 1:20,000 levonorde-
frin; 4% prilocaine with 1:200,000 epinephrine; and plain solutions 
(3% mepivacaine and 4% prilocaine) are equivalent to 2% lido-
caine with 1:100,000 epinephrine in providing pulpal anesthesia 
for approximately 1 hour after an inferior alveolar nerve block.44,47 

4% Articaine with Epinephrine for Inferior Alveolar Nerve 
Blocks
Articaine is a safe and effective local anesthetic agent.53-62 Anec-
dotally, articaine has been see to have an improved local anesthetic 

• Fig. 8.4 The pellet with the cold refrigerant is applied to the surface of 
the tooth.
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effect.63 However, clinical trials have failed to detect any superi-
ority of articaine over lidocaine in inferior alveolar nerve block 
anesthesia.58,61

Articaine, like prilocaine, has the potential to cause neuropa-
thies.64 Some authors have found the incidence of paresthesia 
(involving the lip and/or tongue) associated with articaine and 
prilocaine to be higher than that found with either lidocaine 
or mepivacaine.64-66 Other authors have not found a higher 
incidence when using articaine.67 However, because there is no 
difference in success of pulpal anesthesia between articaine and 
lidocaine for inferior alveolar nerve blocks, and some attorneys 
are aware of the proposed association of articaine to paresthesia, 
it seems reasonable to use articaine for infiltrations but not for 
nerve blocks. 

Long-Acting Agents
Clinical trials of bupivacaine and etidocaine have been conducted 
in oral surgery, endodontics, and periodontics.68-71 These agents 
provide a prolonged analgesic period and are indicated when 
postoperative pain is anticipated. However, not all patients want 
prolonged lip numbness.69 For those patients, analgesics may be 
prescribed. Compared with lidocaine, bupivacaine has a some-
what slower onset but almost double the duration of pulpal anes-
thesia in the mandible (approximately 4 hours).48 

Buffered Lidocaine
Buffering lidocaine with sodium bicarbonate raises the pH of the 
anesthetic solution. In medicine there is evidence that buffering lido-
caine results in less pain during the injection.72,73 In dentistry, some 
studies74-77 found that buffered lidocaine produced less pain on injec-
tion and a faster onset of anesthesia. A number of recent studies78-84 
failed to establish a significant reduction in injection pain, a faster 
onset, or better success with buffered anesthetic solutions. 

Alternative Injections and Locations
Gow-Gates and Vizarani-Akinosi Techniques (Fig. 8.5)
Neither the Gow-Gates85 nor the Vizarani-Akinosi86 technique is 
superior to the standard inferior alveolar nerve block injection.87-92 
These techniques are not replacements for the inferior alveolar nerve 

block, and both require a two-cartridge volume. The Vizarani-Akinosi 
is a closed-mouth technique and is useful for patients presenting with 
trismus. However, patients with trismus should be referred to an 
endodontist because patient management is complicated.

Neither the Gow-Gates nor the Vazirani-Akinosi technique 
provides adequate pulpal anesthesia for mandibular posterior 
teeth in patients presenting with symptomatic irreversible pulpi-
tis.93 Both injections would require supplemental anesthesia. 

Incisive Nerve Block/Infiltration at the Mental Foramen
The incisive nerve block is successful 80% to 83% of the time 
in anesthetizing the premolar teeth for about 20 to 30 min-
utes.46,94-96 It is not effective for the central and lateral incisors.46 

Lidocaine Infiltration Injections
Labial or lingual infiltrations of a lidocaine solution alone are not 
effective for pulpal anesthesia in the mandible.97-99 

Articaine Infiltration Injections
Articaine is significantly better than lidocaine for buccal infiltra-
tion of the mandibular first molar.100-103 However, articaine alone 
does not predictably provide pulpal anesthesia of the first molar. 
There is no difference between 4% articaine with 1:100,000 and 
1:200,000 epinephrine for buccal infiltration.104

In anterior teeth, buccal and lingual infiltrations of articaine 
provide initial pulpal anesthesia, but anesthesia declines over the 
course of 60 minutes from the time the injection was given.105,106 

Evaluating Mechanisms of Failure with the 
Inferior Alveolar Nerve Block

Accuracy of Needle Placement
Accurate anatomic positioning of the needle is no guarantee of 
a successful block.107,108 It is interesting to note that even locat-
ing the inferior alveolar nerve with ultrasound or with a periph-
eral nerve stimulator before the injection did not improve 
success.109,110 The anesthetic solution may not completely diffuse 
into the nerve trunk (Fig. 8.6) to reach and block all nerves, even 
if deposited at the correct site, thus resulting in failure.111 

A B

• Fig. 8.5 A, Extraoral landmark for the Gow-Gates technique: the lower border of the tragus of the ear and the 
corner of the mouth. The intraoral target site for the GowGates technique is the neck of the mandibular condyle.  
B, Vazirani-Akinosi technique. This closed-mouth technique has the landmark for needle insertion 
online with the mucogingival junction of the maxillary second molar.
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Needle Deflection and Needle Bevel
Needle deflection has been theorized to be a cause of failure of the 
inferior alveolar nerve block.18,112-115 However, two studies have 
shown that needle bevel orientation (away or toward the mandibular 
foramen or ramus) does not affect the success of the inferior alveolar 
nerve block.116,117 

Accessory Innervation
Anatomic evidence suggests that accessory innervation exists 
from branches of the mylohyoid nerve.118 A study using a mylo-
hyoid injection lingual and inferior to the retromolar fossa, in 
addition to an inferior alveolar nerve block, showed no enhance-
ment of pulpal anesthesia.119 Therefore, the mylohyoid nerve is 
not a major factor in failure of the inferior alveolar nerve block. 

Cross-Innervation
Cross-innervation from the contralateral inferior alveolar nerve has 
been implicated in failure to achieve anesthesia in anterior teeth after 
an inferior alveolar nerve block injection. Cross-innervation does 
occur in incisors, but it is the failure of the initial inferior alveolar 
nerve block that accounts for failure of pulpal anesthesia in anterior 
teeth.120 

Red Hair
In medicine, red-haired females have shown reduced subcutane-
ous efficacy of lidocaine and increased requirements for desflu-
rane.121 However, in dentistry, red hair was unrelated to success 
rates for the inferior alveolar nerve block. Red hair was associ-
ated with higher levels of dental anxiety.121 Because of this higher 
dental anxiety, red-haired women may be more likely to report 
nonpainful sensations (pressure, vibration, etc.) as painful during 
treatment. This circumstance would cause clinicians to mistake a 
difference in anxiety for a difference in quality of anesthesia. 

Patient Position for an Inferior Alveolar Nerve Block
It has been recommended to place patients in an upright posi-
tion after administration of an inferior alveolar nerve block, 
theoretically allowing the anesthetic to diffuse in an inferior direc-
tion and resulting in better pulpal anesthesia. When an upright 
and a supine position were compared after an inferior alveolar 
nerve block, a study found the two positions were equally suc-
cessful in the molars.122 However, clinically, neither position for 

administration of the inferior alveolar nerve block would provide 
complete pulpal anesthesia.

Another study evaluated the effect of the head tilted in the direc-
tion of the block versus the head tilted to the opposite side in patients 
with symptomatic irreversible pulpitis. The study found no significant 
difference in the same side position and the opposite side position. 123 

Methods to Increase Success of the Inferior 
Alveolar Nerve Block

Infiltrations of Articaine After an Inferior Alveolar Nerve 
Block
A very important clinical finding is that a supplemental, buc-
cal articaine infiltration of the first molar, premolars, and labial 
infiltration of anterior teeth after an inferior alveolar nerve 
block should provide pulpal anesthesia for approximately 1 
hour.105,124,125 The second molar may require a supplemental 
intraosseous (IO) or periodontal ligament (PDL) injection to 
achieve success. 

Intraosseous Anesthesia After an Inferior Alveolar Nerve 
Block
Supplemental IO injections of lidocaine and mepivacaine with 
vasoconstrictors allow quick onset and increase the success of the 
inferior alveolar nerve block for approximately 60 minutes.126,127 
Using 3% mepivacaine plain results in pulpal anesthesia for 
approximately 30 minutes.128 (Figs. 8.7 to 8.11) 

Periodontal Ligament Anesthesia After an Inferior  
Alveolar Nerve Block
Supplemental PDL injections of 2% lidocaine with 1:100,000 
epinephrine increase the success of the inferior alveolar  
nerve block, but the duration is approximately 23 minutes.129 

Injection Speed and Success
A slow inferior alveolar nerve block increases success over a fast injec-
tion20 but not for patients diagnosed with irreversible pulpitis.21 

Pain and Inflammation
Most studies have evaluated anesthesia in the absence of symp-
toms and inflammation; results differ if these conditions are 

• Fig. 8.7 Components of an Intraosseous Injection System. The per-
forator (top) is a small, sharp, latch-type drill used to make an opening 
through soft tissue and bone. The needle (bottom) is short and of small 
gauge to allow insertion and injection directly through the opening.

Core
bundle

Mantle
bundle

• Fig. 8.6 Central Core Theory. The large diameter and density of the 
bundle may inhibit diffusion of a sufficient quantity of anesthetic to provide 
profound pulpal anesthesia.
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present.5,40,130 As discussed later, patients who have symptom-
atic pulpal or periapical pathosis (and/or who are anxious) 
present significant anesthesia problems. 

Maxillary Anesthesia for Restorative 
Dentistry
Unless otherwise specified, the conventional solution used is 2% 
lidocaine with 1:100,000 epinephrine.

Anesthesia-Related Factors
Anesthesia is more successful in the maxilla than in the mandi-
ble.40 The most common injection for the maxillary teeth is infil-
tration. Several events can be expected with this technique when 
one cartridge of anesthetic is used.

BA

• Fig. 8.8 Intraosseous Injection Technique. A, Location and angulation of the perforator. B, The perfora-
tor “breaks through” cortical bone into the medullary space.

BA

• Fig. 8.9 A, The needle is inserted directly into the opening. B, Anesthetic is injected into medullary bone, 
where it diffuses widely to block dental nerves.

• Fig. 8.10 Components of another approach to intraosseous injection: 
the drill and guide sleeve and cover (top). The drill (a special hollow needle) 
leads the guide sleeve through the cortical plate (middle), in which it is sep-
arated and withdrawn (bottom). The remaining guide sleeve is designed to 
accept a 27-gauge needle that injects the anesthetic solution.
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Lip/Cheek Numbness or Dead Feeling of the Teeth
Lip/cheek numbness usually occurs within a few minutes. Lip or 
cheek numbness or a dead feeling when tapping the teeth together 
does not always indicate pulpal anesthesia. Additionally, lip or 
cheek numbness does not correspond to the duration of pulpal 
anesthesia, because the pulp does not remain anesthetized as long 
as the soft tissues do.40,131-139 

Success
Infiltration results in a fairly high incidence of successful pulpal 
anesthesia (around 87% to 92%).11,40,131-139 However, some 
patients may not be anesthetized due to individual variations in 
response to the drug administered, operator differences, and varia-
tions of anatomy, in addition to tooth position. 

Onset of Pulpal Anesthesia
Pulpal anesthesia usually occurs in 3 to 5 minutes.40,131-139 

Duration of Pulpal Anesthesia
A problem with maxillary infiltration is the duration of pulpal anes-
thesia.40,131-139 Pulpal anesthesia of the anterior teeth declines after 
about 30 minutes, with most losing anesthesia by 60 minutes.40,131-139 
In premolars and first molars, pulpal anesthesia is effective until about 
40 to 45 minutes, and then it starts to decline.40,131-139 Additional 

local anesthetic must be administered, depending on the duration of 
the procedure and the tooth group affected. 

Alternative Anesthetic Solutions
Plain Solutions of Mepivacaine and Prilocaine
Anesthesia duration is shorter with plain solutions of mepivacaine 
and prilocaine.137,138 Therefore these anesthetics are used for pro-
cedures of short duration (10 to 15 minutes). 

4% Prilocaine with 1:200,000 Epinephrine, 2%  
Mepivacaine with 1:20,000 Levonordefrin, and 4%  
Articaine with 1:100,000 Epinephrine
The duration of anesthesia with 4% prilocaine with 1:200,000 
epinephrine; 2% mepivacaine with 1:20,000 levonordefrin; and 
4% articaine with 1:100,000 epinephrine is similar to that for 2% 
lidocaine with 1:100,000 epinephrine.134,138,139 

Bupivacaine with Epinephrine
Bupivacaine has a lower success rate than a lidocaine formulation 
in anterior teeth.132,140 There is no difference between success 
rates of the two formulations in the first molar.132 Neither agent 
provides pulpal anesthesia for an hour.132,140 

Increasing the Duration of Pulpal Anesthesia

Increasing the Volume of Solution
A two-cartridge volume of 2% lidocaine with epinephrine extends 
the duration of pulpal anesthesia but not for 60 minutes.133 

Increasing the Epinephrine Concentration
Increasing the epinephrine concentration to 1:50,000 epineph-
rine increases duration for the lateral incisor but not for the  
first molar.137 Neither tooth achieved a duration of 60 minutes.137 

Repeating an Infiltration After 30 or 45 Minutes
Adding a cartridge of 2% lidocaine with epinephrine at 30 
minutes in anterior teeth and 45 minutes in posterior teeth 
significantly improves the duration of pulpal anesthesia and  
may be the best way to extend the duration of pulpal anesthesia.136 

Alternative Injection Techniques
The posterior superior alveolar (PSA) nerve block anesthetizes the 
second molars and about 80% of first molars.141,142 An additional 
mesial infiltration injection may be necessary to anesthetize the first 
molar. Generally, the PSA block injection is not advocated for rou-
tine restorative procedures. An infiltration of the molars is preferred.

The infraorbital block results in lip numbness but does not predict-
ably anesthetize incisor pulps.143,144 It usually anesthetizes the canines 
and premolars, but duration is less than 1 hour.143,144 Generally, the 
infraorbital injection is not advocated for routine restorative proce-
dures. An infiltration of the individual teeth is preferred.

The second division block usually anesthetizes pulps of molars 
and some second premolars but does not predictably anesthe-
tize first premolars, canines, or lateral and central incisors.145,146 
The high tuberosity technique is preferred to the greater pala-
tine approach, because it is easier and less painful.145 Gener-
ally, the second division nerve block is not advocated for routine 
restorative procedures. An infiltration of the individual teeth is 
preferred.

A

B

• Fig. 8.11 A, The tissue and bone have been perforated, and the perfora-
tor now serves as a guide sleeve. B, The anesthetic needle is in place in 
the guide sleeve.
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The palatal anterior superior alveolar (P-ASA) nerve block has 
been advocated for anesthetizing all the maxillary incisors with 
a single palatal injection into the incisive canal.147 However, this 
injection technique does not provide predictable pulpal anesthesia 
for the incisors and canines148 and is often painful.26

The anterior middle superior alveolar (AMSA) nerve block has 
been advocated for unilaterally anesthetizing the maxillary cen-
tral and lateral incisors, canines, and first and second premolars 
with a single palatal injection in the premolar region.149 How-
ever, this injection technique does not provide predictable pulpal 
anesthesia for these maxillary teeth150 and is often painful.27

Pain, Inflammation, and Anxiety
As mentioned, results differ from normal when an anesthetic is 
given to patients with either pain or inflammation (or both) or to 
those with anxiety. 

Supplemental Anesthesia for Restorative 
Dentistry in the Mandible and Maxilla

Indications
A supplemental injection is used if the standard injection is not effec-
tive. It is useful to repeat an initial injection only if the patient is not 
exhibiting the “classic” signs of soft tissue anesthesia. Generally, if 
the classic signs are present, reinjection is not very effective.151 For 
example, after the inferior alveolar nerve block, the patient develops 
lip, chin, and tongue numbness and quadrant “deadness” of the teeth. 
A useful procedure is to test the pulp of the tooth with cold (cold 
refrigerant) or an electric pulp tester before the cavity preparation is 
begun.38,39 If the patient feels pain to cold, a supplemental injection is 
indicated. Assuming that reinjection using the inferior alveolar nerve 
block approach will be successful is wishful thinking; failure the first 
time is usually followed by failure on the second attempt. The dentist 
should go directly to a supplemental technique. Four such injections 
are the (1) infiltration injection, (2) IO injection, (3) PDL injection, 
and (4) intraseptal injection. 

Infiltration
Additional Infiltration of Lidocaine in the Maxilla
Because the duration of pulpal anesthesia for infiltration in the 
maxilla is less than 60 minutes, adding a cartridge of 2% lidocaine 
with epinephrine at 30 minutes in the anterior teeth and at about 
45 minutes in premolar and molar teeth significantly improves the 
duration of pulpal anesthesia and may be the best way to extend 
the duration of pulpal anesthesia in maxillary teeth.136 That is, 
if the patient experiences pain during the later stages of a dental 
appointment, an additional infiltration will be helpful. 

Infiltration of Articaine in the Mandible
An important clinical finding is that a supplemental, buccal articaine 
infiltration of the first molar and premolars and a labial infiltration of 
the anterior teeth, after an inferior alveolar nerve block, should pro-
vide pulpal anesthesia for approximately 1 hour.105,124,125 The second 
molar may require a supplemental IO or PDL injection. 

Intraosseous Anesthesia (Figs 8.7–8.11)
The IO injection has been shown to be effective by substantial 
research and clinical use. It is particularly useful in conjunction 
with a conventional injection when it is likely that supplemental 

anesthesia will be necessary (e.g., in mandibular second molar 
teeth).126-128 The IO injection allows placement of a local anes-
thetic directly into the cancellous bone adjacent to the tooth. 
There is an IO system with two components (Stabident; Fairfax 
Dental, Miami, Florida, USA). One part is a slow-speed hand-
piece–driven perforator, which drills a small hole through the 
cortical plate. The anesthetic solution is delivered into cancellous 
bone through a matching 27-gauge, ultrashort injector needle. 
Another IO system uses a guide sleeve (X-tip; Dentsply Maille-
fer Tulsa, Oklahoma, USA) that remains in the perforation. This 
sleeve serves as a guide for the needle, and it may remain in place 
throughout the procedure in case reinjection is necessary. The per-
foration may be made in attached gingiva or alveolar mucosa with 
this system (Video 8.2).152

Technique for the Stabident System
The area of perforation and injection is on a horizontal line of 
the buccal gingival margins of the adjacent teeth and a verti-
cal line that passes through the interdental papilla distal to the 
tooth to be injected. A point approximately 2 mm below the 
intersection of these lines is selected as the perforation site. This 
site must be in attached gingiva. The soft tissue is first anesthe-
tized by infiltration. The perforator is placed through the gingiva 
perpendicular or a 45-degree angle to the cortical plate. With 
the point gently resting against bone, the clinician activates the 
handpiece at full speed while pushing the perforator, with light 
pressure, against bone and then slightly withdrawing the per-
forator and pushing it again against the bone (i.e., a pecking 
motion). This action is continued until a “breakthrough” into 
the cancellous bone is achieved (this process takes approximately 
2 to 5 seconds).152

The standard syringe is held in a “pen-gripping” fashion, and 
the needle is precisely aligned with and inserted into the perfora-
tion. A full cartridge of anesthetic solution is slowly delivered over 
1 to 2 minutes with light pressure. If back-pressure is encountered, 
the needle is rotated approximately a quarter turn, and deposition 
is reattempted. If this attempt is unsuccessful, the needle should be 
removed and checked for blockage. If the needle is not blocked, it is 
reinserted or the site is opened with a new perforator and the injection 
is repeated.152

Perforator “Breakage”
Rarely, the metal perforator “separates” from the plastic hub. 
If this separation occurs, the perforator is easily removed with 
a hemostat; there are no reports of a perforator breaking into 
parts.126-128,152-154 

Injection Discomfort
When the IO injection is used as a primary injection, pain is expe-
rienced about one-fourth of the time.153-155 When the IO injec-
tion is used as a supplemental injection, fewer patients experience 
pain.126-128,156,157 

Selection of Perforation Site
With IO injections, a distal perforation site results in the  
best anesthesia.126-128,152-154,156,157 The second molars 
are an exception; in those teeth, a mesial site is prefer
red.126-128,152-154,156,157 

Anesthetic Agents
When the IO injection is used as a supplemental injection after 
the inferior alveolar nerve block in patients without pain, excel-
lent success has been reported for 2% lidocaine with 1:100,000 
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epinephrine and 2% mepivacaine with 1:20,000 levonor-
defrin.126,127 However, because of the adverse cardiovascu-
lar reactions with a long-acting anesthetic (0.5% bupivacaine 
with 1:200,000 epinephrine)158 and the lack of a prolonged  
duration of pulpal anesthesia, this agent does not offer any 
advantage over lidocaine. Furthermore, 3% mepivacaine  
plain is successful, but the duration of pulpal anesthesia is shorter.128 

Onset of Anesthesia
Onset of anesthesia is rapid with the IO injection.126-128,152-154,156,157 
There is no waiting period for anesthesia. 

Success
When the IO injection is used as a supplemental injection after 
an inferior alveolar nerve block in pain-free patients, success rates 
are very good.126,127 

Failure
If the anesthetic solution squirts out of the perforation (backflow) 
with an IO injection, anesthesia will not be obtained.152 Reperfo-
ration or choosing another perforation site is then necessary. 

Duration
With a primary IO injection, the duration of pulpal anesthesia 
declines steadily over 1 hour.153,154 There is an even shorter dura-
tion with 3% mepivacaine, compared with 2% lidocaine with 
1:100,000 epinephrine.154 With a supplemental IO injection of 
lidocaine with 1:100,000 epinephrine after the inferior alveo-
lar nerve block in patients without pain, the duration of pulpal 
anesthesia is very good for 1 hour.126,127 A solution of 3% mepi-
vacaine, when used as a supplemental IO injection, results in a 
shorter anesthetic duration.128 

Postoperative Pain and Problems
With primary and supplemental IO injection techniques, the 
majority of patients report no pain or mild pain postopera- 
tively.126-128,152-154,156,157 Fewer than 5% develop exudate and/
or localized swelling at the perforation site, possibly from over-
heating of the bone during perforation.126-128,152-154,156,157 

Systemic Effects
With both primary and supplemental IO injection techniques using 
anesthetics with a vasoconstrictor (epinephrine or levonordefrin), 
most patients perceive an increased heart rate.153,154,156,157,159 When 
these agents are used, patients should be informed before the injec-
tion of this tachycardia to lessen their anxiety. No significant heart 
rate increase occurs with 3% mepivacaine plain.154,160 The venous 
plasma levels of lidocaine are the same for an IO injection as for infil-
tration injection.161 Therefore the same precautions for the maximum 
amount of lidocaine given for an infiltration injection also apply to 
an IO injection.161 

Medical Contraindications
Patients taking antidepressants, nonselective beta-blocking agents, 
medicine for Parkinson disease, and cocaine should not receive IO 
injections of solutions containing epinephrine or levonordefrin40; 
3% mepivacaine plain is preferred. 

Precautions
An IO injection should not be used with painful necrotic teeth 
with periapical radiolucencies or with teeth exhibiting cellulitis or 
abscess formation. This injection would be very painful and would 
likely not provide profound anesthesia. 

Periodontal Ligament Injection
The PDL injection is also a useful technique if a conventional 
injection is unsuccessful.162,163 The technique is clinically less 
effective than the IO injection technique because more anesthetic 
solution can be delivered to the cancellous bone (Video 8.3).151

Technique
The procedure for a PDL injection (Fig. 8.12, A–D) is not difficult 
but does require practice and familiarity. A standard syringe or pres-
sure syringe is equipped with a 30-gauge, ultrashort needle or a 27- or 
25-gauge short needle. The needle is inserted into the mesial gingival 
sulcus at a 30-degree angle to the long axis of the tooth. The needle is 
supported by the fingers or a hemostat and is positioned with maxi-
mum penetration (wedged between the root and crestal bone). Heavy 
pressure is slowly applied on the syringe handle for approximately 10 
to 20 seconds (conventional syringe), or the trigger is slowly squeezed 
once or twice with resistance (pressure syringe). Back-pressure is impor-
tant. If there is no back-pressure (resistance)—that is, if the anesthetic 
readily flows out of the sulcus—the needle is repositioned, and the 
technique is repeated until back-pressure is attained. The injection is 
then repeated on the distal surface. Only a small volume of anesthetic 
(approximately 0.2 mL) is deposited on each surface. 

Mechanism of Action
The PDL injection forces anesthetic solution through  
the cribriform plate (Fig. 8.13) into the marrow spaces and into the 
vasculature in and around the tooth (Figs. 8.14 and 8.15).162-165 The 
primary route is not the PDL; the mechanism of action is not related 
to direct pressure on the nerves.166,167 

Injection Discomfort in Asymptomatic Patients
When the PDL injection is the primary injection, needle inser-
tion and injection may be painful about one third of the time.166-
168 In maxillary anterior teeth, the PDL injection may be quite 
painful168 and should not be used. An infiltration is preferred. As 
a supplemental injection after an inferior alveolar nerve block, 
the PDL injection has a low potential to be painful.129 

Onset of Anesthesia
The onset of anesthesia is rapid with a PDL injection; there is no 
waiting period to begin the clinical procedure.166-168 If anesthesia 
is still not adequate, reinjection is necessary. 

Success in Asymptomatic Teeth
Success rates for the PDL injection, when used as a primary 
injection, have been reported to be about 75% in mandibular 
and maxillary posterior teeth, with a duration of pulpal anes-
thesia of 10 to 15 minutes.167,168 Success rates have been low 
in anterior teeth.167-169 Anesthetic solutions without vasocon-
strictors (3% mepivacaine) or with reduced vasoconstrictor 
concentrations (bupivacaine with 1:200,000 epinephrine) are  
not very effective.167,170-172 Articaine is equivalent to 
lidocaine.60

When the PDL injection is used as a supplemental injection 
(standard techniques have failed to provide adequate anesthesia), 
good success rates are achieved, but the duration of pulpal anes-
thesia is approximately 23 minutes.129 

Duration in Asymptomatic Teeth
The duration of profound pulpal anesthesia (either primary or 
supplemental) with PDL injections is approximately 10 to 15 
minutes.60,129,166-168 
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Postoperative Discomfort in Asymptomatic Teeth
When the PDL injection is used as a primary technique, post-
operative pain occurs in one-third to three-fourths of patients, 
with a duration of 14 hours to 3 days.60,129,166-168,173,174 There 
is no difference between articaine and lidocaine.60 The discom-
fort is related to damage from needle insertion rather than to the 
pressure of depositing the solution.173 About one-third of patients 
report that their tooth feels “high.”167,168 

Selective Anesthesia
It has been suggested that a PDL injection may be used in the dif-
ferential diagnosis of poorly localized, painful irreversible pulpitis.175 
However, adjacent teeth are often anesthetized with PDL injection 
of a single tooth.166-168 Therefore this injection is not useful for dif-
ferential diagnosis. 

Systemic Effects
Although some authors176 have found that the PDL injec-
tion raises the heart rate, human studies have shown that  
these injections do not cause significant changes in heart rate.174,177 

Other Factors
Different needle gauges (25-, 27-, or 30-gauge) are equally 
effective for PDL injections.178 Special pressure syringes have 
been marketed (Fig. 8.16) but have not proved to be more 
effective than a standard syringe.167,168,178 

Damage to the Periodontium
Clinical and animal studies have demonstrated the relative 
safety of the PDL injection.166-169,174,178-184 Minor local dam-
age is limited to the site of needle penetration (Fig. 8.17); this 
damage subsequently undergoes repair.179 In some instances, 
periodontal infections have occurred.167,168 The clinician 
should be aware that this may happen. Histologic areas of root 
resorption after PDL injections have also been reported, but 
they heal with time.183,184 Damaging effects from injecting 
into an area of periodontal disease are unlikely.185 

Damage to the Pulp
Clinical and animal studies have shown no adverse effects on the 
pulp after PDL injections.166-168,186,187 However, physiologic 

D

C

A B

• Fig. 8.12 Intraligamentary Injection. A, Needle insertion using the fingers to prevent needle buckling. 
B, A hemostat may be substituted for the fingers to support and direct the needle. The injection may be 
given with or without the rubber dam in place. C, Note the direction and position of the needle (arrows). 
The tip of the needle will be wedged between the crestal bone and the root surface. D, Angle of the needle 
relative to the long axis of the tooth (left). With approximately a 30-degree orientation, the needle tip will be 
positioned close to the midline of the root.
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• Fig. 8.14 A single intraligamentary injection of carbon dye adjacent to a 
dog’s tooth demonstrates the distribution of dye particles. Particles are 
concentrated at the injection site (I) and in the medullary bone (MB), the 
apical foramen (AF), and the pulp (P) of the injected tooth. Dye particles 
have spread through the periodontal ligament (PDL) of both the injected 
and adjacent teeth.

P

PDL

MB

MC

• Fig. 8.15 A single injection of dye was made in the distal periodontal 
ligament. This frontal section, including the tooth apex and surrounding 
structures, shows that dye distributes to the pulp (P), periodontal ligament 
space (PDL), medullary bone space (MB), and mandibular canal (MC). 
The widespread distribution of solutions from the intraligamentary injection 
may anesthetize the adjacent teeth.

• Fig. 8.13 Extraction Socket of a Second Molar. The bone of the cribriform plate is very porous, par-
ticularly in the cervical region (arrow). During the intraligamentary injection, this is the region of passage of 
most anesthetic solution into the medullary space.
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changes in the pulp do occur, including a rapid and prolonged 
marked decrease in blood flow caused by epinephrine.188 This 
vascular impairment has no demonstrated damaging effect, even 
in conjunction with restorative procedures.189 The PDL injection 
probably would not result in severe pulpal injury, although this 
event has not been studied with extensive (crown) preparations or 
in teeth with significant caries. 

Damage to Primary Teeth
Minor enamel hypoplasia of succedaneous teeth has been seen 
after PDL injections in primary teeth.190 However, this effect was 
caused by the cytotoxicity of the local anesthetic rather than by the 
actual injection. Therefore this injection may be used for anesthe-
tizing primary teeth. 

Precautions
The PDL injection should not be used with necrotic pulps and peri-
apical pathosis or with cellulitis or abscess formation. This would 
be very painful and likely would not provide profound anesthesia. 

Anesthesia Difficulties in Endodontics
The following is a classic scenario: The diagnosis is irreversible pul-
pitis. The dentist administers the standard inferior alveolar nerve 
block. The patient reports classic signs of anesthesia (lip numbness 
and a dull feeling of the tooth or quadrant). After isolation, access 
preparation is begun. When the bur is in enamel, the patient feels 
nothing. Once the bur enters dentin or possibly not until the pulp 
is exposed, the patient feels sharp pain. Obviously, pulpal anes-
thesia is not profound and additional anesthetic is required. The 
following are some of the theories as to why this problem occurs.
 1.  The anesthetic solution may not completely penetrate to the 

sensory nerves that innervate the pulp, especially in the man-
dible.

 2.  The central core theory states that nerves on the outside of 
the nerve bundle supply molar teeth, whereas nerves on the 
inside supply anterior teeth (see Fig. 8.6). The anesthetic solu-
tion may not diffuse into the nerve trunk to reach all nerves 
to produce an adequate block, even if deposited at the cor-
rect site. This theory would explain the higher experimental 
failure rates in anterior teeth with the inferior alveolar nerve 
block.40-50,52

 3.  Local tissues change because of inflammation. This popular 
theory states that the lowered pH of inflamed tissue reduces 
the amount of the base form of the anesthetic available to pen-
etrate the nerve membrane.14 Consequently, there is less of the 
ionized form within the nerve to achieve anesthesia. Although 
this theory may have some validity for regions with swelling, 
it does not relate to anesthesia difficulties in the mandible.40 
It does not explain the major problem, which is the mandibu-
lar molar with pulpitis that is not anesthetized by an inferior 
alveolar injection. The injection site is distant from the area of 
inflammation; changes in tissue pH would be unrelated to the 
anesthesia problem.

 4.  Hyperalgesia. Change in nociceptor (pain receptor) pathways 
is a more plausible explanation. This theory states that the 
nerves arising in inflamed tissue have altered resting poten-
tials and decreased excitability thresholds. These changes are 
not restricted to the inflamed pulp itself but rather affect the 
entire neuronal membrane, extending to the central nervous 
system.5,6 Local anesthetic agents are not sufficient to pre-
vent impulse transmission, owing to these lowered excitability 
thresholds.5

 5.  Apprehension. Patients in pain often are anxious, which low-
ers the pain threshold. A vicious cycle may be established in 
which initial apprehension leads to a decreased pain thresh-
old, which leads to anesthesia difficulties, which lead to 
increased apprehension, which results in loss of control and 
confidence, and so on. Therefore, if this cycle becomes evi-
dent, the practitioner should stop treatment immediately and 
regain control, schedule another appointment, or consider 
referral to an endodontist. Most patients will endure some 
pain during the initial stages of root canal treatment if they 
have confidence in the dentist. However, they will not toler-
ate being hurt repeatedly!

• Fig. 8.16 Example of a special syringe used for the intraligamentary injec-
tion. Although these devices are capable of injecting with more pressure, 
they have not been shown to be superior to the standard syringe.

T

• Fig. 8.17 The Injection Site at the Time of Injection. The needle tract 
(T), which ends in a gouge in cementum (arrow), is apparent in the con-
nective tissue. No tissue changes are evident outside the penetration site, 
including the more apical tissues.
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 6.  Insufficient time allowed after injection. The dentist may not 
allow adequate time for the anesthetic to diffuse and to block 
the sensory nerves. Onset may be very slow, particularly with 
the inferior alveolar block.

Success of the Inferior Alveolar Nerve Block with 
Symptomatic Irreversible Pulpitis
Fowler and coauthors determined the success of the inferior alveo-
lar nerve block in first and second molars and premolars using 
2% lidocaine with 1:100,000 epinephrine in emergency patients 
presenting with symptomatic irreversible pulpitis.191 They found 
success (no or mild pain upon endodontic access or instrumenta-
tion) was 28% for the first molars, 25% for the second molars, 
and 39% for the premolars. These success rates for the inferior 
alveolar nerve block of the molars and premolars would not be 
high enough to ensure profound pulpal anesthesia.

For patients presenting with irreversible pulpitis, success was 
not significantly different between a 3.6 mL volume and 1.8 mL 
volume of 2% lidocaine with 1:100,000 epinephrine.51 The suc-
cess rates (28% to 39%) with either volume were not high enough 
to ensure complete pulpal anesthesia.192

Gow-Gates and Vizarani-Akinosi Techniques
Neither the Gow-Gates85 (see Fig, 8.5) nor the Vizarani-Akinosi86 
(see Fig. 8.5) technique is superior to the standard inferior alveolar 
nerve block injection.87-92 These techniques are not replacements 
for the inferior alveolar nerve block, and both require a two-
cartridge volume. The Vizarani-Akinosi is a closed-mouth tech-
nique and is useful for patients presenting with trismus. However, 
patients with trismus should be referred to an endodontist because 
patient management is complicated (Videos 8.4 and 8.5).

Neither the Gow-Gates nor Vazirani-Akinosi technique pro-
vides adequate pulpal anesthesia for mandibular posterior teeth in 
patients presenting with symptomatic irreversible pulpitis.93 Both 
injections would require supplemental anesthesia. 

Do Buffered Lidocaine Formulations Increase the Success 
of the Inferior Alveolar Nerve Block in Patients with  
Symptomatic Irreversible Pulpitis?
Two systems are commercially available to buffer local anesthetics. 
Onset (Onpharma, Los Gatos, California, USA) buffers a local anes-
thetic solution using a unique dispensing system. The other system 
is Anutra (Anutra Medical Inc., Morrisville, North Carolina, USA), 
which consists of a dispenser, a 5-mL multiple-dose syringe, and 
cassette.

Two studies evaluated a buffered 2% lidocaine with 1:80,000 
epinephrine formulation, or buffered 4% lidocaine with 1:100,000 
epinephrine formulation for inferior alveolar nerve blocks in patients 
presenting with symptomatic irreversible pulpitis.79,83 Both studies 
concluded that buffering did not statistically improve the success of 
the inferior alveolar nerve block or decrease injection pain. 

Effect of Preemptive Nitrous Oxide in Irreversible Pulpitis
Nitrous oxide is the most commonly used inhalation anesthetic 
in dentistry.34 It has an impressive safety record and is excellent 
for providing conscious sedation for dental patients. More-
over, nitrous oxide provides a mild analgesic effect. The most 
common estimate of analgesic efficacy suggests 30% nitrous 
oxide is equivalent to 10 to 15 mg morphine.34 Nitrous oxide 
has significant benefits because of its sedation and analgesic  
effects.

Two studies have found administration of 30% to 50% nitrous 
oxide resulted in a statistically significant increase in the success of 
the inferior alveolar nerve block in patients presenting with symp-
tomatic irreversible pulpitis.34,36 

Success of Maxillary Molar Infiltration with 
Irreversible Pulpitis
Clinical studies of maxillary posterior buccal infiltrations in 
patients presenting with irreversible pulpitis reported success-
ful infiltration 54% to 85% of the time with an average rate of 
64%.193-195 There does not appear to be a difference between 
articaine and lidocaine formulations.196,197 

Asymptomatic Irreversible Pulpitis Versus 
Symptomatic Irreversible Pulpitis
Patients who have spontaneous pain (symptomatic irreversible 
pulpitis) have less successful anesthesia after an inferior alveo-
lar nerve block than patients who do not have spontaneous 
pain or who have pain only when the tooth is stimulated by the 
application of cold (asymptomatic irreversible pulpitis).198 It is 
important to distinguish between these patients when evaluat-
ing clinical success, because the success rates differ.

Use of Preoperative Analgesic Medications to Increase the 
Success of the Inferior Alveolar Nerve Block
Many studies have used analgesic medications (for example, 
ibuprofen, acetaminophen, hydrocodone, and combinations of 
these medications) given 60 minutes before administering an 
inferior alveolar nerve block to try to increase the success of the 
inferior alveolar nerve block. There are varying results but, cur-
rently, it appears that preoperative analgesic medications may 
not show a significant advantage.199-201 If any increase in suc-
cess is seen, it is not enough to prevent the use of supplemental 
anesthesia. 

Adjunctive Pharmacologic Therapy
Anxious patients may benefit from sedation (oral, inhalation, 
intravenous). However, even with conscious sedation, profound 
local anesthesia is required to eliminate pain during dental 
treatment.33-35 Nitrous oxide administration helps reduce pain 
during treatment in patients presenting with symptomatic irre-
versible pulpitis.34,36 A discussion on agents that control anxiety is 
included in Chapter 9.

Reversing Soft-Tissue Numbness
Patients may feel that residual soft-tissue numbness interferes 
with their normal daily activities in three specific areas: perceptual 
(perception of altered physical appearance); sensory (lack of sensa-
tion); and functional (diminished ability to speak, smile, drink, 
and control drooling). Patients often do not want to have lip and 
tongue numbness for hours after the appointment. Phentolamine 
mesylate (0.4 mg in a 1.7 mL cartridge, OraVerse; Septodont, 
Lancaster, Pennsylvania, USA) is an agent that shortens the dura-
tion of soft tissue anesthesia.

Fowler and coauthors studied the use of OraVerse for reversal 
of soft-tissue anesthesia in asymptomatic endodontic patients.202 
They found it shortened mandibular and maxillary soft tissue 
sensations. Postoperative pain and complications were minimal. 
Many patients may benefit from the use of a reversal agent when 
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they have speaking engagements or important meetings or per-
form in musical or theatrical events. 

Supplemental Techniques for Mandibular 
Teeth in Endodontics

Supplemental Buccal Infiltration of Articaine 
After an Inferior Alveolar Nerve Block in Patients 
Presenting with Symptomatic Irreversible 
Pulpitis
Fowler and coauthors determined the anesthetic success of a 
supplemental, articaine buccal infiltration after a failed inferior 
alveolar nerve block, in premolars and first and second molars, 
in emergency patients presenting with symptomatic irrevers-
ible pulpitis.191 Success was defined as the ability to access and 
instrument the tooth with mild to no pain. They found suc-
cess was 42% for the first molars, 48% for the second molars, 
and 73% for the premolars. Therefore supplemental anesthesia 
should be considered.

This result should be compared with the finding in asymptom-
atic (nonpainful) teeth where the buccal infiltration of a cartridge 
of 4% articaine with 1:100,000 epinephrine after an inferior alve-
olar nerve block was successful 88% of the time.124 

Supplemental Intraosseous Injections
For use as a supplemental injection with irreversible pulpitis, 
high success rates (about 90%) have been reported for IO injec-
tions.193,199,203,204 There is no difference between lidocaine and 
articaine.204 Three percent mepivacaine has an 80% success 
rate, which increases to 98% with a second IO injection of 3% 
mepivacaine.205

Although some studies206,207 have suggested that an IO injec-
tion alone can successfully anesthetize patients presenting with 
irreversible pulpitis, it is doubtful that this would be successful. 
193,199-201,208 

Supplemental Periodontal Ligament Injections
Supplemental PDL injections are not as successful as supplemen-
tal IO injections.151,209 For example, in patients with irreversible 
pulpitis, use of a computer-controlled local anesthetic delivery sys-
tem (see Fig. 8.1) for supplemental PDL injections was successful 
in about half of patients with irreversible pulpitis.209 Others have 
reported success in about three-quarters to half of patients.151,210 
Reinjection increases the success rate.178,210

Supplemental Intraseptal Injection
Intraseptal anesthesia is the deposition of the anesthetic solution 
directly into the interdental septum, allowing solution to flow 
through the porous crestal alveolar bone and hence into the med-
ullary bone surrounding the tooth.211

A study in endodontics determined the anesthetic efficacy of 
the supplemental intraseptal technique in mandibular posterior 
teeth diagnosed with symptomatic irreversible pulpitis when the 
conventional inferior alveolar nerve block failed.212 Success was 
defined as the ability to perform endodontic access and instru-
mentation with mild to no pain. The supplemental intraseptal 
injection provided success in 29% of patients and would not pro-
vide a predictable level of anesthesia. 

Supplemental Intrapulpal Injection
Besides the supplemental infiltration, IO, and PDL injections dis-
cussed previously, the intrapulpal (IP) injection is used when other 
methods fail (Video 8.6).

Indications
After the inferior alveolar nerve block, on occasion IO and 
PDL injections do not produce profound anesthesia, even when 
repeated, and pain persists when the pulp is entered. This occur-
rence is an indication for an IP injection. However, the IP injec-
tion should not be given without first administering an inferior 
alveolar block plus an IO or PDL injection. The IP injection is 
very painful without some other form of supplemental anesthesia. 

Advantages and Disadvantages
Although the IP injection is somewhat popular, it has disadvan-
tages as well as advantages, making it the last supplemental injec-
tion of choice. The major drawback is that the needle is inserted 
directly into a vital and very sensitive pulp; thus the injection may 
be exquisitely painful. Also, the effects of the injection are unpre-
dictable if it is not given under pressure. Once anesthesia has been 
obtained, the duration is short (5 to 15 minutes). Therefore the 
bulk of the pulp must be removed quickly and at the correct work-
ing length to prevent recurrence of pain during instrumentation. 
Another disadvantage is that the pulp must be exposed to per-
mit direct injection; often problems with anesthesia occur before 
pulpal exposure.

The advantage is the predictability of profound anesthesia if the 
IP injection is given under back-pressure. The onset of anesthe-
sia is immediate, and no special syringes or needles are required, 
although different approaches may be necessary to attain the 
desired back-pressure. 

Mechanism of Action
Strong back-pressure has been shown to be the major factor in 
producing anesthesia.212,213 Depositing anesthetic passively into 
the pulp chamber is not adequate; the solution will not diffuse 
throughout the pulp. Therefore the anesthetic agent is not solely 
responsible for IP anesthesia; it also depends on pressure. 

Technique
The patient must be informed that a “little extra” anesthetic will 
ensure comfort and that there will be “a sharp sensation” as the 
injection is given.

One technique creates back-pressure by stoppering the access 
with a cotton pellet to prevent backflow of anesthetic (Fig. 
8.18).213,214 Other stoppers, such as gutta-percha, waxes, or pieces 
of rubber, have been used. If possible, the roof of the pulp cham-
ber should be penetrated by a half-round bur, which allows the 
needle to fit snugly in the bur hole.

Another approach is an injection into each canal after the cham-
ber has been unroofed. A standard syringe is usually equipped with 
a bent short needle. With fingers supporting the needle shaft to 
prevent buckling, the needle is positioned in the access opening and 
then moved down the canal, as the anesthetic is slowly expressed, 
to the point of wedging. Maximum pressure is then applied slowly 
on the syringe handle for 5 to 10 seconds. If there is no back-
pressure, anesthetic flows out of the access opening. The needle is 
then wedged deeper or withdrawn and replaced with a larger diam-
eter needle (or stoppered with a cotton pellet), and the injection is 
repeated. This procedure may be necessary in each canal. 
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What Is the Effect of No Endodontic Débridement on 
Postoperative Pain for Symptomatic Teeth with Pulpal 
Necrosis?
Patients without a dentist or access to care often present to hospital 
emergency departments with painful teeth. These patients are typi-
cally prescribed pain medication and an antibiotic. If they do not 
seek immediate dental treatment, what postoperative pain do they 
experience?

Sebastian and coauthors compared the effect of complete end-
odontic débridement (cleaning and shaping of the root canal sys-
tem) versus no endodontic débridement on postoperative pain in 
emergency patients with symptomatic teeth, a pulpal diagnosis of 
necrosis, and a periapical radiolucency.215 Success was defined as 
mild or no postoperative pain and no use of narcotic medication. 
Patients receiving débridement or no débridement had a decrease 
in postoperative pain over the 5 days. However, débridement 
resulted in a statistically higher success rate than no débridement.

Therefore an important consideration is that if there is not time 
or ability to perform complete débridement, an option is to refer 
the patient to an endodontist or defer treatment until the patient is 
asymptomatic. 

Anesthetic Management of Pulpal or 
Periapical Pathoses

Symptomatic Irreversible Pulpitis
With irreversible pulpitis, the teeth most difficult to anesthetize are 
the mandibular molars, followed in order by the mandibular and 
maxillary premolars, maxillary molars, mandibular anterior teeth, 
and maxillary anterior teeth. The vital inflamed pulp must be instru-
mented and removed. Also, pulpal tissue has a very concentrated sen-
sory nerve supply, particularly in the pulp chamber. These factors, 
combined with others related to inflammatory effects on sensory 
nerves and failures that occur with conventional techniques, make 
anesthetizing patients with painful irreversible pulpitis a challenge.

Different clinical situations present surprises. In some cases, 
inflamed vital tissue exists only in the apical canals, and the tissue 
in the chamber is necrotic and does not respond to the cold refrig-
erant or electric pulp testing. Obviously, in this situation the cham-
ber is entered with no problem, but when the operator attempts 
to place a file to length, severe pain results. IO or PDL injections 
are helpful, and an IP injection may be used. However, irreversible 
pulpitis must be differentiated from a symptomatic necrotic tooth 
with a distinct radiographic apical abscess, because IO, PDL, and 
IP injections are contraindicated in the latter condition.

General Considerations
A conventional anesthetic using primary techniques is adminis-
tered to the patient, and after signs of soft tissue anesthesia occur, 
the pain abates and the patient relaxes. Frequently, however, on 
access opening or when the pulp is entered, pain results because 
not all sensory nerves have been blocked. A useful procedure is 
to test the pulp of the tooth with cold (cold refrigerant) before 
the access is begun.193,209 If the patient responds, an IO or PDL 
injection is given. However, no response does not ensure complete 
anesthesia.193,209 The patient is always informed that the proce-
dure will be immediately discontinued if pain is experienced dur-
ing treatment or if there is a “premonition” of impending pain. 
Appropriate supplementary injections are then used. Occasion-
ally, all attempts fail, and in that case, it is best to place a tempo-
rary restoration and refer the patient to an endodontist. 

Mandibular Posterior Teeth
For mandibular posterior teeth, a conventional inferior alveolar 
nerve block is administered, usually in conjunction with a long 
buccal injection for the molars. The tooth is tested with cold 
refrigerant. If the result is negative, the clinician may proceed with 
access; if the result is positive, an IO or PDL injection is adminis-
tered before access is begun. Before the supplemental IO injection, 
buccal infiltration of a cartridge of 4% articaine with 1:100,000 
epinephrine is given over the tooth to reduce the pain of the injec-
tion. If pain is felt during access, the IO or PDL injection may be 
repeated, or an IP injection is given if the pulp is exposed. Usually, 
once the pulp has been removed, further pain is minimal, owing 
to the longer duration of mandibular anesthesia.43-48,193 

Mandibular Anterior Teeth
For mandibular anterior teeth, an inferior alveolar injection is given. 
The tooth is tested with cold refrigerant. If the result is negative, the 
clinician may proceed with access; if the result is positive, an IO injec-
tion is administered before access is begun (the PDL injection does 
not work well in mandibular anterior teeth). Before the supplemental 
IO injection, labial infiltration of a cartridge of 4% articaine with 

A

B

• Fig. 8.18 Intrapulpal Injection Technique. A, A 45-degree bend is 
placed on the needle. To stopper the injection site, a cotton pellet is pulled 
over the needle and the needle is placed in the opening in the pulp (the 
patient is forewarned of discomfort!). B, The cotton pellet is packed tightly 
and held in the access opening, and the syringe handle is pushed slowly. 
The patient often feels sharp pain with resistance on the syringe handle; 
this resistance usually indicates successful anesthesia.
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1:100,000 epinephrine is given over the tooth to reduce the pain 
of the IO injection. If pain is felt upon access, the IO injection is 
repeated. If this is unsuccessful, an IP injection is added. 

Maxillary Posterior Teeth
The approaches for maxillary posterior teeth are the same as those 
outlined under “General Considerations” except that the initial 
dose of 2% lidocaine with 1:100,000 epinephrine is doubled 
(3.6 mL) for buccal infiltration, and a palatal infiltration is given 
for the rubber dam retainer. The tooth is tested with cold refriger-
ant. If the result is negative, the clinician may proceed with access; 
if the result is positive, an IO or PDL injection is administered 
before access is begun. If pain is felt during access, the IO or PDL 
injection is repeated. In some cases, an IP injection may be needed.

The duration of anesthesia in the maxilla is less than in the 
mandible.131-139 Therefore if pain is experienced during instru-
mentation or obturation, additional primary and/or supplemental 
injections are necessary. 

Maxillary Anterior Teeth
In the maxillary anterior teeth, anesthetic is administered initially 
as a labial infiltration and occasionally as a palatal infiltration for 
the rubber dam retainer. The tooth is tested with cold refrigerant. 
If the result is negative, the clinician may proceed with access; if 
the result is positive, an IO injection is administered before access 
is begun (the PDL injection is not effective168). Rarely is an IO 
injection needed. The duration of anesthesia may be less than 1 
hour, requiring additional infiltration.131-139 

Symptomatic Pulp Necrosis
A diagnosis of symptomatic pulp necrosis indicates pain and/or 
swelling and therefore periapical inflammation. Because the pulp 
is necrotic and apical tissues are inflamed, anesthesia problems are 
different. These teeth may be painful when manipulated during 
treatment.

For the mandible, an inferior alveolar nerve block and a 
long buccal injection (for the molars) are administered. For 
maxillary teeth, if no swelling is present, the anesthetic is given 
with a conventional infiltration. If soft-tissue swelling is pres-
ent (cellulitis or abscess), infiltration is administered on either 
side of the swelling. Occasionally a regional block may be 
necessary. Access is begun slowly. Usually the pulp chamber is 
entered without discomfort if the tooth is not torqued exces-
sively during use of the high-speed handpiece. File placement 
and débridement also can be performed without much pain if 
instruments are used gently.

Occasionally, conventional injections do not provide ade-
quate anesthesia. IO, PDL, and IP injections are contraindi-
cated. Although effective for vital pulps, these injections are 
painful and ineffective with apical pathosis. Rather, the patient 
should be informed that profound anesthesia is not present, 
owing to inflammation in the bone. Therefore an important 
consideration is that if the pain is too severe to perform com-
plete débridement, an option is to refer the patient to an endo-
dontist or defer treatment until the patient is asymptomatic.

In patients with severe preoperative pain without drainage from 
the tooth (or when no swelling can be incised), a long-acting anes-
thetic (e.g., bupivacaine) may help control postoperative pain in 
mandibular teeth; however, this is not very successful in maxillary 
teeth.132,140 The duration of analgesia in the mandible is usually not 
so long as to preclude the prescription of oral analgesics.48 

Asymptomatic Pulp Necrosis
Asymptomatic teeth are the easiest to anesthetize. Although it may 
be tempting to proceed without anesthesia, vital sensitive tissue 
(ingrowth of periapical tissue into canal) may be encountered in 
the apical portion of canals, or placement of files may cause pres-
sure and extrusion of fluid periapically.

The conventional injections are usually administered: inferior alve-
olar nerve block and long buccal injection (molars) for mandibular 
teeth and infiltration in the maxilla. Usually the patient remains com-
fortable. Rarely, there may be some sensitivity during canal prepara-
tion that requires an IO or IL injection. IP injection is not indicated, 
because bacteria and debris may be forced periapically. In the maxilla, 
an additional infiltration may be necessary during longer procedures. 

Anesthesia for Surgical Procedures

Incision for Drainage
Patients tolerate the procedure better when adequate anesthe-
sia is present before incision and drainage (I&D) of a swell-
ing. However, obtaining profound anesthesia is difficult, which 
should be explained to the patient. In the mandible, an inferior 
alveolar nerve block plus a long buccal injection (for molars) and 
an inferior alveolar nerve block plus labial infiltration away from 
the swelling (for premolars and anterior teeth) are administered. 
In the maxilla, infiltration is given mesial and distal to the swell-
ing. For palatal swellings, a small volume of anesthetic is infil-
trated over the greater palatine foramen (for posterior teeth) or 
over the nasopalatine foramen (for anterior teeth). With swelling 
over either foramen, lateral infiltration is indicated.

Injection directly into a swelling is contraindicated. These inflamed 
tissues are hyperalgesic and difficult to anesthetize. Traditionally it 
has been believed that the anesthetic solution may be affected by the 
lower pH of these tissues and rendered less effective and that direct 
injection “spreads the infection,” although neither belief has been 
proved. Nevertheless, reasons for avoiding injection into a swelling 
are the pain from the injection pressure and the ineffectiveness of this 
technique. Theoretically, the area of swelling has an increased blood 
supply; therefore the anesthetic is transported quickly into the sys-
temic circulation, diminishing its effect. Also, edema and purulence 
may dilute the solution.

Incision and Drainage―Buffered Anesthetics
In dentistry, I&D of an odontogenic facial swelling is an emer-
gency procedure. Adequate pain control during the I&D proce-
dure is difficult. Buffered local anesthetics have been purported 
to reduce pain particularly during painful procedures such as 
I&D. The reasoning behind buffering of local anesthetics is logi-
cal according to the Henderson-Hasselbalch equation: if a local 
anesthetic solution is buffered to a pH that is closer to its pKa, 
more of the free base form will be available upon injection to enter 
the nerve sheath. The most common method for buffering local 
anesthetics is by the addition of sodium bicarbonate.

Two investigations studied the pain of local anesthetic infiltration 
(mesial and distal to the swelling) and the pain of the I&D proce-
dure of a buffered versus a nonbuffered formulation in symptomatic 
emergency patients presenting with a diagnosis of pulpal necrosis, 
associated periapical area, and an acute clinical swelling.81,84 Mod-
erate to severe pain was experienced in a large number of patients 
with both the infiltrations and during the I&D procedure. Buffer-
ing did not significantly decrease the pain of infiltrations or signifi-
cantly decrease the pain of the I&D procedure.
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Although the theory of buffering local anesthetics is logical, 
in reality the presence of a buffer in the local anesthetic may not 
be enough to overcome the lowered excitability thresholds and 
peripheral sensitization associated with such significant inflamma-
tory and infectious conditions of a patient with pulpal necrosis 
and associated acute swelling.84 

Outcome of an Incision and Drainage Procedure
Endodontic textbooks recommend I&D to treat swollen endodon-
tic patients. The rationale is that I&D prevents further spread of the 
infection, relieves pressure and pain, and allows introduction of oxy-
gen, which may aid in reducing the number of anaerobic bacteria. 
However, there is no evidence-based research to support that the out-
come of an endodontic I&D procedure is related to these factors.

One recent study found there was more postoperative pain 
when an I&D procedure was performed.216 This result may have 
been related to tissue damage caused by the surgical wounding of 
the infected and inflamed tissue by the incision and dissection of 
the swelling.216 The authors also found that whether an I&D was 
performed or not, patients had a decrease in postoperative pain 
and medication use over the 4 days.

Regardless, patients with facial swelling should be closely mon-
itored and possibly referred to an endodontist because clinical 
management of these patients requires special care.216 

Periapical Surgery
Most periapical surgery should be performed by an endodontist, 
because these practitioners have received advanced training in 
surgical procedures, the periapical bone anatomy of the mandible 
and maxilla, the use of magnification technologies, the complex 
canal anatomy, and advanced microsurgical techniques for retro-
grade preparation and filling.

Additional considerations in periapical surgery involve 
anesthesia of both soft tissue and bone. Also, inflammation is 
usually present. In the mandible the inferior alveolar injection 
is reasonably effective. Additional infiltration injections in the 
vestibule are useful to achieve vasoconstriction, particularly in 
the mandibular anterior region. In the maxilla, infiltration and 
block injections are generally effective, and larger volumes usu-
ally are necessary to provide anesthesia over the surgical field.

If the area of operation is inflamed or the patient is apprehen-
sive, anesthesia may not be totally successful. Additionally, the 
effectiveness of surgical anesthesia is decreased by half compared 
with anesthesia for nonsurgical procedures. With flap reflection 
and opening into bone, the anesthetic solution is diluted by bleed-
ing and removed by irrigation.217

Use of a long-acting anesthetic has been advocated.14,69,218 
In the mandible, use of a long-acting anesthetic is reasonably 
effective. In the maxilla, long-acting agents have decreased epi-
nephrine concentrations, which result in more bleeding during 
surgery.219 After periapical surgery, administration of a long-
acting anesthetic has been suggested.14 However, postsurgical 
pain is usually not severe and can be managed by analgesics.219
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 1.  Giving a thorough explanation of the procedure and how to converse if 
there is any discomfort is an example of exercising which of the 4 Cs?

 a.  Control
 b.  Communication
 c.  Concern
 d.  Confidence
 2.  Why do we use topical anesthesia?
 a.  Decreases pain of depositing the anesthetic solution for the IAN block
 b.  Decreases pain of depositing the anesthetic solution for infiltrations
 c.  Provides an increase in pulpal anesthesia
 d.  Demonstrates to the patient that the doctor is doing everything 

possible to prevent pain
 3.  Which of the following statements is true?
 a.  One way to determine working length is by not administering 

anesthesia.
 b.  Anesthesia is not necessary for teeth with pulpal necrosis.
 c.  Anesthesia is not necessary for obturation appointments.
 d.  The “eye-blink response” should not be used as an assessment of 

working length.
 4.  Which of the following has been shown to increase the success of the 

inferior alveolar nerve block in asymptomatic patients?
 a.  Slow injection
 b.  Buffered anesthetic
 c.  Increased epinephrine concentration
 d.  Increased volume (1.8 mL versus 3.6 mL)
 5.  Articaine is best used for which type of injection?
 a.  Inferior alveolar nerve block
 b.  Mandibular infiltration after an IANB
 c.  PDL injection after an IANB
 d.  Intraosseous injection after an IANB
 6.  If a patient’s lower lip is numb but she or he feels pain when their 

mandibular tooth is prepared, the next step is to administer
 a.  Another inferior alveolar nerve block
 b.  A solution with more epinephrine
 c.  A mylohyoid nerve injection
 d.  Supplemental anesthesia
 7.  Which type of maxillary anesthesia is preferred for endodontic 

treatment of maxillary canines?
 a.  Infiltration of the tooth
 b.  Second division nerve block
 c.  Palatal–anterior superior alveolar nerve block
 d.  Infraorbital nerve block
 8.  Which of the following statements is true?
 a.  After infiltration anesthesia, performing an incision & drainage 

procedure is painless.
 b.  Cold testing for anesthesia should be done before beginning 

endodontic therapy.
 c.  A repeat inferior alveolar nerve block should be used when patients 

have pain during endodontic treatment.
 d.  Infiltrations should be given directly into a swelling to have the best 

anesthesia for an incision & drainage procedure.
 9.  Which of the following should be used for an intraosseous injection:
 a.  Both lidocaine and mepivacaine
 b.  Only mepivacaine
 b.  Only lidocaine
 d.  Only bupivacaine
 10.  A supplemental intraosseous injection is more successful than a 

supplemental PDL injection because it is administered
 a.  In a more apical site
 b.  With more anesthetic
 c.  More slowly
 d.  In the cancellous bone

Study Questions
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A N S W E R S

Answer Box 8
1 b. Communication
2 d. Demonstrates to the patient that the doctor is doing everything possible 
to prevent pain
3 d. The “eye-blink response” should not be used as an assessment of work-
ing length.
4 a. Slow injection
5 b. Mandibular infiltration after an IANB
6 d. Supplemental anesthesia
7 a. Infiltration of the tooth
8 b. Cold testing for anesthesia should be done before beginning endodontic 
therapy.
9 a. Both lidocaine and mepivacaine
10 b. With more anesthetic
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9
Endodontic Emergencies 
and Therapeutics
RICHARD WALTON AND NIKITA B. RUPAREL

Introduction
Endodontic emergencies constitute approximately two-thirds of 
all dental emergencies,1,2 with many patients seeking emergency 
care for a painful tooth.1-3 There are a very large number of hos-
pital emergency room visits for mouth abscess/facial cellulitis.4 
These painful and infectious emergencies pose significant chal-
lenges to patients and dental providers. Pain and/or swelling occur 
in patients before (pretreatment), during (interappointment), and 
after (postobturation) root canal treatment.5-10 Understanding the 

causes of such emergencies results in appropriate diagnosis and 
treatment protocols for resolution of signs and symptoms.

Classical studies by Stanley, Fitzgerald, and Kakehashi11 as well 
as the preponderance of endodontic literature point to a bacterial 
etiology as the initial causative factor for pulpal pathosis. Both 
primary and secondary endodontic infections are polymicrobial in 
nature with an average of 10 to 20 microorganisms in primary12 
and 1 to 3 microbial species in secondary infections.13 Examples of 
endodontic pathogens include gram positive (Enterococcus species) 
and gram-negative (Porphyromonas, Prevotella, Bacteroides species) 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Identify causes of emergencies as they occur before treatment, 
between appointments, and after obturation, differentiating 
urgency from a true emergency.

 2.  Identify patients who are at greater risk for experiencing pain 
after endodontic procedures.

 3.  Describe the psychological and physiologic factors that affect 
pain perception and pain reaction and how these are man-
aged.

 4.  Define the flare-up and describe its management.
 5.  List the factors that relate to greater frequency of interappoint-

ment or postobturation flare-ups.
 6.  Describe and outline a sequential approach to endodontic 

emergencies:
 a.  Determine the source of pain (pulpal or periapical)
 b.  Establish a pulpal and periapical diagnosis

 c.  Identify the etiologic factor of the pathosis
 d.  Design an emergency (short-term) treatment plan
 e.  Design a long-term treatment plan
 7.  Outline a system of subjective and objective examinations and 

radiographic findings to identify the source of pain and the 
pulpal or periapical diagnosis.

 8.  Describe when pretreatment emergencies might occur and 
how to manage these emergencies.

 9.  Outline the steps involved in treatment of painful, irreversible 
pulpitis.

 10.  Describe the steps involved in treatment of necrotic pulp with 
acute apical periodontitis.

 11.  Describe treatment of acute apical abscess and include the 
indications and procedure for incision and drainage.

 12.  Detail pharmacologic supportive therapy (analgesics, anxiolyt-
ics, antibiotics, and antiinflammatory agents) used in emergen-
cies and its role in controlling pain and infection.

C H A P T E R  O U T L I N E
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System of Diagnosis, 162

Pulp Vitality Tests, 163
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Treatment Planning, 165

Interappointment Emergencies, 170

Postobturation Emergencies, 171
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bacteria as well as members of the spirochete family (Treponema 
species). Other pathogens include viruses and fungi. Bacterial 
byproducts from such a mixed flora therefore constitute a soup of 
toxins that breakdown host tissues and initiate an inflammatory 
response. An untimely management attenuating such a response 
can lead to spread of the inflammatory mediators into the periapi-
cal regions, posing greater risks, such as facial abscesses and cel-
lulitis (see Chapter 1).

Bacterial toxins fall into two categories: exotoxins and endotox-
ins. Exotoxins are secreted and released by the microorganism to 
degrade host tissues such as the extracellular matrix. Many of these 
function via enzymatic tissue breakdown and include enzymes 
belonging to the family of collagenases, proteases, lipases, chon-
droitinases, hyaluronidases, and cysteine and serine proteinases, 
among others. On the other hand, endotoxins are typically cell 
membrane/wall components such as lipoteichoic acid (LTA) and 
lipopolysaccharide (LPS). Still other specialized toxins include 
hemolysins and flagellins. Endotoxins play a crucial role in medi-
ating pulpal pain. Because pain is the #1 reason why patients seek 
dental care, an in-depth understanding of pain detection and 
transmission is critical for management of a painful emergency.

LPS from a known endodontic pathogen, Porphyromonas 
gingivalis, has been shown in recent years to activate and sensi-
tize trigeminal sensory neurons via Toll-like receptor-4 (TLR-4) 
expressed on sensory neurons.14,15 On the other hand, non-TLR 
mechanisms have also been demonstrated for other bacterial spe-
cies such as Staphylococcus aureus and Escherichia coli.16-18 More-
over, these studies suggest that bacterium-induced pain does not 
depend on tissue edema or immune cell activation.18 Collectively, 
these studies demonstrate that the concentration of the bacte-
rial load dictates hyperalgesic conditions rather than local tissue 
inflammation (see Chapter 1).

Nonbacterial etiologies can also contribute to pulpal inflam-
mation and emergency situations. These emergency situations 
include pulpal inflammation caused at the time of caries removal 
or crown preparations performed without adequate coolant, char-
acteristics of the cavity preparation most importantly, remaining 
dentin thickness over the pulp, and type of restorative material.19 
It is well known that certain restorative materials promote mar-
ginal breakdown due to polymerization shrinkage and promote 
bacterial microleakage, whereas others release chemical agents 
such as resin monomers namely, BisGMA, urethane dimethacry-
late (UDMA), and triethylene glycol dimethacrylate (TEGDMA), 
among others. These along with monomers present in dentin 
bonding agents such as hydroxyethyl methacrylate (HEMA) can 
be toxic to the underlying pulp if not polymerized fully.19-22 Bio-
material studies indicate that the hydrophobicity of nonpolymer-
ized monomers displaces dentinal fluid, thereby diffusing through 
the tubules and into the pulp.20,23 Collectively, factors that do not 
directly point to a microbial etiology must be considered in emer-
gencies and appropriate diagnosis must be determined to deliver 
a suitable treatment.

Both microbial and nonmicrobial etiologies culminate in an 
immunologic response. Patients with emergencies often report 
symptoms of spontaneous pain, pain to swallow, referred pain, 
pain that wakes them up, and pain that lingers after a stimulus. 
These symptoms are often mediated by an immunologic response 
and by (1) inflammatory mediators and (2) fluid pressure. Man-
agement of such a painful episode cannot be efficiently achieved by 
pharmacologic means alone.24-26 Peripheral nerve sprouting,27-31 
increased expression of tetrodotoxin resistant (TTX-R) sodium 
channels,32 as well as increased expression of transient receptor 

potential (TRP) channels,33,34 all culminate in dramatic reduction 
of peripheral nerve thresholds of Aδ and C-fibers. Clinical studies 
consistently implicate preoperative pain as a strong predictor of 
postoperative pain.35 Therefore emergency protocols must make 
every effort to attenuate preoperative pain to minimize develop-
ment of chronic odontogenic pain conditions.

Endodontic emergencies are therefore a challenge for both 
diagnosis and management. Knowledge and skill in several aspects 
of endodontics are required; failure to apply these can result in 
serious consequences. Incorrect diagnosis and/or treatment can 
shift an acute condition to a chronic pain or infection-induced 
life-threatening condition. The clinician must have knowledge 
of pain mechanisms, patient management, diagnosis, anesthesia, 
therapeutics, and appropriate treatment measures for both hard 
and soft tissues. This chapter discusses approaches to the diagnosis 
and treatment of various categories of emergencies. It includes a 
review of etiologic factors and details of a systematic approach to 
identifying and diagnosing the offending cause; then appropriate 
treatment, including pharmacotherapy, is described. 

Definition
By definition, endodontic emergencies are usually associated 
with pain and/or swelling and require immediate diagnosis and 
treatment. These emergencies are caused by pathoses in the pulp 
or periradicular tissues. They also include severe traumatic inju-
ries that result in luxation, avulsion, or fractures of the hard tis-
sues. Management of emergencies related to trauma will not be 
included in this chapter (see Chapter 11). 

Categories

Pretreatment Emergency
These are situations in which the patient is seen initially with 
severe pain and/or swelling. Problems occur with both diagnosis 
and treatment. 

Interappointment and Postobturation 
Emergency
Also referred to as a “flare-up,” an interappointment and postobtura-
tion emergency problem occurs after an endodontic appointment. 
Although an upsetting event, this problem is easier to manage because 
the offending tooth has already been identified and a diagnosis has 
been previously established. Also, the clinician has knowledge of the 
prior procedure and will be better able to correct the problem. 

The Challenge
It is satisfying and rewarding to successfully manage a distraught 
patient who has an emergency (Fig. 9.1). In contrast, it is very 
distressing to have a patient with a flare-up after root canal treat-
ment in a previously asymptomatic tooth. The aim is to increase 
occurrences in the first category and decrease those in the second.

Differentiation of Emergency and Urgency
Whether a pretreatment, interappointment, or postobturation 
problem, it is important to differentiate between a true emergency 
and the less critical urgency. A true emergency is a condition requir-
ing an unscheduled office visit with diagnosis and treatment. The 
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visit cannot be rescheduled because of the severity of the problem. 
Urgency indicates a less severe problem; a visit may be scheduled 
for mutual convenience of the patient and the dentist. Key ques-
tions, which may be asked by telephone, to determine severity 
include the following:
 1.  Does the problem disturb your sleeping, eating, working, con-

centrating, or other daily activities? (A true emergency disrupts 
the patient’s activities or quality of life.)

 2.  How long has this problem been bothering you? (A true emer-
gency has rarely been severe for more than a few hours to 2 
days.)

 3.  Have you taken any pain medication? Was the medication 
ineffective? (Analgesics do not relieve the pain of a true emer-
gency.)
Affirmative answers to these questions require an immedi-

ate office visit for management and constitute a true emergency. 
Obviously, the patient’s emotional and mental status must also be 
determined. To some patients, even a minor problem has major 
proportions and is disruptive. 

Development of a System
Because a misdiagnosis will probably result in improper treatment 
and an exacerbation of the problem, a systematic approach is man-
datory. The emotional status of the patient, pressures of time, and 
stress on dentist and staff should not affect such an orderly approach. 

Pain Perception and Pain Reaction
Pain is a complex physiologic and psychological phenomenon. 
Pain perception levels are not constant; pain thresholds as well as 
reactions to pain change significantly in various circumstances.36 
Psychological components of pain perception and pain reaction 
comprise cognitive, emotional, and symbolic factors. The pain 
reaction threshold is significantly altered by past experiences and 
by present anxiety levels and emotional status. Anxiety decreases 
levels of both pain perception and pain reaction.37

To reduce anxiety and consequently obtain reliable informa-
tion about the chief complaint and to receive cooperation during 
treatment, the clinician should (1) establish and maintain control 
of the situation, (2) gain the confidence of the patient, (3) provide 
attention and sympathy, and (4) treat the patient as an important 
individual.38 Providing positive written information about pain 

control during root canal therapy can also reduce the fear associ-
ated with an emergency endodontic procedure.39 By managing 
these pain components, pain perception and reaction thresholds 
are raised significantly, greatly facilitating the procedure. Psycho-
logical management of the patient is the most important factor in 
emergency treatment!

Adjunctive pharmacotherapy may also be required in the 
management of patient anxiety during emergency treatment.36 
Reducing anxiety at this stage will not only reduce the response to 
potentially painful stimuli during treatment, but also will decrease 
the tendency for the patient to recall the endodontic procedure as 
unpleasant.37 Mild anxiety may be managed with nitrous oxide40; 
however, the apparatus may be a bit cumbersome when obtaining 
treatment radiographs. Oral benzodiazepines can be very effective 
in managing more significant anxiety. Triazolam has a fast onset 
and a relatively short half-life and, because of its lipophilic nature, 
can be administered sublingually for rapid absorption.41 Thus this 
anxiolytic medication is quite convenient for sedation in the den-
tal office. One quarter of a milligram of oral triazolam has been 
shown to be as effective as intravenous diazepam.42 Of course, 
patients who have taken or are given an oral sedative in the dental 
office must have transportation provided. Importantly, the poten-
tial drug interactions with other centrally acting agents must also 
be considered. 

System of Diagnosis
Patients in pain often provide information and responses that are 
exaggerated and inaccurate. They tend to be confused as well as 
apprehensive. Clinicians may find it easy (and tempting) to rush 
through the diagnosis to institute treatment for a suffering patient. 
After pertinent information regarding the medical and dental histo-
ries is obtained, both subjective questioning and an objective exami-
nation are performed carefully and completely (See Box 9.1).43,44

A rule of the true emergency is that one tooth is the offender, 
that is, the source of pain. In the excitement of the moment, the 
patient might believe that the severe pain is emanating from more 
than a single tooth. The clinician may become convinced also, 
leading to overtreatment.

Medical and Dental Histories
Medical and dental histories should be reviewed first. If the patient 
is the dentist’s own patient, the medical history is briefly reviewed 
and updated. If the patient is new, a standard, complete history is 
obtained. An important medical complication may be easily over-
looked in an emergency situation. Certainly, the need for antibi-
otic prophylaxis must be determined even before initiating any 
portion of the oral examination that might induce a bacteremia, 
such as periodontal probing. Either a short or a complete dental 
history is recorded. This process includes recollection of dental 
procedures, recording a chronology of symptoms, or discussing an 
earlier relevant comment by a dentist. 

Subjective Examination
When the patient is in pain, the subjective examination comprises 
careful questioning and is the most important aspect of diagnosis. 
Questions relate to the history, location, severity, duration, char-
acter, and eliciting stimuli of pain. Questions relating to the cause 
or stimulus that elicits or relieves the pain help select appropriate 
objective tests to arrive at a final diagnosis.

• Fig. 9.1 Patient is distraught from severe pain of irreversible pulpitis. This 
patient will be a challenge to diagnose and treat.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k
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Pain that is elicited by thermal stimuli and/or pain that is 
referred is likely to originate from the pulp. Pain that occurs on 
mastication or tooth contact and is well localized is probably apical.

The three important factors constituting the quality and mag-
nitude of pain are its spontaneity, intensity, and duration. If the 
patient reports any of these symptoms (and assuming that the 
patient is not exaggerating), significant pathosis is likely to be pres-
ent. Careful questioning provides important information about the 
source of the pain and whether it is pulpal or periradicular. In fact, 
a perceptive, clever clinician should be able to arrive at a tentative 
diagnosis by means of a thorough subjective examination; objective 
tests and radiographic findings are then used for confirmation. For 
example, a reported complaint of severe, continuous (lingering) 
pain when the patient drinks cold beverages and marked tender-
ness on mastication indicates irreversible pulpitis and symptomatic 
apical periodontitis. These stimuli are then repeated in an objective 
examination to confirm the patient’s response. 

Objective Examination
An endodontic diagnosis consists of two parts: pulpal and periapi-
cal diagnoses. Therefore objective examination is a comprehensive 
evaluation of the health of the pulp and periapical tissues. The cli-
nician’s first clue to identifying the offending tooth is to carefully 
listen to the patient’s chief complaint and reproduce it using all 
the available tools. Objective examination includes the following 
clinical tests. 

Physical Condition/Extraoral Examination
It is imperative to not miss signs of an infectious spread systemi-
cally. Signs include extraoral swelling (unilateral or bilateral), facial 
cellulitis, lymphadenopathy, trismus, and eye shut. Such signs are 
commonly also involved with elevated temperature. In addition to 
the emotional factors that complicate the diagnosis of endodon-
tic emergencies, physical conditions induced as a result of these 
situations also contribute to the problems. Pain or swelling may 
limit mouth opening, thereby hampering diagnostic procedures 
as well as treatment (Fig. 9.2, A–D). In addition, hypersensitivity 
to thermal stimuli or pressure influences diagnosis and treatment. 
Therefore the most severe aspect of the emergency is treated first 
to facilitate diagnosis. 

Intraoral Examination
Included under this examination is observation for intraoral swell-
ing or sinus tracts, as well as mirror and explorer examination to 
note the presence of defective restorations, discolored crowns, 
recurrent caries, and fractures. 

Pulp Vitality Tests
Pulp vitality tests are the most commonly used objective tests for 
diagnosing a painful or offending tooth. Although cold, hot, and 
electric pulp tests (EPTs) truly test only the function of nerves 
rather than pulpal inflammation or vitality, they are the most 
convenient tests available. Among these assessments, cold testing 
is the most accurate test45 and a combination of cold with EPT 
increases accuracy.

Again, it is important in identifying the offending tooth to 
repeat tests that mimic what the patient reports subjectively. In 
other words, the best test is to repeat the stimulus that reportedly 

causes the pain. This is especially true for pulpal disease that has 
not extended to the periradicular tissues (e.g., irreversible pulpitis 
with asymptomatic apical periodontitis). It is often difficult for 
the patient to localize the pain to a particular tooth due to the 
paucity of proprioceptive neurons in the dental pulp. As in the 
previous example, applying cold should reproduce pain of basi-
cally the same type and magnitude as that related by the patient. 
If similar subjective symptoms are not reproduced, this situation 
may not be a true emergency; the patient may be “overreporting” 
(exaggerating the problem), or the pain may be referred from a 
source other than that perceived by the patient. 

Periapical Tests
Periapical inflammation occurs as early as 1 to 3 days after pulp 
exposure.46-48 Conceivably, periapical symptoms such as tender-
ness to biting, chewing, and pain to palpation or pressure can ensue 
shortly after.49,50 These symptoms often occur despite absence 
of periapical bone resorption on radiographic examination, and 
therefore clinical tests that can localize pain to the offending tooth 
are essential tools for diagnosis of the periapical inflammatory sta-
tus. These include (1) palpation over the apex; (2) digital pressure 
on, or wiggling of, teeth (preferred if the patient reports severe 
pain on mastication); (3) light percussion with the end of the mir-
ror handle; and (4) selective biting on an object such as a cotton 
swab or Tooth Slooth.

Periodontal Examination
A periodontal examination is always necessary. Probing helps in 
differentiating endodontic from periodontal disease. For example, 
a periodontal abscess can simulate an acute apical abscess (Fig. 9.3); 
however, with a localized periodontal abscess, the pulp is usually 
vital (see Chapter 7). In contrast, an acute apical abscess is related 
to an unresponsive (necrotic) pulp. These abscesses occasionally 
communicate with the sulcus and have a deep probing defect. In 
addition to these tests, when the differential diagnosis is difficult, 
a test cavity may identify the pulp status and isolate the offending 
tooth. A narrow-walled, isolated probing defect may also indicate 
a coronal fracture that has extended beyond the level of sulcular 
attachment, or a vertical root fracture (see Chapter 8). 

Radiographic Examination
Radiographic examination is a crucial tool in diagnosing the 
offending tooth. As stated before, patients often have difficulty 
localizing pulpal pain. Additionally, studies have demonstrated 
that approximately half the teeth with periapical pathosis are 
asymptomatic to periapical tests.3 Vitality tests certainly aid in 
narrowing down the source of pain to one to two teeth. When 
vitality tests cannot confirm the true diagnosis due to presence 
of crowns, multiple teeth involvement, an anxious patient, or a 
patient with heightened responses to clinical tests, radiographic 
examination can provide several key clues that point to the 
offender. Recurrent caries, possible pulpal exposure, internal or 
external resorption, unusual appearance of the lamina dura, peri-
apical pathosis, and traceable sinus tracts are some very important 
identifiers that help confirm diagnosis.

Both periapical and bitewing radiographs must be exposed 
during initial evaluation, as clinicians must never miss an oppor-
tunity to determine restorability of a tooth in addition to identify-
ing the cause of the emergency. Additionally, three-dimensional 
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(3D) cone beam computed tomography (CBCT) renders diag-
nosis more predictable than two-dimensional (2D) imaging 
alone. Some of the most diagnostically challenging cases are ones 
with tooth fractures. A recent meta-analysis suggests that CBCT 
has greater accuracy in confirming tooth fractures in teeth with 

clinically suspected but periapical-radiography–undetected tooth 
fractures.51 CBCT imaging therefore not only elevates a clini-
cian’s ability to accurately diagnose, but also to appropriately treat 
an emergency case. To this end, knowing the offending tooth’s 
anatomy, the 3D relationship of critical anatomic structures such 

A

C D

B

• Fig. 9.2 Examples of A, mandibular swelling; B, trismus; C and D, eye shut. (Courtesy Dr. Daniel Perez, 
UTHSCSA, San Antonio, TX, USA.)

BA

• Fig. 9.3 Periodontal abscess with vital mandibular anterior teeth. A, Clinical photo obuccal swelling; and 
B, Periapical radiograph of periodontal bone loss. (Courtesy Dr. Brian Mealey, UTHSCSA, San Antonio.)
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as the inferior alveolar nerve (IAN), and the extent of resorptive 
defects, are some unique advantages of 3D imaging.52

Collectively, a systematic approach to diagnosis must be fol-
lowed, and a combination of subjective and objective findings are 
carefully collected before attempting treatment. More specifics of 
diagnosis are included in Chapter 4. 

Diagnostic Outcome
After carefully working through the sequence described in the previ-
ous sections, the offending tooth and the tissue (pulpal or periapi-
cal) that is the source of pain should have been identified and a 
pulpal and periradicular diagnosis recorded. For many reasons, all 
or none of these conclusions may be clear. This circumstance may 
not be a true emergency, or the problem may be beyond the capa-
bility of the general dentist, and the patient should be referred (Fig. 
9.4). However, if the diagnosis is clear, treatment planning follows. 

Treatment Planning
As previously discussed, inflammation and its consequences, i.e., 
increased tissue pressure and release of chemical mediators in the 
inflamed pulp or periapical tissues, are the major causes of painful 
dental emergencies.53 Therefore reducing the irritant, reduction 
of pressure, or removal of the inflamed pulp or periapical tissue 
should be the immediate goal; this approach usually results in pain 
relief. Of the two, pressure release is the most effective.

Pretreatment Emergencies
These emergencies require a diagnosis and treatment sequencing. 
Each of these steps is important: (1) categorizing the problem, (2) 
taking a medical history, (3) identifying the source, (4) making the 
diagnosis, (5) planning the treatment, and (6) treating the patient. 

Patient Management
Patient management is always the most critical factor. The fright-
ened patient in pain must have confidence that his or her problem 
is being properly managed. 

Profound Anesthesia
Obtaining profound anesthesia of inflamed painful tissues is a chal-
lenge. Adequate anesthesia, however, will instill confidence and 
cooperation and influence the patient’s desire to save the offend-
ing tooth. Maxillary anesthesia is usually obtained by infiltration, or 
block injections in the buccal and palatal regions. With mandibular 
teeth, in addition to an IAN block with lidocaine, a long buccal 
injection for soft tissue anesthesia as well as infiltration of articaine 
on the facial may be necessary. Often (particularly with mandibular 
molars), although all “classic” signs of profound anesthesia are pres-
ent (such as lip numbness), access into the dentin or pulp is painful, 
presumably due to sensitized pulpal nociceptors. It is therefore pru-
dent to retest the tooth with a cold stimulus to assess pulpal anes-
thesia before initiating access into the pulp space. For those patients 
who still respond with pain, periodontal, intrapulpal, or intraos-
seous injection techniques are indicated.54,55 These supplemental 
injections are often administered prophylactically, particularly with 
painful irreversible pulpitis.54 Other conditions (for example, acute 
apical abscess) require other approaches. Chapter 8 contains details. 

Management of Symptomatic Irreversible 
Pulpitis
Because pain is the result of inflammation, primarily in the coro-
nal pulp, removal of the inflamed tissue will usually reduce the 
pain.

A

D E F

B C

• Fig. 9.4 A difficult management case of symptomatic irreversible pulpitis with symptomatic apical periodonti-
tis for a 60-year-old female patient with pain at 10/10 on visual analog scale (VAS). A, Preoperative radiograph 
of #31. B, Axial view of #31 showing mesiobuccal (MB) canal and C-shaped canal. C, Sagittal view of #31 
showing anatomy of the C-shaped canal. D, Photograph of #31 with profuse hemorrhage upon access. E, MB 
and C-shaped canal anatomy at orifice level. F, Postoperative radiograph of completed obturation and access 
restoration at second visit. (Courtesy Dr. Anibal Diogenes, UTHSCSA San Antonio, TX, USA.)
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With or Without Symptomatic Apical Periodontitis
Teeth with caries, large restorations, cracked teeth, or trauma are 
some etiologies of symptomatic irreversible pulpitis. Complete 
cleaning and shaping of the root canals are the preferred treat-
ments if time permits. Access to contemporary aids such as the 
electronic apex locator (EAL), surgical operating microscope 
(SOM), ultrasonic instruments, and CBCT facilitates complete 
instrumentation. However, during times when time- or patient-
related factors prevent complete instrumentation, pulpotomy or 
a partial pulpectomy on the largest canals (palatal or distal root of 
molars) is performed. Both procedures have demonstrated greater 
than 90% success rate in reducing postoperative pain from mod-
erate to severe to mild to no pain.25,35,56-59 On the other hand, 
partial pulpectomy, but not pulpotomy of severely inflamed teeth, 
upregulates inflammatory mediators that promote further nerve 
sprouting, leading to greater postoperative pain, and has been 
strongly discouraged.56,60 When there is a vital, inflamed pulp, 
other procedures such as trephination (artificial fistulation) by cre-
ating an opening through mucosa and bone are not useful and are 
contraindicated.59,61

An old but still popular idea is that chemical medicaments 
sealed in chambers help control or prevent additional pain; this 
idea is not true. A dry cotton pellet alone is as effective in relieving 
pain as a pellet moistened with camphorated monochlorophenol 
(CMCP), formocresol, Cresatin, eugenol, or saline.58,62 Therefore 
after irrigation of the chamber or canals with sodium hypochlorite 
(NaOCl), a dry cotton pellet is placed, and the access is sealed 
temporarily. These cases can be completed in a single visit; how-
ever, results of a recent meta-analysis suggest that cases completed 
in one visit are more likely to have postoperative pain medica-
tion consumption.63 Moreover, as stated before, preoperative pain 
is a strong predictor of postoperative pain. Additionally, calcium 
hydroxide [Ca(OH)2] has been shown to significantly reduce 
inflammatory mediators such as cytokines and neuropeptides64 
commonly known to activate and sensitize nociceptors.65,66 There-
fore allowing further reduction in the inflammatory load with 
intracanal medicament placement may reduce the probability of 
postoperative pain associated with one-visit cases. Lastly, reducing 
the occlusion to eliminate contact has been shown to aid in relief 
of symptoms67 but does not prevent symptoms.68 

Postoperative Pharmacologic Management
Pain Management: Recent systematic reviews and meta-analysis 
demonstrate that 600 mg ibuprofen or 600 mg ibuprofen with 
N-acetyl-p-aminophenol (APAP) 1000 mg is most effective in 
attenuating postoperative endodontic pain.69,70 To prevent the 
build-up of the arachidonic acid metabolites that contribute 
a large portion of the inflammatory pain stimulus, the patient 
should take the first dose before the loss of local anesthesia and 
then take the nonsteroidal antiinflammatory drug (NSAID) “by 
the clock,” rather than “as needed” (PRN). Administering ibu-
profen to the patient while in the chair has been shown to reduce 
initial postoperative pain.71 Moreover, a newer ibuprofen formu-
lation, ibuprofen sodium dihydrate at a 512-mg dose has been 
shown to have a faster onset of action than ibuprofen acid pro-
ducing a greater reduction in spontaneous pain and mechanical 
allodynia.26 It is noteworthy that the U.S. Food and Drug Admin-
istration (FDA)-recommended maximum daily dose of APAP is 
4 gm per day, owing to the increasing evidence of APAP-induced 
hepatoxicity.72-74 However, it is well known that patients often 
underreport their use of over-the-counter (OTC) medications, 

such as NyQuil, Theraflu, and so on, that contain as high as 500 
to 1000 mg APAP.75 Therefore a lower dose of 325 to 500 mg 
APAP in combination with 600 mg ibuprofen will have a safer 
drug profile compared with 1000 mg APAP, and will avoid “thera-
peutic misadventures.”

For patients with severe postoperative pain, other drug classes 
such as opioids maybe considered. However, the clinician must be 
fully aware of the recent opioid crisis that prevails; opioid over-
dose-related deaths have increased five-fold since 1999 (https://
www.cdc.gov/drugoverdose/epidemic/index.html). An even more 
striking statistic shows that prescription opioid use by adolescents 
between the ages of 19 to 23 has a 33% increased risk of opi-
oid misuse at a later stage in life.76 Moreover, the Practitioners 
Engaged in Applied Research and Learning (PEARL) Network 
findings suggest that endodontists are second after oral surgeons 
in prescribing opioid-like drugs to patients.77 Clinicians must sig-
nificantly curtail contributing to the opioid epidemic. For patients 
with persistent, severe pain after an endodontic procedure, opioids 
with less abuse potential must be considered. Tramadol, a mu-opi-
oid agonist, at varying doses has shown to have fewer opioid-like 
central effects compared with morphine78 (RA, 2018 #924); how-
ever, it is not devoid of addiction and abuse potential and must be 
used judiciously for severe postoperative pain. Ultracet (325 mg 
APAP, 37.5 mg tramadol) is a combination drug, which is a viable 
option for patients with severe postoperative pain. See Fig. 9.5 for 
a flexible analgesic strategy.

Postoperative pain is attributed in large part to a process 
called central sensitization. Constant input from primary affer-
ent nerve fibers can increase activity in the second-order neuron 
located in the trigeminal nucleus and cause signal amplification. 
Randomized clinical trials have elegantly demonstrated that 
administration of 0.5% bupivacaine with 1:200,000 epineph-
rine preoperatively significantly reduces postoperative pain at 6 
and 12 hours compared with 2% lidocaine with 1:80,000 epi-
nephrine after treatment of teeth with symptomatic irreversible 
pulpitis.79,80

Other pharmacologic drugs targeted at minimizing 
postendodontic pain include corticosteroids. Steroids inhibit 
phospholipase A2 enzyme upon membrane release of arachi-
donic acid, thereby inhibiting effects mediated by both lipoxy-
genases and cyclooxygenases. Several studies have evaluated 
the effects of corticosteroids in the prevention of postopera-
tive endodontic pain and have demonstrated that drugs such 
as prednisolone and dexamethasone significantly attenuate the 
incidence of pain at 6, 12, and 24 hours posttreatment.81,82 
Collectively, several strategies are available to the clinician to 
reduce postoperative pain in patients with symptomatic irre-
versible pulpitis.

Use of Antibiotics: The irreversibly inflamed pulp is still vital 
and immunocompetent, with the ability to resist bacterial infec-
tion. Antibiotics, therefore, are definitely not indicated in cases of 
irreversible pulpitis without swelling.83 Moreover, antibiotics are 
not analgesics and have no role in inhibition of nociceptors.5,35 
Unfortunately, old habits die hard, and there are still practitio-
ners who prescribe antibiotics inappropriately, as in the case of 
irreversible pulpitis.84 Antibiotic administration has the potential 
to result in at least two very serious sequelae: adverse reaction to 
the antibiotic, as well as increasing antibiotic-resistant microbial 
strains. The former is a local problem in which injudicious use 
of an antibiotic could lead to a life-threatening situation for an 
allergic patient. The latter is a global problem. Resistant micro-
bial strains are emerging faster than pharmaceutical companies 
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are developing new antibiotics; therefore it is critical that health 
care providers practice good stewardship with existing antibiot-
ics.85 Otherwise, in the near future there may not be a phar-
macologic option in treating severe odontogenic or systemic 
infections. 

Management of Pulp Necrosis with Apical 
Pathosis
The pain is related to periradicular inflammation, which results 
from potent irritants in the necrotic tissue in the pulp space. Treat-
ment now is biphasic: (1) remove or reduce the pulp irritants and 
(2) relieve the apical fluid pressure (when possible). Therefore with 
pulp necrosis and pain from periradicular tissues there may be  
(1) symptomatic apical periodontitis without swelling, (2) acute 
apical abscess with localized intraoral swelling, or (3) acute apical 
abscess with diffuse extraoral swelling. Each circumstance is man-
aged differently.

Pulp Necrosis/Symptomatic Apical Periodontitis Without 
Swelling
The microbiota is much more developed and stable compared 
with severely inflamed pulps. These teeth harbor not just plank-
tonic bacteria but also well-established biofilms that release 

their toxins and byproducts into the canal system as well as into 
the periapical tissues. An inflammatory response consisting of 
activation of innate and adaptive immune cells and release of 
inflammatory mediators such as interleukin-1 (IL-1), prosta-
glandin E2 (PGE2), and tumor necrosis factor-α (TNF-α)53,86 
activate osteoclasts, leading to bone resorption. Some of these 
lesions expand and form an abscess that is confined to bone. 
These abscesses are often painful, primarily because of fluid pres-
sure in a noncompliant environment. The two-fold aim is to 
reduce the canal irritants and to try to encourage some drainage 
through the tooth. Complete canal débridement, after determin-
ing the correct working length, is the treatment of choice. If 
time is limited, partial débridement at the estimated working 
length is performed with light instrumentation with a passive 
step-back or crown-down technique to reduce or remove irritat-
ing debris. Canals are not enlarged without knowledge of the 
working length. During cleaning, canals are flooded and flushed 
with copious amounts of full-strength NaOCl (6% or 8%). 
Finally, canals are irrigated with 17% ethylene diaminetetraace-
tic acid (17% ethylenediaminetetraacetic acid [EDTA]) followed 
by NaOCl, dried with paper points, filled with Ca(OH)2 paste 
(if the preparation is large enough), and sealed with a dry cotton 
pellet and a temporary restoration. The access must never be left 
open for drainage. 

FLEXIBLE ANALGESIC
STRATEGY

Mild

Moderate

Severe

Aspirin-like
drugs indicated

ibuprofen
200-400 mg

ibuprofen 200-400 mg
APAP 500-650 mg

ibuprofen 600-800 mg
APAP 500-650 mg

ibuprofen 600-800 mg
 UltracetTM

(APAP 325 mg/
tramadol 37.5 mg)

ibuprofen 600-800 mg
 UltracetTM

(APAP 325 mg/
tramadol 37.5 mg)

Aspirin-like drugs
contra-indicated

APAP 325 mg

APAP 500-650 mg

UltracetTM

(APAP 325 mg/
tramadol 37.5 mg)

UltracetTM

(APAP 325 mg/
tramadol 37.5 mg)

• Fig. 9.5 Simplified analgesic strategy to guide drug selection based on patient history and level of pres-
ent or anticipated posttreatment pain.
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Postoperative Pharmacologic Management
Pain Management: Pain-management protocols follow guidelines 
similar to those stated previously. Antibiotics are not indicated 
due to lack of systemic involvement.87 The patient is informed 
that there will still be some pain (the inflamed, sensitive periapical 
tissues are still present), but that the pain usually subsides during 
the next 2 or 3 days, as the inflammation decreases.

Management of Infections: These patients seldom have elevated 
temperatures or other systemic signs.88 Therefore in acute apical 
abscess with localized swelling, the use of systemic antibiotics is 
not necessary, having been shown to be of no benefit.87,89,90 

Pulp Necrosis/Acute Apical Abscess with Localized Intra-
oral Swelling
In these situations, an abscess has invaded regional soft tissues, 
and, at times, there is purulent exudate in the canal. Radiographic 
findings range from no periapical change (seldom) to a large radio-
lucency. Again, treatment is biphasic. First and most important is 
débridement (complete cleaning and shaping if time permits) of 
the canal or canals. Second in urgency is drainage. Localized swelling 
(whether fluctuant or nonfluctuant) should be incised (Fig. 9.6). 
Drainage accomplishes three things: (1) relief of pressure and pain, 
(2) removal of potent irritants (purulence and inflammatory media-
tors), and (3) prevention of the spread of infection to fascial spaces.

In teeth that drain readily after opening, instrumentation 
should be confined to the root canal system (Fig. 9.7). In patients 
with a periapical abscess but no drainage through the canal, pen-
etration of the apical foramen with small files (up to #25) may 
initiate drainage and release of pressure. This release often does not 
occur because the abscess cavity does not communicate directly 
with the apical foramen. Copious irrigation with NaOCl reduces 
amounts of necrotic tissue and bacteria. The canals are then dried 
with paper points and filled with Ca(OH)2 paste. Occasionally, 

purulence will continue to fill the canal during the preparation 
(the so-called “weeping” canal). If this occurs, the patient should 
sit for some time. Usually, the flow will cease, and the access may 
be closed. After placement of a dry cotton pellet, the access is 
sealed temporarily. These teeth should not be left open to drain. A 
canal exposed to the oral cavity is a potential home for introduced 
bacteria, food debris, and even viruses and leads to increased exac-
erbation from an activated immune response (Video 9.1).91

After débridement, an incision and drainage (I&D) procedure 
must be performed in cases with more than one abscess (see Fig. 9.7): 
one that communicates with the apex when another separate abscess 
is found in the vestibule. Because they do not communicate, drainage 
must occur through both the tooth and a mucosal incision. Steps of 
an I&D procedure typically involve a vertical incision followed by 
blunt dissection of the incised area, thorough curettage and copious 
irrigation with sterile saline and/or 0.12% chlorhexidine (see Fig. 9.7). 
A drain maybe placed if cessation of drainage does not occur during 
the appointment. Postoperative pain may be associated with the I&D 
procedure; however, this pain typically resolves within 2 to 3 days.92 

Postoperative Pharmacologic Management
Pain Management: An analgesic regimen appropriate for mild to 
moderate pain should be followed as described previously; relief 
of pressure is most important in pain control for these patients.

Management of Infections: These patients seldom experience an 
elevated temperature or other systemic signs. Therefore in acute 
apical abscess with localized swelling, the use of systemic antibiot-
ics is not necessary, having been shown to be of no benefit.88 

Pulp Necrosis with Diffuse Swelling
Endodontic abscesses that perforate through the cortical bone 
can spread to nearby fascial spaces; these occurrences are also 
referred to as cellulitis. The muscle attachment and arrangement 

A

E F G

B C D

• Fig. 9.6 Management of pulp necrosis with acute apical abscess with localized intraoral swelling for a 
60-year-old female patient with pain at 5/5 on visual analog scale (VAS). A, Preoperative radiograph of #30 
with sulcular sinus tract. B, Preoperative photograph of intraoral swelling. C, Photograph of incision. D, Blunt 
dissection. E, Postoperative radiograph of completed obturation and access restoration at second visit. F, 
Curettage. G, Sterile saline irrigation. (Courtesy Dr. Saeed Bayat, UTHSCSA, San Antonio, TX, USA.)
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of fasciae will determine the pathway of spread and the possible 
site of localization. These rapidly progressive and spreading swell-
ings are not localized and may have dissected into the fascial spaces  
(Fig. 9.2A-D). Limited opening, pain and difficulty in swallow-
ing, and occasionally bilateral spread may also occur. Fortunately, 
these serious infections seldom occur. There may be elevated tem-
perature or other systemic signs indicating a potentially serious 
infection. These patients should be referred to an oral surgeon for 
extraoral drainage, intravenous antibiotics, and pain management. 
Often, the patient is hospitalized for this aggressive treatment.

Once stable, the patient may return for initiation of canal 
débridement. Most important is removal of the irritant by canal 
débridement (cleaning and shaping is completed, if possible) or 
by extraction. The apical foramen may be gently penetrated with 
a file to permit any possible flow of exudate, although drainage 
often does not occur. After placing Ca(OH)2 paste and a dry pel-
let, the access is closed with a temporary restoration. 

Postoperative Pharmacologic Management
Pain Management: An analgesic regimen appropriate for moder-
ate-severe pain should be followed as described previously; resolu-
tion of extraoral swelling will provide for maximum pain relief for 
these patients.

Management of Infections: Systemic antibiotics are indicated 
for diffuse, rapidly spreading swelling (cellulitis).93 Culturing 
and molecular identification techniques used to study odonto-
genic abscesses reveal a polymicrobial infection, with anaerobic 
species predominating.94-96 Antibiotic sensitivity testing con-
firms that the majority of isolates are susceptible to penicillin 
VK (Pen VK).95 However, its bactericidal efficacy is significantly 
lower than that of other drugs such as amoxicillin due to inferior 
penetration and absorption properties. Moreover, it is associ-
ated with gastrointestinal side effects due to depletion of gut 
commensal flora.93 Amoxicillin with clavulanic acid has shown a 
100% efficacy against pathogens found in endodontic abscesses 
followed by amoxicillin with metronidazole at 99%. Amoxicillin 
achieves higher serum levels, maintained over a longer period of 
time than Pen VK. A loading dose of amoxicillin 1-g load followed 
by 500 mg every 6 hours for 2 to 3 days must be prescribed.

For patients with penicillin allergy, clindamycin is an alterna-
tive that demonstrates 96% antibacterial efficacy in vitro. It has 
superior oral absorption with excellent distribution in bone. It has 
both bacteriostatic and bactericidal effects and is effective against 
gram-positive aerobes and gram-positive and negative anaerobes, 
thereby satisfying a broad spectrum of microbes. A loading dose 
of 300 to 600 mg followed by 150 to 300 mg every 6 hours for 2 

I/O Swelling I&D Post-op PA 2 yr RecallD E F G

Pre-op PA Access Ca(HO)2BA C

• Fig. 9.7 Management of pulp necrosis with acute apical abscess with localized intraoral swelling for a 
60-year-old female patient with pain at 5/5 on visual analog scale (VAS). A, Preoperative radiograph of 
#7. B, Drainage through tooth upon access. C, Radiograph of #7 with calcium hydroxide [Ca(OH)2]. D, 
Preoperative photograph of intraoral swelling. E, Photograph post–incision and drainage. F, Postoperative 
radiograph of completed obturation and access restoration at second visit. G, Postoperative radiograph at 
2 years post treatment. (Courtesy Dr. Obadah Austah, UTHSCSA, San Antonio, TX, USA.)
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to 3 days must be prescribed. Note: Shorter prescription duration 
has been recommended based on emerging evidence and recom-
mendations. Recent evidence suggests that shorter prescription 
duration of 2 to 3 days until resolution of symptoms is equally effi-
cacious as longer prescription duration of 7 to 10 days. Moreover, 
the longer the commensal microbes in our bodies are exposed to 
antibiotics, the greater their ability to select for resistance. There-
fore our threat increases more from the commensal bacteria than 
from pathogenic bacteria.93,97-100

Because of the reduction in normal gut flora, patients on oral 
antibiotics occasionally develop signs of colitis due to the overgrowth 
of Clostridium difficile and a potentially fatal condition of pseudo-
membranous colitis. This problem can occur with nearly all classes 
of antibiotics, especially clindamycin, which has an eight-fold higher 
risk of C. difficile infection compared with penicillin; the patient 
should be warned to watch for the development of watery diarrhea, 
cramping abdominal pain, and low-grade fever. Patients taking oral 
contraceptives for whom antibiotics are prescribed should also be 
warned to use alternative methods during, and for 1 week after, the 
course of antibiotic therapy. There is some clinical, albeit empirical, 
evidence that probiotics may minimize the superinfections.

Speed of recovery (whether the swelling is localized or diffuse) 
depends primarily on canal débridement and drainage. Because 
edema (fluid) has spread through the tissues, diffuse swelling 
decreases slowly over several days. 

Postoperative Instructions
With all emergencies, patients must be informed of their respon-
sibilities and of what to expect. Pain and swelling will take time to 
resolve. Proper nutrition and adequate intake of fluids are impor-
tant, and medications must be taken as prescribed. The problem 
may recur or worsen (flare-up), requiring another emergency 
visit.5 Communication is very important; calling the patient the 
day after the appointment reduces pain perception and analgesic 
needs101 and allows for closer monitoring of progress. 

Interappointment Emergencies
The interappointment flare-up is a true emergency that occurs after 
an endodontic appointment and is so severe that an unscheduled 
patient visit and treatment are required. Despite judicious and 
careful treatment procedures, complications such as pain, swell-
ing, or both may occur. Regional temporary paresthesia has even 
been reported.57 As with emergencies occurring before root canal 
therapy, these flare-ups are undesirable and disruptive events and 
must be resolved quickly. Occasionally flare-ups are unexpected, 
although they can often be better predicted according to certain 
patient presenting factors.

Incidence
The reported incidence of flare-ups in endodontics varies widely 
due to variations in study parameters. Properly controlled pro-
spective studies show an incidence of approximately 3%.5,102,103 
Even though the occurrence is low, interappointment flare-ups 
represent such a stressful situation to the patient (most postopera-
tive discomfort is in the mild to moderate range), that it behooves 
the prudent clinician to consider the likely related factors and to 
try to prepare the patient for the possibility of such an event. It is 
especially distressing for the patient who had minimal preopera-
tive discomfort to experience pain and/or swelling after treatment. 

Causative Factors
Assessing causality is difficult when reviewing the literature on flare-
ups; however, certain risk factors have emerged. These factors gener-
ally can be categorized as related to the patient (including pulpal or 
periapical diagnosis). Treatment procedures are unrelated to flare-
ups, although this is a popular belief. Patient factors include gen-
der (more flare-ups are reported to occur in females, although this 
circumstance may represent a greater tendency for females to seek 
medical care for painful symptoms)104 and preoperative diagnosis. 
Flare-ups are uncommon in teeth with vital pulps.5,105 More often, 
flare-ups occur in teeth with necrotic pulps, and especially in those 
with a periapical diagnosis of symptomatic periapical periodontitis 
or acute apical abscess.5,102,105,106 The presence of a periapical radio-
lucency has also been shown to be a risk factor.5,102,103,107 Clearly, 
the patient who experiences a flare-up is more likely to have pre-
sented with significant preoperative pain and/or swelling.

Treatment factors have also been examined for the potential to 
cause flare-ups. Although it would seem intuitive that flare-ups 
would be related to certain procedures, such as overinstrumen-
tation, pushing debris beyond the apex, or completing the end-
odontic therapy in one visit, no definitive treatment risk factors 
have been identified. 

Prevention
Procedures
Use of long-acting anesthetic solutions, complete cleaning and shap-
ing of the root canal system (possibly), analgesics, and psychological 
preparation of patients (particularly those with preoperative pain) 
will decrease interappointment symptoms in the mild to moderate 
levels.35 There are, however, no demonstrated treatment or thera-
peutic measures that will reduce the number of interappointment 
flare-ups. In other words, no particular relationship has been shown 
between flare-ups and specific treatment procedures. 

Verbal Instructions
Most important is the preparation of patients for what to expect 
after the appointment. They should be told that discomfort (“sore-
ness”) is likely; the discomfort should subside within a day or two. 
Increases in pain, noticeable swelling, or other adverse signs neces-
sitate a call and sometimes a visit. This explanation reduces the 
number of calls from unnecessarily concerned patients. 

Therapeutic Prophylaxis
A popular preventive approach has been the prescribing of antibiotics 
to minimize postoperative symptoms. This practice has been demon-
strated to be not useful and needlessly exposes the patient to expen-
sive, potentially dangerous drugs, as described previously.108-110 In 
contrast, certain NSAIDs have been shown to reduce postendodon-
tic treatment pain.71,111 For patients at risk for a flare-up, 400-600 
mg of ibuprofen should be given while the patient is in the chair, and 
then taken by the clock for the first 24 to 48 hours postoperatively. 
Although this medication will reduce postoperative symptoms, it is 
uncertain whether it will reduce the incidence of flare-ups. 

Diagnosis
The same basic procedure is followed as outlined earlier in this 
chapter for pretreatment emergencies, although with modifications. 
The problem has already been diagnosed initially; the clinician has 
an advantage. However, a step-by-step approach to diagnosing the 
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existing condition reduces confusion and error; most important, it 
calms a patient who has been frightened by the episode of pain or 
swelling. After the underlying complications are identified, treat-
ment is initiated. 

Treatment of Flare-Ups
Reassurance (the “Big R”) is the most important aspect of treatment. 
The patient is generally frightened and upset and may even assume 
that extraction is necessary. The explanation is that the flare-up 
is neither unusual nor irrevocable and will be managed. Next in 
importance are restoring the patient’s comfort and breaking the 
pain cycle. For extended anesthesia and analgesia, administration 
of bupivacaine hydrochloride is recommended.112

Interappointment emergencies are divided into patients with 
an initial diagnosis of a vital or a necrotic pulp, and patients with 
or without swelling.

Previously Vital Pulps with Complete Débridement
If complete removal of the inflamed vital pulp tissues was accom-
plished at the first visit, this situation is unlikely to be a true 
flare-up, and patient reassurance and the prescription of a mild to 
moderate analgesic (9.5) often will suffice. Generally, nothing is 
to be gained by opening these teeth; the pain will usually regress 
spontaneously, but it is important to check that the temporary res-
toration is not in traumatic occlusion. Placing corticosteroids in 
the canal or administering an intraoral or intramuscular injection 
of these medications after cleaning and shaping reduces inflamma-
tion and somewhat lowers the level of moderate pain.113-115 Flare-
ups, however, have not been shown to be prevented by steroids, 
whether administered intracanal or systemically.116 

Previously Vital Pulps with Incomplete Débridement
In previously vital pulps with incomplete débridement, it is likely 
that tissue remnants have become inflamed and have become a 
major irritant. The working length should be rechecked, and the 
canal(s) should be carefully cleaned with copious irrigation with 
NaOCl. A dry cotton pellet is then placed, followed by a temporary 
restoration, and a mild to moderate analgesic is prescribed (see Fig. 
9.5). Occasionally, a previously vital pulp (with or without complete 
débridement) will develop into an acute apical abscess. This prob-
lem will occur sometime after the appointment and indicates that 
pulpal remnants have become necrotic and are invaded by bacteria. 

Previously Necrotic Pulps with No Swelling
Occasionally teeth with previously necrotic pulps but no swelling 
develop an acute apical abscess (flare-up) after the appointment (1). 
The abscess is confined to bone and can be very painful. The tooth is 
opened, and the canal is gently recleaned and irrigated with NaOCl. 
Drainage should be established if possible (see Fig. 9.7). If there is 
active drainage from the tooth after opening, the canal should be 
recleaned (or débridement completed) and irrigated with NaOCl. 
The rubber dam is left in place after the tooth is opened; the patient 
is allowed to rest pain-free for at least 30 minutes or until drainage 
stops. Then, the canals are dried, Ca(OH)2 paste is placed, and the 
access is sealed. The tooth should not be left open! If there is no 
drainage, the tooth should also be lightly instrumented and gen-
tly irrigated, medicated with Ca(OH)2 paste, and then closed. The 
symptoms usually subside but do so more slowly than if drainage 
were present. Again, patient education and reassurance are critical. 
A long-acting anesthetic and an analgesic regimen for moderate to 
severe pain are helpful; antibiotics are not indicated.87,89 

Previously Necrotic Pulps with Swelling
These cases are best managed with I&D (see Fig. 9.6). In addition, 
it is most important that the canals have been débrided. If not, 
they should be opened and débrided, medicated with Ca(OH)2 
paste, and sealed. Then I&D with placement of a drain (if there 
is continuous drainage) are completed. Occasionally, but rarely, a 
flare-up or a presenting acute apical abscess may be serious or even 
life-threatening (Fig. 9.8). These situations may require hospitaliza-
tion and aggressive therapy with the cooperation of an oral surgeon. 

Follow-Up Care
With flare-ups, the patient should be contacted daily until the 
symptoms abate. Communication may be made by telephone; 
patients with more serious problems or those that are not resolving 
(many may not and require additional measures) should return to 
the dentist for treatment as described previously, depending on 
findings. When symptoms recur or cannot be controlled, these 
patients should be considered for referral. Ultimate treatment by 
a specialist may include extra measures, such as apical surgery, or 
even hospitalization. 

Postobturation Emergencies
True emergencies (flare-ups) postobturation are infrequent, although 
pain at the mild level is common. Therefore active intervention is 
seldom necessary; usually symptoms will resolve spontaneously.

Causative Factors
Little is known about the etiologic factors involved in postopera-
tive pain after obturation. Reports of the incidence of postobtura-
tion pain vary; however, most reports show that the pain tends 
to occur in the first 24 hours.35,117 A correlation has been found 
between the level of obturation and pain incidence, with overex-
tension associated with the highest incidence of discomfort.35,117 
Postobturation pain also relates to preobturation pain; levels of 
pain reported after obturation tend to correlate to levels of pain 
before the appointment.117,118 

Treatment
Information about possible discomfort for the first few days (espe-
cially in patients who had higher levels of preoperative pain), 
reassurance about the availability of emergency services, and 
administration of analgesics for mild pain (see Fig. 9.5) signifi-
cantly control the patient’s anxiety and prevent overreaction. This 
support, in turn, decreases the incidence of postobturation frantic 
telephone calls or “emergency” visits. Some patients, however, do 
develop serious complications and require follow-up treatment.

Retreatment is indicated when prior treatment obviously has been 
inadequate. Apical surgery is often required when an acute apical 
abscess develops, and there is uncorrectable, inadequate root canal 
treatment. If root canal treatment was acceptable, I&D of swelling 
after obturation (an occasional occurrence) should be performed; 
usually the swelling resolves without further treatment. At times, 
the patient reports severe pain, but there is no evidence of acute api-
cal abscess, and the root canal treatment has been well done. These 
patients are treated with reassurance and appropriate analgesics (see 
Fig. 9.5); again, the symptoms usually subside spontaneously.

Patients with postobturation emergencies that do not respond 
to therapy should be referred to an endodontist for other treat-
ment modalities, such as surgery.
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• Fig. 9.8 Management of pulp necrosis with acute apical abscess with diffused extraoral swelling for a 
43-year-old male patient hospitalized for aggressive therapy with nasal intubation. Pain at 5/5 on visual 
analog scale (VAS). A, Preoperative photograph of extraoral swelling. B, Photograph of syringe aspiration. 
C and D, Drainage. E, Postoperative photograph of two drains placed and sutured. F, Types of extraoral 
drains: Covidien Dover Rob-Nel Urethral Catheter and Penrose drain. (Courtesy Dr. Daniel Perez, UTH-
SCSA, San Antonio, TX, USA.)

 1.  What effect does anxiety have on pain threshold levels?
 a.  Increases
 b.  Decreases
 c.  No effect
 2.  The most important aspect of diagnosis is
 a.  Subjective examination
 b.  Pulp testing with cold
 c.  Pulp testing with electrical pulp test device
 d.  Percussion test
 e.  Radiographic examination
 3.  Anesthesia of mandibular teeth is enhanced by
 a.  Infiltration of articaine on the facial
 b.  Injecting buffers in the region of the mandibular foramen
 c.  Increasing the concentration of epinephrine
 d.  Repeating the injection while itipositioning the  

patient upright
 e.  Injecting on the lingual to block the mylohyoid nerve
 4.  Most important in managing symptomatic irreversible  

pulpitis is:
 a.  Selecting the appropriate intracanal medicament
 b.  Removing the inflamed tissue
 c.  Reducing the occlusion
 d.  Prescribing opiate/NSAID combinations
 e.  Prescribing the appropriate antibiotic
 5.  Antibiotic administration is recommended for:
 a.  Prophylaxis to minimize flare-ups
 b.  Severe pain with symptomatic irreversible pulpitis
 c.  Localized swelling with a large radiolucency
 d.  Retreatment of a failed root canal treatment
 e.  Cellulitis
 f.  None of the above

 6.  An analgesic choice for severe pain is
 a.  Ibuprofen 400 to 600 mg
 b.  Combination: Ibuprofen 200 to 400 mg and APAP 500 mg
 c.  Combination: Ibuprofen 200 to 400 mg and APAP 325 mg/tramadol 

37.5 mg
 d.  Combination: Ibuprofen 600 to 800 mg and APAP/tramadol 37.5 mg
 e.  Combination: APAP 325 mg and tramadol 37.5 mg
 7.  The incidence of flare-ups is
 a.  Approximately 3%
 b.  Approximately 15%
 c.  Decreased with prophylactic antibiotics
 d.  Higher in inflamed versus necrotic pulps
 e.  Higher in preoperative asymptomatic versus symptomatic conditions
 8.  Most important for resolution of pulp necrosis/acute apical abscess is
 a.  Administering appropriate medications (antibiotics and analgesics)
 b.  Obtaining drainage through the tooth
 c.  Removing irritants from the canal space
 d.  Modifying the immune response with regional steroid injections
 9.  In an emergency situation, the most important objective test is
 a.  Cold
 b.  Heat
 c.  Test cavity
 d.  Percussion
 e.  The test that reproduces the painful stimulus
 10.  The best way to differentiate an endodontic from a periodontal abscess 

swelling is
 a.  Endodontic is over the apex, periodontal is more cervical
 b.  Endodontic swelling is more painful
 c.  Periodontal swelling is associated with probing defects
 d.  Periodontal swelling is associated with cervical bone loss
 e.  Determining pulp status; endodontic swelling results from pulp necrosis

Study Questions
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10
Management of the Vital 
Pulp and of Immature Teeth
ANIBAL DIOGENES, TATIANA BOTERO, AND MO KANG

The Dentin-Pulp Complex

Pulp Defense Mechanisms
The dental pulp is a highly specialized and complex loose con-
nective tissue encased by mineralized tissues, namely enamel, 
dentin, and cementum. The dental pulp has close anatomic and 
functional relationship with the dentin, often referred as dentin-
pulp complex (Fig. 10.1). Although the dental pulp is protected 
by a mineralized case, it is not impervious to irritation. Dental 
caries, trauma, anatomic defects, and iatrogenic mishaps can lead 
to inflammation and possibly pulp necrosis. However, the dentin-
pulp complex has elaborate defense mechanisms.

Invading microorganisms reaching the dentin will encounter an 
outward flow of dentinal fluid. This positive pressure maintained 
by the dental pulp acts to “push” out the ingression of microor-
ganisms, and it increases if pulpal inflammation and edema occur. 
A notable aspect is that this fluid will carry important molecules 
released from cells of the innate and adaptive immune response 

such as cytokines, immunoglobulins, and complement proteins.1 
These molecules are able to initiate the pulpal defense before these 
organisms reach the pulpal cells. In addition, bacteria-mediated 
demineralization of dentin releases key noncollagenous proteins 
(NCPs) that mediate reparative responses.2 Thus dentin is no 
longer thought to be an inert tissue but instead comprises myr-
iad growth factors, morphogens, and neurotrophins that have 
shown to be “fossilized” within the dentinal matrix and that 
can be released upon demineralization and mediate processes of 
angiogenesis, neurogenesis, and dentinogenesis.3 These processes 
are part of an elaborate response of the dentin-pulp complex to 
increase vascularity, overhauling the immune response and the 
metabolic demand of an injured area undergoing remodeling, 
repair, and possibly regeneration.4 In addition, inflammatory foci 
within the dental pulp have increased innervation density due 
to robust neuronal sprouting in the area. These neuronal fibers, 
mainly nociceptors, play their best recognized role of surveil-
lance by providing nociceptive signals but also participate in the 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Understand the special physiologic and structural characteris-
tics of the dentin-pulp complex and how they affect the pulpal 
response to injury.

 2.  Discuss the effects of pulpal injury in teeth with developing 
roots.

 3.  Differentiate reparative and reactionary dentin.
 4.  Recognize the indications, contraindications, and expected 

outcomes of the vital pulp therapy protocols.
 5.  Describe diagnosis and case assessment of immature teeth 

with pulp injury.

 6.  Determine the techniques for vital pulp therapy and prognosis.
 7.  Indicate the treatment options for immature teeth with pulp 

necrosis.
 8.  Describe apexification procedures and prognosis.
 9.  Explain the technique and the goals of regenerative endodon-

tic therapy.
 10.  Recognize the tissue engineering techniques used to regener-

ating the dentin-pulp complex.
 11.  Indicate the stem cells present in dental tissues and their 

potential to regenerate the dentin-pulp complex.

C H A P T E R  O U T L I N E
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Vital Pulp Therapy, 182

Capping Procedures, 182

Treatment of Immature Teeth with Pulp Necrosis, 186

Conclusions, 191
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inflammatory process known as neurogenic inflammation by the 
release of vasoactive peptides such as calcitonin gene–related pep-
tide (CGRP) and substance P, which are responsible for promot-
ing vasodilation and plasma extravasation, respectively, as well as 
modulation of immune cell function (Fig. 10.2).5

The progressive ingress of antigen and microorganisms into 
the dentin first reaches the cells positioned with the dentinal 
tubules (see Fig. 10.2). These cells include nociceptive primary 
afferent neuronal terminals that have been shown to extend up 
to 200 μm into the dentinal tubules and odontoblastic processes 
(see Figs. 10.1 and 10.2).6 Interestingly, pulpal neuronal afferent 
fibers are mainly nociceptors but have also been shown to have a 
role in directly detecting microorganisms.7 This characteristic is 
particularly interesting because the dentin-pulp complex is one 
of the most densely innervated tissues in the human body with 
nociceptors. These neuronal fibers within the dental pulp, regard-
less their degree of myelination, have been shown to mediate only 
nociceptive signals. Thus teeth are constantly under surveillance of 
this neuronal network dedicated to detecting injury or potential 
injury. These neurons have been shown to express the Toll-like 
receptor 4 (TLR4) that recognizes liposaccharides or endotoxins 
from gram-negative bacteria.7,8 The activation of TLR4 in neu-
rons results in sensitization of these fibers, lowering their activa-
tion threshold and increasing the response magnitude.7,8 This 
increased response, in turn, leads to secretion of vasoactive pep-
tides such as CGRP and substance P (see Fig. 10.2). The action 
of these peptides results in vasodilation and plasma extravasa-
tion (i.e., edema) at the site of injury, a process called neurogenic 

inflammation. The vasodilation and plasma extravasation allow for 
greater vascularity in the area with increased immune cellular pres-
ence and greater outward fluid flow, decelerating the ingress of 
microorganisms (see Fig. 10.2). This unique neuronal–bacterial 
communication is a sophisticated mechanism for sensory neurons 
to detect, alert the breach of the biological barrier, and initiate 
a process of neurogenic inflammation that will be immediately 
integrated with the immune-driven inflammation. An interesting 
aspect is that the early symptoms of a carious lesion can be mani-
fested as painful responses to low-intensity stimuli and exagger-
ated responses to noxious stimuli in reversible pulpitis, matching 
the previously described neurophysiology.

Odontoblasts are highly specialized cells that serve the primary 
role of secreting dentin. As with other cell types within the dentin-
pulp complex, these cells also have other functions that extend 
beyond their best-recognized role as secretory cells. Odontoblasts 
have also been shown to act as “sentinels” because these cells 
express many subtypes of TLRs and thus can detect the presence 
of gram-negative and gram-positive viruses and fungi within the 
dentinal tubules.9,10 Activation of these TLRs have been shown to 
result in upregulation of expression and release of key chemokines 
and cytokines.9,11 These factors are crucial for the recruitment of 
dendritic cells from the subodontoblastic plexus area to the areas 

• Fig. 10.1 Illustration of the dentin-pulp interphase in normal conditions. 
The fluid-filled dentinal tubules are occupied by odontoblastic processes 
and free nerve endings that might extend farther than odontoblasts toward 
the enamel junction. The subodontoblastic complex is composed of a rich 
capillary bed and innervation network. The pulp capillaries are equipped 
with arteriole/venule (A/V) shunts that may open upon injury, diverting the 
circulation to uninjured areas. Dendritic cells are the main antigen present-
ing cells in the dental pulp that are usually located in the subodontoblastic 
process in normal conditions of homeostasis.

• Fig. 10.2 Illustration of early events of microbial insult to the dentin-pulp 
complex. Microbes and their antigens diffuse through dentinal tubules 
reaching the free nerve endings of the trigeminal ganglia. These neuronal 
fibers express microbial recognition receptors (i.e., Toll-like receptors) and 
are activated and sensitized, resulting in the neuronal release of vasoac-
tive peptides (i.e., calcitonin gene–related peptide [CGRP] and substance 
P [SP]) that, in turn, promote vasodilation and plasma extravasation, also 
known as neurogenic inflammation. Odontoblasts also express Toll-like 
receptors that upon recognition of microbial presence, trigger the release 
of chemokines, attracting dendritic cells to the dentinal tubules. These 
dendritic cells engulf and digest microbial antigens into epitopes and pres-
ent these to cells of the adaptive immune cells (i.e., T cells). Subsequent 
events of pulp inflammation include the exuberant accumulation of poly-
morphonuclear (PMN) and adaptive immune response cells.
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of insult (see Fig. 10.2). These cells represent the major form of 
antigen-presenting cells in the dental pulp and are analogous to 
Langerhans cells in the skin.12 They are equipped to engulf, pro-
cess, and present the antigens to other cells of the immune response 
system. In addition, dendritic cells will release additional chemo-
kines and cytokines that in conjunction with odontoblast-derived 
factors and neurogenic inflammation will recruit additional cells 
of the innate and eventually adaptive immune response, resulting 
in the amplification of the inflammatory process. It is noteworthy 
that inflammation is a normal homeostatic response and is essen-
tial for containing the invasion of microorganisms. If successful, 
tertiary dentin is deposited in the area of insult in the form of 
either reactionary or reparative dentin, providing an additional 
mineralized barrier. Last, the presence of arteriole/venule (A/V) 
shunts (see Figs. 10.1 and 10.2) that open upon injury13 allows 
for the compartmentalization of microabscess regions within the 
dental pulp that are surrounded by vascularized dental pulp. The 
careful removal of the infected tissue, allowing the surrounding 
tissue to promote repair, represents the biologic basis for pulp-
otomy procedures (Fig. 10.3). 

Tertiary Dentinogenesis
The process of dentin mineralization occurs prenatally for most 
teeth and throughout the life of a tooth as long as the pulp is vital. 
The primary dentin is formed during tooth development, whereas 
secondary dentin is deposited at a slower rate, after tooth matura-
tion, resulting in the gradual deposition of dentin throughout the 
entire extent of the pulp canal spaces and pulp chamber.14 The 
most superficial layer of dentin in contact with the dental pulp is 
the predentin that is formed by the unmineralized matrix secreted 
by the odontoblasts. It is the mineralization of the predentin that 
forms the mature primary and secondary dentin that are composed 
roughly by 70% hydroxyapatite crystals, 20% organic matrix, 
and 10% water.15 Thus primary dentin and secondary dentin are 
deposited in response to normal physiologic conditions. Tertiary 
dentin, on the other hand, is secreted in response to any injury to 
the dentin-pulp complex.

A mild injury to the pulp that can provide sufficient inflamma-
tory stimuli for odontoblasts, increasing the secretion of tertiary 
dentin at a higher rate, promotes “reactionary” dentinogenesis 
(Fig. 10.4). This reaction of the surviving odontoblasts results 
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D
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• Fig. 10.3 Indirect pulp capping. A 14-year-old female patient consulting with symptoms of reversible 
pulpitis and symptomatic apical periodontitis on tooth #18 (A and B). Extensive decay and infected dentin 
were removed, exposed, and sealed with WMTA-ketac silver glass ionomer under rubber dam isolation 
(C). Final obturation was performed 1 month later with amalgam (D and E). At 1-year follow-up, the patient 
was asymptomatic, and tooth #18 responded normal to clinic tests and radiographic evaluation (F). At 
5.5-year follow-up, tooth #17 had been extracted and tooth #18 had a received a full-cuspal coverage 
crown. The patient was asymptomatic, and tooth #18 had normal response to clinicals test (G, H, and 
I). (Courtesy Dr. Tatiana M. Botero, faculty dental practice, University of Michigan, Ann Arbor, MI, USA.)
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179CHAPTER 10 Management of the Vital Pulp and of Immature Teeth

in localized increased thickness of the dentinal layer as it main-
tains the overall architecture of the dentin odontoblast interphase. 
Odontoblast death could occur with more intense stimuli for a 
period of time sufficient to lead to the loss of odontoblasts in the 
area of injury. If the surrounding pulp remains vital and there is 
a favorable balance between inflammation and repair, progenitor 
cells are recruited to the site of injury,16 possibly by chemotactic 
factors released from the demineralized dentin matrix and neigh-
boring cells. These progenitor cells differentiate into mineralizing 
cells often referred as “odontoblast-like cells.” Although these cells 
differ in morphology from native odontoblasts, they also secrete a 
matrix that upon mineralization forms a “mineralized bridge” over 
the area of injury called reparative dentin (Fig. 10.5). This dentin 
is typically atubular and, due to its rapid secretion, often traps 
the mineralizing cells within its matrix resembling osteocytes; it is 
often referred to as “osteodentin.” This nontubular dentin bridge, 
if formed uniformly without tubular defects, can provide a bio-
logical barrier with fluid permeability seen with tubular dentin.17 
This inherent reparative and regenerative capacity of the dental 
pulp forms the basis for contemporary vital pulp therapies. 

Pulp Necrosis and Root Development
Despite the advanced defense and reparative mechanisms already 
described in this chapter and in Chapter 1, the dental pulp may 
succumb to infections. The progressive process of liquefaction 
pulp necrosis results in complete loss of homeostatic functions. An 
important factor is that the loss of odontoblasts in the radicular 
pulp results in arrested tooth development in teeth still undergo-
ing development. Indeed, root development is known to continue 
2 to 3 years after the eruption of a permanent tooth in the oral 
cavity.18,19 This process of root formation and maturation requires 
the complex interaction of the epithelial root sheath and mesen-
chymal cells located in the dental apical papilla.20 Pulp necrosis 
and/or trauma can severely disrupt this interaction, resulting in 
interruption of normal development in addition to the develop-
ment and maintenance of apical periodontitis. Thus all efforts 
must be directed toward avoiding complete pulp necrosis through 
vital pulp therapies. Nonetheless, vital pulp therapy as a treatment 

alternative depends on the initial clinical presentation and the 
often-challenging assessment of the degree of inflammation. 

Etiologic Factors of the Dentin-Pulp Complex 
Injury
Preserving the vitality of the dentin-pulp complex tissue is the prin-
cipal goal when treating teeth that have been damaged by trauma, 
caries, dental anomalies, or iatrogenic factors. Each of the etiologic 
factors will cause an initial inflammatory reaction: pulpitis. If not 
treated, this reaction will progress to irreversible pulpitis, leading 
finally to necrosis. Recognition of these factors will contribute to 
the preventive therapeutic approaches and preservation of the pulp 
vitality. Maintenance of pulp vitality requires a good understand-
ing of the interplay of biologic factors influencing regenerative 
events such as the infection and the inflammation occurring. Vital 
pulp therapies may not be suitable for all cases, especially those 
showing deep pulpal inflammation and involving the periapical 
tissues. The correlation of clinical symptoms with the pathophysi-
ologic status of the dental pulp remains a significant diagnostic 
challenge before attempting a regenerative procedure, for example.

Trauma
When patients present with traumatic dental emergencies, man-
agement is crucial for the prognosis of the tooth. It is important 
to perform an extensive evaluation and diagnosis of the case as 
well as schedule adequate follow-up visits to detect possible com-
plications such as pulp necrosis and resorptions. The incidence 
of dental trauma is higher among boys than among girls, and the 
anterior maxillary teeth are the most commonly affected teeth,21,22 
particularly in patients with increased overjet and active partici-
pation in sports.23-27 The incidence of dental trauma has overall 
(all ages) a frequency of 5%, but in 0- to 6-year-old patients it is 
17%.28 Traumatic injuries are more common in permanent (58%) 
than in primary teeth (36%).29,30 The maxillary central incisor is 
more frequently affected (66%) than is the lateral incisor (17%). 
Uncomplicated crown fractures (without pulp exposure) are the 

• Fig. 10.4 Reactionary dentin formation as result of an indirect pulp capping procedure. Upon the removal 
of infected dentin, the cavity is layered with a biomaterial that stimulates surviving odontoblasts to secrete 
dentin at a faster rate, creating a localized accumulation of dentin, distancing the pulp from the area of 
mild injury.
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most common traumatic lesions (41% to 68%).23,24,26 Pulpitis and 
necrosis can also occur as a result of dentinal exposure to bacteria 
and bacterial byproducts in uncomplicated (nonpulp-exposed) or 
complicated (pulp-exposed) crown or crown-root fractures. The 
incidence of pulp necrosis after uncomplicated crown fractures is 
low (2% to 5%), but when there is a concomitant injury such as a 
luxation the chances of necrosis increases, especially in cases with 
a close apex (55% to 65%) compared with open apex teeth (3.5% 
to 11%). The traumatized dental pulp in immature or open apex 
teeth will have greater chances to heal and survive.31-33

Trauma to the periradicular tissues can disrupt the neurovascu-
lar supply of the dental pulp, leading to necrosis. Severe traumatic 
incidents such as intrusions, lateral luxations, and avulsions result 
in greater incidence of pulp necrosis and resorptions. Indeed, 
depending on the type of luxation injury, an immature perma-
nent tooth would become necrotic 14% to 67% of the time.31 If 
an immature permanent tooth is avulsed and replanted, the risk 
of pulp necrosis is as high as 77%.34 Therefore dental trauma is 
a major cause of interruption of tooth development because the 
dental pulp is readily infected and becomes necrotic in immature 
permanent teeth. 

Caries
Dental caries is one of the most common infectious diseases in 
children and young adults, with high prevalence in the United 
States.35,36 The National Health and Nutrition Examination 
Survey (NHANES) showed a decrease in its overall incidence, 
although 21% of children (6 to 11 years old) continue to have 
dental caries on permanent teeth, with 8% of children having 
untreated decay. Approximately 59% of adolescents (12 to 19 
years old) and 92% of adults (20 to 64 years old) have dental 
caries in their permanent teeth. Untreated decay affects 20% of 
adolescents and 26% of adults.37-39 The incidence and rate of pro-
gression of dental caries are multifactorial, depending on genet-
ics, diet, and oral hygiene habits.35 The lack of prompt treatment 
for carious lesions and/or the resulting microleakage from defec-
tive restorations leads to pulpitis, which can eventually progress 
to pulp necrosis, periapical lesions, infection dissemination, and 

systemic involvement, with eventual tooth loss. Therefore early 
treatment is crucial to maintain the vitality of the pulp, especially 
in young patients with immature teeth undergoing development. 
In active caries lesions, it is important to differentiate the infected 
from affected dentin. As discusses previously, indirect or direct 
pulp capping procedures can be employed after adequate caries 
excavation, allowing for remineralization of affected dentin or for-
mation of a new mineralized bridge.40-43 

Dental Anomalies
Dental anomalies such as dens evaginatus, dens invaginatus, or 
radicular lingual or palato-gingival groove are less frequent etio-
logic factors but can also cause pulpal necrosis. In these condi-
tions, bacteria will have a direct access to the pulp through the 
malformations. Dens evaginatus, which is an occlusal tubercle 
formed during development by folding of inner enamel epithe-
lium into the stellate reticulum, is most commonly found in man-
dibular secondary premolars.44 Dens evaginatus has been reported 
to be prevalent in 1% to 4% of Asian populations and up to 15% 
in Alaskan Yupik and Inupiat people and North American Indian 
population.44-47 Dens invaginatus, on the other hand, is formed 
from in-folding of the inner enamel epithelium and odontoblast 
layer into the pulp. The highest incidence of dens invaginatus is 
observed in maxillary lateral incisors, and the overall prevalence 
has been reported as 1% to 10%.45,48,49 Oehlers has classified this 
anomaly by the degree of invagination affecting either the peri-
odontium, pulp canal space, or both.50 The pulp is exposed, in the 
most severe cases, when the communication passes directly to the 
apical papilla, communicating with the apical third of the canal 
and giving a direct entrance for bacteria. The radicular lingual 
grooves, similarly to dens invaginatus, are mostly found in lateral 
incisors and less common in central incisors.48,50 

Iatrogenic Factors
Cavity Preparation Aspects and Remaining Dentin
The blood flow to the pulp is reduced to less than half its normal 
rate when local anesthetics containing vasoconstrictors are used 

• Fig. 10.5 Reparative dentin formation as result of a direct pulp capping or partial pulpotomy. Upon the 
removal of infected dentin and part of the injured pulp, the cavity is layered with a biomaterial that stimu-
lates migration of pulp progenitor cells (such as a tricalcium silicate material) and the differentiation into 
mineralizing cells in the area of injury. These cells secrete a mineralized bridge called reparative dentin in the 
attempt to create a biologic seal between the injured area and the underlying dental pulp.
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181CHAPTER 10 Management of the Vital Pulp and of Immature Teeth

in restorative dentistry.51 In procedures on teeth with pulps that 
are already compromised, this reduction may be an additional 
stressor. A healthy pulp may survive episodes of ischemia last-
ing for 1 hour or longer.52 An already ischemic pulp subjected to 
severe injury may hemorrhage (blush) when subjected to trauma 
such as that associated with full crown preparation without the 
use of coolant.53 Any intervention that extends to the dentin dur-
ing cavity preparation may result in some degree of injury to the 
odontoblasts and their processes. However, dentin matrix demin-
eralization during the carious process of cutting and etching of the 
dentin during cavity preparation can lead to release of important 
bioactive molecules, with the consequent stimulation of reparative 
cellular responses in the pulp.54,55 Dentin is an effective insulator; 
for this reason, careful cutting with adequate cooling is less likely 
to damage the pulp unless the thickness of the dentin between 
preparation and pulp is less than 1 mm.56 Even then, the inflam-
matory response may be mild (Fig. 10.6). The greatest amount of 
frictional heat is generated during crown preparations when the 
pulp is particularly at risk of injury. The heat generated may also 
have a desiccating effect by “boiling” away dentinal tubule fluid 
at the dentin surface. The “blushing” of dentin during cavity or 
crown preparation is thought to be due to frictional heat, result-
ing in vascular injury (hemorrhage) in the pulp.57 Dentin may 
take on an underlying pinkish hue soon after a operative proce-
dure, reflecting significant vascular changes that could result in 
the development of pulpitis. Thus crown preparation must be per-
formed with adequate use of profuse water spray with new sharp 
burs and minimizing the pressure of the instrument on the tooth 
and the time of contact. In addition, it is imperative to establish 
the preoperative and postoperative pulp status through vitality 
testing.

Dentin permeability increases exponentially with increasing 
cavity depth, because both the diameter and density of dentinal 

tubules also increase with cavity depth (Fig. 10.7).58,59 Thus the 
deeper the cavity, the greater the tubular surface area into which 
potentially toxic substances can penetrate and diffuse to the pulp. 
The length of the dentinal tubules beneath the cavity is also impor-
tant. The farther substances diffuse, the more they are diluted 
and buffered by the dentinal fluid. Deeper cavity preparations 
sever the odontoblast processes in their region of greater length.  

• Fig. 10.6 Mild inflammation beneath a deep cavity preparation with ade-
quate coolant. (Courtesy Dr. H.O. Trowbridge.).

A

B

C

• Fig. 10.7 Difference in size and number of tubules in the dentinal floor of a shallow (A), deep (B) and cervi-
cal (C) cavity preparations. (From Trowbridge HO: Dentistry today, Dentistry 82:22, 1982.)
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This severing negatively affects the cell’s attempts to restore its 
membrane integrity and increases the risk of a cell leaking its 
contents. 

Dental Materials
The most important characteristic of any restorative material on its 
effect on the pulp is its ability to form a seal that prevents the leak-
age of bacteria and their products onto dentin and the pulp.60-63 
Cytotoxicity is another important factor to evaluate in the restor-
ative materials, because they are composed of chemicals that have 
the potential to irritate the pulp. However, when these materials are 
placed in a cavity, the intervening dentin usually neutralizes or pre-
vents leachable ingredients from reaching the pulp in a high enough 
concentration to cause injury. Materials are more toxic when they 
are placed directly on an exposed pulp. Cytotoxicity tests carried 
out on materials in vitro or in soft tissues may not predict the effect 
of these materials on the dental pulp. The toxicity of the individual 
components of a material may vary.64,65 A set material may differ 
in toxicity from an unset material. The immediate pulpal response 
to a material is much less significant than the long-term response. 
A few days after placement, the pulp may show a strong inflamma-
tory response. A few months later, the inflammatory response may 
subside, and repair occurs. A good measure of long-term response 
is the thickness of tertiary dentin laid down by the affected pulp 
(Fig. 10.8). As discussed previously in this chapter, new bioactive 
silicate materials have been found by numerous studies to promote 
healing of the injured pulp by reparative and regenerative processes. 

Vital Pulp Therapy
Maintenance of pulp vitality should always be the goal in treat-
ment planning, and considerable interest is developing in the con-
cept of regenerative endodontics for complete or partial pulp tissue 
regeneration. This interest in maintaining the biological functions 
of the dental pulp and the recognition that they are important 
for the longevity and overall health of the patients dates back to 
1756 with the original attempts of pulp capping.66 The introduc-
tion of calcium hydroxide67 and more recently, the widespread use 
of hydraulic tricalcium silicates such as mineral trioxide aggregate 
(MTA; Dentsply, York, Pennsylvania, USA), Biodentine™ (Septo-
dont, Saint-Maur-des-Fossés, France) and Endosequence® RRM™ 
(Root Repair Material) (Brasseler, USA) among others68,69 have 
all emphasized the central role for biologically based therapies in 

endodontics. In general, vital pulp therapies can be classified in 
two broad categories: capping procedures and pulpotomies. These 
procedures differ in degrees of invasiveness and largely depend 
on the clinician’s assessment of the extent of contamination and 
pulpal inflammation. This subjective assessment is performed 
chairside and relies on accurate clinical testing and diagnosis based 
on the signs and symptoms of disease and direct inspection of 
residual dentin and/or pulpal tissue under high-power magnifica-
tion and illumination. Once vitality has been confirmed clinically 
by pulp sensitivity tests such as the application of cold or electri-
cal pulp testing (EPT), careful inspection of the residual healthy 
tissue must be performed. Hemorrhage or lack thereof is often 
used as an indicator of the level of inflammation in the dental 
pulp. Continued bleeding despite application of mild pressure by 
an operator is interpreted as pulp that is too severely inflamed 
to be directly capped. Instead, more of the pulp tissue must be 
removed until its healthy appearance is observed and hemostasis 
is achieved. Although there have been attempts to develop meth-
ods to determine the level of inflammation of the residual pulp 
tissue based on biomarkers,70 these methods have not yet been 
fully validated and are not immediately available for clinicians. 
Thus clinicians still rely on their expertise and subjective assess-
ment when determining which vital pulp therapy is most suited 
for each particular case. 

Capping Procedures

Indirect Pulp Capping
A clinician must always first identify the etiology of the insult and 
reach an accurate diagnosis. In the case of caries or uncomplicated 
crown fractures (without pulp exposure), excavation of infected 
dentin and cavity disinfection must be first achieved. If possible, 
the pulp tissue should not be violated. This goal can be achieved by 
progressive removal, using caries indicator to detect contaminated 
dentinal tissue. It has been shown that cavity preparations with 
residual dentin thickness of at least 0.5 mm from the pulp could 
be successfully capped with a bioactive material, resulting in the 
desirable formation of reactionary dentin, particularly in young 
patients.71 This capping approach is called indirect pulp capping 
because the bioactive material does not directly contact the pulp 
tissue. Yet its bioactive components and high pH can neutralize 
bacteria72,73 and their antigens and directly stimulate odontoblasts 
to produce reactionary tertiary dentin in the site of injury.74 Ide-
ally, the bioactive materials are placed over residual healthy, unin-
fected dentin. However, there is evidence that residual softened 
dentin can be capped, still resulting in tertiary dentin and arrested 
progression of the disease with the use of these materials.74 This 
partial caries removal approach can be accomplished in one visit 
or may be followed by additional visits for excavation followed by 
capping, called step-wise caries excavation.75,76 These conservative 
approaches strongly rely on the remineralization of the residual 
dentin and further formation of tertiary dentin by a healthy pulp. 
Therefore clinicians need to maintain a close follow-up to ensure 
that these biological goals are being achieved and that the pulp 
remains vital and the patient asymptomatic (Fig. 10.9). 

Direct Pulp Capping
The exposure of the pulp tissue without major contamination can 
happen upon mechanical exposure of the dental pulp by trauma 
or during cavity preparation. In this instance the pulp may be 

• Fig. 10.8 Tertiary dentin (TD) formed under a deep preparation and irritat-
ing material. (Courtesy Dr. H.O. Trowbridge.)
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A B

C D

E F

• Fig. 10.9 An 18-year-old male patient with asymptomatic deep caries lesions on #14 and #15 and 
diagnosed with reversible pulpitis and normal periapical tissues diagnosed (A, B, and C). Caries were 
removed and indirect pulp capping performed on both teeth under rubber dam isolation with Biodentine™ 
(Septodont, Saint-Maur-des-Fossés, France) and coronal seal with Fuji IILC (GC America), followed by an 
amalgam final coronal restoration (D). At 1-year follow-up, tooth was asymptomatic and was diagnosed 
with normal pulp and normal periradicular tissues (E and F). (Case courtesy Dr. Tatiana M. Botero, private 
practice, Alsip, Illinois, USA.)
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protected and its vitality maintained by immediately covering it 
(pulp capping) with a bioactive material and placing a restora-
tion, thereby avoiding root canal treatment. This approach has 
been shown to have an excellent prognosis in incompletely formed 
teeth but has also been shown successful in permanent teeth with 
fully formed roots. However, in cases of long-standing carious 
exposure of the pulp, lower success rates are expected when a 
direct pulp-capping procedure is performed.77 Recently, new data 
on the regenerative potential of the dental pulp and the develop-
ment of newer bioactive materials have broadened the effective-
ness of direct pulp-capping procedures. 

Pulpotomies
If the exposure is large or seriously contaminated, it may require 
the removal of the superficial layer of the diseased pulp (partial 
pulpotomy) or the entire coronal pulp to the level of the root 

canal orifice (pulp chamber pulpotomy). As with direct pulp cap-
ping, close follow-up is recommended to ensure that, if needed, 
appropriate further treatment is provided in a timely fashion (Fig. 
10.10).

Partial pulpotomies (also known as Cvek pulpotomies)78 rely on 
the removal of the superficial most layer of infected or irrevers-
ibly injured pulp, followed by the direct capping of the residual 
healthy pulp. This technique relies on the subjective clinical assess-
ment of inflammation upon direct visualization of the tissues. This 
assessment is best achieved with the use of the operating micro-
scope that facilitates the visualization of hemorrhagic parts of the 
dental pulp. Typically, a pulp is considered irreversibly inflamed 
if it bleeds profusely despite local hemostasis measures. In these 
instances, the clinician may elect to remove more of the pulp or 
the complete removal of the pulp in the chamber to the level of 
the canal orifices (pulp chamber pulpotomy). In brief, the affected 
tooth is adequately isolated with the dental dam, and the infected 
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• Fig. 10.10 A 16-year-old female presents to clinic with a chief complaint of pain in the upper right tooth. 
Tooth #3 was restored 4 months before with an occlusal composite restoration. Patient reported pain trig-
gered by hot, cold, and chewing but she was not experiencing spontaneous pain or pain that woke her up 
at night (A and B). Vital pulp therapy was completed under rubber dam isolation. The pulp chamber was 
accessed, coronal pulp tissue removed, and hemostasis achieved with less than 5 minutes of a sodium 
hypochlorite (NaOCl)-soaked cotton pellet pressure. Biodentine™ was placed in the pulp chamber, and 
restoration completed with Fuji II LC and composite core build-up material (C). Patient returned 4 weeks later 
with throbbing pain triggered by hot and chewing, which had started 2 weeks earlier. Nonsurgical root canal 
treatment was completed under rubber dam isolation, obturation completed with gutta-perch and Roth’s 
sealer. Tooth was restored with glass ionomer and core build-up material (D). Patient was asymptomatic 2 
months post-non-surgical root canal therapy (NSRCT). (Case courtesy Dr. Sukhpreet Sandhu, Advanced 
Program in Endodontics at the University of Texas Health at San Antonio, San Antonio, TX, USA.)
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dentin and damaged pulp is removed with water-cooled diamond 
bur at high speed. Next, a cotton pellet soaked in sodium hypo-
chlorite is placed over the pulp with gentle pressure, followed by 
17% ethylenediaminetetraacetic acid (EDTA). After the cavity is 
dried, a tricalcium silicate material is placed over the pulp/den-
tin, followed by a final coronal sealing restoration. Partial pulp-
otomies, when performed with good aseptic techniques and using 
bioactive silicate materials, demonstrate excellent success rates, 
allowing root maturation (maturogenesis) and normal physiologic 
responses79 (Figs. 10.11 and 10.12).

A complete pulp chamber pulpotomy is often required when 
the coronal pulp is heavily inflamed or with a questionable vital-
ity status. Once the pulp in the chamber is removed under rubber 
dam isolation with a diamond bur at high speed with plenty of 
sterile water as coolant, a cotton pellet soaked in sodium hypo-
chlorite is placed over the pulp stump(s) and gentle pressure is 
applied for 2 to 5 minutes. This technique allows for disinfection 
and hemostasis (if not irreversibly inflamed), which should result 
in pulp stumps with minimal to no bleeding. Next, the chamber 
is quickly rinsed with 17% EDTA and gently air dried, and a 
layer of >4 mm of a bioactive tricalcium silicate material is placed 
over the pulp stumps. Finally, the tooth is sealed with a defini-
tive restoration (e.g., composite restoration). Patients should be 

reevaluated at 6 and 12 months, followed by annual evaluations 
for the first 4 years. This procedure has been shown to have excel-
lent clinical results, promoting the maintenance of vitality, con-
tinued root development, and the lack of symptoms, and it may 
be considered definitive treatment in certain cases80 (Figs. 10.13 
and 10.14).

It is important to recognize, however, that pulp inflam-
mation is a progressive disease, and the use of regenerative 
approaches to maintain pulp vitality requires a good under-
standing of the interplay of biologic factors influencing regen-
erative events, in addition to appropriate case selection. Such 
approaches may not be suitable for all cases, especially those 
showing deep pulp inflammation involving the radicular tissue, 
and the correlation of clinical symptoms with the pathophysi-
ologic status of the dental pulp remains a significant challenge. 
In addition, there are no studies evaluating the long-term out-
comes of these procedures in large patient populations,15 and 
patients should be evaluated closely to ensure that the biologic 
outcome of continued root development and vitality are being 
achieved, and conventional root canal therapies should always 
be considered if vital pulp therapies fail to achieve their bio-
logic goals.
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• Fig. 10.11 A 10-year-old female patient was evaluated for pain upon mastication on tooth #28 for approxi-
mately 2 weeks. The tooth had occlusal caries and immature, partially formed root, and it was diagnosed 
as reversible pulpitis with normal periradicular tissues (A and B). A partial pulpotomy was performed under 
rubber dam isolation with Biodentine™ being placed over the vital pulp, followed by a glass ionomer and 
composite restoration (C). At 1-year recall, the patient was asymptomatic, responded normally to vitality 
testing, and demonstrated the completion of development of a bifurcated root and normal periapical tis-
sues (D). (Case courtesy Dr. Saeed Bayat Movahed, Graduate Endodontics Program. University of Texas 
Health at San Antonio, San Antonio, TX, USA.)
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Treatment of Immature Teeth with Pulp 
Necrosis
Immature teeth with pulpal necrosis present clinical challenges 
due to persistent infection in the root canal system, often associ-
ated with periradicular bone loss and inability to effectively disin-
fect the root canals and seal the root canal space. These cases are 

exemplified in premolars with dens evaginatus, a form of enamel 
defect at the occlusal surface resulting in pulpal exposure after 
abrasion of the occlusal enamel.46 Necrotic changes in the pulp 
after exposure in dens evaginatus often occurs in pediatric patients 
with incomplete root development and open apices.81 Alterna-
tively, pulpal necrosis can occur in any permanent teeth from 
carious lesions that have penetrated through the dentinal layers 
to cause the root canal infection at any stage of root development. 
Endodontic treatment of immature teeth with pulpal necrosis is 
vastly different from vital pulp therapies. In cases of infection, the 
focus is on root canal débridement and control of infection, fol-
lowed by sealing of the disinfected root canal space with artificial 
material, or an attempt to regenerate vital tissue. On the contrary, 
vital pulp therapies are primarily focused on preservation of the 
remaining vital pulp tissues, as seen in the cases of direct pulp cap-
ping or pulpotomies as described previously in this chapter. Thus 
this section of the chapter will discuss our treatment strategies for 
immature teeth with pulpal necrosis, which mainly include apexi-
fication and regenerative endodontic therapies.

Apexification—Indications, Approach, and 
Limitations
For immature teeth with pulp necrosis, root canal débridement 
can be accomplished with mechanical instrumentation and copi-
ous irrigation with antimicrobial irrigating solutions. Obturation 
of the root canal space is necessary to avoid remaining bacteria or 
microbial biofilm growth after the clinician’s attempt to disinfect 
the root canal space. In particular, teeth with pulpal necrosis are 
generally considered infected with bacteria within the complexi-
ties of root canal space, including dentinal tubules, especially when 
radiographic lesions are visible. It has been shown that tubular 
infection with bacteria occurs rapidly after dentinal inoculation 
with the microorganisms and that the depth of tubular penetration 
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• Fig. 10.12 A 17-year-old male patient presented with a complicated crown fracture after trauma of tooth 
#9 approximately 24 hours before the appointment. A preoperative periapical radiograph (A) and clinical 
examination (B) confirmed the presence of a frank pulp exposure (C). The tooth responded to vitality test-
ing with an exaggerated but nonlingering response to cold test, and it was diagnosed as reversible pulpitis. 
Approximately 2 mm of the affected coronal pulp was removed under rubber dam isolation and hemostasis 
was achieved with topical application of 2.5% sodium hypochlorite (NaOCl) followed by 17% ethylenedi-
aminetetraacetic acid (EDTA) (D). A 3-mm-thick layer of Biodentine™ (Septodont, Saint-Maur-des-Fossés, 
France) was placed over the vital pulp (E). The tooth was etched (F) and the fractured fragment kept by 
the patient was bonded and restored with composite (G). A postoperative periapical radiograph revealed 
adequate coronal seal and adaptation of the fractured segment (H). The patient has remained asymp-
tomatic since the treatment. (Case courtesy Dr. Koyo Takimoto, Advanced Program in Endodontics at the 
University of Texas Health at San Antonio, San Antonio, TX, USA.)

 1.  The following are defense mechanisms of the dental pulp:
 a.  Outward fluid flow
 b.  Neurogenic inflammation
 c.  Arteriole/venule (A/V) shunt
 d.  Tertiary dentinogenesis
 e.  All of the above
 2.  The following is NOT an example of vital pulp therapy:
 a.  Partial pulpotomy
 b.  Full chamber pulpotomy
 c.  Pulpectomy
 d.  Direct pulp capping
 e.  Indirect pulp capping
 3.  The following is true regarding partial or complete pulp chamber 

pulpotomies:
 a.  Use of bioactive dental materials is advocated.
 b.  They are considered only temporary therapies.
 c.  They have considerably lower success rates compared with nonvital 

therapies.
 d.  Teeth diagnosed with pulp necrosis can benefit from these 

procedures.
 4.  What are the most common teeth affected by traumatic injuries?
 a.  Anterior maxillary
 b.  Anterior mandibular
 c.  Posterior maxillary
 d.  Posterior mandibular

Study Questions
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187CHAPTER 10 Management of the Vital Pulp and of Immature Teeth

occurs in a time-dependent manner.82 Hence in cases in which 
the apical constriction has not yet been formed, the obturation of 
the root canal system can be accomplished by a procedure called 
apexification. In these procedures, a calcific barrier is formed after 
long-term calcium hydroxide medicament or immediately with 
the use of an MTA or other tricalcium silicate as an apical plug.

Apexification is different from apexogenesis (Video 10.1), which 
is accomplished with vital pulp therapies. In apexification, no vital 
pulp tissue is preserved because root canal obturation will occur to 
the most apical extent of the root, regardless of the size of the apical 
opening. Thus no further root development is anticipated in teeth 
treated by apexification, whereas apical closure and further root devel-
opment is anticipated in those treated by apexogenesis. Studies have 
clearly demonstrated that immature teeth treated by apexification do 
not undergo changes in the root dimension, such as lengthening or 
thickening of the root dentin.83-87 Conceptually, apexification has as 
its primary goal apical closure, which can be accomplished by an indi-
rect approach using Ca(OH2 as intracanal medicament or directly by 
placement of MTA or other hydraulic silicate cement to the apical 
extent of the root canal space. The Ca(OH)2-mediated apical closure 
formation is an indirect approach because it relies on the establishment 
of a hard tissue apical barrier, which often requires an extended period 
of Ca(OH)2 medicament and multiple appointments.88 Typically, 
Ca(OH)2-mediated apical plug formation requires 3- to 9-month 
period of treatment, during which time the Ca(OH)2 medicament 
needs to be replaced periodically, thereby requiring multiple patient 
visits. In addition, there is increasing evidence that long-term calcium 
hydroxide treatment can weaken dentin,89,90 resulting in increased 
susceptibility to fractures.91 These aspects are the major shortcom-
ings of apexification with Ca(OH)2 intracanal medicament. On the 
contrary, MTA (or other tricalcium silicate cements) apexification is 
a direct approach that does not require prior hard tissue formation 
induction; instead, an apical barrier as collagen plug followed by a 
bioactive cement will provide immediate apical barrier without the 
need for prolonged Ca(OH)2 (Fig. 10.15). For this reason, apexifica-
tion can be accomplished in a single visit (known as one-step apexifica-
tion) without having to wait for the calcific barrier formation when 
the apical plug is established using MTA with same expected clinical 
success rate (Video 10.1).92,93

Apexification has been the treatment of choice for many 
decades for immature teeth with pulpal necrosis since the 1970s. 
A retrospective study involving 98 teeth treated with apexification 
showed greater than 90% success in terms of resolution of apical 
periodontitis over long-term follow-up period.94 Other studies also 

demonstrated close to 100% success in resolution of apical peri-
odontitis by apexification for teeth with open apices.95,96 However, 
one of the main limitations of apexification is arrest of root devel-
opment posttreatment, when the treatment is rendered in imma-
ture teeth with large open apex, underdeveloped root structures 
with thin and short root dentin. Consequently, there is increased 
probability of root fracture in immature teeth treated by apexifica-
tion. When teeth with immature root development were treated 
and maintained after root canal filling, the incidence of cervical 
root fracture was significantly higher than those of mature-root 
filled teeth and depended on the stage of root development.91 Thus 
cervical root fracture remains a plausible risk factor for those imma-
ture teeth treated by apexification, primarily because of absence of 
root dentin development despite resolution of apical periodontitis. 

Apexification—Clinical Protocols
The clinical procedure for apexification varies among clinicians but 
may be accentuated as following, as previously described by Kang 
and Bogen.97 Under profound local anesthesia, access is made using 
a #2 long-shank round bur, and root canals are débrided with hand 
instrumentation with larger K-files, primarily by circumferential 
filing due to enlarged lumen of the root canals. Passive irrigation of 
root canals may proceed with 1.5% sodium hypochlorite (NaOCl) 
for 15 to 20 minutes while performing the canal instrumentation. 
For patients that present with soft tissue swelling around the buc-
cal gingiva or with draining through the sinus tract, intracanal 
medicament using Ca(OH)2 is necessary with temporization with 
a cotton pellet and temporary restoration. Subsequently, after con-
firming the resolution of the soft tissue lesions, placement of MTA 
into the root canal apex may proceed, with drying the canals using 
extra-coarse paper points. In certain cases, a collagen membrane 
(e.g., CollaPlug™ or CollaTape™, Zimmer Dental Inc, Warsaw, 
Indiana,USA) can be placed in contact with the periradicular tis-
sues at the apex to serve as internal matrix to prevent or minimize 
the extrusion of MTA into the periradicular tissues. Apical conden-
sation of MTA using the back end of paper points or gutta-percha 
points may be necessary to ensure the material adaptation to the 
most apical extent of the divergent root canal apices. Radiographs 
should be taken to confirm the adequate placement of the apical 
MTA plug to assess the density and thickness of the apical plug. 
After at least 5 mm of apical plug is established, ensuring adequate 
apical seal, the coronal root canal space may be filled with either 
MTA or flowable gutta-percha, depending on the clinical needs 

A B C

• Fig. 10.13 An 11-year-old male with large carious lesion and diagnosis of reversible pulpitis (A) was 
treated with full pulp chamber pulpotomy performed with white mineral trioxide aggregate (MTA) (Dentsply, 
York, PA, USA) and a composite restoration (B) followed by a stainless-steel crown. At 7-year recall, the 
tooth is asymptomatic, responds normally to vitality testing and displays completion of root development 
and normal periradicular tissues (C). (Case courtesy Dr. Tyler Lovelace, Advanced Program in Endodontics 
at the University of Texas Health at San Antonio, San Antonio, TX, USA.)
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A B C
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• Fig. 10.14 An 11-year-old female patient with tooth #13 diagnosed with pulp necrosis and history of 
swelling. (A) A file could be placed in the communication between the pulp and the oral environment cre-
ated by the dens evaginatus. (B) The opening of the tubercle is seen on the occlusal surface of tooth #13 
(black arrow). (C) Periapical radiograph revealed the presence of an immature root with thin dentinal walls 
and open apex. (D) Upon accessing through the dens communication, a vital pulp was seen under high 
magnification. (E–G) A full pulpotomy was performed with placement of Biodentine™, glass ionomer, and 
a composite coronal seal (G, H). (I) At 1-year follow-up, the patient was asymptomatic, and radiographic 
examination revealed a mineralized bridge formation under the Biodentine™ and evidence of further root 
maturation with closure of the apex and normal periradicular tissues. (Courtesy of Dr. Tatiana M. Botero and 
Dr. Anna DeGraft-Johnson, Graduate Endodontic Program, University of Michigan, Ann Arbor, MI, USA.)
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189CHAPTER 10 Management of the Vital Pulp and of Immature Teeth

and restorative plan for the tooth. Coronal restoration may be 
finalized using bonded composite material. Radiographic follow-
up examination should be scheduled to assess resolution of apical 
periodontitis and absence of complications after 6 and 12 months 
postoperatively (Video 10.2). 

Regenerative Endodontic Procedures (REPs)—
Indications, Approach, and Limitations
In 2000 reports of isolation and characterization of multipotent 
adult stem cells from the dental pulp, namely dental pulp stem 
cells (DPSCs), had been published98 followed by the identification 

of stem cells of the apical papilla (SCAP).99 Shortly after, a case 
report demonstrated successful treatment of immature teeth with 
periapical abscess via regenerative approaches, which led to resolu-
tion of apical periodontitis and apical closure.100 Those two find-
ings have fueled the explosion of interest and research endeavors in 
regenerative endodontics, which led at least to an alternative treat-
ment protocol for necrotic immature teeth through development 
of regenerative endodontic procedure (REP), also known as pulp 
revascularization or pulp revitalization. At present, REP is con-
sidered a viable treatment option for immature teeth with pulpal 
necrosis. This protocol presents critical advantages over apexifi-
cation in that teeth undergo dimensional changes posttreatment 

A
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• Fig. 10.15 A 16-year-old male patient with history of trauma to the anterior teeth due to a car accident 
9 years prior has the chief complaint of intermittent pain, swelling, and intraoral drainage (A). Intraoral 
examination revealed a sinus tract that was traced with a gutta-percha cone to tooth #8, which was 
diagnosed with pulp necrosis and chronic apical abscess; periradicular inflammatory root resorption is 
also observed on the periapical radiograph (A and B). Tooth #9 was diagnosed with pulp necrosis and 
symptomatic apical periodontitis due to lack of responses to vitality testing and the extreme tenderness to 
percussion and the large periapical radiolucency (A and B). On first visit, both teeth were accessed, and 
canals were débrided with Hedstrom files and irrigation with 6% sodium hypochlorite (NaOCl) and 17% 
ethylenediaminetetraacetic acid (EDTA), followed by placement of calcium hydroxide medicament for 1 
month and access seal with Fuji Triage glass ionomer (C). On the second visit (1 month later), the sinus 
tract had closed, and the patient was asymptomatic. Teeth were reaccessed, and canals were irrigated 
as in first visit. Next, a collagen membrane was placed at the apical foramen to prevent mineral trioxide 
aggregate (MTA) extrusion (black arrow; D). Next, white MTA was placed at apical one-third of each tooth 
(black arrow; E), and the canals were backfilled with thermoplasticized gutta-percha and accesses sealed 
a composite restoration (F). At both 1-year (G) and 2-year recall (H), both teeth were asymptomatic with-
out swelling or sinus tract history with radiographic evidence of complete healing and arrestment of the 
resorptive process in tooth #8. (Case courtesy Dr. Anibal Diogenes, Endodontic Faculty Practice, Univer-
sity of Texas Health at San Antonio, San Antonio, TX, USA.)
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that result in increased root dentin thickness and length.83,87 Con-
sequently, REP is expected to address the major shortcomings of 
apexification, which are the arrest of root development and the 
permanent loss of pulp vitality.

The basic premise of REP is to allow indigenous mesenchy-
mal stem cells (MSCs) around the periapex to continue the root 
development in the immature teeth by débriding the infected root 
canal space. The typical REP procedure involves disinfection of 
the root canal space by minimal instrumentation with antimicro-
bial irrigation and placement of medicaments (e.g., Ca[OH]2 or 
triple antibiotic paste [TAP]), which includes metronidazole, cip-
rofloxacin, and minocycline, follow by coronal seal. In a second 
appointment, typically 2 to 4 weeks after the placement of medi-
cament, indigenous MSCs from periapical tissues are recruited 
by means of induced bleeding into the root canal space101,102 or 
placement of growth factor–enriched scaffold, such as platelet-
rich plasma (PRP) or plate-rich fibrin (PRF), followed by capping 
material (MTA or other tricalcium silicate) and coronal restora-
tion. Recent studies demonstrate successful REP through various 
clinical protocols.96,103-106 The success/survival rate of REP in the 
literature is surprisingly high, nearing 100%, and successful out-
come is defined by resolution of apical periodontitis.96,104,105,107 
Thus it is important to note that the success of REP in resolving 
apical periodontitis does not seem to depend on the variations of 
treatment protocols but is determined largely by successful disin-
fection of the root canal space, recruitment of MSCs, and biocom-
patibility of the coronal restoration. Whether the root canals were 
disinfected by Ca(OH)2 medicament or mixture of antibiotics or 
whether the MSCs were recruited by induced bleeding101,102 or 
placement of PRP/PRF,108 no difference in the outcome has yet 
been seen.109

Although REP has clearly revolutionized how clinicians treat 
immature teeth with pulp necrosis, it falls short on de novo regen-
eration of the dentin-pulp complex with currently used tech-
niques. Histologic studies on teeth treated by REP have revealed 
the absence of organized pulp tissues, such as a palisading odon-
toblast layer juxtaposed with the dentinal surface, and occurrence 
of ectopic tissue formation inside the lumen of root canals, which 
included bone, cementum, and fibrous tissues.110 These findings 
were corroborated with large animal studies, which also revealed 
ectopic tissue formation in the root canal space after REP, in lieu 
of dentin-pulp regeneration.111 Thus REP may represent “tissue 
repair” rather than de novo regeneration of functional dental 
pulp, although the procedure demonstrates efficacy in the resolu-
tion of apical periodontitis. These procedures have also been called 
“guided endodontic repair” (GER),112 acknowledging the role of 
each clinical step of these procedures favoring formation of a vital 
tissue resembling the pulp as being a connective tissue with rich 
vascularity113 and innervation,114 but lacking the organization 
of the native dental pulp. The ectopic mineralization in the root 
canals after REP may manifest as rampant calcifications visible 
on the follow-up radiographs (Fig. 10.16). Song et  al. recently 
reported the clinical outcome of 29 REP cases with varying clini-
cal parameters and treatment protocols with 1- to 6-year recall 
period.115 This longitudinal retrospective study also showed very 
high proportion of treatment success, with 80% of apical closures 
for those with open apices. Researchers were surprised to find that 
intracanal calcification was evident in 62% of REP cases to vary-
ing degrees, some with complete canal obliteration; REP cases 
that were followed at multiple time points revealed progressive 
increases in the level of canal calcifications. Hence, the so-called 
REP-associated intracanal calcification (RAIC) is a very common 

treatment complication and illustrates the major limitation of this 
treatment approach because RAIC could impede restoration of 
functional dental pulp after REP. 

REP—Clinical Protocols
There are many variants of REP protocols that lead to successful 
treatment outcome. The American Association of Endodontists  
(AAE) has developed Clinical Considerations for Regenerative 
Procedures(https://www.aae.org/specialty/clinical-resources/regen-
erative-endodontics/), which outlines detailed protocols to be 
employed for REP. In addition, these treatment recommendations 
closely resemble those of the European Society of Endodontol-
ogy (ESE).116 In essence, the cases that would benefit from REP 
include immature teeth with pulp necrosis and adequate coronal 
tooth structure to be restored with direct restoration. Débride-
ment of the root canal space may proceed with minimal instru-
mentation and irrigation with low concentration (1.5%) NaOCl, 
followed by intracanal Ca(OH)2 or TAP dressing to resolve perira-
dicular inflammation. The tooth is then temporarily restored until 
the second appointment. After confirming the absence of gross 
periradicular inflammation, such as resolution of soft tissue swell-
ing or draining sinus tract, the tooth is ready for the second phase 
of REP, which involves recruitment of MSCs into the root canal 
space. The patient is anesthetized with a local anesthetic without 
vasoconstrictor, e.g., 3% mepivacaine, and the tooth is isolated 
with a rubber dam. After intracanal irrigation with 17% EDTA 
and visual confirmation of absence of draining exudate or necrotic 
debris, bleeding is induced into the root canal space by agitation 
of periapical tissues beyond the root apex, using small #10 K-files 
to allow the blood clot formation to the level of cementoenamel 
junction (CEJ). Collagen matrix, e.g., CollaPlug™ or CollaTape™, 
may be placed over the blood clot to provide a barrier onto which 
MTA or other tricalcium silicate can be placed as coronal cap-
ping material. In the final visit, the patient should be recalled for 
a 1-week postoperative check to confirm the absence of perira-
dicular infection and resolution of the patient’s symptoms. The 
tooth can then be restored with direct restoration (e.g., composite 
resin over MTA or other tricalcium silicate) (Fig. 10.17) and be 
followed up with a 6-month check, followed by yearly recall vis-
its. Importantly, clinicians must become more familiar with this 
new treatment alternative and realize that the radiographic pre-
sentation of teeth treated with this treatment modality will appear 
as if endodontic the “filling” or obturation is missing. Therefore 
adequate treatment history and current vitality testing must be 
performed when history of this kind of treatment is suspected 
to prevent unnecessary re-treatment and the violation of a newly 
formed reparative vital tissue (Video 10.3). 

Tissue Engineering Approaches
Although efficacious, REP presents limitations that involve 
ectopic tissue formation and calcification of the canal space, 
which may impede functional pulp regeneration. To circum-
vent these issues, pulp tissue engineering approaches have 
been developed and involve isolation, expansion, and trans-
plantation of autologous pulpal MSCs. An earlier animal study 
revealed that de novo regeneration of the dentin-pulp com-
plex requires transplantation of pulpal MSCs, whereas trans-
plantation of scaffold alone led to ingrowth of fibrous tissues 
with no pulp tissue regeneration.117 Likewise, a large animal 
study involving pulpectomy model in dogs showed successful 
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regeneration of whole pulp by transplantation of pulpal MSCs 
enriched with CD105+ immunophenotyped.118 These ani-
mal studies demonstrated that functional pulp regeneration 
requires pulpal MSC transplantation, supporting the concept 
of cell-based approaches for endodontic regeneration. Recently 
a phase I clinical trial of MSC transplantation was performed 
successfully in patients presenting with symptomatic irrevers-
ible pulpitis.119 This study tested the efficacy and safety of 
cell-based therapy, by which the investigators débrided coro-
nal caries lesions, shaped the root canals, and transplanted 
autologous pulp MSCs into the root canal space mixed with 
a collagen scaffold. At successive evaluations, the investigators 
documented the resolution of patient symptoms, restoration of 

vitality and sensibility of pulp tissues, and absence of canal cal-
cification in patients who received MSC transplantation in the 
root canal space. Hence, the cell-based tissue engineering strat-
egy is feasible for endodontic regeneration and may circumvent 
the limitations of REP. Further research endeavors will focus 
on practicalities of cell-based endodontic regeneration to bring 
the technology chairside to benefit the public. 

Conclusions
The dental pulp has elaborate defense mechanisms designed 
to minimize damage from microbial insults and trauma. Early 
intervention with minimally invasive procedures addressing the 

A
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• Fig. 10.16 Regenerative endodontic procedures (REPs) are efficacious in resolving apical periodontitis 
but with frequent occurrence of intracanal calcification. Tooth #20 is shown with large periapical radiolu-
cency and gutta-percha tracing of sinus tract (A). Due to open apex, regenerative endodontic therapy was 
performed, followed by coronal restoration with mineral trioxide aggregate (MTA). When the patient was 
recalled for 6-month follow-up, apical periodontitis had been completely resolved, and the tooth dem-
onstrated complete closure of the apex. Also visible on the 6- and 15-month follow-up radiograph was 
lengthening and thickening of root dentin without evidence of intracanal calcification. (B) In a similar clinical 
scenario, tooth #20 presented with periapical radiolucency with open apex and was treated by REP and 
coronal MTA placement. In this case, REP successfully resolved apical periodontitis, but there is appear-
ance of intracanal calcification at 8-, 16-, and 52-month follow-up, with progressive increase in the level of 
calcification with time after completion of REP (arrows and bracket). (Figures were modified from Martin G, 
Ricucci D, Gibbs JL, Lin LM: Histological findings of revascularized/revitalized immature permanent molar 
with apical periodontitis using platelet-rich plasma, J Endod 39(1):138–144, 2013.)
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etiology of the disease has the potential to favor regeneration and 
repair with excellent clinical prognosis. Advances in pulp biology 
and dental materials have played a fundamental role in improv-
ing outcomes of vital pulp therapies. Current and further knowl-
edge gained on molecular markers of inflammation could result 
in better diagnosis and even more predictable outcomes. For the 
most severe cases of insult that resulted in pulp necrosis, the 
field of regenerative endodontics has made significant strides in 
understanding the role of stem cells, dentin growth factors, and 
biocompatible disinfection in the reestablishment of a vital tissue 
that fosters continued root development and acceptable clinical 
outcomes. Further efforts focused on better control of the regen-
erative process will improve the predictability and acceptance 
of regenerative endodontic therapies. In conclusion, clinicians 
must be ready to provide early biocompatible interventions to 
preserve pulp vitality, accepting their role as “facilitators” of the 
inherent great regenerative potential of human dental pulp.

• Fig. 10.17 Regenerative endodontic procedure (REP) treatment proto-
col as recommended by the American Association of Endodontists (AAE) 
and European Society of Endodontology (ESE). At first appointment, after 
access and disinfection, the intracanal medication is placed and left for 
several weeks, rendering the root canal progressively more disinfected 
(seen as color change in the illustration). At second appointment, the med-
ication is removed, and bleeding is induced from periapical tissues. Blood 
clot is formed and capped with a collagen membrane and a tricalcium sili-
cate cement (e.g., white mineral trioxide aggregate [MTA]; Dentsply, York, 
PA, USA or Biodentine™; Septodont, Saint-Maur-des-Fossés, France). 
Follow-up for 6, 12, and 24 months after treatment completion. Clinical 
case of an immature premolar with dens evaginatus and pulp necrosis 
at a 2-year follow-up. (Case courtesy Dr. Viraj Vora, private practice, 
Toronto, Canada. Graphics by Dr. Diogo Guerreiro, University of Michigan 
Ann Arbor, MI.) Figure was modified from Botero-D TM, Vodopyanov D, 
Degraft-Johnson A., Guerreiro D., “Procedures endodontiques regenera-
tives” Revue d’odonto stomatology. Tome 47, No 4, Dec 2018;  338-349.

A N S W E R S

Answer Box 10
1 e. All of the above
2 c. Pulpectomy
3 a. Use of bioactive dental materials is advocated.
4 a. Anterior maxillary
5 c. There is a direct access to bacteria through the malformation.
6 d. All of the above
7 c. Intracanal calcification
8 d. All of the above
9 d. Biomechanical instrumentation of canals

 5.  When the patient presents a dental anomaly such as dens invaginatus 
or dens evaginatus, the dental pulp can become infected because:

 a.  The enamel is less mineralized and prompt to decay.
 b.  These patients have higher incidence of cariogenic bacteria.
 c.  There is a direct access to bacteria though the malformation.
 d.  There is generic predisposition to necrosis.
 6.  Select the iatrogenic factor that affects the dental pulp.
 a.  Coronal leakage from inadequate restorations
 b.  The vasoconstriction provoked by dental anesthetics
 c.  The lack or cooling while drilling with high-speed burs
 d.  All of the above
 7.  Which of the following is the limitation of regenerative endodontic 

procedures (REP)?
 a.  Resolution of apical periodontitis
 b.  Increased stability of the root
 c.  Intracanal calcification
 d.  Apical closure for immature teeth
 8.  Which of the following tissue type(s) have been shown to be present in 

the newly formed tissue after REP?
 a.  Bone
 b.  Cementum
 c.  Fibrous tissues
 d.  All of the above
 9.  Which of the following is NOT a requirement for successful REP?
 a.  Bioactive, biocompatible material
 b.  Control of inflammation and infection
 c.  Presence or recruitment of mesenchymal stem cells
 d.  Biomechanical instrumentation of canals

Study Questions
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11
Management of Traumatic 
Dental Injuries
AVINA PARANJPE AND CRAIG NOBLETT

Examination and Diagnosis
Patients who have suffered impact trauma to the head often 
present with dental injuries that may be their chief concern. 
These types of incidents often result in injuries to other tissues 
ranging from soft tissue lacerations to bone fractures and even 
brain injury. For this reason, a complete history and exami-
nation are always indicated, even though the dentist may not 
be the first provider encounter for the patient. The urgency 
often associated with an accident or injury can easily result in 
important signs or symptoms being overlooked, so repetitive 
examinations can help ensure that all injuries are identified and 

addressed. For dentists, it is easy to focus solely on injuries to 
the teeth and the oral cavity, but a basic knowledge of extra-
oral examination procedures in these scenarios is critical to the 
overall care of the patient.1

Mental Status
The first step in examining a patient who has suffered a head 
injury is to assess his or her mental status. A reliable and true 
history can only come from someone whose mental status is 
unimpaired. This step can be accomplished with just a few basic 
questions about the patient’s name, age, the current date, and 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Describe the clinical and radiographic features of enamel 
fractures, uncomplicated crown fractures, complicated crown 
fractures, crown-root fractures, root fractures, concussion, sub-
luxation, luxations (lateral, extrusive, and intrusive), avulsions, 
and alveolar fractures.

 2.  Describe possible short- and long-term responses of pulp, 
 periradicular tissues, and hard tissues to the injuries listed 
 previously.

 3.  List pertinent information needed when examining patients 
with dental injuries (health history, nature of injury, and 
 symptoms).

 4.  Describe the diagnostic tests, radiographic imaging, and pro-
cedures needed in examining patients with dental injuries and 
interpret the findings.

 5.  Describe the importance of cone beam computed tomography 
(CBCT) imaging in patients with dental trauma.

 6.  Describe appropriate treatment strategies (immediate and 
long-term) for various types of traumatic injuries.

 7.  Recognize outcomes of traumatic dental injuries.
 8.  Recognize pulp space obliteration and describe management 

considerations.
 9.  Recognize surface resorption, inflammatory (infection-related) 

resorption, replacement (ankylosis-related) resorption, and 
cervical resorption and describe their respective prevention/
treatment strategies.

 10.  Describe the preventive measures and treatment strate-
gies for traumatic dental injuries in primary and permanent 
 dentition.
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current general location.2 If the patient can answer these ques-
tions without hesitation or confusion, the assumption that his or 
her mental state is unaffected can be made, and the practitioner 
can proceed with taking a history and performing the necessary 
examinations. 

History
The patient history typically starts with the chief complaint, which 
normally involves a statement in the patient’s own words regard-
ing the current problem that has caused him or her to seek care. 
In the case of trauma, for example, that might be: “I fell and broke 
my tooth,” or “I got an elbow to the mouth playing basketball, 
and now my teeth feel loose.”

Next, the history of the present illness should be explored. 
The details regarding how the injury occurred can help direct 
the subsequent physical examination. Important questions to 
ask include:

When and how did the injury occur? Date and time should be 
recorded as well as the nature of the injury, such as a fall, a fight, 
a sports injury, or an auto or bicycle accident. It is also critical to 
ask the patient if he or she lost consciousness. This information 
can alert the practitioner to the possibility of a concussion or pos-
sible brain injury and might indicate that a neurologist referral is 
appropriate. Reports of headache, dizziness, and blurred or double 
vision would also indicate the need for a referral and should be the 
topic of inquiries as well.

Have you experienced other injuries to your mouth or teeth in 
the past? Repeated injuries, particularly of similar patterns, 
might indicate physical abuse, particularly in children. They can 
also result from sports injuries or other high-risk behaviors or 
occupations.1 Previous injuries may have resulted in previously 
undetected crown or root fractures, or even osseous fractures. 
Repeated injuries in the same anatomic region may affect the 
healing capacity of the tissues due to scarring and changes in the 
vascular anatomy.

What problems are you currently having with your mouth? 
Pain, mobility, bleeding, and occlusal interferences are common 
symptoms. The patient’s description of symptoms can aid in 
diagnosis. 

Medical History
The patient’s medical history must also be obtained because there 
may be significant findings that could affect treatment decisions. 
Medications taken and medication allergies should be recorded. A 
review of systems should also be completed to determine whether 
any systemic conditions are present. The patient’s tetanus immu-
nization status should also be determined because a booster might 
be necessary in the presence of injuries that carry the potential 
for contamination, such as an avulsion or penetrating lip and soft 
tissue injuries.3 

Clinical Examination
Examination of the patient should begin with extraoral structures 
to determine the extent of any injuries. A cranial nerve examina-
tion is appropriate and should be completed. Sense of smell, visual 
acuity, and perception of sound are subjective and will depend on 
patient response, but movement of facial muscles, eyes, tongue, 
and the ability to “tense” the neck are clinically observable and 
will provide an objective assessment of cranial nerve function.2 

Cognitive function is also important. As previously mentioned, 
loss of consciousness, headache, dizziness, and visual disturbances 
can indicate a brain injury.4 Clinically, speech difficulties, inability 
to focus, or displaying a “vacant stare” may also alert the practi-
tioner to the possibility of a concussion or other brain injury (Box 
11.1).

Soft Tissue Examination
The extraoral soft tissues should be examined to determine the 
extent of any lacerations or soft tissue injuries. The presence of 
ecchymosis should also be noted. Postauricular ecchymosis is a 
cardinal sign of a LeFort III fracture, which is often otherwise 
asymptomatic. Any foreign bodies or material should also be iden-
tified and removed from injured soft tissues. This requirement is 
particularly true in the instance of crown fractures paired with 

Affective/Emotional Symptoms
	•	 	Anxiety/nervousness
	•	 	Clinginess
	•	 	Depression
	•	 	Emotional	distress
	•	 	Irritability*
	•	 	Personality	changes
	•	 	Sadness 

Cognitive Symptoms
	•	 	Amnesia
	•	 	Confusion
	•	 	Delayed	verbal	and	other	responses
	•	 	Difficulty	concentrating*
	•	 	Difficulty	remembering*
	•	 	Disorientation*
	•	 	Feeling	“foggy”*
	•	 	Feeling	“slowed	down”*
	•	 	Feeling	stunned
	•	 	Inability	to	focus
	•	 	Loss	of	consciousness
	•	 	Slurred	speech
	•	 	Vacant	stare 

Sleep
	•	 	Decreased	sleep
	•	 	Difficulty	falling	asleep
	•	 	Drowsiness*
	•	 	Increased	sleep* 

Somatic/Physical symptoms
	•	 	Blurred	vision
	•	 	Convulsions
	•	 	Dizziness/poor	balance
	•	 	Fatigue
	•	 	Headache
	•	 	Lightheadedness
	•	 	Light	sensitivity
	•	 	Nausea
	•	 	Noise	sensitivity
	•	 	Numbness/tingling
	•	 	Tinnitus
	•	 	Vomiting

 • BOX 11.1      Selected Symptoms of Concussion

*Common in self-report symptoms checklists. 
From Scorza, KA, Raleigh, MF, O’Connor, FG. Current concepts in concussion: evaluation and 
management, Am Fam Physician, 85: 123–132, 2012.
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lip lacerations. Radiographic confirmation as to the presence or 
absence of tooth fragments in the lip or perioral tissues is impor-
tant. Severe lacerations could require suturing for adequate heal-
ing (Fig. 11.1). 

Facial Skeleton
The facial skeleton should be examined for potential fractures. Extra-
orally, this is accomplished largely through palpation, but the pres-
ence of ecchymosis can provide a clue as to a possible fracture. A 
“step” in the borders of the orbit, abnormal mobility of the nose, or 
depression and mobility of the zygomatic arch are all indications of 
fractures. Intraorally, abnormal mobility of segments of the dentition 
can indicate a cortical plate fracture or, more extensively, an alveolar 
fracture. A marked change in alignment or displacement of the teeth 
as a block may indicate a fracture of the maxilla or mandible. The 
posttreatment significance of these fractures is that teeth involved in 
the plane of fracture are at risk of developing pulp necrosis.5,6 

Teeth and Supporting Structures
Examination of the teeth and supporting structures will provide 
the information necessary to assess the extent of damage to the 
hard tissues, potential pulpal injury, and periodontal damage. A 
methodical approach to this examination will ensure a thorough 
evaluation of all injuries.

Mobility
Teeth should be examined gently for mobility, noting whether adja-
cent teeth move with the same degree of mobility. In the presence 
of an alveolar fracture, when one tooth is tested for mobility, the 
adjacent teeth involved in the fracture will move in unison. The 
degree of horizontal mobility should be recorded: 0 for physiologic 
mobility, 1 for slight mobility (up to 1 mm), 2 for significant mobil-
ity (1 to 2 mm), and 3 for severe mobility (greater than 2 mm), 
both horizontally and vertically. If no mobility is detected, the teeth 
should be percussed to detect any sign of intrusion or ankylosis, 
which would present as a “metallic” sound relative to other teeth. 

Displacement
Displacement of teeth from their normal position should be 
noted. This type of injury is referred to as a luxation (discussed 
later in this chapter). 

Periodontal Damage
Injury to the supporting structures of the teeth can result in a 
spectrum of clinical signs, including swelling, bleeding, ecchymo-
sis, and lacerations. Visual inspection of the soft tissues for signs 
of injury should be the first step, followed by gentle palpation 
of the periodontium and alveolar processes. Palpation can reveal 
signs of cortical plate or alveolar fractures that may not have been 
noted during mobility testing. Injury to the periodontal ligament 
(PDL) can often result in edema and bleeding in the ligament, 
which may not be visible to the clinician. In this instance the teeth 
will likely be sensitive to percussion, which is a useful test for the 
identification of periodontal injury. This testing method should 
be performed as gently as possible, because injured teeth/peri-
odontium are likely to exhibit a much lower threshold for pain. 
It is preferable to test unaffected teeth first to establish a baseline 
response and to gain the patient’s confidence and understanding 
of the procedure. It is always important to test several adjacent 
teeth away from the site of injury, as well as opposing teeth. This 
additional test permits recognition of other dental injuries of 
which the patient may not have been aware and which might not 
have been obvious on visual examination. This test also provides 
baseline information in the event that future complications arise. 

Pulpal Injury
The ideal pulpal response to an impact injury would be complete 
recovery after a traumatic incident. Two other potential outcomes 
may occur, however. One outcome would be calcific metamor-
phosis in which the pulp is gradually replaced by calcified tissue. 
This result can be recognized clinically by a yellow discoloration 
of the crown and radiographically by a narrowing or even dis-
appearance of the pulp space. The other potential outcome is 
pulp necrosis, which can be caused by apical displacement that 
disrupts the pulpal blood supply.7 Pulp necrosis can lead to 
external inflammatory root resorption if not treated in a timely 
manner. Typically, resorption occurs without clinical symptoms, 
so continued follow-up is vitally important in ensuring optimal 
treatment.

The status of the pulp tissue may be determined by symp-
toms, history, and clinical testing. The most commonly employed 
and reliable tests are electrical pulp testing (EPT) and the cold 
test. These modalities test the neural response of the pulp tis-
sue and depend on the patient’s subjective response. Fulling and 
Andreasen demonstrated that the late differentiation of the Aδ 
nerve fibers in the dental pulp explain the lack of reliable and pre-
dictable responses to pulp testing in erupting, developing teeth.8 
In young patients, cold testing is the most reliable subjective test 
to assess pulp status. Ideally, an objective assessment of the pulpal 
blood supply would provide a better diagnostic test in determin-
ing pulp vitality. Current evidence demonstrates that pulpal blood 
circulation can be accurately assessed with laser Doppler flowm-
etry and with pulse oximetry (Fig. 11.2).9-15 In a study by Gopi-
krishna and colleagues, pulse oximetry was shown to provide a 
more constant indication of pulp vitality compared with EPT or 
cold testing after an impact injury, although with time, the EPT 
and cold tests would often return to normal responses.16 The over-
riding principle regarding the necessity of endodontic treatment 
in the case of impact injury is the development of pulp necrosis; 
accurate assessment of the pulp status is critical, so the ability to 
detect pulpal blood circulation would represent the definitive test 
in making this determination. 

• Fig. 11.1 Laceration of soft tissues requiring sutures.
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Radiographic Examination
Radiographs can assist in revealing fractures of the bone and 
teeth as well as the stage of root development in children. 
Knowledge of the developmental stages of permanent teeth is 
essential for clinical practice in several dental specialties, because 
it may influence diagnosis, treatment planning, and outcomes. 
In 1960 Nolla published a classification system for odontogenic 
development based on radiographic interpretation (Table 11.1). 
This system has been widely used,17 and it is particularly impor-
tant for appropriate diagnosis and treatment of traumatized 
teeth. Luxation injuries and horizontal root fractures are often 
overlooked on routine radiographic examination, so multiple 
angles of exposure are indicated to increase the predictability of 
identifying these entities, making assessment and diagnosis as 
complete as possible (Fig. 11.3).18,19 Crown fractures are more 
likely to be detected by conventional radiographs and clinical 
examination, but root fractures depend on the angulation of 
two-dimensional (2D) radiographs for detection and diagno-
sis. Recent advances in three-dimensional (3D) imaging (cone 
beam computed tomography [CBCT]) allow evaluation in three 
dimensions to detect fractures of the roots and alveolar bone 
(Fig. 11.4).20 

Importance of Cone Beam Computed 
Tomographic Analysis in Trauma
Traumatic dental injuries are complex and could involve several 
tissues. Furthermore, they can be challenging when discussing 
diagnosis and treatment planning. As stated in the previous sec-
tion, radiographic examination is important in identifying the 
type and the extent of traumatic injuries to the dental tissues and 
the periodontium. The guidelines provided by the International 
Association of Dental Traumatology (IADT) outline the number 
and types of 2D radiographs that would be helpful in diagnosis of 
dental traumatic injuries.21 However, 2D imaging has its limita-
tions in serving as a diagnostic tool in trauma due to its limitation 
to two dimensions, superimposition of other structures, projection 
geometry, and so on.22 Hence, there may be incidences where some 
types of trauma may go undiagnosed and therefore untreated.

3D imaging includes various imaging modalities that include 
computed tomography (CT), magnetic resonance imaging (MRI), 
and CBCT.23 CBCT produces images in three dimensions with 
less radiation exposure than a traditional CT.24,25 CBCT units 
can be classified according to the imaged volume or field of view 
(FOV) as large FOV (6- to 12-inch or 15- to 30.5-cm) or limited 
FOV systems (1.6- to 3.1-inch or 4- to 8-cm).26

The use of CBCT in dental trauma was first described in 
2007. Several studies have reported the use of CBCT and digital 

• Fig. 11.2 Pulse oximetry unit with a commercially available sensor that fits dental tissues. (Courtesy 
Covidien.)

  Radiographic Classification of Odontogenic 
Development

Classification Description

0 No	crypt

1 Presence	of	a	crypt

2 Initial	calcification

3 One-third	crown	completed

4 Two-thirds	crown	completed

5 Crown	almost	completed

6 Crown	completed

7 One-third	root	completed

8 Two-thirds	root	competed

9 Root	almost	open	(open	apex)

10 Root	apex	completed

TABLE 
11.1

A B

• Fig. 11.3 Complicated crown fracture of the maxillary right central and 
lateral incisors and maxillary left central incisor. A and B, Periapical radio-
graphs at different horizontal angles.
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radiography for differential diagnosis,27-29 assessment of treatment 
outcomes30,31 endodontics,32 oral and maxillofacial surgery,26 
implantology,33 and orthodontics, with reliable measurements 
for reconstruction and imaging of dental and maxillofacial struc-
tures.34,35 CBCTs provide a 3D image of a 3D structure in three 
orthogonal planes (axial, sagittal, and coronal).36,37

In 2016 the American Academy of Oral and Maxillofacial Radi-
ology/American Association of Endodontists (AAOMR/AAE) joint 
position statement gave multiple recommendations for the use of 
limited FOV CBCT. Recommendation #11 states, “Limited FOV 
CBCT should be considered the imaging modality of choice for 
diagnosis and management of limited dento-alveolar trauma, root 
fractures, luxation, and/or displacement of teeth and localized alve-
olar fractures, in the absence of other maxillofacial or soft tissue 
injury that may require other advanced imaging modalities.”

CBCT overcomes several limitations of 2D radiographs. CBCT 
provides a considerable amount of information and can differenti-
ate between many types of airspaces and structures such as bones, 
airways, sinuses, and so on.22 CBCT imaging also enables the 
clinician to view teeth in three dimensions, and often cases that 

appear to be straightforward on a periapical radiograph may have 
a completely different presentation when viewed in three dimen-
sions (Figs. 11.5 and 11.6). 

Injuries to the Hard Dental Tissues and the 
Pulp

Enamel Fractures
Chips or cracks that are confined to the enamel do not directly 
constitute a threat to the pulp tissue. However, when those cracks 
or chips are the result of an impact injury, they may also cause 
a slight luxation injury that can damage blood vessels that sup-
ply the pulp. A clinical sign that this injury may have occurred 
is tenderness to percussion of the affected tooth. If this injury is 
indeed a finding on examination, the practitioner should follow 
the recommended guidelines according to the type of trauma (dis-
cussed later in the chapter). Simply smoothing any rough edges or 
restoring missing structure may be all that is necessary to address 
the chips or cracks noted. 

A

C

B

• Fig. 11.4 Complicated crown fracture of the maxillary right central and lateral incisors and maxillary left central incisor – as seen in the saggital (A), coronal  
(B) and axial (C) sections of this CBCT image. (same case as in Fig. 11.7).
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Uncomplicated Crown Fractures
Uncomplicated crown fractures involve the dentin as well as the 
enamel but do not result in a pulp exposure. This type of injury is 
not often severely painful but may present more of a cosmetic con-
cern to the patient. This situation does not require urgent care in 
most instances, and generally prognosis for pulp survival is favor-
able unless there is a concurrent luxation injury.18 If there is no 
observable displacement, a luxation injury might be suspected in 
cases where tenderness to percussion or bleeding from the sulcus 
is present.

Treatment of uncomplicated crown fractures normally involves 
the restoration of the missing tooth structure, typically by employ-
ing an acid etch composite resin technique (Fig. 11.7). This con-
servative approach generally will not present a significant risk of 
pulp pathosis. An even more conservative approach would be to 
bond the tooth fragment back into place if it was salvaged. Both 
clinical studies and in  vitro bonding experiments have demon-
strated that reattachment of dentin-enamel crown fragments is 
an acceptable restorative procedure.38 Employing this technique 
restores the dental anatomy with normal tooth structure, so 
esthetics and wear will match the adjacent teeth, and the status of 
the pulp can be reliably monitored. 

Complicated Crown Fractures
Complicated crown fractures involve the enamel and dentin in a 
location that results in an exposure of the pulp tissue. The extent 
of the fracture, stage of root development, and time since the 
injury occurred should be recorded because these parameters will 
influence treatment decisions.

Considering the extent of the fracture will help determine the 
treatment of the pulp and what restorative needs exist. A smaller 
fracture that appears amenable to an acid-etch restoration may be 
a good candidate for vital pulp therapy, whereas an extensive frac-
ture that will require a foundation and crown to restore would be a 
candidate for conventional endodontic treatment (Fig. 11.8). The 
final treatment plan will of course depend on the age of the patient.

The stage of root development is an important factor to con-
sider when choosing between vital pulp therapy and conventional 
endodontic treatment. Teeth with incomplete root formation often 
have thin dentin walls, so every effort should be made to preserve 
the pulp so that continued dentin deposition can proceed, and root 

• Fig. 11.6 Cone beam computed tomography (CBCT) (same case as Fig. 11.5). Sagittal section demon-
strates the palatal aspect of the maxillary left central incisor, which was not restored adequately. This prob-
lem could not be visualized clinically or with the PA radiograph (Fig. 11.5) taken before the CBCT. The PA  
(Fig. 11.5) showed an intact restoration on tooth #9 and the palatal aspect could not be visualized on the PA.

• Fig. 11.5 Preoperative radiograph of the maxillary left central incisor that 
was diagnosed with a complicated crown fracture. The fractured segment 
was removed, a partial pulpotomy was completed and the tooth was 
restored with a composite restoration.
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development can continue to completion. The most accepted tech-
nique to accomplish this goal is a shallow pulpotomy followed by an 
acid-etch composite restoration or reattachment of the enamel-dentin 
fragment. Depending on the amount of tooth loss and restorative 
needs, this treatment plan can also be appropriate for fully formed 
teeth in adults. However, if there is structure loss that requires a crown 
to restore the tooth, endodontic treatment is recommended.39 

Treatment of Crown Fractures
Teeth with crown fractures that expose the pulp tissue can be 
treated by pulp capping or a shallow pulpotomy, both of which 
constitute vital pulp therapy, or by conventional endodontic 
treatment. If vital pulp therapy is planned, the prognosis will be 

maximized if the time between the injury and treatment is mini-
mal, although successful pulpotomy procedures after several weeks 
of exposure have been reported.40-42 

Vital Pulp Therapy
The primary reason for considering vital pulp therapy is to pre-
serve the pulp tissue. As previously mentioned, this therapy is of 
paramount importance in teeth with incomplete root formation. 
Continued root development will result in increased dentin thick-
ness, which will translate to increased strength and fracture resis-
tance. In the classic literature, pulpotomy is described as removal 
of the pulp tissue to a point just apical to the cementoenamel 
junction (CEJ). If the cervical dentin has not reached optimum 
thickness, performing a pulpotomy in this fashion will prevent 
any further dentin formation in this critical area of the tooth. 
Subsequently, a more conservative approach to pulp removal has 
been popularized by Cvek, which involves removing a minimal 
amount of tissue to a point where hemostasis can be obtained.40 
This technique will not only preserve the radicular pulp but will 
also likely preserve the majority of the coronal pulp, allowing the 
opportunity for greater hard tissue formation. 

Case Selection for Vital Pulp Therapy
Both immature and mature teeth that can subsequently be restored 
with an acid-etch composite are candidates for the shallow pulp-
otomy technique. In general, this procedure is more important in 
those immature teeth in which root formation is not yet completed. 

Technique
The shallow pulpotomy procedure (Fig. 11.9) requires anesthe-
sia and rubber dam isolation. Once isolated, the dentin surface 
should be cleaned to remove any foreign matter and any loose 
fragments that might remain. Extruding granulation tissue at 
the pulp exposure site can be removed by a spoon excavator 
so that the actual size of the exposure can be observed. Next, 
the pulp tissue is removed to a depth of approximately 2 mm 
below the exposure. This is a relatively small volume of tissue 
but helps ensure removal of contaminated pulp. This stage of 
pulp removal is accomplished using a water-cooled, round dia-
mond bur in a high-speed handpiece. After removing the pulp 

B C

A D E F

• Fig. 11.8 Preoperative periapical radiograph (A) and clinical photograph (B) of a complicated crown 
fracture of the maxillary left central incisor. C and D, Upon completion of the endodontic therapy, a fiber 
post was placed, followed by the coronal restoration. The results are shown in a postoperative clinical 
photograph (E) and a final periapical radiograph (F).

A

B

• Fig. 11.7 Uncomplicated crown fracture of the maxillary right central inci-
sor. Preoperative (A) and postoperative (B) views of restoration with com-
posite resins. (Courtesy Dr. Gabriela Ibarra.)
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to the desired depth, the area can be irrigated with saline and 
hemostasis obtained, which may occasionally require some gen-
tle compression. Typically, hemostasis will be obtained within 5 
minutes, at which time the exposure site should be sealed with 
either a bioceramic putty or mineral trioxide aggregate (MTA). 
Care should be taken to avoid forcing the material into the pulp 
space. If MTA is used, it is preferable to confirm that it has set 
completely, which would necessitate that the patient return the 
next day. With a high viscosity bioceramic putty, the tooth can 
be restored immediately. Once the exposure site is sealed, the 
tooth is then restored with an acid-etch composite to replicate 
the contour, or the enamel-dentin fragment is bonded back into 
place.43 This step completes the treatment, but follow-up to 
monitor pulp status is indicated. 

Treatment Evaluation
Treatment outcome should be assessed after 6 months and then 
annually. This examination should include evaluation of pulp 
responsiveness to either cold or EPT, or both. Radiographic evi-
dence of continued root formation is a strong indication of treat-
ment success. If the pulp remains responsive and if continued root 
formation is observed, the vital pulp therapy procedure would be 
considered definitive treatment, which should have a favorable 
long-term prognosis (Fig. 11.10).42,44 

Endodontic Treatment
Teeth with complete root formation can be treated either by vital 
pulp therapy or by conventional endodontic treatment. In cases 
where restorative needs dictate that a crown, or particularly a post 

and crown, are necessary, conventional root canal treatment is 
necessary. 

Crown-Root Fractures
These fractures typically present in an oblique orientation, often 
splitting the crown in a diagonal direction and extending onto the 
root surface, which makes it a more serious injury. A less common 
variation of this type of fracture is one in which the crown appears 
to have shattered (Fig. 11.11). The pieces are held in place only by 
the part of a fractured segment that remains attached to the PDL. 
In these fractures, the pulp is usually exposed.

In contrast to the previously described impact injuries in which 
posterior teeth are rarely involved, crown-root fractures are often 
seen in premolars and molars as well. Cusp fractures that extend 
subgingivally are common. Diagnostically, however, they may 
be difficult to identify in the earlier stages of development and 
might require transillumination or a dye technique to detect at 
this point. Similar difficulties are encountered in detecting vertical 
fractures along the long axis of the root.

Crown-root fractures of the posterior teeth are not always 
associated with a single impact of a traumatic event. If that is 
the case, however, bicycle or motor vehicle accidents are often 
the culprits. The risk of this type of fracture is also increased 
with a sharp blow to the chin, which can cause the teeth to slam 
together. Skin abrasions under the chin may be an extraoral sign 
of such an injury.

Until recently, removal of all loose fragments was recom-
mended as part of the examination to determine the extent of the 
injury and determine restorability of the tooth or teeth. This prac-
tice may still be necessary in some instances, but with the current 

BA C

ED F

• Fig. 11.9 Complicated crown fracture of the maxillary right central incisor. The partial pulpotomy pro-
cedure is clinically illustrated in the following steps: A, Pulp is exposed; B, pulpal tissue is excised 2 mm 
below the exposure; C, bleeding is controlled by pressure only (cotton pellet moistened with saline); D, 
hemostasis is obtained; E, white mineral trioxide aggregate (MTA) seal is applied; F, protection of the MTA 
is achieved using a layer of glass ionomer lining.
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restorative options in adhesive dentistry, repair of these injuries 
can be more predictable than in the past. Current recommenda-
tions are to attempt bonding loose fragments together, particularly 
if root development is not yet complete.39

Teeth that present with a “shattered” appearance often have 
extension of the cracks onto the root surface. Additional imag-
ing studies such as angled radiographs and CBCT may assist 

in identifying radicular as well as osseous fracture lines (Fig. 
11.12).19,45 

Emergency Care and Treatment Planning
Teeth exhibiting crown-root fractures often present with signifi-
cant symptoms of pain and discomfort, particularly if there is a 

BA

• Fig. 11.10 Six-month follow-up after partial pulpotomy. Periapical radiograph (A) and sagittal view (B) 
obtained with cone beam computed tomography (CBCT).

A B

C D

• Fig. 11.11 A and B, Buccal and lingual photographs of a crown and root fracture immediately upon pre-
sentation. C and D, Images after removal of the fractured segments.
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mobile fragment that moves easily with speaking or other func-
tional movements. Injuries such as these require urgent care to 
alleviate the patient’s symptoms and stabilize the teeth. This care 
may consist of simply bonding loose tooth fragments but often 
includes the initiation of pulpal treatment as well (Fig. 11.13). 
In teeth with incomplete root formation, a shallow pulpotomy 
would be preferable to a pulpectomy so that root formation might 
continue. Pulpectomy is the treatment of choice if the root forma-
tion is complete and fully developed (Fig. 11.14). Definitive treat-
ment is best postponed until the overall endodontic/restorative 
treatment plan has been finalized.39

Crown-root fractures are often complicated by pulp exposures 
and extensive loss of tooth structure. In developing a definitive 
treatment plan, several aspects must be considered:
	•	 	Will	pulpotomy	or	pulpectomy	be	the	better	choice	for	treat-

ing a particular tooth?
	•	 	After	 removal	 of	 all	 loose	 fragments,	 will	 the	 tooth	 still	 be	

restorable? In the event that fragments are bonded together to 
allow root formation to continue, will this last long enough 

for root formation to be complete or to allow the alveolus to 
develop adequately for the placement of an implant?

	•	 	Is	the	subgingival	fracture	margin	at	a	level	that	would	allow	
placement of a restoration margin, or will extrusion or peri-
odontal surgery be necessary?

	•	 	Should	 the	 tooth	be	extracted	and	replaced	with	a	bridge	or	
implant? Alternately, if the tooth is extracted, could the space 
be closed with orthodontic treatment?
These are a few critical considerations that must be included in 

making treatment decisions. Because of the complexity involved 
in these cases, a team approach involving specialists in pediatric 
dentistry, endodontics, periodontics, orthodontics, oral and max-
illofacial surgery, and prosthodontics is beneficial in developing a 
treatment plan to optimize the outcome for the patient. 

Root Fractures
Root fractures that do not involve the crown of the tooth have also 
been termed intra-alvelor root fractures, horizontal root fractures, 

BA

DC

• Fig. 11.12 A and B, Periapical radiographs demonstrating a crown fracture line. C and D, Sagittal and 
axial slides confirming the presence and extension of the fractures lines (arrow).
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A B

C D

• Fig. 11.13 A–D, Crown-root fracture of the maxillary left central incisor. Emergency procedure for stabiliza-
tion of the coronal fragment using acid etch/resin applied to the remaining tooth structure.

BA C D

• Fig. 11.14 Crown-root fracture of the maxillary left central incisor treated with cervical pulpotomy. A and 
B, Periapical radiographs at different horizontal angles. C, Two-month follow-up. D, Six-month follow-up.
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and transverse root fractures, depending on location and orientation 
relative to the long axis of the tooth. These types of fractures do not 
occur often and may be difficult to detect and diagnose.1,19,46,47

Radiographically, a root fracture is visualized only if the beam 
passes through the fracture line. Because these fractures are often 
oblique in orientation, they may be missed by a radiograph exposed 
by conventional paralleling technique. For this reason, it is recom-
mended to obtain an additional exposure at a steep vertical angle 
whenever a root fracture is suspected. This additional angle (approxi-
mately 45 degrees) allows detection of many fractures, particularly in 
the apical area (Fig. 11.15).46,48 Recently May and colleagues demon-
strated that CBCT is most useful in cases in which conventional radi-
ography yields inconclusive results or shows a fracture in the middle 

third of the root.49 In such cases, CBCT may rule out or confirm the 
presence and allow evaluation of the course of the fracture through 
the root structure in a labiolingual direction (Fig. 11.16).

Clinically, root fractures may present as mobile or displaced teeth 
with pain upon biting and possible occlusal interference. Symptoms 
are typically mild, and if there is no mobility or displacement of 
the coronal segment, the patient may not be aware of any problem 
and may not seek treatment.50 In general terms, the more cervical 
(or coronal) the location of the fracture, the greater the chance and 
degree of mobility and displacement of the coronal segment and 
the greater the likelihood of pulp necrosis of this segment if it is not 
promptly repositioned. Splinting is indicated for fractures occurring 
in the cervical or middle thirds of the root.39,51,52 Root fractures 

A B

C D

• Fig. 11.15 Root fracture of the maxillary left central incisor. A and B, Immediate postoperative radiographs 
after reduction and splinting. C, Six-month follow-up. D, Follow-up at 18 months.
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that occur in the apical third typically do not require any immediate 
treatment, but long-term observation is indicated (Video 11.1).51

Emergency care for root fractures: specifically repositioning 
and stabilization should be completed without delay for the most 
favorable outcome (Fig. 11.17). Repositioning of the displaced 

coronal tooth segments is easier if completed soon after the injury 
because healing will not have started. Delayed repositioning may 
require orthodontic intervention to allow movement of the coro-
nal segment into optimal position. After the repositioning, the 
coronal segment must be splinted to stabilize its position and 

BA C

• Fig. 11.16 Root fracture of the maxillary left central incisor. Cone beam computed tomography demon-
strates the fracture in all three planes: axial (A), sagittal (B), and coronal (C).

A B

C D

• Fig. 11.17 Root fracture of the maxillary right central incisor. A and B, Periapical radiograph and clinical 
photograph of the tooth when the patient arrived at the emergency department. C and D, Reduction, 
repositioning, and splinting.
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allow repair of the periodontal tissues and alveolar bone (see Fig. 
11.17). Four to 6 weeks of stabilization is normally sufficient, 
although fractures located close to the crest of the alveolar bone 
may require longer periods of stabilization.51 The outcome of this 
treatment should be evaluated periodically. 

Sequelae of Root Fractures
Calcific metamorphosis is a common occurrence after a root frac-
ture, usually in the coronal segment, but occasionally both coronal 
and apical segments can be affected. In this event, EPT may be 
of limited value in evaluating pulp status. In the absence of other 
signs of pulp necrosis, such as a radiolucency, either apical or adja-
cent to the fracture, lack of response to EPT alone does not neces-
sarily indicate the necessity for root canal treatment. Frequently, 
the apical pulp will remain vital, even if pulp necrosis develops in 
the coronal segment (see Fig. 11.15).53-56

The healing of root fractures will occur either through hard tis-
sue healing or connective tissue healing, or there can be a lack of 
healing. Hard tissue healing occurs with the deposition of calcified 
tissue originating from the apical pulp and PDL and is most likely 
to occur when little or no displacement of the coronal segment 
occurred during the injury. Connective tissue healing is more 
likely to occur with a greater degree of displacement and would be 
characterized by a fracture line that remains visible radiographi-
cally, but the lamina dura of the socket wall appears to be intact. 
Lack of healing after a root fracture typically occurs in the pres-
ence of bacterial contamination and pulp necrosis. This circum-
stance may present with apical symptoms such as tenderness to 
percussion, and the lamina dura of the socket may be disrupted on 
radiographic examination46,54,57,58 

Root Canal Treatment
Root canal treatment is indicated when pulp pathosis develops 
subsequent to a root fracture. Normally this pathosis will be due 

to pulp necrosis in the coronal segment that will subsequently lead 
to inflammatory changes in the adjacent supporting tissues, result-
ing in radiolucencies adjacent to the fracture (Fig. 11.18).54 When 
necessary, endodontic treatment in these cases can be complex, 
and referral to a specialist should be strongly considered. When 
treatment is indicated for teeth with horizontal root fractures, it is 
normally limited to the coronal segment as the pulp in the apical 
segment usually remains vital.53-56 

BA C

• Fig. 11.18 Root fracture of the maxillary right central incisor. A, Preoperative periapical radiograph. B, One 
month later after removal of the splint. Note the separation of the coronal and apical fragments. Endodon-
tic therapy of the coronal fragment was initiated. C, Two-year follow-up.

	1.	 Which	of	the	following	is	a	pulpal	response	after	a	traumatic	incident?
	 A.	 Calcific	metamorphosis
	 B.	 Discoloration	of	the	crown
	 C.	 Pulpal	necrosis
	 D.	 All	of	the	above.
	2.	 	The	unreliable	responses	to	pulp	testing	in	erupting,	developing	teeth	

has	been	attributed	to	the
	 A.	 Lack	of	nerve	fibers.
	 B.	 Late	differentiation	of	the	Ad	fibers.
	 C.	 Late	differentiation	of	the	C	fibers.
	 D.	 Late	differentiation	of	the	Ab	fibers.
	3.	 Treatment	of	uncomplicated	crown	fractures	involves
	 A.	 Restoration	of	the	missing	tooth	Structure.
	 B.	 Pulpotomy.
	 C.	 Root	canal	therapy.
	 D.	 Extraction	of	the	tooth.
	4.	 Which	of	the	following	statements	best	describes	a	Cvek	pulpotomy?
	 A.	 Removal	of	minimal	amount	of	the	coronal	pulp.
	 B.	 Removal	of	the	entire	coronal	pulp.
	 C.	 Removal	of	the	entire	coronal	pulp	and	part	of	the	radicular	pulp.
	 D.	 No	removal	of	any	pulp	tissue.
	5.	 Which	of	the	following	is	a	sequelae	of	root	fractures?
	 A.	 Calcific	metamorphosis.
	 B.	 Healing	of	the	root	fracture	with	hard	tissue.
	 C.	 Healing	of	the	root	fracture	with	connective	tissue.
	 D.	 All	of	the	above.

Study Questions
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Injuries to the Periodontium
Injuries to the periodontium involve trauma to the supporting 
structures of teeth and often affect the neurovascular supply to the 
pulp. These injuries include:
	•	 	Concussion
	•	 	Subluxations
	•	 	Luxations	(extrusive,	lateral,	intrusive)
	•	 	Avulsions

In general, the more severe the degree of displacement of the 
tooth from the socket, the greater the damage to the periodon-
tium and to the dental pulp. Injuries to the periodontium could 
range from mild to severe and treatments for each of them may 
differ, depending on the type of injury.

The clinical descriptions of these injuries should be sufficient to 
make the initial diagnosis However, the pulpal status must be con-
tinually monitored until a definitive diagnosis can be made, which 
in some cases may require several months or years. Dichlorodifluo-
romethane (DDM) and EPT are used in monitoring pulpal sta-
tus.59 Table 11.2 provides a summary of the typical clinical findings 
associated with different types of injuries to the periodontium.

Examination, Diagnosis, and Pulp Testing
A good clinical examination followed by sensitivity tests, which 
include cold (DDM) and EPT, should be used to evaluate the sen-
sory response of teeth that have been injured. Several adjacent and 
opposing teeth should be included in the test. An initial lack of 
response is not unusual, nor is a high reading on the pulp tester.60 In 
these cases, the sensibility tests are repeated in 4 to 6 weeks, and the 

results are recorded and compared with the initial responses. If the 
pulp responds in both instances, the prognosis for pulp survival is 
good. A pulp response that is absent initially and present at the sec-
ond visit indicates a probable recovery of vitality, although cases of 
subsequent reversals have been noted.61 If the pulp fails to respond 
both times, the prognosis is questionable, and the pulp status uncer-
tain. In the absence of other findings indicating pulp necrosis, the 
tooth is retested in 3 to 4 months. Continued lack of response may 
indicate pulp necrosis, but lack of response may not be enough evi-
dence to make a diagnosis of pulp necrosis; that is, the pulp may 
permanently lose sensory nerve supply but retain its blood supply. 
After some time, the pulp often responds to testing if it recovers.62

Concussion injuries generally respond to pulp testing. Because 
the injury is less severe, the pulpal blood supply is more likely to 
return to normal.

Teeth in the subluxation injury group also tend to retain or 
recover pulpal responsiveness but less predictably than teeth with 
concussion injuries.

Extrusive, lateral, and intrusive luxation injuries involve displace-
ment of the teeth and therefore more damage to apical vessels and 
nerves. Pulp responses in teeth with extrusive, lateral, or intrusive 
luxations are often absent. These pulps often do not recover even if 
the pulp is vital (has blood supply) because sensory nerves may be 
permanently damaged. Exceptions are immature teeth with wide-
open apices; these teeth often regain or retain pulp vitality (respon-
siveness to sensitivity tests) even after severe injuries.62

Monitoring of pulpal status with pulp testing and radiographic 
evaluations is essential for a long enough period to permit deter-
mination of the outcome with a degree of certainty (this process 
may take 2 years or longer). Pulpal status is best monitored with 
pulp testing, radiographic findings, and observation for develop-
ing symptoms and for crown color changes.62,63 

Radiographic Evaluation
The initial radiograph taken after the injury will not disclose the 
pulpal condition. However, it is important for evaluation of the 
general injury to the tooth and alveolus and serves as a basis for 
comparison for subsequent radiographs. Additionally, as stated in 
the earlier section, CBCT is important in trauma cases, especially in 
luxation and avulsion injuries, when a concomitant alveolar fracture 
is suspected (Figs. 11.19 and 11.20). 3D imaging allows for better 

  Differential Diagnosis for the Most Common 
Injuries to the Periodontium

Sensitivity 
Percussion Mobility Displacement

Concussion Yes No No

Subluxation Yes Yes No

Luxation Yes Yes Yes

TABLE 
11.2

BA C

• Fig. 11.19 A–C, Periapical radiographs failed to reveal the position of the tooth in relation to its alveolus.
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211CHAPTER 11 Management of Traumatic Dental Injuries

diagnosis of alveolar fractures and confirms the correct position of 
the tooth in the socket, as stated previously in this chapter.

Radiographs are also indicated for early diagnosis and treat-
ment of external resorptions and periradicular bony changes. 
Resorptive changes, particularly external changes, may occur soon 
after injury; if no attempt is made to arrest the destructive pro-
cess, much of the root may be rapidly lost. Inflammatory (infec-
tion-related) resorption can be intercepted by timely endodontic 
intervention.64

Periodic radiographs show whether the root of a developing 
tooth is continuing to grow (a positive sign indicating recovery 
of the pulp). Another finding may be pulp space calcification or 
obliteration, a common finding after luxation injuries in imma-
ture teeth.65 Also called calcific metamorphosis, this canal oblit-
eration may be partial or nearly complete (after several years) and 
does not indicate a need for root canal treatment, except when 
other signs and symptoms suggest pulp necrosis.65

Crown Color Changes
Pulpal injury may cause discoloration, even after only a few days. 
Initial changes tend to be pink. Subsequently, if the pulp does 
not recover and becomes necrotic, there may be a grayish dark-
ening of the crown, often accompanied by a loss in translucency 
(Fig. 11.21). In addition, color changes may take place as a result 
of calcific metamorphosis of the pulp. Such color changes are 
likely to be yellow to brown and do not indicate pulp pathosis. 
Other signs, findings, or symptoms are necessary to diagnose 
pulp necrosis.62,65

Discoloration could be reversed. This reversal usually happens 
relatively soon after the injury and indicates that the pulp is vital. 
Because of unpredictable changes associated with traumatized 
teeth, long-term evaluation is recommended.62

The next part of this chapter describes the injuries and the rec-
ommended treatment for each type. 

Concussion
This is an injury to the tooth-supporting structures without 
increased mobility or displacement of the tooth but with pain on 
percussion. Concussion injuries generally respond to pulp test-
ing because the injury is less severe; the pulpal blood supply is 

A B

• Fig. 11.20 Cone beam computed tomography. Transaxial volumetric reconstruction (A) and sagittal plane 
view (B) demonstrating lateral luxation of the maxillary left central incisor with a concomitant alveolar fracture.

A

B

• Fig. 11.21 Crown color changes as a result of pulpal injury after a luxation 
injury: buccal view (A) and lingual view (B).
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more likely to return to normal. No radiographic changes are 
found.66

Treatment:
 1.  Note that no treatment is usually necessary.
 2.  Prescribe a soft diet for 14 days.
 3.  Prescribe chlorhexidine rinses.
 4.  Follow up. 

Subluxation
Subluxation is an injury to the tooth-supporting structures result-
ing in increased mobility but without displacement of the tooth. 
Although sulcular bleeding might be present, this clinical finding 
does not provide a diagnosis.

Teeth with subluxation injuries are sensitive to percussion. 
The teeth are not displaced, and the pulp may respond normally 
to testing, sometimes after initially failing to respond. No radio-
graphic changes are noted.66

Treatment:
 1.  Note that no treatment is usually necessary.
 2.  Relieve the occlusion.
 3.  Prescribe a soft diet.
 4.  Apply a splint only in case of marked loosening for up to 2 

weeks.67

 5.  Prescribe chlorhexidine rinses.
 6.  Follow up and monitor pulpal status. 

Luxation
Luxation is an injury to the tooth-supporting structures resulting 
in increased mobility, with displacement of the tooth.66 The injury 
may displace the tooth in three possible directions: extrusive, lat-
eral, or intrusive.

Extrusive Luxation
With extrusive luxation, teeth are partially displaced from the 
socket along the long axis. Extruded teeth have greatly increased 
mobility, and radiographs show displacement. The pulp usually 
does not respond to testing.59,66 

Lateral Luxation
Teeth may be displaced in any direction besides axially. These teeth 
could be displaced lingually, buccally, mesially, or distally (i.e., away 
from their normal position in a horizontal direction).66 However, this 
type of luxation injury is usually accompanied by comminution or 
fracture of either the labial or the palatal/lingual alveolar bone. This 
consequence is because of the impact, which usually comes from the 
facial aspect that causes the crown to be displaced lingually and the 
apex buccally, creating a subsequent alveolar fracture. If the apex has 
been severely displaced, the pulp may permanently lose sensory nerve 
supply but retain its blood supply. A metallic sound on percussion 
might indicate that the root tip has been forced into the alveolar bone.

Treatment for extrusive and lateral luxations:
 1.  Reposition and splint. Extrusive and lateral luxation injuries 

require repositioning and splinting. The duration of splinting 
varies with the severity of injury. Extrusions may need only 
2 weeks, whereas lateral luxations that involve bony fractures 
need 4 weeks.66

 2.  Prescribe a soft diet.
 3.  Prescribe chlorhexidine rinses.
 4.  Treat with root canal therapy. Root canal treatment is indicated 

for teeth with a diagnosis of irreversible pulpitis or pulp necrosis. 

Such a diagnosis often requires a combination of signs and symp-
toms, such as discoloration of the crown, lack of pulp response 
to pulp testing, and a periradicular lesion seen radiographically.66

 5.  Monitor for possible endodontic treatment. Severe cases of 
either extrusive or lateral luxation of mature teeth may require 
endodontic therapy within the first 2 weeks to prevent the 
onset of resorption (Fig. 11.22). 

Intrusive Luxation
In this type of injury, the teeth are forced into the sockets in an axial 
(apical) direction, at times to the point of not being clinically vis-
ible. They have no mobility, resembling ankyloses (Fig. 11.23).68,69 

Treatment for Intrusive Luxation
This treatment differs slightly from the extrusive and lateral luxa-
tion cases and depends on stage of root maturity.68-70 

Open Apex
If the root is incompletely formed with an open apex, it may 
reposition spontaneously. A clinical study revealed that in young 
patients 12 to 17 years of age who have complete root formation, 
spontaneous reeruption is possible and was found to be the best 
treatment with regard to marginal periodontal healing.68

In teeth with immature roots, the pulp may revascularize.68,71 
However, the patient must be monitored carefully, because com-
plications that include pulp necrosis along with lack of continued 
root development could arise. Root canal treatment should be per-
formed in these cases. 

Closed Apex
In older patients (i.e., older than 17 years of age) with complete 
root formation, either surgical or orthodontic extrusion should 
be attempted. Intrusively luxated teeth undergo pulp necrosis 
approximately 85% to 100% of the time.68,69,71,72 Hence, root 

• Fig. 11.22 Severe extrusive luxation. The tooth was retained only by soft 
tissue.
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canal therapy is indicated for these teeth within the first 2 weeks 
to prevent the onset of resorption. 

Avulsion
This circumstance could be described as the complete separation of a 
tooth from its alveolus by traumatic injury. This separation can lead to 
extensive damage to the pulp and the periodontal tissues. The prog-
nosis of the teeth depends entirely on the extraoral dry time/period and 
the storage media. The storage media is important to preserve the PDL 
cells and the fibers attached to the root surface.73 

Treatment
Three situations involving avulsions may arise: (1) the tooth has 
already been replanted; (2) the extraoral dry time has been less 
than 60 minutes; or (3) the tooth has been out for longer than 60 
minutes and has not been kept in a storage medium.

Immediate Replantation
The prognosis is improved by replantation immediately after avul-
sion and should always be encouraged.74-76

	•	 	Leave	the	tooth	in	place.
	•	 	Clean	the	area	with	water	spray,	saline,	or	chlorhexidine.
	•	 	Verify	normal	position	of	 the	 replanted	 tooth	both	clinically	

and radiographically.
	•	 	Apply	a	flexible	splint	for	up	to	2	weeks.
	•	 	Administer	systemic	antibiotics.
	•	 	If	the	avulsed	tooth	has	been	in	contact	with	soil,	and	if	teta-

nus coverage is uncertain, refer to a physician for a tetanus 
booster.

	•	 	Initiate	root	canal	treatment	within	7	to	10	days	after	replanta-
tion and before splint removal. 

Replantation Within 60 Minutes of Avulsion—Tooth with 
a Closed Apex
If replantation is not feasible at the place of injury, the tooth 
should be brought to the dental office in media to keep it moist 
and prolong the vitality of the PDL cells.77,78 The most common 
storage medium is Hanks Balanced Salt Solution (HBSS), which 
is commercially available as a kit (Save-A-Tooth; Phoenix-Lazerus, 
Pottstown, Pennsylvania, USA). However, if not available, milk is 
an excellent alternative.79-84

When the patient arrives, the following steps are recommended:
 1.  Place the tooth in a cup of physiologic saline while preparing 

for replantation.
 2.  Take radiographs of the area of injury to look for evidence 

of alveolar fracture. Consider the use of CBCT, if indi-
cated.

 3.  Administer local anesthetic.
 4.  Examine the avulsion site carefully for any loose bone frag-

ments that may be removed. If the alveolus is collapsed, spread 
it open gently with an instrument.

 5.  Clean the root surface and apical foramen with a stream of 
saline and soak the tooth in saline, thereby removing contami-
nation and dead cells from the root surface.

 6.  Irrigate the socket gently with saline to remove contaminated 
coagulum.

 7.  Grasp the crown of the tooth and avoid handling the root and 
replant the tooth with slight digital pressure to accomplish 
complete seating.

 8.  Check for proper alignment and correct any hyperocclusion. 
Soft tissue lacerations should be tightly sutured, particularly cer-
vically.

 9.  Stabilize the tooth for 2 weeks with a flexible splint; nylon, 
stainless steel, or nickel-titanium wires up to 0.016 inch 
(0.4 mm) in diameter are significantly more flexible.85 

• Fig. 11.23 Severe intrusive luxation: Cone beam computed tomographic imaging shows the extent of 
intrusion of the maxillary left central incisor.
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Replantation Within 60 Minutes of Avulsion—Tooth with 
an Open Apex
When the patient arrives, the following steps are recommended:
 1.  Place the tooth in a cup of physiologic saline while preparing 

for replantation.
 2.  Administer a local anesthetic.
 3.  Examine the alveolar socket, looking for fracture of the socket 

wall.
 4.  If available, cover the root surface topically with a tetracy-

cline-based antibiotic before replanting the tooth.86-88

 5.  Replant the tooth with slight digital pressure.
 6.  Suture gingival lacerations, especially in the cervical area.
 7.  Verify normal position of the replanted tooth.
 8.  Apply a flexible splint for 2 weeks.
 9.  If the avulsed tooth has been in contact with soil and if tetanus 

coverage is uncertain or if the previous one was administered more 
than 10 years earlier, refer to a physician for a tetanus booster.

 10.  Administer systemic antibiotics. Unlike mature teeth for which 
endodontic therapy should be initiated within a week, imma-
ture teeth with open apices may revascularize, but they must 
be evaluated at regular intervals of 2, 6, and 12 months after 
replantation. If subsequent evaluations indicate pulp necrosis, 
lack of root development, and apical closure, root canal treat-
ment, probably including apexification, is indicated.89 

Replantation with Dry Time Longer Than 60 Minutes—
Tooth with a Closed Apex
If a tooth has been out of the alveolar socket for longer than 60 
minutes (and has not been kept moist in a suitable medium), 
PDL cells and fibers will not survive, regardless of the stage of root 
development.73,79 Replacement root resorption (characterized 
by ankylosis) is likely to be the eventual sequela of replantation. 
Therefore treatment efforts before replantation include treating 
the root surface with fluoride to slow the resorptive process.73

When the patient arrives, the following steps are recommended:
 1.  Examine the area of tooth avulsion and examine the radio-

graphs for evidence of alveolar fractures.
 2.  Remove attached nonviable soft tissue/PDL carefully with 

gauze.
 3.  Root canal treatment can be performed before replantation, 

or it can be done within 2 weeks.
 4.  Administer local anesthesia.
 5.  Irrigate the socket with saline.
 6.  Replant the tooth slowly with slight digital pressure.
 7.  Verify normal position of the replanted tooth clinically and 

radiographically.
 8.  Stabilize the tooth for 4 weeks using a flexible splint.
 9.  Administer systemic antibiotics.
 10.  If the avulsed tooth has been in contact with soil, and if teta-

nus coverage is uncertain, refer to a physician for a tetanus 
booster.

Soaking the tooth in a 2.4% solution of sodium fluoride (acid-
ulated to a pH of 5.5) for 20 minutes has been suggested to slow 
down osseous replacement, but this approach is not an absolute 
recommendation.90 

Replantation with Dry Time Longer Than 60 Minutes—
Tooth with an Open Apex
The management of these teeth is similar to those with a closed apex.
 1.  Remove attached nonviable soft tissue carefully with gauze.
 2.  Root canal treatment can be performed before replantation, 

or it can be done 7 to 10 days later.

 3.  Administer local anesthesia
 4.  Irrigate the socket with saline.
 5.  Examine the alveolar socket.
 6.  Replant the tooth slowly with slight digital pressure.
 7.  Verify normal position of the replanted tooth clinically and 

radiographically.
 8.  Stabilize the tooth for 4 weeks using a flexible splint.
 9.  Administer systemic antibiotics.
 10.  If the avulsed tooth has been in contact with soil, and if teta-

nus coverage is uncertain, refer to a physician for a tetanus 
booster. 

Patient Instructions
Antibiotics are recommended for patients with replanted avulsed 
teeth.91,92

	•	 	For	children	under	the	age	of	12	years,	penicillin	V	25-50	mg/
kg of body weight in divided doses every 6 hours for 7 days can 
be prescribed.

	•	 	In	patients	12	years	of	age	or	older,	doxycycline	100	mg	two	
times per day for 7 days is the current recommendation. 
Amoxicillin in an appropriate dose for age and weight, can also 
be given as alternative to tetracycline.
A tetanus booster injection is recommended if the previous one 

had been administered more than 10 years earlier.93 Supportive 
care is important. Instruct the patient (and parents) to maintain 
a soft diet for up to 2 weeks, to brush with a soft toothbrush after 
every meal, and to use a chlorhexidine mouth rinse (0.12%) twice 
a day for a week.

Sequelae of Dental Trauma
Pulp Necrosis
When the pulp is diagnosed as necrotic, the main factor to be con-
sidered is the stage of root development. If the root is fully matured, 
root canal therapy is the treatment of choice as stated in the next sec-
tion. In immature teeth with open apices, treatment options include 
apexification or, more recently, regenerative endodontic treatment. 

Teeth with Open Apices
 1.  Calcium hydroxide apexification: Apexification could be done 

in the traditional manner, which incorporates long-term use 
of calcium hydroxide for up to 18 months. This method was 
first introduced by Kaiser in 1964 and made popular by Frank 
in 1966.94,95 Many studies have described the successful for-
mation of an apical barrier with the long-term use of calcium 
hydroxide.96,97 However, such long-term treatment processes 
may result in decreased fracture resistance of these teeth.98-100

 2.  MTA apexification: In 2001 Witherspoon and Ham reported 
using MTA for single-visit apexification treatment of imma-
ture teeth with necrotic pulps.101 This study demonstrated 
that the use of an MTA apical plug provided a scaffolding 
for the formation of a hard tissue barrier and subsequently a 
better apical seal. Furthermore, MTA apical plug has shown 
to increase the fracture resistance of immature teeth.102,103

 3.  Regenerative endodontics: Regenerative endodontic procedures 
(REPs) for the treatment of immature teeth with necrotic pulps 
and apical periodontitis have gained much attention in recent 
years.104,105 Studies have shown that although the outcomes 
of these procedures are somewhat unpredictable, in successful 
cases there is increased thickness of the canal wall and length of 
the root, which makes these teeth less prone to fractures.104-107 
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Teeth with Closed Apices
Root Canal Treatment
An avulsion injury causes the neurovascular supply to be severely 
compromised along with loss of vascularization to the pulp, 
thereby causing necrosis.75,108 In the mature replanted tooth, 
root canal treatment is indicated and should be started 7 to 10 
days after replantation.21 The use of calcium hydroxide as an 
antimicrobial intracanal interappointment medicament may 
be helpful.92,109 It is particularly beneficial if the root canal is 
infected, a condition that would be likely to occur when root 
canal treatment is delayed more than a few weeks after replanta-
tion. However, as discussed in the previous section, long-term 
calcium hydroxide therapy could significantly decrease fracture 
strength.98-100

The procedure consists of cleaning and shaping, followed by 
calcium hydroxide placement for a minimum of 1 to 2 weeks.109 
The root canal is then obturated with gutta-percha and sealer. 
Long-term evaluation is necessary to monitor for possible 
resorption.

Restoration of the coronal access opening is necessary once the 
root canal treatment is completed. This step is important to pre-
vent bacterial leakage into the root canal system.110,111 

Pulp Canal Obliteration (Calcific Metamorphosis)
The complete or partial calcification of the root canal space is a 
common finding after luxation injuries in immature teeth with a 
well-vascularized pulp.65,112 Canal obliteration may be partial or 
nearly complete (after several years) and does not indicate a need 
for root canal treatment except when other signs and symptoms 
suggest pulp necrosis.65 

Root Resorption
External root resorption is a frequent occurrence in replanted 
avulsed teeth.113 Three types have been identified and studied 
extensively: surface, inflammatory, and replacement.114,115

Surface Resorption
Also called “repair-related resorption,” surface resorption is tran-
sient and shows as lacunae of resorption in the cementum of 
replanted teeth. They are not usually visible on radiographs. If 
resorption does not continue, the lacunae are repaired by deposi-
tion of new cementum. 

Inflammatory Resorption
Inflammatory resorption occurs as a response to the presence 
of infected necrotic pulp tissue in conjunction with injury to 
the PDL (Fig. 11.24). It occurs with replanted teeth in addi-
tion to other types of luxation injuries. Inflammatory resorp-
tion is characterized by loss of tooth structure and adjacent 
alveolar bone. Resorption usually subsides after removal of the 
necrotic, infected pulp, so the prognosis is good. Hence, root 
canal treatment is recommended routinely for replanted teeth 
with closed apices to prevent the occurrence of inflammatory 
resorption. 

External Replacement (PDL-Related) Resorption
In replacement resorption, the tooth structure is resorbed and 
replaced by bone, resulting in ankylosis in which bone fuses 
directly to the root surface (Fig. 11.25). The characteristics of 
ankylosis are lack of physiologic mobility, failure of the tooth 

to erupt along with adjacent teeth (leading to infraocclusion 
in young individuals), and a “solid” metallic sound on percus-
sion. Currently no treatment is available for replacement resorp-
tion, which tends to be progressive until the root is completely 
replaced by bone.114-116 In teeth that have had long extraoral dry 
periods, the resorptive process may be slowed (but not halted) 
by immersing the tooth in fluoride before replantation.117-119 
Research is ongoing to delineate the mechanism of replace-
ment resorption and find various methods to slow or halt the 
process.117 

Alveolar Fractures
Pulp necrosis and luxation injuries are often associated with 
alveolar fractures, which may in turn be associated with other 
major facial injuries (Fig. 11.26).120 It is important to diagnose 
the presence of the fracture, which would dictate the treatment 
options and management, consisting of reduction and splinting 
of the segment to the adjacent teeth. The use of CBCT is highly 
recommended (as mentioned earlier in the chapter). When the 
patient is able to have the teeth examined, those in the line of 
fracture and adjacent teeth are evaluated. Lack of response to 
pulp testing, if not reversed within 3 to 6 months, may indicate 
pulp necrosis, but the presence of other indicators (apical radio-
lucency or symptoms) is necessary before root canal treatment 
is recommended.121 Major facial injuries are usually managed 
by oral and maxillofacial surgeons who would also manage the 
related dental trauma. 

Management of Traumatic Injuries in the 
Primary Dentition
Young children are often difficult to examine and treat primar-
ily due to the sustained traumatic experience and fear. In some 
instances, the treatment of traumatic injuries to the primary 
dentition may mirror those of the permanent dentition; how-
ever, the clinician should be aware that the root of the injured 
primary tooth may be in close proximity to the permanent suc-
cessor (Fig. 11.27). Treatment involves a thorough clinical and 
radiographic examination, followed by a diagnosis and neces-
sary treatment, keeping in mind that these injuries may or may 
not have significant effects on the permanent successors.122-124 
Multiple studies have reported the possible sequelae to the per-
manent teeth after trauma to the primary teeth. These mainly 
included discoloration, tooth malformation, and enamel hypo-
plasia.122,125 After diagnosis and an explanation of the treatment 
options to the parents or guardians, the clinician along with 
the parent or guardian should decide the treatment option that 
would benefit the patient.

Primary teeth could sustain various types of trauma; how-
ever, luxation injuries are the most common and most of these 
injuries will heal spontaneously.126-129 Some other injuries, like 
complicated crown fractures (with pulp exposure), root frac-
tures, alveolar fractures, extrusive and lateral luxations, require 
urgent treatment (Fig. 11.28). Treatment options depend on the 
proximity of the apex of the primary tooth and its developing 
permanent successor and on the degree of root resorption of the 
primary tooth. Hence, treatment should be aimed at minimizing 
additional trauma or damage to the permanent successors.

The following are some of the guidelines for treating trauma-
tized primary teeth.127,128
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Enamel fracture
Smoothen sharp edges. No additional treatment is necessary. 

Crown Fractures Without Pulp Exposure
If the fracture site is small, smooth the sharp edges or seal the 
exposed dentin with glass ionomer. If the fractured segment is 
larger, the tooth can be restored with a composite restoration. 

Crown Fractures with Pulp Exposure
The treatment should be aimed at preserving pulp vitality. 
Partial pulpotomy with calcium hydroxide followed by a glass 
ionomer lining and a composite restoration should be the 

treatment of choice if possible. However, extraction may be 
indicated, depending on the patient’s age, cooperation, and 
ability to cope. 

Crown-Root Fractures
If the fracture involves only a small part of the root and the rest 
of the tooth is stable and allows for a coronal restoration, only the 
fractured fragment should be removed. If the crown-root fracture 
is large and/or exposes the pulp, extraction is indicated. 

Root Fractures
If the coronal fragment is not displaced, no treatment is required 
unless problems develop subsequently.

A

B C

• Fig. 11.24 A 14-year-old patient presented for consultation 5 years after avulsion of the maxillary left 
central incisor. A clinical photograph (A) and radiographic examination (B and C) revealed the presence of 
external inflammatory root resorption.
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If the coronal fragment is displaced, repositioning and splint-
ing may be considered. If repositioning is not an option, then 
removing the coronal segment and leaving the root apex in situ is 
the treatment of choice. Any attempt to remove the root apex may 
damage the permanent tooth bud. 

Alveolar Fractures
Alveolar fractures are severe injuries that may dictate treatment 
while the patient is under general anesthesia. The displaced 

segment should be repositioned and splinted for up to 4 weeks. 
Teeth in the fracture line should be monitored. 

Luxation Injuries
Concussion and Subluxation
These injuries require no treatment other than promoting good oral 
hygiene to prevent healing complications. Brushing with a soft tooth-
brush and the use of alcohol-free 0.12% chlorhexidine topically on 
the affected area with a cotton swab for a week should be encouraged.

Crown discoloration could occur after some luxation injuries. 
This discoloration is usually the main complaint for seeking treat-
ment. However, studies have demonstrated that the positive asso-
ciation between the pulp status and crown discoloration should be 
considered with caution and that discoloration is not considered 
an indication for treatment.130-133 Discolored teeth should be fol-
lowed and should be treated when signs of infection develop (e.g., 
sinus tract, abscess etc.). Pulp canal obliteration is the other com-
mon sequela after luxation injuries. This obliteration changes the 
primary crown to a darker yellow color, which is not pathologic 
and requires no treatment (Fig. 11.29).127,128,134 

Extrusive Luxations
The treatment would depend on the degree of extrusion, root 
formation, mobility, and the ability of the child to manage the 
treatment procedure. For minor extrusions the tooth may be left 
untreated for spontaneous realignment or repositioned if there is 
occlusal interference. Extraction may be the treatment of choice 
for severely extruded teeth. 

Lateral Luxations
For minor lateral luxations, the tooth may be left untreated for 
spontaneous realignment or repositioned if there is occlusal inter-
ference. In case of minor occlusal interferences, minor occlusal 
adjustment may be indicated. In cases of more severe occlusal 
interferences, the tooth may be repositioned after the use of local 
anesthesia. In cases of severe displacement (crown is displaced 
labially), extraction is the treatment of choice. 

• Fig. 11.25 Periapical radiograph of a 12-year-old patient 2 years after 
replantation of the maxillary right central incisor. Note the presence of 
replacement root resorption (dentin replaced by bone) in the absence of 
radiolucencies.

A B

• Fig. 11.26 Alveolar fractures of the lingual (A and B) and buccal (B) cortical plates.
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• Fig. 11.27 Hypoplasia in a permanent incisor after avulsion and subsequent replantation of a primary 
central incisor. A 1-year-old boy fell and struck the central incisors against a table. The primary right central 
incisor was avulsed and replanted. The patient followed a 7-day course of amoxicillin. A, Radiograph at 
the time of injury shows the replanted immature central incisor. B, At the 3-year, 5-month follow-up control, 
the root has been almost completely resorbed. The contralateral tooth shows complete root formation. C, 
Crown hypoplasia of the right permanent successor at 7-year follow-up control.

A B

• Fig. 11.28 Treatment priorities after traumatic injuries in the primary dentition include urgent care to allevi-
ate pain and enable recovery of masticatory function. A, Severe tooth displacement. B, Extrusive luxation 
of both primary central incisors.
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Intrusive Luxations
If the apex of the primary tooth is displaced toward or through the 
buccal bone, the tooth can be left in place for spontaneous reposi-
tioning.126,129 The intruded tooth should be carefully extracted if 
it impinges on the permanent successor. 

Avulsions
Replantation of avulsed primary teeth is not recommended because 
of the risk of damage to the permanent successor (Fig. 11.30). A 
radiographic examination helps with confirmation of the avulsed 
tooth and with the stage of development of the permanent tooth bud. 
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• Fig. 11.29 Color changes in primary teeth after a subluxation injury. A 5-year-old girl fell while playing and 
struck her front teeth against the floor. A, The girl arrived in the clinic within 1 hour for clinical examination. 
Both central incisors were mobile but not displaced. Bleeding from the gingival crevice was observed. 
Because of minor occlusal interference, slight grinding of the opposite teeth was performed. Oral hygiene 
instructions given to the mother included topical use of chlorhexidine. B, Radiograph at the time of injury 
shows no radiographic changes. C, After 1 month, there was no occlusal interference, but gray discol-
oration is seen in both central incisors. D, At 18-month follow-up control, the color of the crowns had 
returned to normal. E, Periapical radiograph shows pulp canal obliteration in both traumatized teeth.

A B

• Fig. 11.30 Importance of accurate diagnosis after intrusions and avulsions in the primary dentition. A, 
Intrusive luxation. A maxillary right central incisor has been deeply intruded in the alveolar socket, giving the 
appearance of having been avulsed. B, Avulsion. The avulsed tooth was brought into the clinic, confirming 
that it was not intruded.
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Patient Instructions
Parents should receive information about how to brush their 
children’s teeth after an injury. Careful oral hygiene after each 
meal, in addition to topical use of 0.12% chlorhexidine twice 
per day for 1 week should be recommended. A soft diet for 10 
days and restriction of the use of an intraoral pacifier are also 
recommended. There is no evidence to support the use of sys-
temic antibiotics in the management of luxation injuries of the 
primary dentition.127 If the child’s medical status warrants anti-
biotic coverage, the clinician should contact the pediatrician 
whenever possible because pediatricians may give recommenda-
tions for a specific medical condition. 

Prevention
Dental and maxillofacial trauma is common and seen in high-
risk populations, which include children, athletes, individu-
als with disabilities, the geriatric population, and military 
personnel.135-140 However, most dental traumatic injuries 
are preventable, and proper management can prevent adverse 
complications. Management involves primary management, 
which would involve (1) education, (2) early orthodontic 
treatment in predisposed children, and (3) protective devices 
for contact sports. Secondary prevention would entail early 
diagnosis and treatment of trauma before complications 
develop.141

Primary Management
Education should focus on the prevention of dental trauma, which 
includes addressing the known risk factors early on. Educating 
people regarding the implementation of therapeutic guidelines at 
the site of injury is also necessary. Several studies have reported the 
need for such an education campaign among school staff, parents, 
nurses, coaches, physicians, paramedics, and even dentists.142-148 
Early orthodontic treatment is necessary because dental trauma 
has been found to be more prevalent among children with an inci-
sal overjet of more than 7 mm and/or with incompetent lips.149,150 
In these patients, the maxillary anterior teeth are directly exposed 
to any impact without interposition of soft tissues. Hence, early 
orthodontic treatment is also highly recommended to prevent 
dental trauma.

Contact sports can result in a higher likelihood of traumatic 
injuries to the teeth.138,151 Dental professionals should educate 
patients and the public about mouthguard protection for con-
tact sports. Studies have demonstrated that mouthguards con-
tribute to a lower prevalence of dentoalveolar trauma among 
athletes who play contact sports.152-154 Mouthguards usually fall 
in to one of the three categories: stock mouthguards, mouth-
formed mouthguards, or custom-made mouthguards. Com-
fort, the ability to speak and breathe easily, esthetics, and the 
athlete’s perception of how the mouthguard affects their image 
all influence which mouthguard will be selected and whether 
the mouthguard will actually be used.141 Current research sup-
ports the fact that neither the mouth-formed and nor the cus-
tom-made mouthguards pose any negative effects on athletic 
performance and strength; however, the custom-made mouth-
guards were found to be more comfortable and did not cause 
any breathing difficulty.155-157 Other studies have reported that 
the custom-made mouthguards are superior in their protective 
function.141 

Secondary Management
Diagnosis and prompt treatment of trauma are necessary to avoid 
future complications. This chapter focused on the secondary man-
agement of trauma and discussed the diagnosis and treatment of 
various traumatic injuries.
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Root Canal Anatomy
MARCO VERSIANI, BLAINE CLEGHORN, AND  
WILLIAM CHRISTIE

Introduction
The ultimate goal of endodontic therapy is to seal the root canal 
system after all vital or necrotic tissue, microorganisms, and their 

byproducts are removed from the canal space. However, this 
objective may be difficult to attain in reality because of the com-
plexity of the internal anatomy of teeth. Residual bacteria and 
debris may remain relatively unaffected in the missed canal system 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Recognize errors that may cause difficulties or failures in root 
canal treatment owing to lack of knowledge of pulp anatomy.

 2.  List techniques that help determine the type of root canal sys-
tem.

 3.  Draw the eight most common canal types (Vertucci’s I to VIII), 
the shapes of roots in cross-section, and common canal con-
figurations in these roots.

 4.  Understand the two most commonly used classification sys-
tems (Vertucci and Weine) for root canal system and their limi-
tations.

 5.  Describe a new classification system of root canal system mor-
phology that uses universal tooth number along with canal 
number and morphology of individual roots as depicted in 
cleared bench specimens or clinical tomography images.

 6.  Know about root canal research in the past and understand 
how present research is helping identify the complexity and 
variations in ethnicity of the human root canal system.

 7.  Describe the most common root and root canal anatomy of 
each tooth.

 8.  For each tooth type, list the average length, number of roots, 
and most common root curvature directions.

 9.  Characterize the most frequent variations in root and root 
canal anatomy of each tooth group.

 10.  Explain why standard periapical radiographs do not present 
the complete picture of root and root canal anatomy.

 11.  Draw a representative example of the most common internal 
and external anatomy of each tooth in the following planes: (1) 
sagittal section of mesiodistal and faciolingual planes and (2) 
cross-section through the cervical, middle, and apical thirds.

 12.  Suggest methods for determining whether roots and canals 
are curved and the severity of the curvature.

 13.  Explain why many root curvatures are not apparent on stan-
dard radiographs.

 14.  State the tenet of the relationship of pulp-root anatomy.
 15.  List each tooth and the root or roots that require a search for 

more than one canal.
 16.  List and recognize the significance of iatrogenic or pathologic 

factors that may cause alterations in root canal anatomy.
 17.  Define the root canal space and list and describe its major com-

ponents.
 18.  Describe variations in the root canal system in the apical third.
 19.  Describe how to determine clinically the distance from the 

occlusal-incisal surface to the roof of the chamber.
 20.  Discuss the location, morphology, frequency, and importance 

of accessory (lateral) canals.
 21.  Describe relationships between the anatomic apex, radio-

graphic apex, and actual location of the apical foramen.
 22.  Describe common variations in root canal anatomy resulting 

from developmental abnormalities and state their significance.
 23.  Identify the most common root and root canal morphologic 

variations as they relate to ethnicity.
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or even in the unprepared canal walls, isthmuses, lateral canals, 
apical ramifications, and recesses from oval/flattened canals which 
may compromise the successful treatment outcome. Thus, a thor-
ough understanding of the number of canals, of the inner-canal 
morphology, and the variations in all groups of teeth is a basic 
requirement for successful endodontic therapy.

In the past, several studies were performed on the range of vari-
ations in human root canal anatomy, and the findings have had a 
noteworthy influence on clinical practice. In recent years, significant 
noninvasive technological advances for imaging teeth have been intro-
duced that allow anatomic studies to be done using large populations 
and evaluate specific and fine anatomic features of a tooth group. The 
latest morphological studies on root and root canal anatomy use high-
resolution three-dimensional (3D) tomographic images to illustrate 
and define terminologies associated with this topic.

Gaining Knowledge and Comprehension of Root 
and Canal Anatomy
Textbooks and courses in dental anatomy are ideal sources for 
teaching a dental student about normal human tooth anatomy. 
These study aids can present the dental student or dental prac-
titioner with knowledge of the ideal coronal anatomy and its 
relation to occlusion, the anatomy of the human tooth root, and 
occasionally the morphology of the pulp and root canals. But the 
usual dental anatomy that is shown assumes the ideal (or most fre-
quently encountered) tooth shape. Is this enough to perform end-
odontic treatment for our patients, when genetic variations may 
have produced roots and root canal systems that vary from the 
normal? For example, why is the maxillary first premolar inevita-
bly depicted as having two roots (and two canals) whereas the sec-
ond premolar is illustrated as a single but oval rooted tooth with 
one, or maybe two canals? Studies that compare the incidence of 
variation in root number in different populations have shown a 
significant variation in morphology of the human maxillary and 
mandibular premolars, based on ethnicity.1 Therefore, when it 
comes to performing the complex operation of root canal therapy, 
more detailed knowledge of root number and root canal system 
anatomy is required. The purpose of this chapter is to acquire that 
knowledge at a higher level.

The first task for a dental student, as stated, is to learn the 
normal anatomy of each tooth in the arch with respect to its 
complex root canal system. In principle, the shape of the exter-
nal root will be reflected in the internal morphology of a root 
canal system. This is considered a tenet of the relationship of 
pulp-root anatomy. Each of the individual 16 types of teeth in 
the permanent dentition has its own individual root canal system 
morphology or shape. This is considered basic dental anatomy, 
which must then be matched clinically to what is interpreted 
from the two-dimensional (2D) shadow of the radiographic 
image.

The second task is to acquire detailed dental anatomy knowl-
edge of possible variations from the norm. Thus one should 
realize that each human tooth type has a range of variation in 
its morphology. The shape of the root canal system is influenced 
by embryonic development and is controlled by each patient’s 
genetic background. To perform successful endodontic treatment, 
one must anticipate variation in chamber size and depth from the 
occlusal surface, the canal size, shape, length, curvature, branches, 
lateral canals, and apical accessory canals, to mention just a few 
variables. These variations may or may not be clearly seen in a 
standard periapical radiographic image. 

Methods of Study to Learn Normal and 
Variations in Tooth Anatomy
In the first half of the 16th century, a set of seven books written 
by Andreas Vesalius (1514-1564) entitled De Humani Corporis 
Fabrica was published. This was a major advance in the history of 
anatomy over the long-dominant works of ancient Middle Ages 
writers. It is noteworthy that an important anatomic aspect of 
teeth that had been ignored by previous authors on which, centu-
ries later, the endodontic specialty would be born, was highlighted 
for the first time in the literature. In Chapter XI, there is a drawing 
of a sectioned two-rooted mandibular molar showing its internal 
anatomy (Fig. 12.1, A ). In 1563, Bartolomeo Eustachi (c. 1520-
1574), in his treatise il Libellus de Dentibus, made very significant 
contributions toward the anatomy and physiology of the dentition, 
including the first descriptions of the dental pulp, the periodon-
tal ligament, the dental follicles, the trigeminal nerve, and other 
oral structures, based upon extensive dissections of both human 
and animal specimens. In Chapter XVIII, Eustachi describes the 
pulp cavity and its contents, and shows accurate tables in which 
he specified the number of roots and the external morphologic 
variations of all groups of human teeth (Fig. 12.1, B). Eustachi’s 
book brought the macroscopic anatomy of teeth to a high degree 
of perfection that remained unsurpassed until the 19th century 
with the posthumous work of Georg Carabelli (1787-1842), who 
provided the most detailed description of the number and direc-
tion of the root canals at that time (Fig. 12.1, C). Nevertheless, it 
was only at the end of 19th century that some researchers finally 
realized the need for in-depth research on root canal morphology. 
In 1903, Gustav Preiswerk (1866-1908) performed a profound 
and comprehensive study on this subject. In his pioneering study, 
Wood’s metal, an alloy that melts at a low temperature, was mol-
ten and injected into the canal space. After complete decalcifica-
tion of the teeth, 3D metal models of the internal anatomy were 
obtained for the first time (Fig. 12.1, D). Some years later, Guido 
Fischer (1877-1959) presented the challenging nature of the api-
cal root anatomy. He obtained better results than Preiswerk by 
filling approximately 700 teeth with a collodion solution. This 
solution penetrated all the branches of the root canal system and 
hardened in 2 or 3 weeks, providing a full 3D replica of the root 
canal system (Fig. 12.1, E). The complexity and unpredictability 
of the root canal morphology led Fischer to coin the term Kanal-
system, which has been widely used nowadays as “root canal sys-
tem.” It may be said that the innovative 3D anatomic studies of 
Preiswerk and Fischer resulted in huge advancements, adding new 
and significant knowledge to the dental literature and stimulating 
other researchers to undertake further investigations on this topic. 
In those later studies, large numbers of extracted teeth were col-
lected, placed in a category and analyzed, or counted to compare 
their shape and size. Root numbers for the multirooted posterior 
teeth could even be tabulated. Data from these in  vitro studies 
were then printed in the tables found in the earliest textbooks 
in dentistry. This was the first phase of research in human root 
anatomy.2

Hess wrote a landmark publication on the morphology of 
root canals using some 3000 permanent teeth. Canal shapes were 
made visible by injecting vulcanite into canal systems and dissolv-
ing the surrounding roots. This process showed graphically how 
complex the canal system was for each tooth (Fig. 12.1, F ). A 
similar method was used for primary teeth by Zürcher, and the 
results were combined and reprinted in the English literature 
in 1925. Many variable shapes and extra canals in single rooted 
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teeth were shown to exist. For example, in the casts of mandibular 
incisor, mandibular premolar, and mandibular canine, the canals 
were complex and sometimes multiple in number. Illustrations in 
his publication are remarkable for their accuracy but were either 
overlooked or ignored as being abnormal variants at the time. 
Subsequent anatomic studies and an earlier published study have 
confirmed their observations.2 More recent studies on canal num-
bers, both ex vivo and in vivo, have shown that former endodontic 
techniques in root canal therapy using less flexible instruments 
only available at the time had inadvertently missed many of these 
extra and complex canal systems.3

Clinical competence relies on the development of the widely 
recognized psychomotor aspect. Inextricably coupled with these 
psychomotor skills is the ability to self-evaluate the process of cor-
rection and the product itself compared with the desired outcome. 
Visual perception has been suggested as a prerequisite skill for 
determining the appropriate goals and strategy for a correction. 
Visual skill is required to observe normal 3D tooth morphology 
in detail, to differentiate normal tooth morphology from its varia-
tions. Further, motor skills are also required to execute clinically 
relevant dental procedures. In the development of psychomotor 
skills, the student must teach his or her hands to do that which 
his or her mind dictates as correct. Models that simulate teeth 
in which root canals can be visualized would serve as valuable 
teaching aids in offering direct visual information on the effects of 
instrumentation during endodontic procedures. The visual expe-
riences afforded by these models must provide mental images, 
which can be transferred to the performance of endodontic proce-
dures on actual teeth. Nowadays, most dental schools continue to 
present foundational knowledge of dental anatomy in lectures and 
to develop students’ psychomotor skills through a combination 
of 2D drawing projects, radiographs, and exercises to carve teeth 
from oversized wax blocks. As a result, neither knowledge nor psy-
chomotor skills are learned in the context of clinical practice, thus 
potentially hindering the student’s ability to later recall and apply 
learning to actual patient care. On the other hand, practice on 
extracted teeth has been a universal method of teaching preclinical 
endodontics and gives students the opportunity of gaining exper-
tise before moving to treating patients. However, infection con-
trol concerns, originated by the manipulation of extracted teeth, 
along with ethical factors are threatening such preclinical labora-
tory practice in some teaching institutions. These drawbacks have 
stimulated the development of alternative simulation methods for 
teaching root canal anatomy.4 

Root Canal Anatomy Since the Age of 
Specialization in Endodontics
One must not take away from dental practitioners who revived 
the popularity and viability of root canal therapy after the mis-
informed attitudes in the age of “Focal Infection Theory.” By the 
mid-20th century the attitudes and instruments in endodontics 
had changed;5 thus standardization of instruments and techniques 
led to saving many more teeth, while using a recognized and effec-
tive treatment rationale. However, it was recognized that if missed 
canals were leading to failure to seal the entire canal system, then 
new studies on the variability of root and canal anatomy had to be 
done. New methods of study were devised that used both radio-
graphs and bench studies of extracted teeth. This has led to the 
second phase of research in dental and root anatomy, which began 
about the time of recognition of endodontics as a specialty branch 
of restorative dentistry in 1964 in the United States.

A

D

E

F

C

B

A B C D E F

A B C D E F

• Fig. 12.1 Historical images of classical studies on root canal anat-
omy. A, First drawing of a sectioned two-rooted mandibular molar show-
ing its internal anatomy by Andreas Vesalius (1543); B, illustration depicting 
the number of roots and the external morphologic variations of all groups 
of human teeth by Eustachi (1563); C, illustration of the number and direc-
tion of the root canal in different groups of teeth by Carabelli (1842); D, 
3D metal models of the internal anatomy of different teeth obtained by 
Preiswerk (1903); E, 3D models of the internal anatomy of teeth obtained 
by Fischer using collodion solution (1907); F, Canal shapes of mandibu-
lar molars obtained by injecting vulcanite into the canal systems by Hess 
(1925). (Courtesy Dr. Perrini.241 Published with permission.)
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These tooth anatomy studies included methods such as con-
ventional and laboratory radiography (with or without contrast 
media), resin injection, macroscopic and microscopic evaluations, 
tooth sectioning, root clearing techniques, and scanning electron 
microscopy. Kuttler in 19556 used a dissection microscope to show 
that the apical foramen in teeth varied considerably in diameter. 
Skidmore and Bjørndal in 19717 illustrated casts of mandibular 
first molars with multiple and complex canal systems. Another 
example of the practical aspect of studying root morphology was 
the paper by Davis et al. in 19728 that described the use of injected 
silicone into standard endodontic-prepared canals, with the result-
ing casts showing that some areas of the canal system had not been 
completely shaped. All of these canal anatomy studies and more, 
either in physical anthropology papers or in dental journals, built 
on a second wave of root and canal system knowledge.9-11

Undoubtedly, these techniques have shown a great potential for 
endodontic research. However, although most of these methods 
required the partial or even full destruction of the studied samples 
rendering irreversible changes in the specimens and many arti-
facts, others provided only a 2D image of a 3D structure.12 These 
inherent limitations have repeatedly been discussed, encouraging 
the search for new methods with improved possibilities.

More recently, the third phase of studies in human root and 
root canal anatomy is well underway. Increased computer power of 
digital radiographs and advanced technology are producing studies 
of human teeth with conventional medical computed tomography 
(CT), magnetic resonance microscopy, tuned-aperture CT, opti-
cal coherence tomography, volumetric or cone beam CT (CBCT; 
used as a clinical enhancement of practice), and micro–computed 
tomography (micro-CT). CT-based training replicas produced 
using 3D printing technology have improved the use of artificial 
teeth for teaching purposes (Fig. 12.2). Replicas with different 
root canal complexities can be printed as oversized models in a 

rapid prototyping printer, allowing the students to hold them in 
hand to observe details of the internal anatomy in different views. 
Additional applications of printed models in dental education also 
include the possibility to (1) scale the teeth for didactic purposes, 
(2) build a collection of 3D tooth models showing atypical or 
only regionally prevalent anatomies, (3) produce a large number 
of teeth for destructive analysis, (4) present the teeth in the form 
of individual substructures that need to be assembled correctly by 
the students, and (5) build an extensive collection of 3D models 
of healthy and diseased teeth using raw data made available online 
by researchers and dentists from all over the world.4

As imaging has been adopted in modern dental education, 
it has benefited from the concurrent development of technolo-
gies that have allowed the material to be presented electronically. 
One of the technologies with the greatest effect has been the 
Internet. The Internet has increasingly been used as an educa-
tional tool as a result of its ability to provide a large volume of 
educational material in a single, readily accessible location and 
permitting flexibility in the material format.4 Images, text, inter-
active quizzes, and videos can be integrated seamlessly into a 
comprehensive educational resource. In this way, digital images 
acquired from micro-CT devices could be used to generate ana-
tomic tooth data on a large scale and made freely accessible to the 
public through the Internet (www.rootcanalanatomy.blogspot.
com), thus circumventing the problems of individual researchers 
requiring access to high-cost scanning devices.13 Therefore one 
of the most important aspects of the computer age of communi-
cation is the ability to find and access research from many more 
dental schools and dental researchers from all over the dental 
academic world. Although a computer search may seem quick 
and easy, one must rely only on reliable research publications 
from journals with a credible and high impact factor. A new 
understanding has been forthcoming on the importance of eth-
nicity and human dental anatomy.14

The misconception of thinking about “one-root equals one-
canal” in endodontic treatment has been shattered by a number 
of classic papers that demonstrate otherwise. In fact, a number 
of studies have classified and described the morphology of mul-
tiple canals in a broad diameter root. This multiple canal con-
figuration may divide, combine, and separate as it forms in root 
closure toward the various morphologies of the apical foramen 
terminus.15 It is prudent to assume that any root that requires 
treatment may contain more than one canal system per root, until 
proved otherwise. 

Multiple Canals Within a Single Root
Weine et al. in 196916 were the first authors to recognize and pub-
lish how commonly two canals in one root occurred, and then to 
classify the two canals in the mesiobuccal root of the maxillary 
first molar tooth as the “type specimen” (Fig. 12.3, A). Piñeda and 
Kuttler in 197217 used radiographs on 7275 extracted teeth to 
demonstrate multiple canal systems in three dimensions not usu-
ally seen in the clinical setting. Other researchers18-20 soon added 
observations that confirmed this morphology was not uncommon 
in many other broad labiolingual or buccolingual roots, as well as, 
the mesiobuccal root of maxillary molars.

Vertucci et al.21 developed a more complex classification that 
is better adapted to research and applied in any other tooth that is 
wider in the labiolingual or buccolingual dimension (Fig. 12.3, B).  
Essentially, Weine and Vertucci’s configuration systems were based 
on the number of root canals that begin at the pulp chamber floor, 

A

B

• Fig. 12.2 Replicas of various teeth manufactured from corresponding 
real-tooth micro-CT scans using three-dimensional (3D) printing technol-
ogy in assorted sizes for didactic or teaching purposes. A, True Tooth®; 
B, RepliDens®. (A, images available at https://dentalengineeringlab.com/
truetooth/; B, images available at https://www.smartodont.ch/replidens/.)
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arise along the course of the canal, and open through an apical 
foramen. Later, Versiani and Ordinola-Zapata22 expanded and 
adapted these classifications to 3D tomographic descriptions of 
at least 37 complex canal systems possible to be observed in a 
single root (Fig. 12.4). The following tables of root numbers of 
tooth pairings will help one understand the variation in incidence 
of single and multiple canal numbers based on a large sample 
from multiple studies. The computer-generated figures will also 
show graphically some of the variations in anatomy that may be 
found in the human dentition. Other research studies have shown 
that furcation canals, lateral canals, and apical ramifications have 
developed all too commonly.23 Better cleansing and obturation 
techniques will more likely seal all portals of exit in the chamber 
and canal and lead to higher success rates in studies, based on 
evidence.

Success in root canal therapy can be achieved by first knowing 
the normal canal anatomy and then by being aware of the many 
variations that the path of the canal system can follow. One should 
be able to develop a 3D visualization, both in longitudinal and 
in cross-section while still using clinical tactile sense to guide a 
file toward the apical foramen or apical terminus. The following 
description and images will help provide that knowledge to aid 
one in honing that skill and expertise. 

Root Canal Components and Morphology
Basically, the root canal system can be divided into two parts: the 
pulp chamber, commonly located within the anatomic dental 
crown, and the root canal space, found inside the radicular por-
tion of the tooth.24

Pulp Chamber
The pulp chamber is a cavity normally situated in the center of the 
crown and, when there are no pathologic conditions, resembles 
the shape of the crown surface. In anterior teeth that have a single 
canal in one root, the pulp chamber and root canal are continuous 
whereas, in posterior teeth with multiple canals and more than 
one root, the pulp chamber floor separates these two components. 
In premolars and molars, the pulp chamber usually presents a 
square shape with six sides: the floor, the roof, and four axial walls 
identified as mesial, distal, buccal, or lingual (palatal). The pulp 
chamber roof usually presents projections or prominences associ-
ated with cusps, mamelons, or incisal ridges, denominated pulp 
horns.22 In teeth with physiologic wear or other irritation, con-
tinuous dentin formation (either physiologic or reactionary) by 
primary odontoblasts may lead to a decrease in the pulpal space 
dimensions which, in some cases, can compromise root canal 
treatment.25

Based on the anatomic study of 500 teeth, Krasner and 
Rankow26 demonstrated that specific and consistent pulp cham-
ber anatomy exists. Then, they proposed some general rules or 
laws (Fig. 12.5) for aiding in the determination of the pulp cham-
ber position and the location and number of root canal entrances 
in each group of teeth:
	•	 	Law of centrality: The floor of the pulp chamber is always located 

in the center of the tooth at the level of the cementoenamel junc-
tion (CEJ).

	•	 	Law of concentricity: The walls of the pulp chamber are always 
concentric to the external surface of the tooth at the level of the 
CEJ (i.e., the external root surface anatomy reflects the internal 
pulp chamber anatomy).

Weine’s Configuration System

Vertucci’s Configuration System

Type I
(1-1)

Type II
(2-1)

Type III
(2-2)

Type  IV
(1-2)

Type I
(1-1)

Type II
(2-1)

Type III
(1-2-1)

Type  IV
(2-2)

Type V
(1-2)

Type VI
(2-1-2)

Type VII
(1-2-1-2)

Type  VIII
(3-3)

A

B
• Fig. 12.3 A, Diagrammatic representations of Weine’s classification for 
root canal morphology. Type I: A single canal from pulp chamber to the 
apex (1-1 configuration); Type II: Two separate canals leaving the cham-
ber, but merging short of the apex to form a single canal (2-1 configura-
tion); Type III: Two distinct canals from pulp chamber to the apex (2-2 
configuration); Type IV: A single canal leaving the chamber and dividing 
into two separate canals at the apex (1-2 configuration). B, Diagrammatic 
representations of Vertucci’s classification for root canal morphology. 
Type I: A single canal from pulp chamber to the apex (1-1 configuration); 
Type II: Two separate canals leaving the chamber, but merging short of 
the apex to form a single canal (2-1 configuration); Type III: A single canal 
that divides into two, and subsequently merges to exit as one (1-2-1 
configuration); Type IV: Two distinct canals from pulp chamber to the 
apex (2-2 configuration); Type V: A single canal leaving the chamber and 
dividing into two separate canals at the apex (1-2 configuration); Type VI: 
Two separate canals leaving the pulp chamber, merging in the body of 
the root, and dividing again into two distinct canals short from the apex 
(2-1-2 configuration); Type VII: A single canal that divides, merges, and 
exits into two distinct canals short from the apex (1-2-1-2 configuration); 
Type VIII: Three distinct canals within one root from pulp chamber to the 
apex (3-3 configuration).
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	•	 	Law of the CEJ: The distance from the external surface of the 
clinical crown to the wall of the pulp chamber is the same 
throughout the circumference of the tooth at the level of the 
CEJ. The CEJ is the most consistent, repeatable landmark for 
locating the position of the pulp chamber.

	•	 	Law of symmetry 1: Except for maxillary molars, the orifices of 
the canals are equidistant from a line drawn in a mesiodistal 
direction, through the pulp chamber floor.

	•	 	Law of symmetry 2: Except for the maxillary molars, the orifices 
of the canals lie on a line perpendicular to a line drawn in a 
mesiodistal direction across the center of the floor of the pulp 
chamber.

	•	 	Law of color change: The color of the pulp chamber floor is 
always darker than the walls.

	•	 	Law of orifice location 1: The orifices of the root canals are 
always located at the junction of the walls and the floor.

	•	 	Law of orifice location 2: The orifices of the root canals are 
located at the angles in the floor-wall junction.

	•	 	Law of orifice location 3: The orifices of the root canals are 
located at the terminus of the root developmental fusion lines.

In addition to knowing these laws, the use of better illumina-
tion and magnification sometimes associated with specific instru-
ments, such as thin ultrasonic tips or special burs, would provide 
the best approach to explore the anatomic variations of the pulp 
chamber in order to locate all canal orifices and avoid missed 
canals.24 

Root Canal
The root canal is the portion of the pulp canal space within the root 
of the tooth limited by the pulp chamber and the foramen that 
follows the external outline of the root (Fig. 12.6). The root canal 
can be subdivided into two components: the main canal, which is 
mostly cleaned by mechanical means, and lateral components com-
posed by isthmuses, accessory canals (furcation, lateral and second-
ary canals), and some recesses of flattened- and oval-shaped canals.24

In longitudinal section, canals are usually broader faciolingually 
than in the mesiodistal plane. Traditionally, canal shape has been clas-
sified as round, oval, long oval, flattened, or irregular (Fig. 12.7).27  
Its geometric cross-sectional shape has been also quantitatively 

1 apical foramen 2 apical foramina 3 apical foramina 4 apical foramina

1 2 2-3-2

1-3-1

1-2-1

2-3-1

3-2-1

3-1-2 2-1-3

1-2-3

3-2-3

2-1-2

1-2-1-2-1

1-2-3-2-1

3-2-1-3-1 2-1-2-1-2

1-2-3-2-3

2-3-4-3-22-3-2-3-21-2-3-1 1-2-1-2

2-1-2-1

4-1

2-1

3-1 4-2

5-4

3-4

1-3

3-2 2-3

1-2

1-2-3-2

1-2-1-3

1-2-3-4

3 4

• Fig. 12.4 Thirty-seven most common canal configurations possible to be observed in a single root, 
according to Versiani and Ordinola-Zapata.22
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described by calculating the mean aspect ratio, defined as the ratio 
of the major to the minor canal diameters. The major diameter is 
the distance between the two most distant points of the canal in the 
buccolingual direction, whereas the minor diameter is the longest 
chord through the root canal that could be drawn in the direction 
orthogonal to that of the major diameter. Accordingly, an oval-
shaped canal has an aspect ratio between 1 and 2, a long oval canal 
higher than 2 but lower than 4, and a flattened canal has a value 
higher than 4.28 It is interesting to point out that, in a same tooth, 
canal cross-sections may show different shapes at different levels of 
the root; however, at the apical third, it is more round or slightly 
oval in shape in comparison with the middle and coronal thirds.12,28 
Thus, as previously mentioned, the anatomy of the root canal sys-
tems is often complex and can vary greatly in number and shape.

Isthmus
An isthmus, also called transverse anastomosis, is a narrow, ribbon-
shaped communication between two root canals that may contain 
vital tissue, necrotic pulp, biofilms, or residual filling material.29,30 
Isthmuses (or isthmi) may present with different configurations 
(Fig. 12.8), and their prevalence is dependent on the type of teeth, 

the root level, and the patient’s age. Hsu and Kim31 classified the 
isthmuses configuration into five types:
	•	 	Type	I—Two	canals	with	no	notable	communication
	•	 	Type	II—A	hair-thin	connection	between	the	two	main	canals
	•	 	Type	III—Differs	from	type	II	because	of	the	presence	of	three	

canals instead of two
	•	 	Type	IV—An	isthmus	with	extended	canals	into	the	connec-

tion
	•	 	Type	V—A	true	connection	or	wide	corridor	of	tissue	between	

two main canals.
It is noteworthy that experimental studies demonstrated the 

impossibility of obtaining a complete mechanical debridement 
or chemical disinfection of isthmuses with the current technol-
ogy, mostly because of the presence of hard tissue debris packed 
into these areas during the mechanical preparation of the main 
root canal.32-36 Clinical studies have also shown that unfilled isth-
muses can be commonly observed after root-end resection in cases 
referred for apicoectomy treatment.37 These limitations, how-
ever, can be surpassed in nonsurgical treatment by using chemi-
cal agents that have the ability to dissolve organic tissue at fins 
and isthmuses level, often associated with ultrasonic activation.33 

Buccal
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Mesial

Distal

Distal

Distal
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• Fig. 12.5 Three-dimensional (3D) micro–computed tomography (micro-CT) images of posterior teeth 
demonstrating the (A) laws of centrality and concentricity, at the cementoenamel junction (CEJ) in a man-
dibular molar tooth; (B) laws of color change and orifice locations 1, 2, and 3 (arrow: developmental fusion 
lines) in a four-rooted maxillary second molar tooth; and (C–D) laws of symmetry 1 (three-rooted maxillary 
molar) and 2 (two-rooted maxillary premolar).
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• Fig. 12.6 Three-dimensional (3D) models of real (A) incisor and (B–C) molar teeth, obtained by micro–
computed tomography (micro-CT) technology, showing the main components of the root canal system.
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• Fig. 12.7 Two-dimensional (2D) root canal cross-sections of three mandibular canines (A–C) showing that canals are usually broader buccolingually than 
in the mesiodistal plane, and may present different shapes at distinct levels of the root.
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In addition, with the advent of the operatory microscope, it is 
possible to identify and treat most of the isthmus areas with thin 
ultrasonic tips, in both surgical and nonsurgical endodontic pro-
cedures, to ensure their debridement and seal.34,35 

Accessory Canals
An accessory canal is any branch of the root canal that commu-
nicates with the periodontal ligament, whereas a lateral canal is 

defined as an accessory canal located at the coronal or middle third 
of the root (Fig. 12.9, A and B).38 They are formed after a localized 
fragmentation of Hertwig’s epithelial root sheath develops, leaving 
a small gap, or when blood vessels running from the dental sac 
through the dental papilla persist as collateral circulation.39 Acces-
sory canals represent potential pathways through which bacteria 
and/or their byproducts from the necrotic root canal might reach 
the periodontal ligament and cause disease.39

• Fig. 12.8 Two-dimensional (2D) root canal cross-sections of four mesial roots of mandibular molars 
showing isthmuses with different sizes and shapes at different levels of the root.

Accessory
Canal

Lateral
Canal

Lateral
Canal

Furcation
Canal

A B C

• Fig. 12.9 Three-dimensional (3D) models of (A–B) two maxillary central incisors and (C) a two-rooted 
mandibular canine, obtained by micro–computed tomography (micro-CT) technology, showing the lateral 
components of the root canal system.
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De Deus23 studied the frequency, location, and direction of the 
accessory canals in 1140 teeth and showed that 27.4% of the sample 
(n = 330) had accessory canals, especially in the apical area (17%), 
followed by the middle (8.8%) and coronal (1.6%) thirds. Similarly, 
Vertucci40 evaluated 2400 teeth and observed a lower occurrence 
of canal ramifications in the middle (11.4%) and coronal (6.3%) 
thirds compared with the apical level (73.5%). Lateral canals are not 
usually visible in preoperative radiographs, but their presence can 
be suspected when there is a localized thickening of the periodontal 
ligament or there is a lesion on the lateral surface of the root. Clini-
cally, it is also relevant that lateral canals cannot be instrumented 
most of the time. In this way, their content can only be neutralized 
by means of effective irrigation with a suitable antimicrobial solu-
tion or with an additional use of intracanal medication.24,25

Canals connecting the pulp chamber to the periodontal liga-
ment in the furcation region of a multirooted tooth are called 
furcation canals (Fig. 12.9, C).38 These canals are derived from 
entrapment of periodontal vessels during the fusion of the parts 
of the diaphragm, which will become the floor of the pulp cham-
ber. In some cases, furcation canals have been associated with 
primary endodontic lesions in the interradicular region of mul-
tirooted teeth. Vertucci and Williams observed the presence of 
furcation canals in 13% of mandibular first molars,41 and in most 
of them the canal extended from the center of the pulpal floor, 
whereas in four and two specimens, respectively, the canals arose 
from the mesial and distal aspects of the floor. Later, Vertucci 
and Anthony42 observed the presence of foramina on both the 
pulp chamber floor and the furcation surface in 36% of maxillary 
first molars, 12% of maxillary second molars, 32% of mandibu-
lar first molars, and 24% of mandibular second molars. Recently, 
micro-CT studies have also demonstrated the presence of furca-
tion canals in two-rooted mandibular canines and three-rooted 
mandibular premolars.43 

Apical Canal
The main root canal ends at the apical foramen (major fora-
men), which frequently opens laterally on the root surface, at a 

mean distance between 0.2 to 3.8 mm from the anatomic apex,44 
despite larger distances have been reported recently.45 The ana-
tomic apex is the tip or the end of the root as determined mor-
phologically.38 Depending on the type of teeth, the apical foramen 
can coincide with the anatomic apex in a percentage frequency 
ranging from 6.7% to 46% of the cases.10,17,40,46 Its diameter has 
been described between 0.21 to 0.39 mm.47 The mesial roots of 
mandibular molars, the maxillary premolars, and the mesiobuccal 
roots of maxillary molars present the highest percentage of multi-
ple apical foramina.47 A previous study on root apices of all groups 
of permanent teeth showed that the number of foramina on each 
root may vary from 1 to 16.44

The apical portion of the root canal having the narrowest diam-
eter has been called the “apical constriction” (minor foramen).38 
From the apical constriction, the canal widens as it approaches 
the apical foramen. The topography of the apical constriction is 
not constant12,15 and, when present, is usually located 0.5 to 1.5 
mm from the center of the apical foramen.30 The cementoden-
tinal junction (CDJ) is the point at which the cemental surface 
terminates at or near the apex of a tooth and meets dentin.38 At 
this histologic landmark pulp tissue ends and periodontal tissues 
begin (Fig. 12.10, A).25

Another relevant variation of the root canal at or near the apex 
is an intricate network of ramifications, also called apical ramifica-
tion of apical delta, which is defined as a morphology in which the 
main canal divides into multiple accessory canals (Fig. 12.10, B).38 
In maxillary teeth, the percentage frequency of apical ramification 
ranges from 1% (central incisors) to 15.1% (second premolars), 
whereas in mandibular teeth its frequency varies from 5% (central 
incisors) to 14% (distal root of first molars).40 In the treatment of 
clinical cases, the infection of this tortuous and complex anatomic 
configuration with several portals of exit can be related as an etio-
logic factor of nonsurgical failures.39 

Canal Curvature and Size
Knowledge of the root curvature is an important factor in choos-
ing the appropriate chemomechanical protocol for cleaning and 

Apical
Foramen

Apical
Constriction
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CDJ

Apex
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A B

• Fig. 12.10 A, Anatomic landmarks at the apex of a cleared single-rooted tooth (CDJ: cementodentinal 
junction). B, Three-dimensional (3D) micro–computed tomography (micro-CT) model of a mandibular canine 
presenting apical ramification (arrow). (A, Courtesy Dr. Francisco Balandrano. Published with permission.)
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shaping the root canal system. Before the introduction of nickel-
titanium (NiTi) instruments, several iatrogenic procedures were 
associated with the preparation of curved canals including zips, 
separated instruments, ledges, and perforations.48 Nowadays, 
these iatrogenic complications are no longer a problem, except for 
instrument separation. Therefore this is one of the factors deter-
mining the difficulty of treatment and the likelihood of iatrogenic 
errors and shows that preoperative recognition of canal curvature 
is of utmost importance.22

Nearly all root canals are curved in the apical third, particu-
larly in a faciolingual direction, which is not evident on standard 
radiography.30 In general, the curvature may vary from gradual 
curvature of the entire canal, sharp curvature of the canal near 
the apex, or a gradual curvature of the canal with a straight api-
cal ending. Numerous methods have been proposed to determine 
root canal curvature,49,50 but the Schneider’s method has been the 
most widely used. Schneider51 classified single-rooted permanent 
teeth according to the degree of curvature of the root, which was 
determined by first drawing a line parallel to the long axis of the 
canal, then, a second line connecting the apical foramen to the 
point in the first line where the canal began to leave the long axis 
of the tooth. The angle formed by these two lines was the angle 
of curvature and its degree was classified as straight (≤5 degrees), 
moderate (10 to 20 degrees), or severe (25 to 70 degrees).

Another method was introduced by Weine52 that also relies on 
the definition of two straight lines, but it reflects the root canal cur-
vature more accurately than Schneider’s method, especially in the 
apical part. A third proposal, geometrically equivalent to Weine’s 
method, was introduced by Pruett et al.,53 but its major innovation 
was the concurrent measurement of the radius of curvature by the 
superimposition of a circular arc on the curved part of the root 
canal. Therefore, the Schneider angle, when used in combination 
with the radius and length of the curve, may provide a more precise 
method for describing the apical geometry of canal curvature.

Clinically, different angled views are necessary to determine the 
presence, direction, and severity of the root canal curvature. Schäfer 
et al.54 evaluated radiographically the degree of curvature of 1163 root 
canals from all groups of teeth. The degree of curvature ranged from 0 
to 75 degrees and from 0 to 69 degrees in clinical and proximal views, 
respectively. The highest degree of curvature was observed in the clini-
cal view of the mesiobuccal canal of maxillary molars and in the mesial 
canals of mandibular molars. In several cases, the angles of proximal 
curvatures were higher than those of the clinical view. Additionally, 
a secondary curvature (S-shaped canal) was observed in 12.3% and 
23.3% of the maxillary and mandibular teeth, respectively. 

Root Canal Configuration Systems
Various classification systems have been proposed in an attempt to 
have a standardized root canal classification system that can be used 
by clinicians and researchers. The two most commonly used systems 
are the ones developed by Weine et al.,16 followed by Vertucci et al. 
(see Fig. 12.3).21 Weine’s initial classification included three types 
based on a sectioning study of the mesiobuccal root of permanent 
maxillary first molars. The system classifies the canal configuration 
by two numbers. The first number is the number of canals found at 
the floor of the pulp chamber whereas the second number describes 
the canal configuration at the apex. For example, a Weine Type II 
canal configuration (2-1) means that two distinct canals are found 
at the floor of the pulp chamber and the two canals subsequently 
join and form a single canal at the apex. The Type IV canal con-
figuration (1-2) was added later.52 Vertucci’s classification system 

was developed based on a clearing study (followed by dye injected 
into the canals) of 200 maxillary second premolars and eight canal 
types were described. Vertucci et al.21 defined the Type VIII root 
canal system as three separate canals in maxillary premolars from 
the pulp chamber to the apex. However, the study did not specify 
whether the three canals were within a tooth that contained one, 
two, or three roots. Many studies have classified Type VIII canal 
configurations lumping single, double, and triple-rooted teeth  
together.21,40,55,56 Some studies, though, have classified three-rooted 
maxillary premolars with single canals in each root as Type I canal 
systems in each root.57,58 It seems logical, however, that a Type VIII 
canal should only be used in one broad or fused root of a tooth, and 
not in the separated roots and apex of the same tooth as may be 
shown on the radiograph.

In addition, numerous other canal types have been reported by 
various authors that did not fit into either classification system.59 
Recently, based on the study of hundreds of permanent teeth, Ver-
siani and Ordinola-Zapata60 found 37 different canal types using 
micro-CT technology (see Fig. 12.4). Clearly, neither the Weine nor 
the Vertucci classification system can adequately describe these addi-
tional complex canal configurations. A simple classification system 
that can be used to describe all of the possible canal configurations 
in all teeth has yet to be developed. However, a new canal classifica-
tion system proposed by Ahmed et al.59 shows promise because the 
system can accommodate any type of canal configuration by using 
root name and canal numbers to categorize the canal configuration 
in each root (Fig. 12.11). 

Root Canal Anomalies and Embryologic 
Malformations
Anomalous root and root canal morphology can be found asso-
ciated with any tooth with varying degrees and frequency in the 
human dentition. Dental anomalies are formative defects caused by 
genetic disturbances during the morphogenesis of teeth.61 Anoma-
lies may occur during the developmental stages of the tooth that are 
manifested clinically later in life once the tooth is fully formed.62-64 
Failure to diagnose teeth with anomalous anatomy may lead to mis-
diagnosis and a treatment plan that could cause permanent irrevers-
ible damage and loss of the tooth.30 In this way, the clinician must 
be aware of the existence of some anatomic anomalies to imple-
ment an appropriate treatment plan. Major anomalies that affect 
endodontic practice include taurodontism, dens invaginatus, dens 
evaginatus, extra roots (radix), and C-shaped canals.61

Taurodontism
Taurodontism (or a “bull-shaped” tooth) is a dental morpho-
logic variation in which the body of the tooth is enlarged and 
the roots are reduced in length.65 A taurodont tooth presents a 
large pulp chamber with apical displacement of the pulpal floor 
and furcation of the roots (Fig. 12.12, A and B).38 The etiol-
ogy of taurodontism is unclear, but it also appears in certain 
genetic syndromes.66 It is thought to be caused by the failure of 
Hertwig’s epithelial root sheath diaphragm to invaginate at the 
proper horizontal level, resulting in a tooth with normal dentin, 
short roots, elongated body, and enlarged pulp.63,64,67 The teeth 
involved are almost invariably molars or rarely premolars. It can 
be uni- or bilateral and may affect single or multiple teeth.68 The 
condition may also present rarely in the primary dentition molar 
teeth.69 Taurodontism is most famously reported to occur in high 
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incidence by Keith in 1913 as found in Homo neanderthal from 
the Krapina archaeologic find in the early 1900s.70

Taurodontism was classified earlier by Shaw in 1928 and has 
been graded according to its severity: normal (cynodont), least 
pronounced (hypotaurodontism), moderate (mesotaurodontism), 
and most severe (hypertaurodontism).71 Clinically, the crowns of 
these teeth usually have normal characteristics. Therefore the diag-
nosis is entirely radiologic.68 Owing to the complexity of the root 
canal anatomy and the proximity of the orifices to the root apex, 
complete filling of the root canal system in taurodontism is chal-
lenging. Because the pulp of a taurodont is usually voluminous, 
control of bleeding in cases of pulpitis may take some time and 
effort compared to teeth with normal anatomy. Additional efforts 
such as application of ultrasonic instrumentation combined with 
sodium hypochlorite (NaOCl) as an irrigant solution should be 
made to dissolve as much organic material as possible.68,72,73 

Dens Invaginatus and Dens Evaginatus
Dens invaginatus (dens in dente, dilated composite odontome, 
dilated odontome, gestant anomaly, invaginated odontome, 
dilated gestant odontome, tooth inclusion, dentoid in dente) is 

a developmental defect resulting from invagination in the surface 
of the tooth crown before calcification has occurred (Fig. 12.12, 
C–F).61 Clinically, it may appear as an accentuation of the lingual 
pit in anterior teeth and, in its more severe form, gives a radio-
graphic appearance of a tooth within a tooth, hence the term dens 
in dente.38 Its etiology is controversial and remains unclear. The 
affected teeth radiographically show an infolding of enamel and 
dentin that may extend deep into the pulp cavity and into the 
root and sometimes even reach the root apex.74 The most com-
mon associated clinical finding is an early pulpal involvement, 
explained by the existence of a canal extending from the invagi-
nation into the pulp.75 The invagination also allows the entry of 
irritants into an area that is separated from pulpal tissue by only a 
thin layer of enamel and dentin and presents a predisposition for 
the development of dental caries.74 Therefore this condition must 
be recognized early and the tooth prophylactically restored.73 The 
variability of its root canal system configuration is unlimited. 
Clinically, however, it can only be speculated upon from radio-
graphs.76 In this way, the most commonly referred classification 
was proposed by Oehlers,77 who categorized it into three types: 
Type	1—the	invagination	is	confined	to	the	crown	and	does	not	
extend	beyond	 the	CEJ;	Type	2—the	 invagination	extends	past	

111 1142 441-2 214 B1 P1 237 M2-1 D1

A B C D E

347 M2 DB1 DL1326 MB2-1 DB1 P1317 MB1 DB1 P1 427 MB2-1 DB1 MP1 DP1

F G H I

• Fig. 12.11 Three-dimensional (3D) micro–computed tomography (micro-CT) models of (A–C) single-, (D–
E) double-, and (F–I) multirooted teeth classified according to the new system proposal by Ahmed et al.59 
B, Buccal; D, distal; DB, distobuccal; DL, distolingual; DP, distopalatal; M, mesial; MB, mesiobuccal; MP, 
mesiopalatal; P, palatal. (Published with permission.)
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the CEJ and does not involve the periradicular tissues, but may 
communicate	with	the	dental	pulp;	and	Type	3—the	invagination	
extends beyond the CEJ and may present a second apical foramen, 
with no immediate communication with the pulp. In the litera-
ture, the reported prevalence of this anomaly varies from 0.25%78 
to 10%79 and the most affected teeth are permanent maxillary 
lateral incisors, despite the fact that it may occur in any tooth.74,80 
This high range frequency of dens invaginatus has been associated 
with the study design, sample size and composition, and diagnos-
tic criteria.74,75

Dens evaginatus is an anomalous outgrowth of tooth structure 
resulting from the folding of the inner enamel epithelium into 
the stellate reticulum with the projection of structure exhibiting 
enamel, dentin, and pulp tissue (Fig. 12.12, G–I).38 It arises most 
frequently from the occlusal surface of involved posterior teeth, 
mainly maxillary and mandibular premolars, and primarily from 
the lingual surface of associated anterior teeth (called talon cusps 
when in this location).81,82 Its etiology remains unclear. However, 
it predominantly occurs in people of Asian descent with varying 
estimates reported at 0.5%83 to 15%,84 depending on the popu-
lation group studied. The presence of pulp within the cusp-like 
tubercle has great clinical significance. Because the tubercle may 
extend above the occlusal surface, malocclusion or attrition with 
the opposing tooth may cause abnormal wear or fracture of the 
tubercle, and this is how pulp exposure occurs.82 Subsequent 
pulpal inflammation or infection will most likely ensue, at times 

when the root apex closure has not occurred in the young patient. 
It is important for the clinician to be able to recognize and treat 
the entity soon after affected teeth have erupted into the oral cav-
ity in order to avoid the development of pathologic conditions.82 

Radix
Radix is a Latin word for “root” and is referred to additional roots 
of teeth, mostly molars. In radix molars, each root usually con-
tains a single root canal.61

In four-rooted maxillary molars, the palatal part of the root 
complex is made up of two macrostructures located mesially and 
distally, which are in principle cone-shaped and either separate or 
nonseparate in relation to each other.85 If the mesial of the two 
palatal root structures has direct affinity to the mesiolingual part 
of the crown, which is more pronounced, the mesial root structure 
is identified as radix mesiolingualis, whereas the distal structure is 
identical with the palatal root component. If the distal of the two 
palatal root structures has direct affinity to the distopalatal part 
of the crown, the distal root structure is identified as radix disto-
lingualis, whereas the mesial structure is identical with the palatal 
root component (Fig. 12.13).86

In mandibular molars, additional roots have been identified as 
radix entomolaris and radix paramolaris.61,87 Radix entomolaris 
has been defined as a supernumerary root on a mandibular molar 
located distolingually (Fig. 12.14), whereas radix paramolaris is 
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• Fig. 12.12 Root canal anomalies and embryologic malformations. (A–B) Taurodont maxillary second 
molar presenting a large pulp chamber (yellow arrow) with apical displacement of the pulpal floor and furcation of 
the roots; C–F, Clinical and tomographic views of a maxillary lateral incisor with dens invaginatus (arrows) (Cour-
tesy of Dr. Oscar von Stetten. Published with permission); G–I, Clinical and radiographic views of a mandibular 
second premolar with dens evaginatus (arrows). (Courtesy Dr. Daniela Bololoi. Published with permission.)

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


238 CHAPTER 12  Root Canal Anatomy

MB
DB

DB RDL

DB

MB

RDL

RML

RML

RDL

RDL
RML

• Fig. 12.13 Different views of a three-dimensional (3D) micro–computed tomography (micro-CT) models of 
the external and internal morphologies of a four-rooted maxillary molar showing radix mesiolingualis (RML) 
and radix distolingualis (RDL). DB, Distobuccal root; MB, mesiobuccal root.
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• Fig. 12.14 Three-dimensional (3D) micro–computed tomography (CT) models of the external and internal 
morphologies of mandibular second molars showing radix entomolaris (yellow arrows). In the lateral view, 
the curvature of the radix is depicted (black arrows).
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an extra root located mesiobuccally (Fig. 12.15).38 The presence 
of these anatomic anomalies has been associated with certain 
ethnic groups such as Sino Americans, which include Chinese, 
Inuit, and American Indians.88,89 Radix paramolaris is a very rare 
structure and its prevalence was found to be 0%, 0.5%, and 2.0% 
for the mandibular first, second, and third molars, respectively,90 
whereas radix entomolaris occurs with a higher frequency, rang-
ing from 0.2%91 to 32%92 of the studied samples. The orifice 
of the radix entomolaris is located disto- to mesiolingually from 
the main canal or canals of the distal root, whereas the orifice of 
the radix paramolaris is located mesio- to distobuccally from the 
main mesial canals.88 A dark line or groove from the main root 
canal on the pulp chamber floor leads to these orifices89; how-
ever, they provide a limited practical aid for its identification in 
clinical practice. These anatomic variations present definite chal-
lenges to therapy because of their orifice inclination and root canal 
curvature. In this way, preoperative periapical radiographs at dif-
ferent horizontal angles or a CBCT examination are required to 
identify this additional root, which will also result in a modified 

opening cavity. An accurate diagnosis of these anatomic variations 
is important to avoid missed canals.87 

C-Shaped Canals
The C-shaped configuration was first reported in the endodontic 
literature by Cooke and Cox in 1979,93 but this canal configura-
tion has been well-known since the beginning of the 20th cen-
tury.94 This anatomic variation is so named for the root and root 
canal cross-sectional shape of the capital letter “C.”95 Its main 
anatomic feature is the presence of one or more isthmuses con-
necting individual canals, which can change the cross-sectional 
and 3D canal shape along the root (Fig. 12.16).95-97 Typically, 
this configuration is found in teeth with fusion of the roots either 
on its buccal or lingual aspect, and results from the failure of  
Hertwig’s epithelial root sheath to develop or fuse in the furcation 
area during the developing stage of the teeth.63,64 Failure on the buc-
cal side will result in a lingual groove, and the opposite cases would be 
possible.63 In such teeth, the floor of the pulp chamber is frequently 

• Fig. 12.15 Radiographic and tomographic views of a mandibular left second premolar showing a radix 
paramolaris (arrows), before and after root canal treatment. (Courtesy Dr. Nuno Pinto. Published with 
permission.)
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situated deeply and may assume an unusual anatomic appearance.97 
Below the orifice level, the root structure of a C-shaped tooth can 
harbor a wide range of anatomic variations,95 which make it a chal-
lenge with respect to disinfection.98 This variation may occur in dif-
ferent types of teeth97,99-102; however, it is most commonly found in 
mandibular second molars103,104 with a reported prevalence rang-
ing from 2.7%105 to 44.5%.106 There is significant ethnic variation 
in the frequency of C-shaped molar teeth, which are much more 
common in Asian populations than in Caucasian populations.30 
In population-based studies, the reported prevalence was 10.6% in 
Saudi Arabians,107 19.14% in Lebanese,108 31.5% in Chinese,104 
and 44.5% in Koreans.106 To date, two studies have addressed the 
efficacy of different systems in the preparation of C-shaped man-
dibular molar canals showing a significant percentage of canal area 
unaffected by the instrumentation procedure.98,109

In 1991 Melton et al.96 proposed the first classification for 
C-shaped canal configuration in mandibular second molars 
based on its cross-sectional shape. They fall into three catego-
ries:	Category	 I—a	 continuous	C-shaped	 canal	 running	 from	
the	pulp	chamber	to	the	apex;	Category	II—a	semicolon-shaped	
orifice in which dentin separates a main C-shaped canal from 
one	mesial	distinct	canal;	Category	 III—two	or	more	discrete	
and separate canals which could join in the apical (subdivision 
I), middle (subdivision II), or coronal (subdivision III) thirds.

It is important to point out that mandibular molar teeth 
can present with irregularities in their canal systems throughout 
the root and the presence of these categories may vary from the 
pulp chamber to the apex.106 In this way, Fan et al.110 modified 
Melton’s method and recommended to classify each portion of the 
same tooth using five categories:
	•	 	Category	 I—The	 shape	 was	 an	 uninterrupted	 “C”	 with	 no	

separation or division.
	•	 	Category	II—The	canal	shape	resembled	a	semicolon	resulting	

from a discontinuation of the “C” outline.
	•	 	Category	III—Two	or	three	separate	canals
	•	 	Category	IV—Only	one	round	or	oval	canal	in	the	cross-sec-

tion (normally found near the apex)
	•	 	Category	V—No	canal	lumen	(usually	seen	near	the	apex	only)

Melton’s classification96 stated that categories II and III have 
separated canals, but no description was provided to differentiate 
them. In the modified classification,110 one of the canals in the 
category II would appear as an arc and would be more likely to 
extend into the “fused” area of the root where the dentin wall may 
be quite thin.

C-shaped canal anatomy has also been reported in third molars,111 
lateral incisors,102 mandibular first premolars,97,99,101,112,113 man-
dibular first molars,114 and maxillary first115,116 and second117 
molars. Recently the prevalence of C-shaped canal configuration 
in maxillary molars with root fusion was reported to be as high 
as 15% (Fig. 12.17, A).115 Mandibular first premolars present a 
variety of root canal configurations that include the presence of 
two or three root canals40,113 and a C-shaped configuration sys-
tem (Fig. 12.17, B).118 As in mandibular molars, C-shaped canal 
systems in the mandibular first premolars vary among different 
ethnic groups, with its prevalence being reported to range from 
1%119 to 18%.120 This configuration has been highly associated 
with Vertucci’s type V configuration100 (i.e., a single canal that 
bifurcates at the middle third and with the presence of a groove or 
concavity on the external root surface).97,113 Radicular grooves on 
mandibular first premolars usually begin 3 mm from the CEJ and 
present frequently on the proximal lingual area of the middle root, 
not always extending to the root apex.97,120

Preoperative diagnosis of C-shaped canals is complex, mainly 
because these unique anatomic features are not easily recognized 
on a traditional 2D periapical radiograph.98 With the increased 
use of CBCT scanning, clinicians may be able to detect C-shaped 
canals before endodontic treatment. Nevertheless, even when 
recognized, the disinfection procedure still remains a challenge, 
mostly because of the isthmus areas. Irregular areas in a C-shaped 
canal that may house soft tissue remnants or infected debris may 
escape thorough cleaning and may be a source of bleeding and 
severe pain.121 In this way, the use of a dental microscope asso-
ciated with sonic or ultrasonic instrumentation techniques may 
make treatment outcome more predictable.30 Because of its chal-
lenging morphology, the C-shaped canal anatomy increases the 
difficulty in root canal therapy and may account for the frequent 
occurrence of endodontic failure on this tooth.120 

Other Anomalies
(1) Fusion: It is commonly defined as the union of two distinct 

dental sprouts that occurs in any stage of the dental organ.38 
They are joined by the dentin, whereas pulp chambers and ca-
nals may be linked or separated depending on the developmen-
tal stage when the union occurs. This process involves epithe-
lial and mesenchymal germ layers resulting in irregular tooth 

• Fig. 12.16 Three-dimensional (3D) micro–computed tomography (CT) 
models of the external and internal morphologies of mandibular second 
molars showing different C-shaped canal configurations.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


241CHAPTER 12 Root Canal Anatomy

morphology and occurs more frequently in anterior teeth (Fig. 
12.18).122

(2) Gemination: It is a disturbance during odontogenesis in 
which partial cleavage of the tooth germ occurs and results 
in a tooth that has a double or “twin” crown, usually not 
completely separated, and sharing a common root and pulp 
space (see Fig. 12.18).38 The root and pulp are also irregular 
in morphology.

(3) Hypercementosis: This refers to an excessive deposition of 
nonneoplastic cementum over normal root cementum, which 
alters the root morphology macroscopic appearance.38 Its 
pathogenesis is ambiguous. Most of the cases are idiopathic. 
Several local and systemic factors are also linked to this condi-

tion, such as Paget disease, acromegaly, or vitamin A deficiency 
(Fig. 12.19).123

(4) Radicular Groove: This is a developmental depression in the 
proximal aspect of the root surface.124 Radicular grooves 
have been reported as being widespread in Africans and 
native Australians and are relatively rare in Western Eur-
asians.125 It is relevant in clinic care because its depth may 
act as a reservoir for dental plaque and calculus, increasing 
the difficulty in the management of periodontal disease.97,101 
In mandibular premolar teeth, its presence has been associ-
ated with anatomic complexities of the root canal system, 
such as canal bifurcation and C-shaped configuration (Fig. 
12.20).97,99,101 
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• Fig. 12.17 A, Three-dimensional (3D) models and two-dimensional (2D) cross-sections of maxillary sec-
ond molars with fused roots. Note the complexity of the root canal system with the presence of canal 
interconnections, apical ramifications and C-shaped canals; B, 3D model and 2D cross-sections at differ-
ent levels of the root of a mandibular first premolar with radicular groove and C-shaped canal configuration.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


242 CHAPTER 12  Root Canal Anatomy

Aging
The root canal anatomy is susceptible to changes over the years 
because of physiologic or pathologic events. Natural physiologic 
aging tends to modify the root canal system morphology as a result 
of the deposition of secondary dentin, which starts to form once the 
tooth erupts and is in occlusion.126 Consequently, young patients 
tend to present with large single canals and pulp chambers,127,128 
whereas older patients tend to present with more sharply defined 
and narrow root canals.127 Other pathologic or iatrogenic factors can 
also modify the deposition of dentin including occlusal trauma, peri-
odontal disease, carious lesions, or deep restorative procedures.129

In the literature, CBCT imaging technology has been also used 
to address in vivo root canal morphologic changes caused by aging.3 
Overall, results showed no significant difference between maxil-
lary and mandibular anterior teeth groups regarding age, despite 

contradictory information can be found. While in mandibular ante-
rior teeth most studies reported a lower prevalence of multiple canals 
in older patients,130,131 in maxillary and mandibular premolars and 
in mandibular molars128,132 it was observed that there was a progres-
sive decrease of Vertucci’s Type I configuration with age. The preva-
lence of a second canal in the mesiobuccal root of maxillary first and 
second molars was also evaluated and most studies reported a lower 
prevalence of this configuration in older patients.129,133-135 

Root Canal Anatomy of Maxillary and 
Mandibular Teeth
In this section, illustrations and tables of the characteristics of the 
anatomy of the human root and root canals are depicted. The teeth 

Fusion

Fusion

Gemination

Gemination

A B

• Fig. 12.18 A, Clinical and B, tomographic views of a patient presenting fusion and gemination at the 
anterior teeth. (Courtesy Dr. Antonis Chaniotis. Published with permission.)

• Fig. 12.19 Coronal and sagittal cone beam computed tomography (CBCT) images from a distal root of 
a mandibular first molar presenting hypercementosis (arrow). (Courtesy Dr. Oscar von Stetten. Published 
with permission.)
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are paired to facilitate comparison among groups. Root and canal 
number averages are calculated from a weighted average of a large 
number of dental anatomy research articles published from a num-
ber of sources. Other data listed describe the canal characteristics 
such as average length of root and crown, canal curvature direction, 
canal shape, lateral canals, and apical anastomoses. Most important 
is the listing of the most common anomalies or variation from the 
normal that may be found in that tooth type. Those data are usually 
present in numerous case reports from a PubMed search.3,136

Of great interest, not only to dentists but also to the science of 
physical anthropology, are the ethnic variations that can be found 
in human populations.11 It is true that genetics plays the main role 
in determining the shape of a crown and root. Bilateral symmetry 
is usually present in the antimere of the opposite quadrant but not 
necessarily so when it comes to variation in root number or anom-
alous tooth formation. A suite of dental variations in crown and 
root anatomy may be used to indicate ethnic identity in a popula-
tion when a number of characteristics appear in a higher incidence 
of that population. The dental characteristics that are of interest 
to a physical anthropologist include deep lingual fossa (shoveling) 
of anterior teeth, dens invaginatus, dens evaginatus (talon cusp 
and occlusal tubercles of premolar teeth), bifurcated roots of man-
dibular canines, three roots of maxillary premolar teeth, fusion or 
single root of the maxillary premolar, multiple roots or multiple 
canals of mandibular premolar teeth, C-shaped molar teeth, taur-
odontism, fusion of roots, double canals in palatal or distal root of 
maxillary molars, four roots with double palatal root in maxillary 
second molar teeth, and radix entomolaris or the distolingual root 
of mandibular molar teeth.

Tratman in 195011 used extracted teeth to show a number of 
variations or traits in dental anatomy in Asian populations that 
varied from the generally accepted Western Eurasian dental anat-
omy of the time. Since then, many large population studies using 
full mouth radiographs or the panographic X-ray technique have 

identified root form variation.1 A higher incidence of the disto-
lingual root of both first and second mandibular molar teeth in 
Asian and North American aboriginal native populations is a good 
example. There have been only a few studies that show a variation 
in incidence that is gender linked.137-139 More recently, a series 
of epidemiologic studies on root canal anatomy using CBCT 
3D imaging technology have been published. The most impor-
tant advantage of using CBCT is the possibility of performing 
in vivo studies analyzing the full dentition of a large number of 
patients collected from a specific population in a consecutive man-
ner, addressing the influence of several variables such as ethnicity, 
aging, gender, and side (left or right) on teeth. Therefore, infor-
mation regarding the number of roots and root canals and the 
most frequently observed canal configurations was depicted from 
a recent epidemiologic study using CBCT technology.3

The following tables and figures will help outline the com-
mon characteristics of each tooth type and list some variations or 
anomalies.

Incisors
Morphologic aspects of the root and root canal anatomy of max-
illary and mandibular incisors are detailed in Table 12.1, Fig. 
12.21, and Appendices 1 to 4 (Summary of Root Numbers and 
Root Canal Systems of the Permanent Teeth).

The maxillary central incisors are centered in the maxilla, one 
on either side of the midline, with the mesial surface of each in 
contact with the mesial surface of the other. The pulp cavity fol-
lows the general outline of the crown and root. In this way, the 
pulp chamber is very narrow in the incisal region and wider in 
the mesiodistal dimension than in the labiolingual dimension. 
The maxillary lateral incisor supplements the central incisor in 
function, and the crowns bear a close resemblance. However, the  
lateral incisor is smaller in all dimensions except root length.  

A B

• Fig. 12.20 A, Three-dimensional (3D) micro–computed tomography (micro-CT) models of mandibular 
premolars showing the external anatomy with the presence of radicular grooves (arrows); B, Two-dimen-
sional (2D) cross-section of the root of a mandibular premolar showing radicular groove (arrow) and a 
C-shaped canal configuration.
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  Morphologic Aspects of the Root and Root Canal Anatomy of Maxillary and Mandibular Incisors

Maxillary Central Incisor Maxillary Lateral Incisor Mandibular Incisors

Overall length 23.6 mm (16.5-32.6 mm) 22.5 mm (17.7-28.9 mm) C: 20.8 mm (16.9-26.7 mm)
L: 22.1 mm (18.5-26.6 mm)

Root length 13.0 mm (6.3-20.3 mm) 13.4 mm (9.6-19.4 mm) C: 12.6 mm (7.7-17.9 mm)
L: 13.5 mm (9.4-18.1 mm)

Number of roots 1 (99.94%)
2 (0.06%)

1 (99.94%)
2 (0.06%)

C: 1 (100%)
L: 1 (99.92%)
2 (0.08%)

Number of canals 1 (99.2%)
2 (0.8%)

1 (98.5%)
2 (1.5%)

C: 1 (86.5%)
2 (14.4%)
Other (0.1%)
L: 1 (79.7%)
2 (20.2%)
Other (0.1%)

Canal configuration Types I (99.2%)
IV (0.5%)
II (0.1%)
III (0.1%)
V (0.1%)

Types I (98.5%)
II (0.8%)
V (0.4%)
III (0.2%)
IV (0.1%)

C: Types I (86.5%)
III (8.1%)
V (2.8%)
II (2%)
IV (1.4%)
VII (0.1%)
Other (0.1%)
L: Types I (79.7%)
III (11.9%)
V (3.8%)
II (2.6%)
IV (1.8%)
VII (0.1%)
Other (0.1%)

Accessory canals 18.9%-42.6% (coronal: 1%; middle: 
6%; apical: 93%)

5.5%-26% (coronal: 1%; middle: 8%; 
apical: 91%)

C: 0%-20% (coronal: 3%; middle: 
12%; apical: 85%)

L: 0.9%-18% (coronal: 2%; middle: 
15%; apical: 83%)

Apical curvature Straight (75%) Labial (9.3%) Distal 
(7.8%) Mesial (4.3%) Palatal 
(3.6%)

Distal (49.2%) Straight (29.7%) Pala-
tal (3.9%) Labial (3.9%) Mesial 
(3.1%)

S-shaped (1.6%) Other (8.6%)

C: Straight (66.7%) Labial (18.8%)
Distal (12.5%)
S-shaped (2%)
L: Straight (54%) Distal (33.3%)
Labial (10.7%)
S-shaped (2%)

Anomalies 2 canals141-143

3 canals144

4 canals145

2 roots141-143

Radicular groove146

Fusion/gemination147

2 canals148

3 canals149

4 canals150

2 roots151

Radicular groove146

Fusion/gemination152

Dens invaginatus153

Dens evaginatus154

C-shaped102

3 canals155

Fusion/gemination156

Dens invaginatus157

2 roots158

Ethnic variations Deep lingual fossa (shoveling) in 
Asian and North American native 
populations

Coronal shoveling present to a lesser 
degree

C, Central; L, lateral.

Root canal configurations are classified according to Vertucci.40

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In Versiani MA, Basrani B, Sousa Neto MD, editors: The root canal anatomy in 
permanent dentition, ed 1. Switzerland, 2018, Springer International Publishing, pp 181–240.

  

TABLE 
12.1

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


245CHAPTER 12 Root Canal Anatomy

The pulp chamber is narrow in the incisal region and may become 
very wide at the cervical level of the tooth, whereas pulp horns are 
usually prominent.140

The mandibular central incisors are centered in the mandible, one 
on either side of the midline, with the mesial surface of each one 

in contact with the mesial surface of the other. The right and left 
mandibular lateral incisors are distal to the central incisors. The man-
dibular central and lateral incisors have smaller mesiodistal dimen-
sions than any of the other teeth. The central incisor is somewhat 
smaller than the lateral incisor, which is the reverse of the situation in 

Maxillary Central Incisor

Maxillary Lateral Incisor

Mandibular Central Incisor

Mandibular Lateral Incisor

Frontal View

Frontal View

Lateral View

Lateral View

Coronal Third

Coronal Third

Frontal View

Frontal View

Lateral View

Lateral View

Coronal Third

Coronal Third

Middle Third

Middle Third

Apical Third

Apical Third

Apical Third

Apical Third

Middle Third

Middle Third

• Fig. 12.21 Three-dimensional (3D) micro–computed tomography (micro-CT) models and two-dimensional 
(2D) cross-sections depicting the internal and external anatomy of maxillary and mandibular incisors.
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the maxilla. These teeth are similar in form and have smooth crown 
surfaces that show few traces of developmental lines. The mandibular 
central incisor is the smallest tooth in the mouth, but its labiolingual 
root dimension is large. This tooth usually has one canal. Two ribbon-
shaped canals may be found, but not very frequently (15% and 20% 
of central and lateral incisors, respectively). The pulp horns are well 
developed in this tooth group. The mandibular lateral incisor tends to 
be a little larger than the mandibular central incisor in all dimensions, 
including the pulp chamber. The pulp canal may taper gently from 
the apex or narrow abruptly in the last 3 to 4 mm of the root canal.140 

Canines
Morphologic aspects of the root and root canal anatomy of maxil-
lary and mandibular canines are detailed in Table 12.2, Fig. 12.22, 
and Appendices 1 to 4 (Summary of Root Numbers and Root 
Canal Systems of the Permanent Teeth).

Maxillary canines are the longest teeth in the mouth. The 
crowns are usually as long as those of the maxillary central incisors, 
and the single roots are longer than those of any of the other teeth. 
Therefore the maxillary canine has the largest labiolingual root 
dimension of any tooth and because the pulp cavity corresponds 

closely to the outline of the tooth, the size of the pulp chamber 
may also be the largest in the mouth.

The mandibular canine crown is narrower mesiodistally than that 
of the maxillary canine, although it is just as long in most instances 
and, in many instances, is longer by 0.5 to 1 mm. The root may be as 
long as that of the maxillary canine, but usually it is somewhat shorter. 
The pulp cavity of the mandibular canine tends to be a little shorter 
than that of the maxillary canine. A not rare variation in the form of 
the mandibular canine is bifurcated roots, and it is also not uncom-
mon to find two roots or at least two canals. Because the presence of 
two canals cannot be easily detected radiographically, their presence 
must be ruled out clinically as well. Some mandibular canines demon-
strate an abrupt narrowing of the pulp cavity when passing from the 
pulp chamber to the pulp canal. Other mandibular canine teeth dem-
onstrate an abrupt narrowing of the pulp canal in the apical region.140 

Premolars
Morphologic aspects of the root and root canal anatomy of maxil-
lary and mandibular premolars are detailed in Tables 12.3 and 
12.4, Fig. 12.23, and Appendices 1 to 4 (Summary of Root Num-
bers and Root Canal Systems of the Permanent Teeth).

  Morphologic Aspects of the Root and Root Canal Anatomy of Maxillary and Mandibular Canines

Maxillary Canine Mandibular Canine

Overall length 26.4 mm (20.0-38.4 mm) 25.9 mm (16.1-34.5 mm)

Root length 16.5 mm (10.8-28.5 mm) 15.9 mm (9.5-22.2 mm)

Number of roots 1 (100%) 1 (98.57%)
2 (1.43%)

Number of canals 1 (97%)
2 (3%)

1 (92.4%)
2 (7.3%)
Other (0.3%)

Canal configuration Types I (98.5%)
III (1.2%)
II (0.8%)
V (0.7%)
IV (0.2%)
Other (0.1%)

Types I (92.4%)
III (2.7%)
II (1.9%)
IV (1.5%)
V (1.2%)
Other (0.3%)

Accessory canals 3.4%-30% (coronal: 0%; middle: 10%; apical: 
90%)

4.5%-30% (coronal: 4%; middle: 16%; apical: 
80%)

Apical curvature Straight (38.5%)
Distal (19.5%)
Labial (12.8%)
Mesial (12%)
Palatal (6.5%)
Other (10.7%)

Straight (68.2%)
Distal (19.6%)
Labial (6.8%)
Mesial (0.8%)
S-shaped (1.5%)
Other (3.1%)

Anomalies 2 canals159

Dens invaginatus160
2 canals161

3 canals162

2 roots161

Ethnic variations Bifurcated roots in mandibular canines are most 
common in some Western Eurasian populations

Root canal configurations are classified according to Vertucci.40

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In Versiani MA, Basrani B, Sousa Neto MD, editors.: The root canal anatomy in 
permanent dentition. ed 1. Switzerland, 2018, Springer International Publishing, pp 181–240.
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Maxillary Canine Mandibular Canine

Frontal ViewFrontal View Lateral ViewLateral View Coronal ThirdCoronal Third

Middle Third Middle Third

Apical Third Apical Third

• Fig. 12.22 Three-dimensional (3D) micro–computed tomography (micro-CT) models and two-dimen-
sional (2D) cross-sections depicting the internal and external anatomy of maxillary and mandibular canines.

  Morphologic Aspects of the Root and Root Canal Anatomy of Maxillary Premolars

Maxillary First Premolar Maxillary Second Premolar

Overall length 21.5 mm (15.5-28.9 mm) 21.2 mm (15.2-28.4 mm)

Root length 13.4 mm (8.3-19.0 mm) 14.0 mm (8.0-20.6 mm)

Number of roots 2 (55.3%)
1 (43.1%)
3 (1.6%)

1 (86.2%)
2 (13.5%)
3 (0.3%)

Number of canals 2 (77.3%)
1 (20.1%)
3 (1.2%)
Other (1.3%)

2 (56.7%)
1 (42.7%)
3 (0.4%)
Other (0.3%)

Canal configuration Types IV (50.1%)
I (20.1%)
II (17.4%)
VI (4.9%)
V (3%)
III (1.5%)
VIII (1.2%)
VII (0.4%)
Other (1.3%)

Types I (42.7%)
II (18.7%)
IV (17.6%)
V (9.6%)
VI (6.3%)
III (4%)
VII (0.5%)
VIII (0.4%)
Other (0.3%)

Accessory canals 17.8%-49.5% (coronal: 4.7%; middle: 10.3%; apical: 74%) 12.9%-59.5% (coronal: 4%; middle: 16.2%; 
apical: 78.2%)

Apical curvature B: Palatal (36.2%)
Straight (27.8%)
Distal (14%)
Buccal (14%)
S-shaped (8%)
P: Straight (44.4%)
Buccal (27.8%)
Distal (14%)
Palatal (8.3%)
S-shaped (5.5%)

Straight (37.4%)
Distal (29.5%)
Buccal (15.7%)
S-shaped (13%)
Distal (4.4%)

TABLE 
12.3

Continued
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  Morphologic Aspects of the Root and Root Canal Anatomy of Mandibular Premolars

Mandibular First Premolar Mandibular Second Premolar

Overall length 22.4 mm (17.0-28.5 mm) 22.1 mm (16.8-28.1 mm)

Root length 14.4 mm (9.7-20.2 mm) 14.7 mm (9.2-21.2 mm)

Number of roots 1 (97.5%)
2 (2.5%)

1 (98.5%)
2 (1.5%)

Number of canals 1 (71.3%)
2 (27.9%)
3 (0.1%)
Other (0.7%)

1 (84.7%)
2 (15.05%)
3 (0.05%)
Other (0.2%)

Canal configuration Types I (71.3%)
V (18.7%)
IV (3.5%)
III (2.8%)
II (2.3%)
VI (0.5%)
VII (0.1%)
VIII (0.1%)
Other (0.7%)

Types I (84.7%)
V (13.44%)
II (0.7%)
III (0.5%)
IV (0.3%)
VI (0.07%)
VIII (0.05)
VII (0.04%)
Other (0.2%)

Accessory canals 8.8%-44.3% (coronal: 4.3%; middle: 16.1%; apical: 78.9%) 4%-48.3% (coronal: 3.2%; middle: 16.4%; apical: 80.1%)

Apical curvature Straight (47.5%)
Distal (34.8%)
Lingual (7.1%)
Buccal (2.1%)
S-shaped (6.4%)
Other (2.1%)

Distal (39.8%)
Straight (38.5%)
Buccal (10.1%)
Lingual (3.4%)
S-shaped (6.8%)
Other (1.4%)

Anomalies 3 canals113

4 canals168

Radicular groove112

C-shaped97

Dens evaginatus169

Dens invaginatus170

Fusion/gemination171

3 canals172

4 canals173

5 canals174

2 roots175

C-shaped99

Dens evaginatus176

Taurodontism174

Fusion/gemination177

Ethnic variations African American population has a significantly higher incidence 
of two canals and two roots compared with Caucasian1

Root canal configurations are classified according to Vertucci.40

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In: Versiani MA, Basrani B, Sousa Neto MD, editors. The root canal 
anatomy in permanent dentition. ed 1. Switzerland, 2018, Springer International Publishing, pp 181–240.

TABLE 
12.4

Maxillary First Premolar Maxillary Second Premolar

Anomalies 3 canals163

Radicular groove164

Fusion/gemination165

Dens evaginatus166

3 canals163

Dens invaginatus167

Ethnic variations Caucasian and other populations (excluding Asian and North American native 
populations) most commonly have 2 roots. Asian and North American native 
populations most commonly have a single root. Dens evaginatus on the occlu-
sal surfaces of all premolars is more common in Asian and North American 
native populations

B, Buccal root/canal; P, palatal root/canal.

Root canal configurations are classified according to Vertucci.40

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In: Versiani MA, Basrani B, Sousa Neto MD, editors. The root canal anatomy in 
permanent dentition. ed 1. Switzerland, 2018, Springer International Publishing, pp 181–240.
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The premolars are so named because they are anterior to the 
molars in the permanent dentition. The maxillary first premolar 
has two cusps, a buccal and a lingual, each being sharply defined. 
The buccal cusp is usually about 1 mm longer than the lingual 
cusp and, because of that, the pulp horn usually extends further 
occlusally under the buccal cusp than the lingual cusp. The maxil-
lary first premolar may have two well-developed roots, two root 
projections that are not fully separated, or one broad root. The 
majority of maxillary first premolars have two root canals, but a 
small percentage of teeth may have three roots and three canals 
that may at times be difficult to see or almost undetectable radio-
graphically. The pulp chamber floor is below the cervical level of 
all the variations found in this tooth group.

The maxillary second premolar supplements the maxillary first 
premolar in function and closely resembles it in shape. The maxil-
lary second premolar may have a crown that is noticeably smaller 
cervico-occlusally and also mesiodistally. However, it may also be 

larger in those dimensions. Usually the root of the second premo-
lar is as long as, if not a millimeter or so longer than, that of the 
first premolar. Most maxillary second premolars have only one 
root and canal. Two roots are possible, although two canals within 
a single root may also be found. The pulp cavity may demonstrate 
well-developed pulp horns; others may have blunted or nonexis-
tent pulp horns. The pulp chamber and root canal are very broad 
in the buccolingual aspect of teeth with single canals.140

The mandibular first premolar is always the smallest of the 
two mandibular premolars, whereas the opposite is true, in many 
cases, of the maxillary premolars. Most of these teeth have one 
canal, but two or three canals are possible. The pulp chamber is 
usually very large, and the pulp cavity may taper gently toward the 
apex or abruptly as the root canal start. The root of the first pre-
molar usually shows a deep developmental groove that has been 
associated with complex anatomic features including C-shaped 
and extra root canals.140

Frontal View

Frontal View

Frontal View

Frontal View

Lateral View

Lateral View

Lateral View

Lateral View

Coronal Third

Coronal Third

Coronal Third

Middle Third

Apical Third

Apical ThirdApical Third

Apical Third

Coronal Third

Middle ThirdMiddle Third

Middle Third

Mandibular First Premolar

Mandibular Second PremolarMaxillary Second Premolar

Maxillary First Premolar

P

B
B

P

B

P

• Fig. 12.23 Three-dimensional (3D) micro–computed tomography (micro-CT) models and two-dimensional 
(2D) cross-sections depicting the internal and external anatomy of maxillary and mandibular premolars.
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The mandibular second premolar usually has three well-formed 
cusps in most cases: one large buccal cusp and two smaller lin-
gual cusps. However, two-cusped forms of this tooth are also fairly 
common. It usually has one root and canal that may be curved, 
usually in the distal direction. The pulp horns are prominent, and 
the pulp chamber and root canal gently taper toward the apex. The 
single root of the second premolar is larger and longer than that of 
the first premolar. The root is seldom, if ever, bifurcated, although 
some specimens show a deep developmental groove buccally.140 

Molars
Morphologic aspects of the root and root canal anatomy of max-
illary and mandibular first and second molars are detailed in 
Tables 12.5, 12.6, Figs. 12.24 and 12.25, and Appendices 1 to 
4 (Summary of Root Numbers and Root Canal Systems of the 
Permanent Teeth).

The maxillary molars are the largest and strongest maxillary 
teeth, by virtue both of their bulk and of their anchorage in the 
jaws. The crown of this tooth is wider buccolingually than mesio-
distally. The maxillary first molar is normally the largest tooth in 
the maxillary arch. It has four well-developed functioning cusps 
and one supplemental cusp (the cusp of Carabelli) that is of little 
practical use. The maxillary first molar normally has three roots 
and four canals. The palatal root usually has the largest dimen-
sions, followed by the mesiobuccal and distobuccal roots, respec-
tively. The mesiobuccal root is often very wide buccolingually and 
normally possesses an extra accessory canal named MB2, which 
usually is the smallest of all the canals in this tooth.140 The com-
plexity of its root canal system may surpass all other teeth within 
the human dentition. More extensive use of the clinical micro-
scope has contributed to the discovery that not only a fourth canal 
but other additional canals also may exist.

The maxillary second molar supplements the first molar in 
function. The roots of this tooth are as long as, if not somewhat 
longer than, those of the first molar. The tendency for root fusion 
is greater in the second maxillary molar than in the first maxillary 
molar, but the palatal root is usually separate. Most often maxil-
lary second molars possess three roots and three canals. The mesio-
buccal root of the maxillary second molar is not as complex as that 
formed in the maxillary first molar. The tendency for a very wide 
mesiobuccal canal is not present in this tooth group.140

The mandibular first molar is usually the largest tooth in the 
mandibular arch. It has five well-developed cusps, two well-devel-
oped roots, one mesial and one distal, which are very broad buc-
colingually. These roots are widely separated at the apices. The 
buccolingual cross-section of the mandibular first molar demon-
strates a large pulp chamber that may extend well down into the 
root formation. The mesial root usually has a more complicated 
canal system because of the presence of two canals and their inter-
connections. The distal root usually has one large canal, but two 
canals are often present. Occasionally, a fourth canal is present 
that has its own separate root.

Normally, the mandibular second molar has four well- 
developed cusps, two buccal and two lingual, of nearly equal 
development. The tooth has two well-developed roots, one 
mesial and one distal. These roots are broad buccolingually, but 
they are not as broad as those of the first molar, nor are they as 
widely separated. The buccolingual section of the mandibular 
second molar demonstrates a pulp chamber and pulp canals 
that tend to be more variable and complex than those found in 
the mandibular first molar.140

In the literature, first and second permanent molars are the 
most studied teeth in relation to internal and external anatomy. 
On the other hand, considering that third molars have variable 
and unpredictable morphology and also because their extraction 
is frequently indicated, these teeth are rarely considered for end-
odontic or restorative treatment. Therefore only a limited number 
of studies have reported data regarding the internal and external 
morphology of third molars. In general, these studies show an 
extremely varied anatomy, with maxillary third molars having one 
to five roots with one to six root canals, whereas the mandibular 
third molars have one to four roots and one to six root canals, 
besides the presence of C-shaped canals. In addition, maxillary 
and mandibular third molars present a high incidence of fused 
roots, with an average of 70.1% and 40.7%, respectively, which 
explains their variations in number, morphology, direction, and 
arrangement of roots and canals (Table 12.7).

Finally, Table 12.8 shows the outcomes from epidemiologic 
studies using CBCT in large populations, in which both data from 
root and root canal anatomy were evaluated, selected, and com-
bined, aiming to offer an overview of the percentage frequency of 
different number of roots and root canal configuration types in all 
groups of teeth. 

  Morphologic Aspects of the Root and Root Canal Anatomy of Maxillary First and Second Molars

Maxillary First Molar Maxillary Second Molar

Overall length 20.1 mm (17.0-27.4 mm) 20.0 mm (16.0-26.2 mm)

Root length MB:12.9 mm (8.5-18.8 mm)
DB: 12.2 mm (8.9-15.5mm)
P: 13.7 mm (10.6-17.5 mm)

MB: 12.9 mm (9.0-18.2 mm)
DB: 12.1 mm (9.0-16.3mm)
P: 13.5 mm (9.8-18.8 mm)

Number of roots 3 (97.7%)
2 (1.8%)
4 (0.3%)
1 (0.2%)

3 (73.7%)
2 (14.9%)
1 (10.7%)
4 (0.7%)

TABLE 
12.5
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Maxillary First Molar Maxillary Second Molar

Number of canals MB: 2 (60.4%)
1 (29.3%)
3 (0.1%)
Other (0.4%)
DB: 1 (98.6%)
2 (1.4%)
P: 1 (99.26%)
2 (0.7%)
Other (0.04%)

MB: 1 (66.1%)
2 (33.7%)
3 (0.05%)
Other (0.2%)
DB: 1 (99.6%)
2 (0.4%)
P: 1 (99.67%)
2 (0.35%)
3 (0.01%)
Other (0.01%)

Canal configuration MB: Types I (39.1%)
II (29.3%)
IV (26%)
V (2%)
III (1.6%)
VI (1.4%)
VII (0.1%)
VIII (0.1%)
Other (0.4%)
DB: Types I (98.6%)
II (0.4%)
V (0.4%)
III (0.3%)
IV (0.2%)
VI (0.1%)
P: Types I (99.26%)
II (0.3%)
III (0.2%)
IV (0.1%)
V (0.1%)
Other (0.04%)

MB: Types I (39.1%)
II (29.3%)
IV (26%)
V (2%)
III (1.6%)
VI (1.4%)
VII (0.1%)
VIII (0.1%)
Other (0.4%)
DB: Types I (98.6%)
II (0.4%)
V (0.4%)
III (0.3%)
IV (0.2%)
VI (0.1%)
P: Types I (99.26%)
II (0.3%)
III (0.2%)
IV (0.1%)
V (0.1%)
Other (0.04%)

Accessory canals MB: 51% 
(coronal: 10.7%; middle: 13.1%; apical: 58.2%)
DB: 36% 
(coronal: 10.1%; middle: 12.3%; apical: 59.6%)
P: 48% 
(coronal: 9.4%; middle: 11.3%; apical: 61.3%)

MB: 50%
(coronal: 10.1%; middle: 14.1%; apical: 65.8%)
DB: 29%
(coronal: 9.1%; middle: 13.3%; apical: 67.6%)
P: 42%
(coronal: 8.7%; middle: 11.2%; apical: 70.1%)

Apical Curvature MB: Distal (78%)
Straight (21%)
S-shaped (1%)
DB: Straight (54%)
Mesial (19%)
Distal (17%)
S-shaped (10%)
P: Buccal (55%)
Straight (40.7%)
Mesial (3.2%)
Distal (1.1%)

MB: Distal (54%)
Straight (22%)
Others (24%)
DB: Straight (54%)
Mesial (17%)
Others (29%)
P: Straight (63%)
Buccal (37%)

Anomalies 1 canal178

5 canals179

6 canals180

7 canals181

8 canals182

C-shaped116

4 roots85

Taurodontism68

1 or 2 canals183

5 canals184

Fusion/gemination185

Taurodontism186

Ethnic variations

MB, Mesiobuccal root/canal; DB, distobuccal root/canal; P, palatal root/canal.

Root canal configurations are classified according to Vertucci.40

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In Versiani MA, Basrani B, Sousa Neto MD, editors. The root canal anatomy in 
permanent dentition. ed 1. Switzerland, 2018, Springer International Publishing, pp 181–240.
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  Morphologic Aspects of the Root and Root Canal Anatomy of Mandibular First and Second Molars

Mandibular First Molar Mandibular Second Molar

Overall length 20.9 mm (17.0-27.7 mm) 20.6 mm (15.5-25.5 mm)

Root length M: 14.0 mm (10.6-20.0 mm)
D: 13.0 mm (8.1-17.7 mm)

M: 13.9 mm (9.3-18.3 mm)
D: 13.0 mm (8.5-18.3 mm)

Number of roots 2 (86.9%)
3 (12.5%)
1 (0.55%)
4 (0.05%)

2 (78.6%)
1 (19%) 
3 (2.2%)
4 (0.2%)

Number of canals M: 1 (2.37%)
2 (96.59%)
3 (0.03%)
Other (1.01%)
D: 1 (70.3%)
2 (29.56%)
Other (0.14%)

M: 2 (87.1%)
1 (12.5%)
D: 1 (92.56%)
2 (7.44%)

Canal configuration M: Types IV (71.3%)
II (19.9%)
III (2.9%)
I (2.37%)
V (2.1%)
VI (0.3%)
VII (0.09%)
VIII (0.03%)
Other (1.01%)
D: Types I (70.3%)
II (13%)
IV (10.1%)
III (3.6%)
V (2.7%)
VI (0.08%)
VII (0.08%)
Other (0.14%)

M: Types IV (47.8%)
II (32.8%)
I (12.5%)
III (3.27%)
V (3%)
VI (0.2%)
VII (0.1%)
Other (0.33%)
D: Types I (92.56%)
II (4.4%)
IV (2%)
III (0.5%)
V (0.5%)
VI (0.04%)

Accessory canals M: 45%
(coronal: 10.4%; middle: 12.2%; apical: 54.4%)
D: 30%
(coronal: 8.7%; middle: 10.4%; apical: 57.9%)

M: 49%
(coronal: 10.1%; middle: 13.1%; apical: 65.8%)
D: 34%
(coronal: 9.1%; middle: 11.6%; apical: 68.3%)

Apical curvature M: Distal (84%)
Straight (16%)
D: Straight (73.5%)
Distal (18%)
Mesial (8.5%)

M: Distal (60.8%)
Straight (27.2%)
Buccal (4%)
S-shaped (8%)
D: Straight (57.6%)
Distal (18.4%)
Mesial (13.6%)
Buccal (4%)
S-shaped (6.4%)

Anomalies 5 canals187

6 canals188

7 canals189

Radix89

Taurodontism190

Fusion/gemination191

Isthmus192

3 roots193

C-shaped194

3 canals in the distal root195

1 canal196

2 canals197

5 canals198

Fusion/gemination199

Isthmus192

C-shaped110

Ethnic variations Radix entomolaris is most common in Asian and North Ameri-
can native populations

M, Mesial root/canal; D, distal root/canal.

Root canal configurations are classified according to Vertucci.40

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In Versiani MA, Basrani B, Sousa Neto MD, editors: The root canal anatomy in 
permanent dentition, ed 1, Switzerland, 2018, Springer International Publishing, pp 181–240.
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• Fig. 12.25 Three-dimensional (3D) micro–computed tomography (micro-
CT) models and two-dimensional (2D) cross-sections depicting the inter-
nal and external anatomy of mandibular molars.
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• Fig. 12.24 Three-dimensional (3D) micro–computed tomography (micro-
CT) models and two-dimensional (2D) cross-sections depicting the inter-
nal and external anatomy of maxillary molars.

 1.  Why is there a need for a new root canal morphology classification system?
 A.  The Weine’s classification system is limited and cannot classify all 

types of canal configurations.
 B.  The Type VIII canal system in the Vertucci classification is unclear.
 C.  The Vertucci system does not include all types of canal 

configurations.
 D.  All of the above are correct.
 2.  Which anterior tooth in the permanent dentition has the highest 

incidence of two roots with two bifid root apices?
 A.  Maxillary central incisor
 B.  Maxillary lateral incisor
 C.  Maxillary canine
 D.  Mandibular central incisor
 E.  Mandibular lateral incisor
 F.  Mandibular canine
 3.  Which of the following ethnic groups has the highest incidence of radix 

entomolaris?
 A.  Western Eurasia (Western Europe, Middle East, and North Africa)
 B.  Sub-Saharan Africa (West Africa, South Africa, San)

 C.  Sino-America (China-Mongolia, Japan-Recent, Japan-Jomon, 
Northeast Siberia, South Siberia, American Arctic-Eskimo-
Aleuts, Northwest North America-Indians, North and South 
America-Indians)

 D.  Sunda-Pacific (South East Asia, Polynesia, Micronesia)
 E.  Sahul-Pacific (Australia, New Guinea, Melanesia)
 4.  Which permanent teeth or roots of permanent teeth is there a high 

likelihood of finding two or more canals?
 A.  Maxillary central incisor
 B.  Maxillary first premolar
 C.  Maxillary second premolar
 D.  Mandibular first premolar
 E.  Mandibular second premolar
 F.  Mesiobuccal root of the maxillary first molar
 G.  Palatal root of the maxillary first molar
 H.  Mesial root of the mandibular first molar
 I.  Distal root of the of the mandibular first molar
 J.  Mesial root of the mandibular second molar
 K.  Distal root of the mandibular second molar

Study Questions

Continued
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Influence of Root Canal Anatomy in 
Endodontic Procedures
Outcomes of nonsurgical and surgical endodontic procedures are 
highly influenced by variations in canal configuration and cross-
sectional shapes and by the presence of canal irregularities and cur-
vatures. Moreover, the high frequency of fins and communications 
between canals within the same root make it impossible for any 
mechanical or chemical technique to completely disinfect the root 
canal system. It is noteworthy to point out that some factors, such as 
physiologic aging, pathology, and occlusion, as well as the secondary 
deposition of dentin, can increase the mentioned variations, making 
shaping and cleaning the root canals a real challenge. Hence, the 
purpose of the treatment must be toward reducing the level of con-
tamination as far as possible and entombing the remaining micro-
organisms. Clinicians ought, therefore, to be aware of complex root 
canal structures, cross-sectional dimensions, and iatrogenic altera-
tions of canal anatomy. In this way, it is advisable to make a careful 
diagnostic interpretation based on angled radiographs or tomo-
graphic examinations, proper access preparation, and a detailed 
inspection of the pulp chamber floor. Ideally the search for root 
canal orifices should be under magnification with high intensity 
lighting, aiming to improve the treatment outcome.22

Essentially, there are three conditions that the clinician faces 
routinely when undertaking root canal treatment: teeth with vital 
and irreversibly inflamed pulps, teeth with necrotic pulps with 
or without primary apical periodontitis, and retreatment cases 
because of posttreatment apical periodontitis. In teeth with irre-
versible pulpitis, infection is usually restricted to the coronal parts 
of the canal and is easily controlled by abundant irrigation of the 
pulp chamber with sodium hypochlorite (NaOCl) after comple-
tion of the access cavity preparation. Then, under strict aseptic 
conditions, the clinician needs to clean the canal by removing 
the inflamed vital pulp tissue as much as possible.216 In necrotic 
untreated teeth and treated teeth referred for retreatment because 
of posttreatment apical periodontitis an infection is established in 
the root canal system. In these cases, in addition to cleaning the 
canal from the necrotic pulp tissue or the previous filling mate-
rial, the clinician also needs to combat infection. The successful 
treatment outcome will depend on how effective the clinician is in 
achieving these goals.217

One of the main steps of root canal treatment involved with 
disinfection of the root canal system is chemomechanical prepara-
tion. This procedure is of utmost importance for cleaning and dis-
infection, because instruments and irrigants act primarily in the 

main canal. Numerous studies have shown that instrumentation 
and irrigation are highly effective in reducing the intracanal bac-
terial populations.218-220 Clinical219,221 and in vitro studies222,223 
have clearly demonstrated that preparation using an antibacterial 
irrigating solution such as NaOCl significantly enhances disinfec-
tion compared with irrigation with saline or water. Most canals 
instrumented and irrigated with 2.5% NaOCl have the number 
of bacteria reduced 102 to 105 fold, which has resulted in an over-
all reduction of bacterial counts of 95% to 99%.222,224 Regular 
exchange and the use of large volumes of irrigants should main-
tain the optimum antibacterial effectiveness of the NaOCl solu-
tion, compensating for the effects of concentration.222 It has been 
reported that the beneficial effects of using NaOCl compared with 
saline are only observed after significant apical enlargement.219,221 
Several studies agree that supplementary irrigation methods using 
laser- or ultrasonic-activated irrigation and positive-pressure 
pulsed-delivery systems perform better than syringe irrigation in 
the removal of dentin debris or soft tissue remnants from fins and 
noninstrumented oval extensions,33-35 but the relative effective-
ness of each method is still unclear.216

Accessory canals and dentinal tubules present similar chal-
lenges for root canal irrigation but at a different length scale. 
Accessory canals (10 μm to 200 μm) are perceived to be smaller 
than the main canal but larger than dentinal tubules (0.5 μm to 
3.2 μm).25 Irrigant flow in accessory canals and dentinal tubules 
is driven by the flow in the main canal and appears to be limited 
to a depth approximately twice their diameter, whereas diffusion 
dominates irrigant transport beyond that point. Therefore opti-
mum irrigant refreshment in the main canal to maintain a favor-
able concentration gradient, any increase in the temperature of the 
irrigants, and a longer application period could enhance particle 
transport. Nevertheless, the importance of accessory canal and 
dentinal tubule cleaning for the success of root canal treatment 
has been debated.225

Despite the optimal antibacterial effect obtained by che-
momechanical preparation, clinical bacteriologic studies have 
demonstrated that 30% to 60% of the previously infected root 
canals still have detectable levels of bacteria after instrumenta-
tion.218-220,226-228 The main reasons for bacteria to persist after 
chemomechanical procedures is that they are resistant to treat-
ment or they are unaffected by instruments/irrigants. Although 
some microorganisms have been shown to be resistant to some 
endodontic antimicrobial agents,229 resistance both to debride-
ment and to NaOCl is highly unlikely to occur. Bacteria usually 
survive after treatment procedures not because they are more 

Study Questions—cont’d

 5.  Which of the following ethnic groups has the highest incidence of dens 
evaginatus?

 A.  Western Eurasia (Western Europe, Middle East, and North Africa)
 B.  Sub-Saharan Africa (West Africa, South Africa, San)
 C.  Sino-America (China-Mongolia, Japan-Recent, Japan-Jomon, 

Northeast Siberia, South Siberia, American Arctic-Eskimo-Aleuts, 
Northwest North America-Indians, North and South America-Indians)

 D.  Sunda-Pacific (South East Asia, Polynesia, Micronesia)
 E.  Sahul-Pacific (Australia, New Guinea, Melanesia)
 6.  Dens invaginatus is most commonly associated with which permanent 

anterior tooth?
 A.  Maxillary central incisor
 B.  Maxillary lateral incisor

 C.  Maxillary canine
 D.  Mandibular central or lateral incisor
 E.  Mandibular canine
 7.  Which of the following ethnic groups has the highest incidence of 

bifurcated permanent mandibular canine root morphology?
 A.  Western Eurasia (Western Europe, Middle East, and North Africa)
 B.  Sub-Saharan Africa (West Africa, South Africa, San)
 C.  Sino-America (China-Mongolia, Japan-Recent, Japan-Jomon, 

Northeast Siberia, South Siberia, American Arctic-Eskimo-
Aleuts, Northwest North America-Indians, North and South 
America-Indians)

 D.  Sunda-Pacific (South East Asia, Polynesia, Micronesia)
 E.  Sahul-Pacific (Australia, New Guinea, Melanesia)
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  Summary of the Studies on Root and Root Canal Anatomy of Third Molars

References Population Study Type Sample

NUMBER OF ROOTS (%) NUMBER OF ROOT CANALS (%)

1 2 3 ≥4 1 2 3 4 ≥5

Maxillary Third Molars

Barret200 USA Sectioning 32 28.1 34.4 37.5 - - - - - -

Piñeda & Kuttler17 Mexico Radiograph 292 - - - - 21.4 51.7 21.0 5.9 -

Green18 USA Sectioning 100 MB - - - - 63.0 37.0 - - -

Hession201 Australia Radiograph 12 - - - - 16.7 25.0 58.3 - -

Pécora et al.202 Brazil Clearing 50 - - - - - - 68.0 32.0 -

Guerisoli et al.203 Brazil Clearing 155 12.3 1.9 81.9 3.8a 4.5 11.6 67.8 14.2 1.9

Stropko204 USA Retrospective 25 - - - - - 20.0 60.0 20.0 -

Sidow et al.111 USA Clearing 150 15.3 32 45.3 7.4 7.4 c 3.3 57.3 27.3 4.7d

Ng et al.205 Burma Clearing 72 19.4 19.4 55.6 5.6 5.6 25.0 47.2 22.2 -

Alavi et al.206 Thailand Clearing 151 1.3 6.6 88.1 4.0 9.9 11.3 48.3 29.1 1.3

Weng et al.207 China Clearing 43 - - - - 27.9 11.6 44.2 16.3 -

Sert et al.208 Turkey Clearing 290 35.5 28.6 34.1 1.7 12.4 29.7 46.9 11.0 -

Cosic et al.209 Croatia Sectioning 56 8.9 5.4 83.9 1.8 7.1 7.1 75.0 10.8 -

Tomaszewska et al.210 Poland Micro-CT 78 38.5 - 61.5 - 23.1 15.4 46.1 15.4 -

Mandibular Third Molars

Barret200 USA Sectioning 32 15.6 71.9 12.5 - - - - - -

Piñeda & Kuttler17 Mexico Radiograph 259 - - - - - 65.8 26.4 7.8 -

Green18 USA Sectioning 100 MR - - - - 74.0 26.0 - - -

Hession201 Australia Radiograph 3 - - - - - 33.3 66.7 - -

Zakhary et al.211 Egypt Radiograph 374 11.8 82.3 5.9 - 11.8 17.6 64.7 5.9 -

Guerisoli et al.203 Brazil Clearing 114 51.8 46.4 1.8 - 12.3 69.3 18.4 - -

Sidow et al.111 USA Clearing 150 16.7 76.7 5.3 1.3 7.3e 16.7 55.3 16.7 4.0d

Gulabivala et al. Burma Clearing 58 - 100 - - 1.7 51.7 44.8 1.7 -

Gulabivala et al.212 Thailand Clearing 173 11.6 86.7 21.2 0.6 6.4 64.1 28.3 5.2 -

Sert et al.208 Turkey Clearing 370 24.9 69.5 5.4 0.3 10.8 52.7 17.3 18.6 0.5

Kuzekanani et al.213 Iran Clearing 150 21.4 72.6 5.3 0.7 10.0f 52.0 32.7 5.3 -

Cosic et al.209 Croatia Sectioning 50 56.0 44.0 - - 4.0 6.0 90.0 - -

Park et al.214 South Korea Tomography 214 41.6b 56.5 1.9 - - - - - -

MB, Mesiobuccal root; micro-CT, micro–computed tomography; MR, mesial root.
a0.6% of the sample had five roots; b3.7% of the sample had C-shaped canals;
c4.7% of the sample had C-shaped canals; d0.7% of the sample had six canals;
e4.0% of the sample had C-shaped canals; f3.3% of the sample had C-shaped canals.

Adapted from Ahmad IA, Azzeh MM, Zwiri AMA, Haija MASA, Diab MM: Root and root canal morphology of third molars in a Jordanian subpopulation, Saudi Endod J 6:113, 2016.215
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resistant but because they were not affected by instruments and 
irrigants. Bacteria remain unaffected because treatment was inad-
equately carried out (small instrumentation, too short of the 
apex, poor irrigation, etc.) or because bacteria were located in 
difficult-to-reach anatomic areas. In fact, the latter is the main 
reason for bacterial persistence even after diligent endodontic 
treatment. Canals that are flattened or oval-shaped are often not 
properly cleaned and disinfected by current hand or rotary NiTi 

instrumentation using reaming motions.230,231 Recesses are com-
monly left untouched at the extremities of the canal’s largest diameter  
(Fig. 12.26).232,233 In addition to harboring remnants of pulp tis-
sue or bacterial biofilms, such recesses may also be packed with 
dentin chips generated and pushed therein by rotating instru-
ments.32,33 Packed debris can interfere with the quality of obtura-
tion and, in infected root canals, can harbor bacteria to serve as a 
potential source of persistent infection.234

  Combined Data From CBCT Studies on Root and Root Canal Morphology of Maxillary and Mandibular 
Permanent Teeth

Maxillary
Number of 
Teeth

NUMBER OF ROOTS (%) ROOT CANAL CONFIGURATION (%)

1 2 3 4 I II III IV V VI VII VIII Other

Central 
 incisor

3125 99.94 0.06 0 0 99.20 0.1 0.1 0.5 0.1 0 0 0 0

Lateral incisor 3068 99.94 0.06 0 0 98.50 0.8 0.2 0.1 0.4 0 0 0 0

Canine 3148 100 0 0 0 97.0 0.8 1.2 0.2 0.7 0 0 0 0.1

1st premolar 2575 43.1 55.3 1.6 0 20.10 17.4 1.5 50.1 3.0 4.9 0.4 1.2 1.3

2nd premolar 2345 86.2 13.5 0.3 0 42.70 18.7 4.0 17.6 9.6 6.3 0.5 0.4 0.3

1st molar 8934 0.2 1.8 97.7 0.3

MB root 8934 39.10 29.3 1.6 26.0 2.0 1.4 0.1 0.1 0.4

DB root 7473 98.60 0.4 0.3 0.2 0.4 0.01 0 0 0

P root 8445 99.26 0.3 0.2 0.1 0.1 0 0 0 0.04

2nd molar 9570 10.7 14.9 73.7 0.7

MB root 9353 66.10 15.3 2.8 13.0 1.9 0.6 0.1 0.05 0.2

DB root 9570 99.60 0.2 0.07 0.1 0.03 0 0 0 0

P root 9570 99.67 0.1 0.1 0.1 0.05 0 0 0.01 0.01

Mandibular 1 2 3 4 I II III IV V VI VII VIII Other

Central 
 incisor

11860 100 0 0 0 86.5 2.0 8.1 1.4 2.8 0 0.1 0 0.1

Lateral 
 incisor

11805 99.92 0.08 0 0 79.7 2.6 11.9 1.8 3.8 0 0.1 0 0.1

Canine 10009 98.57 1.43 0 0 92.4 1.9 2.7 1.5 1.2 0 0 0 0.3

1st premolar 6043 97.5 2.5 0 0 71.3 2.3 2.8 3.5 18.7 0.5 0.1 0.1 0.7

2nd premolar 6350 98.5 1.5 0 0 84.7 0.7 0.5 0.3 13.4 0.07 0.04 0.05 0.2

1st molar 7388 0.55 86.9 12.5 0.05

Mesial root 7388 2.37 19.9 2.9 71.3 2.1 0.3 0.09 0.03 1.01

Distal root 6712 70.3 13.0 3.6 10.1 2.7 0.08 0.08 0 0.14

2nd molar 7439 19.0 78.6 2.2 0.2

Mesial root 6734 12.5 32.8 3.27 47.8 3.0 0.2 0.1 0 0.33

Distal root 7439 92.56 4.4 0.5 2.0 0.5 0.04 0 0 0

Root canal configurations are classified according to Vertucci.40

CBCT, Cone beam computed tomography; DB, distobuccal; MB, mesiobuccal; P, palatal.

Adapted from Versiani MA, Pereira MR, Pécora JD, Sousa Neto MD: Root canal anatomy of maxillary and mandibular teeth. In Versiani MA, Basrani B, Sousa Neto MD, editors. The root canal anatomy in 
permanent dentition. ed 1. Switzerland, 2018, Springer International Publishing, pp 181–240.
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In summary, anatomic complexities represent physical con-
straints that pose a serious challenge to adequate disinfection. The 
main root canal lumen and minor anatomic irregularities are usually 
incorporated into preparation and affected by NaOCl, but bacte-
ria and organic tissue may remain in areas not reached by instru-
ments and irrigants.234-236 Unaffected areas include root canal walls 
untouched by instruments, recesses, dentinal tubules, isthmuses, 
lateral canals, and apical ramifications.230,235-237 These areas are 
usually not affected because of the inherent physical limitations of 
instruments and the short retention time of irrigants within the root 
canal system. If bacterial biofilms remain in untouched and unaf-
fected canal areas, the treatment outcome is put at risk.217 

Clinical Outcome Remarks
Diagnosis and treatment planning for endodontic therapy involves 
the reading of clinical radiographs to determine the morphology 

of the root and root canals. Perhaps the most important aspect 
of assessing the degree of difficulty of an endodontic treatment is 
to know the dental anatomy of the tooth requiring treatment. A 
thorough cleaning and shaping of a canal system is accomplished 
by observing and anticipating the complexity of the internal 
pulpal anatomy. The Washington Study238 and others since239,240 
have shown that not all teeth that received endodontic treatment 
enjoyed the same degree of success. By inference, it was the realiza-
tion that all teeth in the dental arch did not have a simple, single 
“hollow-tube” to the apical foramen and differed in root morphol-
ogy in many ways.

The dental literature is replete with examples of complex dental 
root anatomy, and many of the cases are a result of endodontic 
failure to heal because of missed, poorly filled, or unfilled canal 
systems. The importance of learning both the normal and varia-
tions from the normal morphology of roots and root canals in the 
human dentition cannot be overemphasized. The dental anatomy 
research of root number and root shape will help the clinician in 
a search for canal systems within the pulp chamber or along the 
canal length.

Teeth that have a broad diameter, usually in the labiolingual or 
buccolingual direction, have been shown to have a high incidence 
of double or even multiple canal numbers and apical foramen out-
lets. Multiple root canal classification systems have been proposed 
over the years, each with their own advantages and shortcomings. 
Standard radiographs may only give clues to the complexity of 
canal systems. Even 3D radiographs like the CBCT need a high 
resolution and a degree of skill in interpreting the image of a 
root canal system. The clinicians who know their ability and can 
anticipate a complex root canal system during instrumentation 
can be more thorough in cleansing and shaping the entire root 
canal space. The highest success rate and the lowest number of 
failed treatments will result as a treatment outcome when dental 
anatomy is taken into account. 

Conclusions
Knowledge of both normal root and root canal anatomy is 
most critically important to perform successful endodontic 
treatment. The science of dental anatomy of the human denti-
tion helps a dentist not only in restorative dentistry for cor-
onal anatomy, but also in endodontic therapy with root and 
root canal anatomy research. A number of conclusions may 
be drawn from reading the information in this chapter about 
human root canal anatomy as it relates to a proposed endodon-
tic treatment:
	•	 	The	study	of	human	anatomy	of	teeth	started	in	the	16th	cen-

tury. Root anatomy and canal anatomy research specifically was 
the interest of dental anatomists for over a century, as shown by 
a perusal of the important early dental literature. However, its 
importance in performing root canal treatment has made this 
the province of modern endodontology.

	•	 	One	can	see	the	progression	of	knowledge	and	introduction	of	
new techniques when the historical perspective is taken into 
account, with three loosely defined phases of root canal mor-
phology research.

	•	 	The	two	most	popular	canal	classification	systems	by	Weine	
or Vertucci and more lately by Ahmed et al. using the Univer-
sal Tooth Number system all have their advantages and dif-
ficulties when applied to clinical or laboratory root anatomy 
research. Nonetheless, our understanding of the complexity 
of the morphology of pulp space has expanded from the ear-
lier studies.

A

B

• Fig. 12.26 Three-dimensional (3D) micro–computed tomography (micro-
CT) models and two-dimensional (2D) cross-sections of a (A) mesial root 
of mandibular molar and (B) a mandibular canine showing the superim-
posed root canal system before (in green) and after (in red) preparation 
with rotary nickel-titanium (NiTi) instruments, depicting the irregularities of 
the root canal shape left untouched (arrows).
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	•	 	The	root	canal	components	consist	of	the	coronal	pulp	cham-
ber, which is continuous with the radicular root canal space in 
anterior teeth. Posterior teeth may have a chamber floor when 
the radicular roots form in their embryonic development.

	•	 	The	morphology	of	the	pulp	space	is	distinctive	for	each	tooth	
in the arch, but each tooth also has its own unique morphology 
of root shape and canal number as controlled by many genetic 
factors.

	•	 	By	analyzing	the	detailed	description	and	tables	of	root	num-
ber and canal number for each tooth in the dental arch, one 
can see the relative likelihood of finding more than one canal 
per root in a clinical situation.

	•	 	Radix	entomolaris,	or	the	extra	distal	root	on	the	lingual	aspect	
of mandibular molar teeth, is most common in Asian and 
North American native indigenous populations, and the inci-
dence may be as high as 20% in some populations.

	•	 	A	 comparison	of	 root	 number,	 canal	 number,	 root	 size,	 and	
many other variable features of the human dentition in the 
printed tables shows that the more posterior tooth is slightly 
smaller and less distinctive in its dental characteristics.

	•	 	The	 incidence	 of	 dental	 characteristics	 that	 vary	 from	 the	
normal may occur in greater numbers in certain ethnic 
populations and include things like root number in maxil-
lary and mandibular premolar teeth, bifurcation and double 
canals in mandibular canines, dens evaginatus in premolar 
teeth, C-shaped, and taurodont anomalies, to name a few. 
All of these variations from the average must be recognized 
as possible complications before endodontic treatment is 
initiated.

	•	 	Root	canal	anatomy	influences	treatment	procedures	in	a	num-
ber of ways and may result in a high degree of difficulty, which 
would be a reason to refer treatment to a specialist for end-
odontic treatment.

	•	 	One	of	the	most	common	reasons	for	a	failed	root	canal	treat-
ment is to not anticipate or locate the double or multiple canal 
system in roots that have a wide labiolingual or buccolingual 
diameter.

	•	 	Illustrations	 of	 root	 and	 canal	 anatomy	will	 aid	 a	 student	
to visualize the shape and dimensions of teeth in the dental 
arch.

 8.  When a tooth requires endodontic therapy, which of the following 
statements is correct with respect to root canal morphology?

 A.  There is usually one straight canal within any given root.
 B.  The canal is usually positioned more to the facial.
 C.  Assume that each root may contain more than one canal system.
 D.  Canals tend to become larger with age.
 9.  The resurgence of studies of human root and canal anatomy may be 

attributed to:
 A.  Newer laboratory and clinical radiographic techniques such as 

CBCT
 B.  Additional populations to be studied in dental schools outside of 

North America and Europe
 C.  A growing interest in endodontics and realization that knowledge of 

variations in dental root anatomy is the key to successful treatment
 D.  The resurrection of practitioners wanting to prove the “theory of focal 

infection” and the inability to seal root canals 100%
 10.  Krasner and Rankow proposed a series of laws to aid in determining 

the position of the pulp chamber and the location and number of canal 
entrances. The “law of centrality” means that the pulp chamber is 
centered in the tooth:

 A.  At the midpoint of the crown
 B.  At the level of the cementoenamel junction
 C.  1 mm occlusal to the furcation
 D.  But it is highly variable in its vertical position
 11.  Krasner and Rankow proposed a series of laws to aid in determining 

the position of the pulp chamber and the location and number of canal 
entrances. The “law of color change” means that:

 A.  The walls are darker than the floor of the pulp chamber.
 B.  The walls are lighter than the floor of the pulp chamber.
 C.  Both the walls and floor become lighter in color with secondary 

dentin with age.
 12.  Which of the following are routinely used for the identification of all 

canal orifices during molar root canal therapy during routine access 
opening procedure?

 A.  Good illumination
 B.  Magnification
 C.  CBCT imaging
 D.  Specialized instruments
 13.  Which of the following components of the root canal system are 

primarily cleansed by chemomechanical means?
 A.  Accessory canals.
 B.  Lateral canals.

 C.  Main canal.
 D.  Furcation canals.
 14.  In cross-section, root canal shapes are classified as:
 A.  Oval
 B.  Round
 C.  Long oval
 D.  Flattened
 E.  Irregular
 F.  Regular
 15.  Which of the following are consistent with a transverse anastomosis 

as found in some ovoid-shaped roots, which contain two or more canal 
systems?

 A.  It is also called an isthmus.
 B.  It is a narrow, ribbon-shaped communication between two root 

canals.
 C.  It always contains vital tissue.
 D.  It can contain necrotic debris.
 E.  It may contain biofilm.
 16.  In the study by Schäfer and colleagues that measured the degree 

of curvature of more than 1000 root canals from all groups of 
teeth by using radiographs, the highest degree of curvature was 
found in the:

 A.  Mesiobuccal canal of maxillary molars
 B.  Distobuccal canal of maxillary molars
 C.  Mesial canals of mandibular molars
 D.  Distal canals of mandibular molars
 17.  Which of the following developmental anomaly condition is 

characterized by an enlarged pulp chamber and root trunk and a 
shortening of the roots?

 A.  Dens invaginatus
 B.  Dens evaginatus
 C.  Taurodontism
 D.  Radix entomolaris
 E.  C-shaped canal system
 18.  Which of the following root canal anatomy factors are known to affect 

the outcome of surgical and nonsurgical endodontics?
 A.  Canal irregularities
 B.  Canal curvature
 C.  The presence of fins
 D.  The deposition of secondary and tertiary dentin with age

Study Questions
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A N S W E R S

Answer Box 12
  1.  Correct Answer: D. Both the Weine and Vertucci classification systems 

have limitations because neither can classify all canal system configu-
rations. The Vertucci classification system has sometimes been used in-
consistently. One example is how a three-rooted maxillary first premolar 
with a single canal in each root is classified. Some authors classify 
this as Type VIII, whereas others classify the canal system in each root 
(mesiobuccal, distobuccal, and palatal) as Type I canal systems.

  2.  Correct answer: F. The mandibular canine is the most common anterior 
tooth to have a bifurcated root. The root bifurcates into a labial and 
lingual root and can have an incidence of 3% to 5%, especially in some 
Western Eurasian populations.

  3.  Correct answer: C. Radix entomolaris is an extra root found in a lingual 
position of the permanent mandibular molar. Therefore a mandibular 
molar would have three roots (mesial, distolingual, and distobuccal) in-
stead of the typical two roots (mesial and distal). This is most common 
in Asian and North American aboriginal populations in the permanent 
mandibular first molar. The incidence can be 20% or more in these 
populations.

  4.  Correct answers: B, F, H and J. Each of these teeth or roots of teeth 
generally have a significantly high incidence of two canals.

  5.  Correct answer: C. Dens evaginatus presents as a tubercle on the oc-
clusal surface of any of the premolars and has the highest incidence in 
Asian and North American aboriginal populations.

  6.  Correct answer: B. This infolding of enamel can be mild to severe. 
Oehlers classified dens invaginatus as Types 1, 2, and 3 with the most 
severe form being Type 3. The permanent maxillary lateral incisor is the 
tooth that is most commonly affected with this developmental anomaly.

  7.  Correct answer: A. Although the incidence of bifurcated permanent 
mandibular canines is relatively low, it is highest in the Western 
Eurasian ethnic group (approximately 5% to 6%) in both ancient and 
modern populations.

  8.  Correct answer: C. It is critically important to always assume that a root 
has more than one canal until proven otherwise. Failure to find, cleanse, 
instrument, and obturate the entire root canal system in any given 
tooth will likely result in treatment failure. Although some roots and 
some teeth may be more likely to be elongated in cross-section and not 
round, there are a few rare anomalies of double canal formation that 
may not appear on a standard radiograph.

  9.  Correct answer: D. Only statement “D” is incorrect. The practitioners 
who are trying to discredit the safety and successfulness of current 
endodontic treatment use the century-old and faulty research methods 
and papers. The third phase of human root anatomy research uses 
modern imaging systems and have expanded to include worldwide 
dental schools and touch on all ethnicities.

 10.  Correct answer: B. Understanding the series of laws outlined by Krasner 
and Rankow is critical to endodontic treatment success and conversely, 
avoiding iatrogenic errors that could lead to adverse treatment outcome.

 11.  Correct answer: B. Understanding the series of laws outlined by Krasner 
and Rankow is critical to endodontic treatment success and conversely, 
avoiding iatrogenic errors that could lead to adverse treatment outcome.

 12.  Correct answers: A, B and D. Although CBCT can be a valuable adjunct 
in endodontics, it should be used selectively where indicated. The stand-
ard of practice and ALARA concept (As Low As Reasonably Achievable) 
do not dictate special imaging techniques in routine operations.

 13.  Correct answer: C. Accessibility, location, and orientation of the main 
canal in a tooth receiving endodontic therapy are the primary reasons 
for the importance of mechanical means in canal cleansing.

 14.  Correct answer: A, B, C, D and E. The internal shape of the root canal 
system mirrors the external shape of the root, which is variable in its 
morphology throughout the dentition.

 15.  Correct answers: A, B, D and E. The four answers describe a root canal 
system transverse anastomosis. This difficult to reach region of a root 
canal system is contaminated both in necrotic therapy and in retreat-
ment endodontics and thus difficult to seal effectively.

 16.  Correct answers: A and C. The greater the canal curvature, the more 
complex the endodontic treatment of that canal becomes. Also, age 
leads to narrower canal systems, which compounds the complexity.

 17.  Correct answer: C. This accurately describes taurodontism. Teeth most 
commonly involved are the molars and possibly premolars. As a result 
of the large volume of pulp contained in the large pulp chamber, excess 
bleeding may be challenging to manage on performing an access open-
ing when the pulp is highly inflamed.

 18.  Correct answer: A, B, C and D. All of the factors listed previously 
contribute to increasing the complexity of root canal treatment and the 
clinical outcome.
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13
Isolation, Endodontic 
Access, and Length 
Determination
FABRICIO B. TEIXEIRA, ANNE E. WILLIAMSON, AND 
SHAHROKH SHABAHANG

Chapters 14 and 15 address the technical aspects of nonsurgical 
root canal treatment. Areas presented include isolation, access, 
length determination, cleaning and shaping, and obturation. A 
number of instruments and techniques are advocated for treat-
ment procedures. These chapters introduce concepts and prin-
ciples that are important for successful treatment. These building 
blocks are based on the best available evidence and provide a basis 
for incorporating more complex and alternative techniques.

Rubber Dam Isolation

Application
Application of the rubber dam for isolation during endodontic 
treatment has many distinct advantages and is mandatory for legal 
considerations.1 Expert testimony is not required in cases involv-
ing patients who swallowed or aspirated instruments or materials, 

because juries are considered competent to determine negligence. 
Failure to use a rubber dam indicates that the clinician does not 
understand the need to protect the patient from aspiration or 
swallowing instruments, the protection afforded the dental staff 
from contaminated aerosols, the microbial nature of the disease 
process, and the decreased success rate for treatment when strict 
asepsis is not used.

Evidence exists that many general dentists unnecessarily place 
themselves at risk by not using the rubber dam when performing 
endodontic procedures.2 Although the use of the rubber dam in 
the United States is considered the standard of care, recent studies 
have shown that is not universal among general dentists. A survey 
conducted in 2013 reported that only 44% of general dentists 
who perform root canal therapy (RCT) use rubber dam isolation. 
Moreover, 15% reported that they do not use a rubber dam for any 
of the RCTs that they provide.2 Considering that the use of rub-
ber dam significantly increases the tooth survival rates after initial 

L E A R N I N G  O B J E C T I V E S
After reading this chapter the student should be able to:

 1.  Describe the rationale for rubber dam isolation during  
endodontic procedures.

 2.  Describe techniques for application of the clamp and rubber 
dam.

 3.  Recognize situations in which special isolation approaches are 
necessary and identify isolation techniques for unusual situa-
tions.

 4.  Identify patients who should be considered for referral.

 5.  Identify major objectives of endodontic access preparation, 
including importance of dentin preservation.

 6.  Relate reasons and indications for removing caries or restora-
tions before access.

 7.  Describe the technical procedure, materials used, and sequence 
to properly access all teeth.

 8.  Demonstrate the step-by-step technique for obtaining esti-
mated and correct working lengths.

 9.  Describe the practice and accuracy of electronic apex locators.
 10.  Illustrate the portions of the tooth that must be removed to 

attain access to the canals.

C H A P T E R  O U T L I N E
Rubber Dam Isolation, 265

Access Openings, 269

 Access Openings and Canal Location*, 274

Errors in Access, 281

Length Determination, 281
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RCT, its constant usage will improve the infection control―and 
in consequence the outcome―of endodontic treatment.3

The rubber dam provides protection for the patient and creates 
an aseptic environment; it enhances visibility, retracts tissues, and 
makes treatment more efficient. Soft tissues are protected from 
laceration by rotary instruments, chemical agents, and medica-
ments. Irrigating solutions are confined to the operating field. 
Most important, rubber dam isolation protects the patient from 
swallowing or aspirating instruments and materials (Fig. 13.1).4 
An additional advantage is that the dentist and auxiliary employees 
are also protected.5-7 The risk from aerosols is minimized,8,9 and 
the dam provides a barrier against the patient’s saliva and oral bac-
teria. Application of the rubber dam may also reduce the potential 
for transmission of systemic diseases, such as acquired immunode-
ficiency syndrome (AIDS), hepatitis, and tuberculosis.5,9

The rubber dam is manufactured from latex; however, nonlatex 
rubber dam material is available for patients with latex allergy and 
is used exclusively in many institutions (Fig. 13.2).10 The rubber 
dam can be obtained in a variety of colors that provide contrast 
to the tooth. The thickness also varies (light, medium, heavy, and 
extra heavy). A medium-weight dam is recommended because a 
lightweight dam is easily torn during the application process. Also, 
the medium material fits better at the gingival margin and pro-
vides good retraction.

The design of the rubber dam frames also varies. For endodon-
tics, plastic frames are recommended; they are radiolucent and do 
not require complete removal during exposure of interim images, 
such as the working length and master cone radiographs and digi-
tal images (Video 13.1). 

Rubber Dam Retainers
Rubber dam clamps fit the various tooth groups. During rou-
tine treatment, metal clamps are adequate; however, they may 
damage tooth structure11 or existing restorations. Some have 
serrated edges to enhance retention when minimal coronal 

tooth structure remains. Plastic clamps are manufactured and 
have the advantage of being radiolucent. This radiolucency 
is an advantage in difficult cases in which the pulp chamber 
and canal cannot be located. When using a plastic clamp, the 
rubber dam can remain in place. The plastic clamps are less 
likely than metal ones to damage tooth structure or existing 
restorations.12

Types
Different styles and shapes of rubber dam clamps are available for 
specific situations. The following selection is recommended: (1) for 
anterior teeth: Ivory No. 9 or 212; for premolars: No. 0 and 2; and 
for molars: No. 14, 14A, 56, and 205. Clamps that will manage 
most isolation situations during root canal treatment are shown 
in Fig. 13.3. Winged clamps permit the application of the rubber 
dam as a single unit during single-tooth isolation (Fig. 13.4).13 

Universal Clamp Designs
Two designs (see Fig. 13.3), the “butterfly” Ivory No. 9 and the 
Ivory No. 56, are suitable for most isolations. The butterfly design 
(No. 9) has small beaks, is deep reaching, and can be applied to 
most anterior and premolar teeth. The No. 56 clamp can isolate 
most molars.

With teeth that are smaller, reduced by crown preparation, or 
abnormally shaped, a clamp with smaller radius beaks (No. 0, 9, 
or 14) is necessary. Small-radius beaks can be positioned farther 
apically on the root, which stretches the dam cervically in the 
interproximal space.

Additional Designs
Clamps that may be most useful when little coronal tooth struc-
ture remains have beaks that are inclined apically. These are termed 
deep-reaching clamps. Clamps with serrated edges are also avail-
able for cases involving minimal coronal structure. These clamps 
should not be placed on porcelain surfaces because damage may 
occur.11

A B

• Fig. 13.1 A, A file (arrow) that a patient swallowed during endodontic treatment. B, A bur that a patient 
also swallowed due to the lack of proper protection with rubber dam.
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A

C B

• Fig. 13.2 A and B, Disposable rubber dam systems; C, OptiDam, a three-dimensional rubber dam.

A B

• Fig. 13.3 A, The retainers in the bottom left (No. 212 and 9) are designed for anterior teeth but are useful 
for premolars. The two clamps in the bottom right (No. 56 and 14) are for molars and anterior teeth. The 
upper left clamps (No. 0 and 2) are for premolars. No. W14A and 14 are deeper reaching than the No. 56. 
B, Clamp No. 205 can be used for most of the molars.

A B

• Fig. 13.4 A, Placement of the rubber dam as a single unit requires the use of a winged clamp. A hole is 
punched in the rubber dam and then stretched over the wings of the appropriate clamp. B, The rubber 
dam is attached to a plastic radiolucent frame, and the rubber dam forceps is then used to carry the unit 
to the tooth.
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For stability, the clamp selected must have four-point contact 
between the tooth and beaks. Failure to have a stable clamp may 
result in damage to the gingival attachment and coronal struc-
ture,11,14 or the clamp may be dislodged. Clamps may also be 
modified by grinding to adapt to unusual situations.15

Placement of the rubber dam as a single unit is fast and efficient. 
Once in place, the dam is flossed through the contacts, and the 
facial and lingual portions of the dam are flipped under the wings.

Identification of the tooth requiring treatment is usually rou-
tine. However, if no caries or restorations are present, the operator 
may clamp the wrong tooth. This error can be avoided by marking 
the tooth before rubber dam application or by beginning the access 
after placement of a throat pack without the rubber dam in place. 

Preparation for Rubber Dam Placement
Before treatment is initiated, the degree of difficulty in obtain-
ing adequate isolation must be assessed. Often, teeth requiring 

root canal treatment have large restorations, caries, or mini-
mal remaining tooth structure that may present complications 
during isolation and access. Adequate isolation requires that 
caries, defective restorations, and restorations with leaking 
margins be removed before treatment. Removal of all exist-
ing restorations has been advocated to improve the ability to 
assess restorability, pathogenesis of disease, and prognosis.24

Once the treatment plan has been finalized, it may be neces-
sary to perform ancillary procedures to allow for placement of the 
rubber dam.16,17 

Isolation of Teeth with Inadequate Coronal 
Structure
Ligation, the use of deep-reaching clamps, bonding, or building 
up before access are the major methods of isolating teeth without 
adequate coronal tooth structure. Surgical management may also 
be required (Fig. 13.5).

A B

C D

• Fig. 13.5 A, The first molar shows extensive caries on the distal extending to the crestal bone. B, A full-
thickness, mucoperiosteal flap and osseous reduction are performed after caries excavation and preparation for 
a provisional crown; then, 3 to 4 mm of tooth structure coronal to the osseous crest restores the biologic width. 
C, Root canal treatment and placement of the crown. D, The definitive restoration.
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In the case of inability to obtain appropriate isolation, the 
patient should be referred to an endodontic specialist.

Ligation
Inadequate coronal structure is not always the cause of lack of 
retention. In young patients the tooth may not have erupted suf-
ficiently to make the cervical area available for clamp retention. In 
these cases, ligation with floss or the use of interproximal rubber 
Wedjets is indicated (see Fig. 13.15, D). Another approach is mul-
tiple tooth isolation (see Fig. 13.2, C, OptiDam 3D rubber dam). 

Deep-Reaching Clamps
When the loss of tooth structure extends below the gingival tis-
sues but there is adequate structure above the crestal bone, a deep-
reaching clamp is indicated. It may be necessary to use a caulking 
material or resin around the clamp to provide an adequate seal 
(Fig. 13.6). Another option is the use of an anterior retainer 
regardless of the tooth type. 

Bonding
When there is missing tooth structure, including the natural 
height of contour, retention can be increased by bonding resin on 
the facial and lingual surfaces of the remaining tooth structure.18 
The clamp is placed apical to the resin undercut. After treatment 
the resin is easily removed. This technique is preferred over the 
more invasive technique of cutting horizontal grooves in the facial 
and lingual surfaces for the prongs of the clamp. 

Replacement of Coronal Structure
Temporary Restorations
When there is missing tooth structure but adequate retention, 
missing structure can be restored with reinforced intermediate 
restorative material (IRM) containing zinc oxide–eugenol, glass 
ionomers, or resins. These materials provide an adequate coro-
nal seal and are stable until the definitive restoration is placed. 
Bonded materials provide a better seal with improved strength and 
esthetics. 

Band Placement
Placement of orthodontic bands may be indicated in cases 
of cracked or fractured teeth to provide protection and sup-
port until a definitive restoration can be placed. The bands 
are available in various sizes and are appropriately contoured. 
A band can be cemented, and the missing tooth structure 
replaced with IRM (see Fig. 13.39). During the placement 
procedure, it is important to protect the canals and pulp 
chamber. 

Provisional Crowns
Placement of temporary crowns is an option; however, they 
reduce visibility, result in the loss of anatomic landmarks, and 
may change the orientation for access and canal location. Often 
temporary crowns are displaced during treatment by the rubber 
dam clamp. In general, when provisional crowns are placed, they 
should be removed before endodontic treatment to provide the 
correct orientation and maintain the remaining tooth structure. 

Rubber Dam Placement
Placement as a Unit
Placement of the rubber dam, clamp, and frame as a unit is 
preferred (see Fig. 13.4). This method is most efficient and is 

applicable in most cases. A traditional dam and frame can be 
used, or proprietary disposable systems are available (see Fig. 13.2; 
Video 13.2). The steps in this process are as follows:
 1.  The dam is placed on the frame so that it is stretched tightly 

across the top and bottom but has slack horizontally in the 
middle.

 2.  A hole is punched in the dam, and then the clamp wings are 
attached to the dam.

 3.  The dam, frame, and clamp are placed as a unit to engage the 
tooth near the gingival margin.

 4.  The dam is released apically off the clamp wings to allow it 
to constrict around the tooth neck. The dam is then flossed 
through the contacts. 

Placement of a Clamp, Followed by the Dam and Then the 
Frame
Placement of a clamp followed by the dam and frame is seldom 
used but may be necessary when an unobstructed view is required 
while the clamp is positioned. The clamp is first placed on the 
tooth and secured. The rubber dam is then stretched over the 
clamp and the frame affixed (Video 13.3).5 

Placement of the Rubber Dam and Frame and Then the 
Clamp
The preferred method for applying a butterfly clamp that does not 
have wings (No. 212) is to place the dam and frame and then the 
clamp. improved visibility is possible when the hole is stretched 
over the tooth and gingiva first by the operator or dental assis-
tant, and the clamp is then placed. The No. 212 clamp has narrow 
beaks and is often used in situations in which wing clamps are 
unstable or cannot be retained. 

Rubber Dam Leakage
Several proprietary products are available for placement around 
the rubber dam at the tooth–dam interface should leakage occur 
(see Fig. 13.6). These are caulklike materials, putty, or light-cured 
resins; they are easily applied and removed after treatment and 
are especially useful for isolation of an abutment for a fixed par-
tial denture or for a tooth that is undergoing active orthodontic 
treatment.

The material can be placed on the gingival tissues at the 
dam–tooth interface after isolation. The caulking and putty 
materials adhere to wet surfaces, although the putty has a stiffer 
consistency. 

Disinfection of the Operating Field
Various methods and techniques are used to disinfect the tooth, 
clamp, and surrounding rubber dam after placement. These dis-
infectants include alcohol, quaternary ammonium compounds, 
sodium hypochlorite, organic iodine, mercuric salts, chlorhexi-
dine, and hydrogen peroxide. An effective technique is as follows: 
(1) plaque is removed by rubber cup and pumice; (2) the rubber 
dam is placed; (3) the tooth surface, clamp, and surrounding rub-
ber dam are scrubbed with 30% hydrogen peroxide; and (4) the 
surfaces are swabbed with 5% tincture of iodine or with sodium 
hypochlorite.19 

Access Openings
Endodontic access openings are based on the anatomy and mor-
phology of each individual tooth group. In general, the pulp 
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number of root canals dictates the final design of the access prepa-
ration. The internal anatomy is projected onto the external sur-
face. Internal pulp chamber morphology varies with the patient’s 
age and secondary or tertiary dentin deposition. In anterior teeth 
and premolars with a single root, calcification occurs in a coronal 
to apical direction with the chamber receding. In posterior teeth 
with bifurcations and trifurcations, secondary dentin is deposited 
preferentially on the floor of the chamber, decreasing the cervi-
cal to apical dimension of the chamber.20,21 The mesiodistal and 
buccolingual dimensions remain relatively the same, as does the 

cusp-to-roof distance. Dystrophic calcifications related to caries, 
restorations, attrition abrasion, and erosion also can occur. In gen-
eral, the pulp chamber is located at the cementoenamel junction 
(CEJ).22,23 In young teeth, the pulp horns are at approximately 
the level of the height of contour.

The major objectives of the access openings include (1) 
removal of the chamber roof and all coronal pulp tissue, (2) 
locating all canals, (3) unimpeded straight-line access of the 
instruments in the canals to the apical one third or the first 
curve (if present), and (4) conservation of tooth structure. 

A B

C D E F

G H I

J K L M

• Fig. 13.6 A, Caulking and putty materials are available to prevent leakage after rubber dam application. 
B, Preoperative radiograph and C, demonstration of lack of isolation with dental floss. D, Application of the 
caulk. E, The sealed dam. F, Postoperative radiograph. G, OpalDam. H, I, Two teeth sealed with OpalDam 
after light curing. J, LC Block-Out. K, Before the sealing. L, Placing the Block-Out under the microscope 
(yellow filter to avoid the material setting). M, Final seal after light curing.
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Before initiating treatment, the clinician should assess the exist-
ing coronal structure; restorations present; tooth angulation in 
the arch; and the position, size, depth, and shape of the pulp 
chamber. A parallel preoperative radiograph or digital image is 
essential. Additional angled radiographs or digital images may 
aid the identification of additional canals and roots. Bitewing 
radiographs and digital images offer the most accurate and 
distortion-free information on chamber anatomy in posterior 
teeth. Recent advances in cone beam computed tomography 
(CBCT) imaging allow three-dimensional (3D) viewing of the 
pulp chamber and radicular space.25,26 Conservation of tooth 
structure is important for subsequent restorative treatment and 
the long-term prognosis.27 Maintaining adequate structure in 
the cervical region is assured by not extending the access prepa-
ration beyond the natural external chamber walls. The distance 
from the surface of the clinical crown to the peripheral vertical 
wall of the pulp chamber is the same throughout the circumfer-
ence of the tooth at the level of the CEJ, and the orifices of the 
root canals are located at the angles in the floor–wall junction 
(Video 13.4).28,29

General Principles
A broad discussion about the preservation of dentin during 
the endodontic procedures, including the conventional access, 
has been subjected to debate in the literature.27 The traditional  
endodontic access underscores the concept of straight-line prepa-
ration to improve the mechanical débridement of root canals and 
to minimize procedural errors. However, the excessive removal 
of tooth structure has been associated with the increased risk of 
fracture and loss of the tooth as consequences. Lately, investiga-
tors have associated the survivability of the endodontically treated 
tooth with conservative approaches such as contracted endodontic 
cavities.30 Even though this concept has been questioned and not 
completely proved to be the predictable treatment method,31-33 
we deem that dentin preservation must be taken in consider-
ation in all procedures to increase the long-term survival rate of  
endodontically treated teeth.

Contemplating the debate on preservation of tooth struc-
ture and the lack of a comprehensive opinion of the straight-
line access significance, the general principles for endodontic 
access remain (1) outline form, (2) convenience form, (3) caries 
removal, and (4) cleaning the periphery of the preparation to 
ensure it is free of any debris or objects that could fall into the 
canals upon access.

Outline form is the recommended shape for access preparation 
of a normal tooth with radiographic evidence of a pulp chamber 
and canal space. The outline form ensures the correct shape and 
location and provides straight-line access to the apical portion of 
the canal or to the first curvature. The access preparation must 
remove tooth structure that would impede the cleaning and shap-
ing of the canal or canals. The outline form is a projection of the 
internal tooth anatomy onto the external root structure. The form 
can change with time. As an example, in anterior teeth with mesial 
and distal pulp horns, the access is triangular. In older individu-
als with chamber calcification, the pulp horns are absent, so the 
access is ovoid.

Convenience form allows modification of the ideal outline form 
to facilitate unstrained instrument placement and manipulation. 
As an example, the use of nickel–titanium rotary instruments 
requires straight-line access. An access might be modified to per-
mit placement and manipulation of the nickel–titanium instru-
ments. Another example is a premolar exhibiting three roots. The 

outline form might be made more triangular to facilitate canal 
location.

Caries removal is essential for several reasons. First, removing 
caries permits the development of an aseptic environment before 
entering the pulp chamber and radicular space. Second, it allows 
assessment of restorability before treatment. Third, caries removal 
provides sound tooth structure so that an adequate provisional res-
toration can be placed. Unsupported tooth structure is removed to 
ensure a coronal seal during and after treatment so that the reference 
point for length determination is not lost should fracture occur.

Cleaning the periphery involves preventing materials and objects 
from entering the chamber and canal space. A common error is 
entering the pulp chamber before the coronal structure or restor-
ative materials have been adequately prepared. As a result, these 
materials enter the canal space and may block the apical portion 
of the canal. 

Canal Morphologies
Five major canal morphologies have been identified (Fig. 13.7).34 
They include round, ribbon or figure eight, ovoid, bowling pin, 
kidney bean, and C-shape. With the exception of the round 
morphologic shape, each presents unique problems for adequate 
cleaning and shaping. 

General Considerations
In difficult cases the access can be prepared without the rubber 
dam in place. This preparation allows visualization of the tooth 
shape, orientation, and position in the dental arch. When the 
canal or chamber is located, the rubber dam is applied. Caution: 
Until the rubber dam is in place, broaches and files cannot be used 
(see Fig. 13.1).

Care must be taken to prevent tooth structure or restorative 
materials from entering the radicular portion of the root if addi-
tional expansion of the access is necessary after the chamber is 
exposed. When an access is to be enlarged or restorative materi-
als removed after chamber exposure, the radicular space must be 
protected. The canal orifice and chamber floor can be blocked by 
placing gutta-percha temporary stopping. The material is heated 
and then compacted with a plugger. The temporary stopping is 
removed with heat (preferred) or solvents after completion of the 
access preparation.

Before beginning the access, the clinician should assess the 
preoperative images to determine the degree of case difficulty. At 
this stage the estimated depth of access is calculated. This calcu-
lation is a measurement from the incisal edge of anterior teeth 
and the occlusal surface of posterior teeth to the coronal portion 
of the pulp chamber. Calculated in millimeters, this information 
is then transferred to the access bur and provides information on 
the depth necessary to expose the pulp. If the estimated depth 
of access is reached and the pulp has not been encountered, the 
access depth and orientation must be reevaluated. A parallel 
image exposed with the rubber dam removed helps determine 
the depth and orientation so that perforations and unnecessary 
removal of tooth structure can be avoided (see Fig. 13.33).

The estimated depth of access for anterior teeth is similar in 
different tooth groups.35 The maxillary central and lateral incisors 
average 5.5 mm for the central incisor and 5 mm for the lateral inci-
sor. The mandibular central and lateral incisors average 4.5 mm for 
the central incisor and 5 mm for the lateral incisor. The maxillary 
canine averages 5.5 mm, and the mandibular canine, with its longer 
clinical crown, averages 6 mm. In maxillary furcated premolars, the 
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average distance from the buccal cusp tip to the roof of the chamber 
is 7 mm.35 For maxillary molars, the distance is 6 mm, and for the 
mandibular molars, it is 6.5 mm. With an average pulp chamber 
height of 2 mm, the access depth for most molars should not extend 
beyond 8 mm (the floor of the chamber).23

Access openings are best accomplished using fissure burs in the 
high-speed handpiece. A number of special burs are also available 
for access. No single bur type is superior. For the clinician with 
knowledge of anatomy and morphology and the appropriate clini-
cal skills and judgment, bur selection is a personal choice (Figs. 
13.8 and 13.9). Regardless of the high-speed bur chosen, the bur 
is placed in the chamber and removed while rotating. High-speed 
burs are not used in the canals. Failure to follow these principles 
can result in breakage (Fig. 13.10).

Visualization of the internal anatomy is enhanced during access by 
using a fiberoptic handpiece and microscopy.36 Illumination is the key. 
A sharp endodontic explorer is used to detect the canal orifice or to 
aggressively dislodge calcifications. When a canal is located, a small file 

or pathfinding instrument (0.06, 0.08, or 0.10 stainless steel file) is 
used to explore the canal and determine canal patency close to the api-
cal foramen. Care should be exercised during this process to avoid forc-
ing tissue apically, which might result in canal blockage (Fig. 13.11). 
This procedure is performed in the presence of irrigant or lubricant.

Removal of restorative materials during access is often indicated, 
with the knowledge that after treatment a new restoration will be 
placed. Removal enhances visibility and may reveal undetected canals, 
caries, or coronal fractures. When difficulties occur with calcifications 
or extensive restorations, the operator may become disoriented. The 
discovery of one canal can serve as a reference in locating the remain-
ing canals. A file can be inserted and an angled image exposed to 
reveal which canal has been located.

It is important not to violate marginal ridges during access 
preparation in any of the tooth groups.

Complex restorations, such as crowns and fixed partial dentures, 
may have changed the coronal landmarks used in canal location. A 
tipped tooth might be “uprighted” or a rotated tooth “realigned.” Loss 

ED

F

A B C

• Fig. 13.7 Common canal morphologies. A, Round. B, Ribbon shaped (hourglass). C, Ovoid. D, Bowling 
pin. E, Kidney bean shaped. F, C-shaped.
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• Fig. 13.9 Muller discovery Access burs.

• Fig. 13.8 Examples of access burs. Left to right, No. 4 round carbide, No. 557 carbide, Great White, 
Beaver bur, Transmetal, Multipurpose bur, Endo Z bur, and Endo Access bur.

A B

• Fig. 13.10 A, Fractured fissure bur and working length file bypassing the obstruction. B, After the bur was 
removed with files and ultrasonics.
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of orientation can result in incorrect identification of a canal, and 
searching for the other canals in the wrong direction results in excessive 
removal of tooth structure, perforation, or failure to locate and débride 
all canals.

Access through crowns with extensive foundations may make vis-
ibility difficult. Class V restorations may have induced coronal calci-
fication or could have been placed directly into the pulp space or the 
canals. In some instances, it may be best to remove restorative materi-
als that interfere with visibility before initiating root canal treatment.

A modification of the armamentarium for teeth restored 
with crowns has been advocated for all-ceramic crowns. The 
initial outline and penetration through ceramic (porcelain) 
restorative material are made with a round diamond bur in the 
high-speed handpiece with water coolant. After penetration 
into dentin, a fissure bur is used. In teeth with porcelain-fused-
to-metal restorations, a metal cutting bur is recommended. 
When possible, the access should remain in metal to reduce the 
potential for fracture in the porcelain. Evidence indicates that 
with a water coolant and careful instrumentation, diamond and 
carbide burs are equally effective.37 The access is restored with 
amalgam after the root canal treatment. With the introduction 
of all-ceramic and zirconia crowns, specialized burs have been 
fabricated to facilitate access through these very hard materials.

In summary, aids in canal location include a knowledge of pulp 
anatomy and morphology; parallel straight-on and angled radio-
graphs or digital images; a sharp endodontic explorer; interim 
radiographs or digital images; long-shanked, slow-speed burs 
(Fig. 13.12); ultrasonic instruments for troughing; dye staining; 
irrigation; transillumination; and enhanced vision with loupes or 
microscopy.38 Additional aids include CBCT imaging.25,26

 Access Openings and Canal Location*

Maxillary Central and Lateral Incisors
The maxillary central incisor has one root and one canal.41 In young 
individuals, the prominent pulp horns require a triangular outline form 
to ensure that tissue and obturation materials, which otherwise might 
cause coronal discoloration, are removed (Fig. 13.13). Although the 
canal is centered in the root at the CEJ and when the tooth is viewed 
from a mesial to distal orientation, it is evident that the crown is not 
directly in line with the long axis of the root (Fig. 13.14). For this rea-
son, the establishment of the outline form and initial penetration into 
enamel are made with the bur perpendicular to the lingual surface of 
the tooth. This outline form is made in the middle third of the lingual 
surface (Figs. 13.15 and Figs. 13.16). After penetration to the depth 
of 2 to 3 mm, the bur is reoriented to coincide with the long axis and 
lingual orientation of the root.

After penetration to a depth of 2 to 3 mm, the bur is reoriented 
to coincide with the long axis and lingual orientation of the root. 
This reorientation reduces the risk of a lateral perforation through the 
facial surface. An additional common error is failure to remove the 
lingual shelf (see Fig. 13.15, C), which results in inadequate access 
to the entire canal. The canal is located by using a sharp endodon-
tic explorer. When calcification has occurred, long-shanked burs in 
a slow-speed handpiece can be used (see Figs. 13.12 and 13.24, D). 
These burs move the head of the handpiece away from the tooth and 
enhance the ability to see exactly where the bur is placed in the tooth.

Access for the maxillary lateral incisor is similar to that for the 
central incisor. A triangular access is indicated in young patients 
with pulp horns (Fig. 13.17); as the pulp horns recede, the outline 
form becomes ovoid (Fig. 13.18).

Dens invaginatus (or dens en dente) is a common developmental 
defect in the maxillary lateral incisor that results in pulp necrosis.40-42 
Additionally, a lingual groove may be found in maxillary lateral inci-
sors, as evidenced by a narrow probing defect. These developmental 
defects complicate treatment and affect the prognosis (Video 13.5). 

Maxillary Canines
The maxillary canines have one canal in a single root. In general, 
pulp horns are absent, so the outline form is ovoid in the middle 
third of the lingual surface (Figs. 13.19 and 13.20). As attrition 
occurs, the chamber appears to move more incisally because of the 
loss of structure. In cross-section, the pulp is wide in a faciolingual 
direction compared with the mesiodistal dimension (Video 13.6). 

Maxillary Premolars
The maxillary first and second premolars have a similar coronal 
structure; therefore the outline form is similar for these two teeth. 
It is centered in the crown and has an ovoid shape in the faciolin-
gual direction (Figs. 13.21 and 13.22). An important anatomic 
consideration with these teeth is the mesial concavity at the CEJ. 
In this area, a lateral perforation is likely to occur. When two 
canals are present, the canal orifices are located under the buccal 
and lingual cusp tips, equidistant from a line drawn through the 
center of the chamber in a mesial to distal direction. The cross-
sectional morphology shows a kidney bean– or ribbon-shaped 
configuration. In rare instances when three canals are present, the 
outline form is triangular, with the base to the facial and the apex 
toward the lingual (Videos 13.7 and 13.8). 

*See Appendix, Pulpal Anatomy and Access Preparations, for color illustrations 
showing the size, shape, and location of the pulp space in each tooth.

 1.  Avoidance of rubber dam isolation can place patients and clinicians at 
unnecessary risk.

 a.  True
 b.  False
 2.  Rubber dam isolation serves the following purpose:
 a.  Protects patient from instruments
 b.  Provides a more aseptic field of work
 c.  Enhances visibility
 d.  Retracts tissues
 e.  All of the above
 3.  If adequate tooth structure is not remaining for clamp placement, which 

of the following is not acceptable?
 a.  Rubber dam placement may be avoided.
 b.  The tooth may require placement of a buildup to enhance remaining 

structure.
 c.  The tooth may require crown lengthening procedure.
 d.  Patient may need to be referred to a specialist.
 e.  A deep-reaching clamp may be required.
 4.  What is the best time to assess difficulties and challenges in tooth 

isolation and placement of a rubber dam?
 a.  Before initiation of treatment
 b.  At the time of placement of the clamp
 c.  After access preparation
 d.  After caries removal
 5.  Which of the following is correct with respect to access preparation?
 a.  Endodontic access openings are based on the anatomy and 

morphology of each tooth.
 b.  The pulp number of root canals dictates the final design.
 c.  Typically, the internal anatomy is projected onto the external surface.
 d.  Age may affect the internal anatomy of the pulp chamber.
 e.  All of the above.

Study Questions

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


275CHAPTER 13 Isolation, Endodontic Access, and Length Determination

A B

• Fig. 13.11 A, Maxillary first molar shows extensive mesial caries. B, Histologic section of pulp tissue from 
the palatal canal reveals extensive calcification. Early canal exploration should be done with small files to 
avoid forcing the tissue and calcification apically and blocking the canal.

• Fig. 13.12 Mueller burs have a round cutting head attached to a long shank. The long shank is not 
designed to drill deep into the root, but rather to extend the head of the slow-speed handpiece away from 
the tooth and permit better visibility.

D M

• Fig. 13.13 A triangular outline form for access of the maxillary central incisor.

Maxillary Molars
The maxillary first and second molars have similar access outline 
forms. The outline form is triangular and located in the mesial half 
of the tooth, with the base to the facial and the apex toward the 
lingual (Figs. 13.23 and 13.24). The transverse or oblique ridge 
is left mostly intact. The external references for canal location 
serve as a guide in developing the outline form. The mesiobuccal 
canal orifice lies slightly distal to the mesiobuccal cusp tip. The 
distobuccal canal orifice lies distal and slightly lingual to the main 

mesiobuccal canal and is in line with the buccal groove. The lin-
gual or palatal canal orifice generally exhibits the largest orifice and 
lies slightly distal to the mesiolingual cusp tip. The mesiobuccal 
root is very broad in a buccolingual direction; thus a small second 
canal is common.43-47 The mesiolingual canal orifice (commonly 
referred to as the MB2 canal) is located 1 to 3 mm lingual to the 
main mesiobuccal canal (MB1 canal) and is slightly mesial to a 
line drawn from the mesiobuccal to the lingual or palatal canal. 
The initial movement of the canal from the chamber is often 
not toward the apex but laterally toward the mesial (Fig. 13.25). 
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• Fig. 13.15 A maxillary left central incisor showing pulp necrosis. A, A large pulp space with pulp horns 
that requires a triangular access outline. B, The lingual surface after removal of the orthodontic retaining 
wire. Note that tooth #9 is slightly discolored. C, The initial triangular access form exposing the chamber. 
Note that the lingual shelf has not been removed to expose the lingual wall. D, Removal of the lingual shelf 
and completed access.

• Fig. 13.14 Note the lingual inclination of the root in relation to the crown. In addition, the pattern of calci-
fication occurs from the coronal portion of the pulp apically.
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• Fig. 13.16 Crown-root fracture. A, Initial presentation demonstrating fragment separation. B, The lingual 
surface with the segment removed. C, Preoperative radiograph. D, The extent of the fracture subgingivally 
requires a unique approach to isolation. Note that a premolar clamp is placed on the gingival tissues for 
isolation.

MD

• Fig. 13.17 Triangular outline form of the maxillary lateral incisor.

Removal of the coronal dentin (cornice) in this area permits expo-
sure of the canal as it begins to move apically and facilitates nego-
tiation (Figs. 13.26 and 13.27; also see Figs. 13.24 and 13.25).47 
The operating microscope is a valuable aid (Video 13.9).36,38,39 

Mandibular Central and Lateral Incisors
The mandibular incisors are narrow in the mesiodistal dimension 
and broad faciolingually. There may be one canal with an ovoid or 
a ribbon-shaped configuration; often two canals are present. When 
there are two canals, the facial canal is easier to locate and is generally 
straighter than the lingual canal, which is often shielded by a lingual 
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• Fig. 13.18 A, Lateral incisor with a receded pulp chamber. B, Initial ovoid outline form is initiated. C, 
Coronal calcification is indicated by the color change. D, Completed access.

MD

• Fig. 13.19 Outline form for the maxillary canine.

bulge. Because the tooth is often tipped facially, the lingual canal is 
difficult to locate; perforations primarily occur on the facial surface 
(Video 13.10).

The narrow mesiodistal dimension of these teeth makes access 
and canal location difficult. In young patients with mesiodistal pulp 
horns, the outline form is triangular with the base incisally and the 
apex gingivally. As the pulp recedes over time and the pulp horns 
disappear, the shape becomes more ovoid. The access is positioned 
in the middle third of the lingual surface (Figs. 13.28 and 13.29). 
Because of the small size of these teeth and the presence of mesio-
distal concavities, access must be precisely positioned. The initial 

outline form is established into dentin with the bur perpendicular 
to the lingual surface. At a depth of 2 to 3 mm, the bur is reoriented 
along the long axis of the root. Because the percentage of teeth with 
two canals is reported to be 25% to 40%,48,49 the lingual surface 
of the chamber and canal must be diligently explored with a small, 
precurved stainless steel file. A Gates Glidden drill or orifice shaper 
is used on the lingual to remove the dentin bulge.

In cases of attrition, the access moves toward the incisal surface. 
With the use of nickel–titanium rotary and reciprocating instru-
ments, straight-line access is imperative. A more incisal approach 
on the lingual or facial surface is justified.50 A modification of the 
access for the incisors is a facial approach.51 This approach pro-
vides better visibility and can be used when there is crowding or 
when the canal is receded below the CEJ (Video 13.11). 

Mandibular Canines
The mandibular canines usually have a long, slender crown in 
comparison with the maxillary canine, which is shorter and wider 
in a mesiodistal direction. The tooth may have one or two roots. 
The root is broad in a faciolingual dimension and therefore may 
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• Fig. 13.20 A, The apex is obscured by the screws placed during a maxillary surgical advancement. B, 
Lingual surface. C, Initial access outline into dentin. D, Access is finalized. E, Apex locator (arrow). F, 
Working length.

contain two canals.49 The outline form is ovoid and positioned in 
the middle third of the crown on the lingual surface (Figs. 13.30 
and 13.31). On access opening into the chamber, the lingual sur-
face should be explored for the presence of a lingual canal. As 
attrition occurs, the access must be more incisal, and in severe 
cases it may include the incisal edge of the tooth (Video 13.12). 

Mandibular Premolars
The mandibular premolars appear to be easy to treat, but the anat-
omy may be complex. One, two, or three roots are possible, and 
canals often divide deep within the root in these complex mor-
phologic configurations.49,52 The crown of the first premolar has 
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• Fig. 13.21 Ovoid outline form for the maxillary premolars.

A

CB D

• Fig. 13.22 A, Note the obstructed view of the apical region. B, Maxillary right second premolar. C, The 
initial outline form prepared into dentin. D, The chamber and canals are accessed.

a prominent buccal cusp and a vestigial lingual cusp. In addition, 
there is a lingual constriction. Mesiodistal projections reveal that 
the chamber and canal orifice are positioned buccally. The access 
is therefore ovoid in a buccolingual dimension and positioned 
buccal to the central groove (Figs. 13.32 and 13.33). It extends 
just short of the buccal cusp tip. The mandibular second premolar 
has a prominent buccal cusp, but the lingual cusp can be more 
prominent than with the first premolar. There is also a lingual 
constriction, so the outline form is ovoid from buccal to lingual 
and positioned centrally (Fig. 13.34; Video 13.13). 

Mandibular Molars
The mandibular molars are similar in anatomic configuration; 
however, there are subtle differences. The most common man-
dibular first molar configuration is two canals in the mesial root, 
although three have been reported,53 and one canal in the distal 
root. A second canal is present in the distal root in 30% to 35% of 
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MD

• Fig. 13.23 Triangular outline form for access of the maxillary molar.

cases (Fig. 13.35).53,55 The roots often have a kidney bean shape in 
cross section with the concavity in the furcal region. The most com-
mon configuration for the mandibular second molar is two canals 
in the mesial root and one canal in the distal root. The incidence of 
four canals is low (Video 13.14).54

The coronal reference points for canal location in the man-
dibular molar roots are influenced by the position of the crown 
on the root and by the lingual tipping of these teeth in the arch 
(Fig. 13.36). The mesiobuccal canal orifice is located slightly dis-
tal to the mesiobuccal cusp tip. The mesiolingual canal orifice is 
located in the area of the central groove area and slightly distal 
compared with the mesiobuccal canal. The distal canal is located 
near the intersection of the buccal, lingual, and central grooves. 
When a distobuccal canal is present, the orifice can be found 
buccal to the main distal canal and often is slightly more mesial. 
The mandibular first molar may even have a distinct separate 
extra distal root. Because of these anatomic relationships, the 
access outline form is rectangular or trapezoidal and positioned 
in the mesiobuccal portion of the crown (Fig. 13.37). An addi-
tional variation in mandibular molars is the presence of a middle 
mesial canal (Fig. 13.38).

During access preparation, the cervical bulge that overlies 
the canal orifices of the mesiobuccal and mesiolingual canals is 
removed (Fig. 13.39), permitting straight-line access to the first 
curve or apical portion of the root by reducing the emergence 
profile. This technique also enhances entry into the canals. 

Errors in Access

Inadequate Preparation
Errors in access preparations are varied (Fig. 13.40). A com-
mon error is inadequate preparation, which has several sig-
nificant consequences. Direct effects are decreased access and 
visibility, which prevent the clinician from locating the canals. 
The ability to remove the coronal pulp tissue and subsequent 
obturation materials is limited, and straight-line access can-
not be achieved. Inadequate straight-line access can indirectly 
lead to errors during the cleaning and shaping. When files are 
deflected by coronal interferences, procedural errors, such as 
loss of working length, apical transportation, ledging, and api-
cal perforation, are likely in curved canals. A No. 25 file or 
above has a straightening force that overcomes the confining 
resistance of the dentin wall. The file cuts on the outer surface 
apical to the curvature and the inner wall coronal to the curve. 
Adequate straight-line access decreases the canal curvature and 
reduces the coronal interferences, allowing the instrument to 
work more freely in the canal.55 

Excessive Removal of Tooth Structure
The excessive removal of tooth structure has direct consequences 
and unlike inadequate preparation is irreversible and cannot be 
corrected. A minimum consequence is weakening of the tooth 
and subsequent coronal fracture. Evidence indicates that appro-
priate access and strategic removal of tooth structure that does 
not involve the marginal ridges do not significantly weaken the 
remaining coronal structure.56 The marginal ridges provide the 
faciolingual strength to the crown57; access openings do not 
require removal of tooth structure in this area.58

The ultimate result of removing excessive tooth structure is 
perforation. Perforations in single-rooted teeth are located on the 
lateral surface. In multirooted teeth, perforations may be lateral or 
furcal (see Chapter 18). 

Length Determination

Radiographic Evaluation
The working length is defined as the distance from a predetermined 
coronal reference point (usually the incisal edge in anterior teeth 
and a cusp tip in posterior teeth) to the point where the cleaning 
and shaping and obturation should terminate. The reference point 
must be stable so that fracture does not occur between visits. Unsup-
ported cusps that are weakened by caries or restorations should be 
reduced. The point of termination is empirical and based on ana-
tomic studies; it should be 1 mm from the radiographic apex.59,60 
This distance accounts for the deviation of the foramen from the 
apex, and the distance from the major diameter of the foramen to 
the area where a dentinal matrix can be established apically.

Before access, an estimated working length is calculated either by 
measuring the total length of the tooth on the diagnostic parallel radio-
graph or digital image or with the use of an electronic apex locater. 
Violation of the apex may result in inoculation of the periapical tissues 
with necrotic tissue, debris, and bacteria61 and can lead to extrusion of 
materials during obturation62,63 and a less favorable prognosis.64

After access preparation, a small file is used to explore the canal 
and establish patency to the estimated working length. The largest 
file to bind is then inserted to this estimated length; a file that is loose 
in the canal may be displaced during film exposure or forced beyond 
the apex if the patient bites down inadvertently. Millimeter markings 
on the file shaft or rubber stops on the instrument shaft are used for 
length control. A sterile millimeter ruler or measuring device can be 
used to adjust the stops on the file. To ensure accurate measurement 
and length control during canal preparation, the stop must physically 
contact the coronal reference point. To obtain an accurate measure-
ment, the minimum size of the working length should be a No. 20 
file. With files smaller than No. 20, it is difficult to interpret the loca-
tion of the file tip on the working length film or digital image. In mul-
tirooted teeth, files are placed in all canals before the image is made.

Angled films or digital images are necessary to separate super-
imposed files and structures (Fig. 13.41),65 to provide an effi-
cient method of determining the working length, and to reduce 
radiation to the patient. It is imperative that the rubber dam be 
left in place during working length determination to ensure an 
aseptic environment and to protect the patient from swallowing 
or aspirating instruments. The film/digital sensor can be held 
with a hemostat or a positioning device (Fig. 13.42).

A modified paralleling technique is used to position the film/
digital sensor and the cone; this has been shown to be superior to 
the bisecting-angle technique.66,67 With the modified paralleling 
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• Fig. 13.24 A, Maxillary left first molar. Note the calcification in the chamber. B, The outline form estab-
lished and dentin removed apically in layers. C, Exposure of the pulp horns. D, Use of a Mueller bur to 
completely unroof the chamber. Note the visibility and ability for precise removal of dentin. E, The com-
pleted access. The mesiobuccal canal is evident under the mesiobuccal cusp tip, the distobuccal canal 
is found opposite the buccal groove and slightly lingual to the main mesiobuccal canal, and the palatal 
canal is located under the mesiolingual cusp tip. Note the identification of the mesiolingual canal (arrow). F, 
Removal of the dentinal cornice that covers the mesiolingual canal to reveal the canal orifice. (See Appen-
dix, Pulpal Anatomy and Access Preparations, for color illustrations showing the size, shape, and location 
of the pulp space within each tooth.)
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• Fig. 13.25 The mesiolingual canal as it leaves the pulp chamber. Canals 
that are not negotiable but detected by an explorer may move laterally 
before proceeding apically.

DC

A B

• Fig. 13.26 A, Maxillary left first molar showing calcification. B and C, Initial access and identification of a 
pulp stone. Color and a thin line surrounding the periphery identify the hemorrhage. D, The pulp chamber 
with the stone removed. (See Appendix, Pulpal Anatomy and Access Preparations, for color illustrations 
showing the size, shape, and location of the pulp space within each tooth.) 

technique, the film/digital sensor is positioned by using a hemostat 
approximately parallel to the long axis of the tooth. The cone is then 
positioned so that the central beam strikes the film at a 90-degree angle 
(Fig. 13.43). Although this technique is reliable, it is not foolproof.68

Other clinical factors should be considered in establishing the 
corrected working length. These include tactile sensation,69 the 
patient’s response, and hemorrhage. The use of tactile sensation may 
be valuable in large tapering canals; however, in small cylindrical 
canals, the rate of taper of the files may exceed the rate of taper of the 
canal, and binding occurs coronally, giving the false sense of con-
striction. Preflaring the canal before length determination increases 
the tactile sensation significantly compared with unflared canals.70

After the film or sensor exposure, the corrected working length 
is calculated. The distance from the file tip to the radiographic 
apex is determined. If the distance is greater than 1 mm, a calcula-
tion is made (adding or subtracting length) so that the file tip is 
positioned 1 mm from the radiographic apex. If the correction is 
greater than 3 mm, a second working length radiograph or digital 
image should be made with the file placed at the adjusted length.
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• Fig. 13.27 A, The dashed lines show where dentin must be removed to achieve straight-line access. B, 
The access completed. C, The original canal (a) is modified using Gates Glidden burs to remove tooth 
structure at (B) and (C).

MD

• Fig. 13.28 Lingual outline form for the mandibular incisor. 

With angled radiographs or digital images, the canal determi-
nation is based on the buccal object or SLOB rule (same lingual, 
opposite buccal; see Chapter 3).71,72 Because maxillary anterior 
teeth have only one canal, no angle is necessary. Mesial angles 
are recommended for premolars and maxillary molars (Fig. 
13.44). Distal angulation is recommended for the mandibular 
incisors and molars (Fig. 13.45). For maxillary posterior teeth, 
the film should be placed on the opposite side of the midline to 
facilitate capture of the palatal roots on the film (see Fig. 13.43). 

Electronic Apex Locators
Apex locators are also used in determining length.73,74 Contem-
porary apex locators are based on the principle that the flow of 
higher frequencies of alternating current is facilitated in a biologic 
environment compared with lower frequencies. Passing two differ-
ing frequencies through the canal results in the higher frequency 
impeding the lower frequency (Fig. 13.46). The impedance values 
that change relative to each other are measured and converted to 
length information. At the apex, the impedance values are at their 
maximum differences. Unlike previous models, the impedance 
apex locator operates accurately in the presence of electrolytes.75 
Apex locators are helpful in length determination but must be 
confirmed with radiographs. Films or digital images help confirm 
the appropriate length and can identify missed canals. If the file 
is not centered in the root, a second canal is likely to be present.

An apex locator is very helpful in patients with structures or 
objects that obstruct visualization of the apex, patients who have 

a gag reflex and cannot tolerate films, and patients with medical 
problems that prohibit the holding of a film or sensor.

The use of apex locators and electric pulp testers in patients 
with cardiac pacemakers has been questioned.76-81 In a recent 
study involving 27 patients with either implanted cardiac pace-
makers or cardioverter/defibrillators, two impedance apex locators 
and one electric pulp tester did not interfere with the functioning 
of any of the cardiac devices.82 However, it may be advisable not 
to use these devices in these patients; other means of length deter-
mination and pulp testing are available.

 6.  Name the potential issues related to inadequate access preparation.
 a.  Less visibility
 b.  Inability to locate canals
 c.  Inability to completely remove pulp tissues from the pulp chamber
 d.  Instrumentation errors caused by lack of straight-line access
 e.  All of the above
 7.  The ridges should be preserved during access preparation whenever 

possible.
 a.  True
 b.  False
 8.  Which of the following is correct regarding working length 

determination?
 a.  Placement of the smallest file to the apex
 b.  Placement of the largest file that binds at the apex
 c.  Removal of the file stopper before placement of the file in the canal
 d.  Use of files no larger than #
 9.  The rubber dam may be removed during radiographic working length 

determination.
 a.  True
 b.  False
 10.  During radiographic working length determination, a new radiograph is 

required if:
 a.  The file is within 1 mm of the apex.
 b.  The file is at the apex.
 c.  The file is more than 2 mm from the apex.
 d.  The file is at the apex.

Study Questions
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• Fig. 13.29 A, Mandibular lateral incisor. B, Calculation of the estimated depth of access from the middle 
of the lingual surface to the coronal extent of the pulp. C, The initial outline form is more oval due to the 
receded chamber. D, Completed access.

A N S W E R S

Answer Box 13
 1 a.  True
 2 e.  All of the above.
 3 a.  Rubber dam placement may be avoided.
 4 a.  Before initiation of treatment
 5 e.  All of the above

 6 e.  All of the above
 7 a.  Truex
 8 b.  Placement of the largest file that binds at the apex
 9 b.  False
 10 c.  The file is more than 2 mm from the apex.
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• Fig. 13.31 A, Mandibular canine. B, The initial outline form is established into dentin. C, Exposure of the 
coronal pulp. D, The completed access opening.

MD

• Fig. 13.30 Lingual ovoid outline form for the mandibular canine. 

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


287CHAPTER 13 Isolation, Endodontic Access, and Length Determination

A B

C D

• Fig. 13.33 A, Mandibular right first premolar. Note the receded pulp space. B, Calculation of the esti-
mated depth of access. C, The estimated depth of access is reached, and the canal is not located. The 
rubber dam is removed and a straight-on parallel radiograph exposed. The film/digital image indicates that 
the canal is located mesial to the opening. D, The completed access.
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• Fig. 13.32 Ovoid outline form for the mandibular first premolar. Note that the access is buccal to the 
central groove.
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• Fig. 13.35 Rectangular outline form for the mandibular first molar. Note that the mesiobuccal canal is 
located under the mesiobuccal cusp, and the mesiolingual canal lies centrally in relation to the crown and 
slightly to the distal of the mesiobuccal canal. The distolingual canal is located centrally, and the distobuc-
cal canal lies more buccal and mesial to the main canal. 

Lingual
Constriction

Lingual
Inclination

• Fig. 13.36 Proximal view of a mandibular molar demonstrating the lingual inclination in the dental arch 
and a lingual constriction of the crown at the cementoenamel junction. Note that the mesiobuccal and 
mesiolingual canals are uniformly spaced within the root. However, with coronal access, the external refer-
ence points for the canal’s location are the mesiobuccal cusp tip and the central groove as it crosses the 
mesial marginal ridge. 
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• Fig. 13.34 Ovoid outline form for the mandibular second premolar. 
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• Fig. 13.37 A, The preoperative radiograph of a mandibular first molar. B, The completed access cavity 
demonstrating the two mesial canals and the single distal canal. C, Cone fit. D, Cone fit radiograph. E, 
postoperative radiograph. (See Appendix, Pulpal Anatomy and Access Preparations, for color illustrations 
showing the size, shape, and location of the pulp space within each tooth.)
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• Fig. 13.38 A, Preoperative radiograph of a mandibular first molar with a middle mesial canal. B, Original 
working length radiographic image. C, Middle mesial canal located. D, Prepared canal. E, Master cone 
radiographic image. F, Postoperative radiographic image of tooth #30.
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C DBA
• Fig. 13.39 Basic steps in access preparation. A, The access cavity is outlined deep into dentin and 
close to the estimated depth of access with the high-speed handpiece. B, Penetration and unroofing are 
achieved by fissure high-speed bur or slow-speed latch-type burs. Other bur configurations are accept-
able. C and D, Canal orifices are located and identified with an endodontic explorer. Small files are used 
to negotiate to the estimated working length. The dentin shelf that overlies and obscures the orifices is 
removed.
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BA

DC

FE

• Fig. 13.40 A, Access made through gross mesial caries. B, Caries at the level of the crestal bone. C, 
Caries removal provides an aseptic operating field and allows assessment of restorability. Note that the 
previous access failed to deroof the chamber. D, Appropriate access reveals a ribbon-shaped pulp cham-
ber. E, An orthodontic band placed to provide isolation. F, Post obturation.

A

B

• Fig. 13.42 A, Positioning device for holding working films. The ring assists in cone alignment. B, Close-up 
view of the device in position.
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A B

• Fig. 13.41 A, Parallel preoperative radiograph. B, The mesial working length film is made correctly. The 
apices and file tips are clearly visible. Note the mesiolingual canal (arrow).

A

B

• Fig. 13.42 A, Positioning device for holding working films. The ring assists in cone alignment. B, Close-up 
view of the device in position.
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Median
Raphe

X-ray beam

• Fig. 13.43 Proper positioning of the radiograph when making a working length radiograph. To capture the 
palatal root, the film should be placed on the opposite side of the midline.

Mesial

• Fig. 13.44 Separation of the mesiobuccal and mesiolingual canals achieved by varying the horizontal 
angle. With maxillary molars, maximum separation occurs with a mesial cone angulation because of the 
mesial location of the mesiolingual canal in relation to the mesiobuccal canal.

Mesial

• Fig. 13.45 Separation of the mesiobuccal and mesiolingual canals achieved by varying the horizontal 
angle. With mandibular molars, maximum separation occurs with a distal orientation because of the mesial 
location of the mesiobuccal canal in relation to the mesiolingual canal.
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A

B

• Fig. 13.46 A and B, Two impedance apex locators.
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Cleaning and Shaping
OVE A. PETERS, ANA ARIAS, AND SHAHROKH SHABAHANG

Successful long-term outcomes of root canal treatment are based 
on establishing an accurate diagnosis and developing an appro-
priate treatment plan; applying knowledge of tooth anatomy and 
morphology (shape); and performing débridement, disinfection, 
and obturation of the entire root canal system while maintaining 
the strength of the tooth. Historically, emphasis was on obtura-
tion and sealing the radicular space. However, no technique or 
material provides a seal that is completely impervious to moisture 
from either the apical or coronal aspects. Early studies on progno-
sis indicated failures were attributable to incomplete obturation.1 
This proved fallacious as obturation merely reflects the adequacy of 
the cleaning and shaping. Canals that are poorly obturated may be 
incompletely cleaned and shaped. Adequate cleaning and shaping 
and establishing a coronal seal are essential elements for success-
ful treatment, with obturation being less important for short-
term success.2 Elimination (or significant reduction) of inflamed 
or necrotic pulp tissue and microorganisms are the most critical 
factors. The role of obturation in long-term success has not been 
established but may be significant in preventing recontamination 
either from the coronal or apical direction. Sealing the canal space 

after cleaning and shaping will help to entomb any remaining 
organisms3 and, with the coronal seal, prevent or at least delay 
recontamination of the canal and periradicular tissues. However, 
some bacterial species have been shown to survive entombment.4

These classic concepts define success in endodontics by healing 
of apical periodontitis if present preoperatively or the prevention 
of its occurrence in case that began with normal periapical tissues. 
However, in recent years, it has been demonstrated that vertical 
fracture or other nonendodontic causes are the major reasons for 
the eventual loss of root canal–treated teeth.5 As a result, a more 
patient-centered outcome as increased susceptibility to fracture 
should be considered. Functional retention of the endodontically 
treated tooth may serve as a relevant endpoint in endodontic treat-
ment,6 which may compliment but should not replace the tradi-
tional focus on healing or prevention of apical periodontitis.

Principles of Cleaning and Shaping
Nonsurgical root canal treatment is a predictable method of 
retaining a tooth that otherwise would require extraction. Success 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student will be able to:

 1.  State reasons and describe strategies for enlarging the cervical 
portion of the canal to promote straight-line access.

 2.  Define how to determine the appropriate size of the master 
apical file.

 3.  Describe objectives for biomechanical cleaning and shaping 
and explain how to determine when these have been achieved.

 4.  Illustrate shapes of differently created preparations and draw 
these both in longitudinal and cross-sectional diagrams.

 5.  Describe techniques for shaping canals that have irregular 
shapes, such as round, oval, hourglass, bowling pin, kidney 
bean, or ribbon.

 6.  Distinguish between apical stop, apical seat, and open apex, 
and discuss how to manage obturation in each.

 7.  Describe appropriate techniques for removing the pulp.
 8.  Characterize the difficulties of preparation in the presence 

of anatomic aberrations that make complete débridement  
difficult.

 9.  Describe techniques for negotiating severely curved, “blocked,” 
“ledged,” or constricted canals.

 10.  Discuss the properties and role of intracanal, interappointment 
medicaments.

C H A P T E R  O U T L I N E
Principles of Cleaning and Shaping, 297

Apical Canal Preparation, 298

Pretreatment Evaluation, 302

Principles of Cleaning and Shaping Techniques, 303

Smear Layer Management, 304

Irrigants, 305

Lubricants, 307

Preparation Errors, 307

Preparation Techniques, 309

Criteria for Evaluating Cleaning and Shaping, 317

Intracanal Medicaments, 320
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of root canal treatment in a tooth with a vital pulp is higher than 
that of a tooth diagnosed with necrotic pulp and periradicular 
pathosis.7

The reason for this difference in outcome is the persistent pres-
ence of microorganisms and their metabolic byproducts. The most 
significant factors affecting the clinician’s inability to completely 
remove intracanal microorganisms are tooth anatomy and mor-
phology. Instruments are believed to contact and plane the canal 
walls to débride the canal (Figs. 14.1 to 14.4), aided by irrigating 
solutions. Morphologic factors include lateral (see Fig. 14.2) and 
accessory canals, canal curvatures, canal wall irregularities, fins, 
cul-de-sacs (see Fig. 14.1), and isthmuses. These aberrations ren-
der full wall contact and therefore complete débridement virtu-
ally impossible. Consequently, a practical objective of cleaning is 
to significantly reduce the irritants, not totally eliminate them. 

Frequent and effective irrigation is necessary to achieve this goal. 
At the same time, root canals need to be enlarged to allow irrigants 
to properly clean the canal and to remove contaminated dentin. 
Irrigants readily remove microorganisms from the coronal third of 
a root canal, but further shaping is necessary to eliminate bacteria 
in less accessible canal areas. Meanwhile, the mechanical action of 
instruments generates debris that is typically pushed into acces-
sory anatomy and may block the access to subsequent irrigation. 
This debris also needs to be flushed and removed. Therefore it is 
imperative to use mechanical shaping and irrigation in synergy to 
maximize antibacterial efficacy of endodontic procedures.

Apart from enhancing cleaning procedures, another purpose of 
shaping is to provide space for an effective filling of the root canal 
space. The main mechanistic objective of shaping is to maintain 
or develop a continuously tapering funnel from the canal orifice 
to the apex. Conceptually, the degree of enlargement is partly 
dictated by the method of obturation. For lateral compaction of 
gutta-percha, the canal should be enlarged sufficiently to permit 
placement of the spreader to within 1 to 2 mm of the working 
length (WL).8 For warm vertical compaction techniques, the 
coronal enlargement must permit the placement of pluggers to 
within 3 to 5 mm of the WL.9

However, the more dentin is removed from the canal walls, 
the less resistant to fracture the root becomes.10 Micronized gutta-
percha points for vertical compaction that allows melting at larger 
distances from the heat source are now available in order to allow 
proper obturation of more conservative preparations. New mate-
rials based on the concept of so-called hydraulic obturation tech-
niques are also marketed for the same purpose. However, as always, 
clinicians should select an obturation technique judiciously, based 
on available evidence.

Ideally, the degree of shaping should be tooth dependent and 
not depend on the obturation technique. As an example, narrow 
thin roots, such as mandibular incisors, may not permit the same 
degree of enlargement as more bulky roots, such as the maxillary 
central incisors. 

Apical Canal Preparation

Termination of Cleaning and Shaping
Although the concept of cleaning and shaping the root canal space 
appears to be straightforward, there are areas where consensus does 
not exist. The first is the extent of the apical preparation. Early 
studies identified the dentinocemental junction as the area where 
the pulp ends and the periodontal ligament begins. Unfortunately, 
this is a histologic landmark and the position (which is irregular 
within the canal) cannot be determined clinically.

Traditionally, the apical point of termination, also known as WL, 
has been 1 mm from the radiographic apex. A classic study described 
the apical portion of the canal with the major diameter of the fora-
men and the minor diameter of the constriction (Fig. 14.4).11 The 
apical constriction is defined as the narrowest portion of the canal, 
and the average distance from the foramen to the constriction was 
found to be 0.5 mm. Another study found the classic apical con-
striction to be present in only 46% of the teeth and, when present, 
varied in shape and in relation to the apical foramen.12 Variations 
from the classic appearance consist of the tapering constriction, 
multiple constrictions, and a parallel apical canal part.12 To com-
plicate the issue, the foramen is rarely located at the anatomic apex. 
Convincing micro–computed tomography data provide a more 
realistic portrait of apical canal morphology (Fig. 14.5).

• Fig. 14.1 Cross-section through a root showing the main canal (C) and a 
fin (arrow) and associated cul-de-sac after cleaning and shaping using files 
and sodium hypochlorite. Note the tissue remnants in the fin.

• Fig. 14.2 The main canal (C) has a lateral canal (arrow) extending to the 
root surface. After cleaning and shaping with sodium hypochlorite irriga-
tion, tissue remains in the lateral canal.
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A B

• Fig. 14.3 (A) No. 15 file in the apical canal space. Note the size is inadequate for planing the walls. (B) No. 
40 file more closely approximates the canal morphology. (Courtesy Dr. Randy Madsen.)

A B

C D

• Fig. 14.4 (A) The classic apical anatomy consisting of the major diameter of the foramen and the minor 
diameter of the constriction. (B) An irregular ovoid apical canal shape and external resorption. (C) A bowl-
ing pin apical morphology and an accessory canal. (D) Multiple apical foramina.
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Apical anatomy has also been shown to be quite variable (see 
Figs. 14.4, B, and 14.5). A study found no typical pattern for 
foraminal openings and that no foramen coincided with the apex 
of the root.13 The same group reported the foramen to apex dis-
tance to range from 0.20 to 3.8 mm.

It has also been noted that the foramen to constriction distance 
increases with age,11 and root resorption may destroy the classic 
anatomic constriction.14 Resorptive processes are common with 
pulp necrosis and apical bone resorption. Therefore root resorp-
tion is an additional factor to consider in length determination.

In a prospective study, significant adverse factors influencing 
success and failure were the presence of a perforation, preopera-
tive periradicular disease, and incorrect length of the root canal 
filling.15,16 The authors speculated that canals filled more than 
2.0 mm short harbored necrotic tissue, bacteria, and irritants that 
when retreated could be cleaned and sealed.15 A meta-analysis 
evaluation of success and failure indicated a better success rate 
when the obturation was confined to the canal space.17 A review 
of several studies on endodontic outcomes confirms that extrusion 

of materials decreases success.7,18,19 In one study examining cases 
with pulp necrosis, better success was achieved when the proce-
dures terminated at or within 2 mm of the radiographic apex. 
Obturation shorter than 2 mm from the apex or past the apex 
resulted in a decreased success rate. In teeth with vital inflamed 
pulp tissue, termination between 1 and 3 mm was acceptable.18 
Two larger studies confirmed that overfill was associated with infe-
rior outcomes.7,19

At the same time, working short presents higher risks of accu-
mulation and retention of debris, which in turn may result in api-
cal blockage and may contribute to procedural errors in the first 
place; furthermore, infected debris, bacteria, and their byproducts 
can remain in the most apical portion of the canal in cases with 
pulpal necrosis jeopardizing apical healing and contributing to a 
persistent or recurrent apical periodontitis20,21 or posttreatment 
disease.22,23

Most publications on outcomes that extrapolate the effect of 
apical termination are retrospective. On the other hand, a recent 
prospective study demonstrated that not only the maintenance 

BA

C

• Fig. 14.5 (A) Micro–computed tomography (micro-CT) reconstruction of an unprepared root canal sys-
tem of a maxillary molar. (B) Prepared canal system, enlarged to an apical size 30 in the palatal and 25 
in the mesiobuccal and distobuccal canal. (C) Magnified view of the initial canal configuration for all three 
apices.
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of apical patency, but also the apical extent of canal cleaning, is 
a significant prognostic factor for root canal treatment, recom-
mending extending canal cleaning as close as possible to its api-
cal terminus. In that study, the odds of success were reduced by 
12% for every 1 mm of the canal short of the terminus remaining 
“uninstrumented.”7

Therefore the exact clinical point of apical termination of the 
preparation and obturation remains a matter of debate. The need 
to compact the gutta-percha and sealer against the apical den-
tin matrix (constriction of the canal) is important in creating a 
seal. The decision of where to terminate the preparation is based 
on knowledge of apical anatomy, tactile sensation, radiographic 
interpretation, apex locators, apical bleeding, and the patient’s 
response. To prevent extrusion, the cleaning and shaping proce-
dures should be confined to the radicular space. Canals filled to 
the radiographic apex are actually slightly overextended.13 

Degree of Apical Enlargement
Generalizations can be made regarding tooth anatomy and mor-
phology, although each tooth is unique. Length of canal prepa-
ration is often emphasized with little consideration given to 
important factors such as canal diameter and shape. Because mor-
phology is variable, there is no standardized apical canal size. Tra-
ditionally, preparation techniques were determined by the desire 
to limit procedural errors and by the method of obturation. Small 
apical preparation reduces the incidence of preparation errors (as 

is discussed in the following section) but may decrease antimi-
crobial efficacy of cleaning procedures. It appears that with tra-
ditional hand instruments, apical transportation occurs in many 
curved canals enlarged beyond a No. 20 stainless steel file.24

The criteria for cleaning and shaping should be based on the 
ability to adequately deliver sufficient amounts of irrigant and not 
on a specific obturation technique. The ability of irrigants to reach 
the apical portion of the root canal depends on canal’s size, taper, 
and the irrigation device used.25-27

Larger preparation sizes have been shown to provide adequate 
irrigation and debris removal and significantly decrease the num-
ber of microorganisms.28-31 However, any removal of dentin has 
the potential to weaken radicular structure and therefore the use 
of an irrigation adjunct designed to promote irrigation efficacy in 
smaller canals may be advantageous.32,33

In principle there may to be a relationship between increasing 
the size of the apical preparation and canal cleanliness34 and bacte-
rial reduction.35,36 Instrumentation techniques that advocate min-
imal apical preparation may be ineffective at achieving the goal of 
cleaning and disinfecting the root canal space.34,36 However, this 
concept reaches its limits when too large a preparation leads to 
procedural errors37,38 and when modifications created in the hard 
tissue block the very anatomy that was to be cleaned (Fig. 14.6).39

A variety of microbial species can penetrate deep into dentinal 
tubules.40 These intratubular organisms are sheltered from endodon-
tic instruments, the action of irrigants, and intracanal medicaments. 
Dentin removal appears to be the primary method for decreasing 

A

B

• Fig. 14.6 (A) Individual micro–computed tomography scans from the apical root third of a typical speci-
men before and after root canal preparation and irrigation with sodium hypochlorite (NaOCl), subsequent 
irrigation with ethylenediaminetetraacetic acid and final passive ultrasonic irrigation using again NaOCl 
(from left to right). (B) The corresponding three-dimensional reconstructions of the whole canal system 
are depicted below. (Reprinted from Paqué F, Boessler C, Zehnder M: Accumulated hard tissue débris 
levels in mesial roots of mandibular molars after sequential irrigation steps, Int Endod J 44(2):148, 2011 
with permission.39)
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their numbers. However, it may not be possible to remove bacteria 
that are deep in the tubules, regardless of the technique. There is a 
correlation between the number of organisms present and the depth 
of tubular penetration41; in teeth with apical periodontitis, bacteria 
may penetrate the tubules to the periphery of the root.42,43 

Elimination of Etiology
The development of nickel-titanium (NiTi) instruments has dra-
matically changed the techniques of cleaning and shaping; these 
instruments have been rapidly adopted by clinicians in many 
countries.44-46 The primary advantage to using these flexible 
instruments is related to shaping, specifically a significant reduc-
tion in the incidence of preparation errors.37

Neither hand instruments nor rotary files have been shown to com-
pletely débride the canal.29,47,48 Mechanical enlargement of the canal 
space dramatically decreases the presence of microorganisms present 
in the canal49 but cannot render the canal sterile.29 Therefore antimi-
crobial irrigants have been recommended in addition to mechanical 
preparation techniques.50 There is currently no consensus on the most 
appropriate irrigant or concentration of solution, although sodium 
hypochlorite (NaOCl) is the most widely used irrigant.51

Unfortunately, solutions such as NaOCl that are designed to kill 
bacteria50,52,53 are often toxic for the host cells,54-57 and therefore 
extrusion beyond the canal space is to be avoided.58,59 A major fac-
tor related to effectiveness is the volume of irrigant used during the 
procedure. Increasing the volume produces cleaner preparations.60 

Apical Patency
Apical patency is a technique that advocated the repeated place-
ment of small hand files to or slightly beyond the apical foramen 
during canal preparation (Fig. 14.7). A benefit of this technique 

during cleaning and shaping procedures is to ensure that WL is 
not lost and that the apical portion of the root is not packed with 
tissue, dentin debris, and bacteria (see Fig. 14.6, A). The patency 
concept has historically been controversial; indeed, concerns 
regarding possible extrusion of dentinal debris, bacteria, and irrig-
ants have been raised,61 a condition often considered to result in 
postoperative pain and possibly delayed healing.62

However, a large retrospective study identified the presence of 
apical patency as a factor possibly associated with higher success 
rates.7 Moreover, at least in vitro, microorganisms do not appear 
to be transported beyond the confines of the canal by patency fil-
ing.63 Small files are not directly effective in débridement (see Fig. 
14.3) but achieving patency may be helpful in enhancing irriga-
tion efficacy,64 determining electronic WL, minimizing the risk of 
loss of length, reducing shaping mishaps such as canal transporta-
tion and ledges,65 better maintaining the anatomy of the apical 
constriction,66 and improving clinicians’ tactile sense during api-
cal shaping.67

Studies evaluating treatment failure have noted, besides 
several other factors, presence of bacteria outside the radicular 
space,20 and bacteria have in some cases been shown to exist as 
plaques or biofilms on the external root structure.68 It has been 
shown in vitro that maintaining patency may be connected to 
small amounts of irrigant to reach the periodontium, but this 
did not appear to increase the chance of irrigation accidents in 
the clinic.69

Moreover, a recently published systematic review concluded 
that maintaining apical patency was not associated with postop-
erative pain in teeth with either vital or nonvital pulp.70 For all 
these reasons the benefits of maintaining apical patency seem to 
outweigh possible risks. 

Pretreatment Evaluation
Before treatment, each case should be evaluated for its degree of 
difficulty. The American Association of Endodontists has devel-
oped The Endodontic Case Difficulty Assessment Form, a practi-
cal tool that helps practitioners to identify the complexities that 
should not be overlooked before starting a root canal treatment. 
All three, patient, diagnostic, and treatment aspects, are con-
sidered to identify the level of difficulty of a specific case and 
help in 3 minutes to both anticipate problems the clinician may 
have during the treatment and determine whether the complex-
ity of the case is suitable for the clinician’s level of expertise and 
comfort.

Normal anatomy and anatomic variations are determined, 
as well as variations in canal morphology.71 The mishandling 
of natural difficulties will lead to procedural mishaps that will 
be even more difficult to manage. A root canal that seems to 
be straight in a radiograph may have multiple curvatures in 
three dimensions that are not captured using a two-dimen-
sional film. Therefore more than one preoperative radiograph 
might be needed for a proper assessment; a cone beam scan or 
cone beam computed tomography (CBCT) may also help to 
determine the best strategy to shape the most difficult canal 
anatomies.

Specifically, the longer a root, the more difficult it is to treat; 
apically, a narrow, curved root is susceptible to perforation; in 
multirooted teeth, a narrow area midroot could result in a strip-
ping perforation toward the root concavity. The degree and loca-
tion of curvature are determined. Canals are seldom straight, 
and curvatures in a buccolingual direction are normally not 

• Fig. 14.7 A small file (No. 10 or 15) is placed beyond the radiographic 
apex to maintain patency of the foramen. Note the tip extends beyond the 
apical foramen.
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visible on the radiograph. Sharp curvatures or dilacerations are 
more difficult to manage than a continuous gentle curve. Roots 
with an S-shape or bayonet configuration are very difficult to 
treat. Intracanal mineralization will also complicate treatment. 
Such mineralization generally occurs in a coronal to apical direc-
tion, thus a large tapering canal may become more cylindrical 
with irritation or age.

The presence of resorption also will complicate treatment. 
With internal resorption, it is difficult to pass instruments 
through the coronal portion of the canal and the resorptive 
defect and into the apical portion. Also, files will not remove tis-
sue, necrotic debris, and bacteria from such a resorptive defect. 
External resorption may perforate the canal space and present  
problems with hemostasis and isolation. Restorations may 
obstruct access and visibility, as well as change the orientation of 
the crown in relation to the root. 

Principles of Cleaning and Shaping 
Techniques
Cleaning and shaping are separate and distinct concepts but 
are performed concurrently. The criteria of canal preparation 
include developing a continuously tapered funnel, maintaining 
the original shape of the canal, maintaining the apical foramen 
in its original position, keeping the apical opening as small as 
possible, and developing glassy smooth walls.9 The cleaning and 
shaping procedures are designed to maintain an apical matrix for 
compacting the obturating material regardless of the obturation 
technique.9

Knowledge of a variety of techniques and instruments for treat-
ment of the myriad variations in canal anatomy is required. There 
is no consensus or clinical evidence on which technique or instru-
ment design or type is clinically superior (Video 14.3).38,72

NiTi files have been incorporated into endodontics because of 
their flexibility and resistance to cyclic fatigue.73 The resistance 
to cyclic fatigue permits these instruments to be used in a rotary 
handpiece, which gives them an advantage over stainless steel files. 
NiTi files are manufactured in both hand and rotary versions and 
have been demonstrated to produce superior shaping compared 
with stainless steel hand instruments (Video 14.1).37,72,74

NiTi instruments are available in a variety of designs, many 
with increased taper compared with .02 mm standardized stainless 
steel files. The superelasticity of NiTi alloy enabled the manufac-
turing of more tapered instruments still flexible enough to prop-
erly shape canals with different angles and radius of curvature. The 
increase in the taper provides better and more continuous shapes 
with the use of fewer instruments and in a shorter period of time. 
Common tapers are .04 and .06, and the tip diameters may or 
may not conform to the traditional manufacturing specifications. 
The file systems can vary the taper while maintaining the same 
tip diameter or they can employ varied tapers with International 
Organization for Standardization (ISO) standardized tip diam-
eters; some NiTi instruments have multiple tapers along their 
cutting portions, with more recent instruments featuring smaller 
maximum fluted diameters of less than 1 mm at the end of the 
fluted instrument portion.

A rational concept of root canal preparation using current 
instruments unfolds in stages. Classically, Stage 1 is a defined 
preflaring, before bringing any hand file to the apical third of the 
canal. Depending on the expected canal difficulty, instruments 

may reach WL during Stage 2; for example, if there is only 
one curvature. If preoperative assessments have indicated that 
an S-shape or multiple curvatures are present, it may be useful 
to introduce a Stage 3 that finally reaches the estimated WL, 
whereas Stage 2 provides additional enlargement into the sec-
ondary curvature.75

However, the appearance of proprietary thermal treatments 
of NiTi alloys with different series of heating and cooling treat-
ments has led to the enhancement of the mechanical properties 
of contemporary rotary instruments by optimizing the micro-
structural characteristics of the alloy. The higher flexibility and 
cyclic fatigue resistance of these new instruments provides better 
clinical behavior and allows dentin preservation in the coronal 
third of many cases with a minimal orifice modification in Stage 
1. Scientific evidence suggests that preserving pericervical den-
tin (4 mm above and below the crestal bone) is crucial for the 
distribution of functional stresses and the maintenance of the 
strength of the tooth and long-term survival.76 Computational 
simulations with finite element analysis showed that masticatory 
stresses are reduced even when small amounts of this pericervical 
dentin are preserved.77

The authors strongly believe in this minimally invasive compo-
nent of the technique because overflaring is liable to reduce den-
tinal wall thickness and structural strength and perhaps overall 
restorability (see Fig. 14.8). On the other hand, when it is per-
formed with an instrument that allows a selective removal of den-
tin because of a limited maximum fluted diameter (MFD) that 
provides a conservative coronal preparation, early coronal flar-
ing is also beneficial for the earlier access of disinfecting irriga-
tion solutions, better tactile control of hand instruments during 
negotiation, and the easier placement of files in the delicate apical 
third.78

In general, the use of NiTi rotary instruments to WL should 
be preceded by a manual exploration of the canal to the desired 
preparation length, also known as glide path verification. This 
step is performed with one or more small K-files that are not 
precurved. In recent years, NiTi rotary instruments have been 
specifically designed to simplify the process of glide path prepa-
ration after a negotiating file has previously reached WL. If it 
is possible to predictably reach WL without precurving, rotary 
instruments may be used to the desired length. However, caution 
should be exercised in S-shaped canals, canals that join within a 
single root, and canals with severe dilacerations. Canals in which 
ledge formation is present, and very large canals where instru-
ments fail to contact the canal walls, do not lend themselves to 
rotary preparation.

Instrument fracture can occur as a result of torsional loading or 
cyclic fatigue.38 Torsional forces develop because of frictional resis-
tance; therefore as the surface area increases along the flutes, the 
greater the friction and the more potential for fracture. Torsional 
stress can be reduced by limiting file contact, using a crown-down 
preparation technique, by verifying a glide path to WL, and with 
the presence of liquid irrigants such as NaOCl during shaping 
procedures.

Cyclic fatigue occurs as a file rotates in a curved canal.79 At 
the point of curvature the outer surface of the file is under ten-
sion while the inner surface of the instrument is compressed. 
As the instrument rotates, the areas of tension and compres-
sion alternate, crack initiation begins, ultimately leading to 
fracture. There is often no visible evidence that fracture is 
imminent.
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Although new thermomechanical processed alloys have 
improved lifespan of instruments, it is still advised that the use 
of NiTi instruments be monitored80 and limited to a reduced 
number of cases. For difficult or calcified or severely curved 
canals, it is recommended the instruments be used only once.72 

Smear Layer Management
During cleaning and shaping, organic components of pulp tis-
sue and inorganic dentinal debris accumulate that are not only 
pressed into accessory canals, fins, and isthmuses (Fig. 14.6) but 
also deposited on the radicular canal wall, producing an amor-
phous, irregular smear layer (Fig. 14.9).81 With pulp necrosis, the 
smear layer may be contaminated with bacteria and their meta-
bolic byproducts. The smear layer is superficial, with a thickness 
of 1 to 5 μm, and debris can be packed into the dentinal tubules 
to varying distances.82

There is not a consensus on removing the smear layer before 
obturation.81,83,84 The advantages and disadvantages of the smear 
layer removal remain controversial; however, evidence generally 
supports removing the smear layer before obturation.81,85 The 
organic debris present in the smear layer might constitute substrate 
for bacterial growth, and it has been suggested that the smear layer 
prohibits sealer contact with the canal wall, which permits leak-
age. In addition, viable microorganisms in the dentinal tubules 
may use the smear layer as a substrate for sustained growth. When 
the smear layer is not removed, it may slowly disintegrate with 
leaking obturation materials, or it may be removed by acids and 
enzymes that are produced by viable bacteria left in the tubules or 
that enter via coronal leakage.3 The presence of a smear layer may 
also interfere with the action and effectiveness of root canal irrig-
ants and interappointment disinfectants.53

With smear layer removal, filling materials adapt better to 
the canal wall.86,87 Removal of the smear layer also enhances 
the adhesion of sealers to dentin and tubular penetration83,86-88 
and permits the penetration of all sealers to varying depths.89 
Removal of the smear layer reduces both coronal and apical leak-
age (Video 14.2).85,90 

 1.  Endodontic treatment failures result from all except which of the 
following?

 a.  Inadequate root canal débridement
 b.  Use of hand instrumentations
 c.  Coronal leakage
 d.  Bacteria that are more resistant to treatment protocols
 2.  Use of antimicrobial irrigants is an optional component of root canal 

débridement because new technologic advancements in file design 
allow better adaptation to canal irregularities.

 a.  True
 b.  False
 3.  Precise location of the apical constriction may be difficult to identify 

because of which of the following?
 a.  The location of the apical foramen may vary
 b.  The apical constriction can be altered by inflammatory changes
 c.  The canal terminus is not always located at the root apex
 d.  All of the above
 3.  Iatrogenic root perforation can adversely affect endodontic treatment 

outcome.
 a.  True
 b.  False
 4.  Maintenance of pericervical dentin contributes to the resistance to 

fractures that may be caused by masticatory forces.
 a.  True
 b.  False

Study Questions

A

B C D

• Fig. 14.8 An endodontically treated mandibular molar through constricted access and limited shaping, 
highlighting its guidelines by area: (A) coronal, (B) pericervical, (C) radicular body, and (D) apical. (Reprinted 
from Boveda C, Kishen A: Contracted endodontic cavities: the foundation for less invasive alternatives in 
the management of apical periodontitis. Endod Topics 33:169, 2015 with permission.)
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Irrigants
The ideal properties for an endodontic irrigant are listed in Box 
14.1.81 Currently, no solution meets all the requirements out-
lined. In fact, no techniques appear able to completely clean the 
root canal space.39,91-93 Frequent irrigation is necessary to flush 
and remove the debris generated by the mechanical action of the 
instruments. At the same time, preparation of radicular wall cre-
ates hard tissue debris that is typically pushed into accessory anat-
omy, blocking access for subsequent irrigation.39 Therefore it is 
imperative to use mechanical shaping and irrigation in synergy to 
maximize antibacterial efficacy of endodontic procedures.

Sodium Hypochlorite
The most common irrigant is NaOCl, which is also known as 
household bleach. Advantages to NaOCl include the mechani-
cal flushing of debris from the canal, the ability of the solution 
to dissolve vital94 and necrotic tissue,95 the antimicrobial action 
of the solution,47 and the lubricating action.96 In addition, it is 
inexpensive and readily available.97

Free chlorine in NaOCl dissolves necrotic tissue by breaking 
down proteins into amino acids. There is no proven appropri-
ate concentration of NaOCl, but concentrations ranging from 
0.5% to 5.25% have been recommended. A common concentra-
tion is 2.5%, which decreases the potential for toxicity yet still 
maintains some tissue dissolving and antimicrobial activity.98,99 
Because the action of the irrigant is related to the amount of free 
chlorine, decreasing the concentration can be compensated by 
increasing the volume. Warming the solution can also increase the 

effectiveness of the solution.100,101 However, NaOCl has limita-
tions to tissue dissolution in the canal, because of limited contact 
with tissues in all areas of the canal.

Because of toxicity, extrusion is to be avoided.55,59,102 The irri-
gating needle must be placed loosely in the canal (Fig. 14.10), and 
the use of side-vented needles specifically designed for endodontic 
irrigation is recommended in order to avoid accidents. Insertion 
to binding and slight withdrawal minimizes the potential for pos-
sible extrusion and an NaOCl accident (Fig. 14.11). Special care 
should be exercised when irrigating a canal with an open apex. 
To control the depth of insertion the needle is bent slightly at the 
appropriate length or a rubber stopper is placed on the needle.

Most likely, any irrigant does not travel apically more than  
1 mm beyond the irrigation tip, so deep placement with small-
gauge needles enhances irrigation (see Fig. 14.10).103 During 
rinsing, the needle is moved up and down constantly to produce 
agitation and prevent binding or wedging of the needle. 

A B

• Fig. 14.9 (A) A canal wall with the smear layer present. (B) The smear layer removed with 17% ethylene-
diaminetetraacetic acid.

Organic tissue solvent
Inorganic tissue solvent
Antimicrobial action
Nontoxic
Low surface tension
Lubricant

 • BOX 14.1      Properties of an Ideal Irrigant

A B

• Fig. 14.10 (A and B) For effective irrigation the needle must be placed in 
the apical one-third of the root and must not bind.
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Chelating Irrigants: Ethylenediaminetetraacetic 
Acid, Citric Acid, Hydroxyethylidene 
Bisphosphonate
As described previously, NaOCl is the most effective irrigant for 
organic tissue dissolution and elimination of bacteria biofilm; 
however, it does not remove inorganic tissue. For this reason, it 
needs to be combined with a chelating agent, such as ethylene-
diaminetetraacetic acid (EDTA), citric acid, or the more recently 
suggested hydroxyethylidene bisphosphonate (HEPB), also called 
etidronate. The chelating activity is directed toward removal of the 
smear layer because, in fact, these chelators have minimal tissue 
dissolution capacity.104

EDTA 105 is the most frequently used irrigant for this purpose. 
However, chemical interactions between EDTA and NaOCl have 
been described, and when combined, tissue dissolution ability of 
NaOCl may be affected as a result of a reduction in the active chlo-
rine content.106,107 For this reason, when using EDTA, the irrigation 
protocol recommended includes an irrigation with 17% EDTA for 1 
minute at the end of the shaping procedure followed by a final rinse 
with NaOCl.108 Chelators such as EDTA remove the inorganic com-
ponents and leave the organic tissue elements intact. NaOCl is then 
necessary for removal of the remaining organic components; however, 
the additional use of NaOCl after chelating agents may lead to exces-
sive demineralization of radicular wall dentin.109

Demineralization results in removal of the smear layer and 
plugs and enlargement of the tubules.110,111 The action is most 
effective in the coronal and middle thirds of the canal whereas the 
effect is diminished in the apical third.105,112

Reduced efficacy may be a reflection of canal size113 or ana-
tomic variations such as irregular or sclerotic tubules.114,115 The 
variable structure of the apical dentin presents a challenge during 
endodontic obturation with adhesive materials.

The recommended time for removal of the smear layer with 
EDTA is 1 minute.105,116,117 The small particles of the smear layer 
are primarily inorganic with a high surface to mass ratio, which 
facilitates removal by acids and chelators. EDTA exposure over 10 
minutes causes excessive removal of both peritubular and intratu-
bular dentin.117 A 10% solution of citric acid has also been shown 
to be an effective method for removing the smear layer, although it 
also reduces available chlorine in NaOCl solutions.118,119

A possible alternative to citric acid or EDTA recently suggested 
is HEBP. HEBP is a weak and biocompatible chelator that pre-
vents bone resorption and is used systemically in patients suffer-
ing from osteoporosis or Paget’s disease.98 In contrast with EDTA 
or citric acid, HEBP appeared to reduce NaOCl active chlorine 
content after 1 hour and reduction continued over time, but the 
mixture seemed not to interfere with the dissolving properties 
of NaOCl. Therefore it may be mixed and used in combination 
with NaOCl, reducing the formation of smear layer during the 
mechanical preparation of the root canal. It seems that 7% to 10% 
HEBP could be mixed chair-side with NaOCl, without fearing 
any loss of NaOCl activity and administered during the whole 
course of root canal preparation.107 

Chlorhexidine
Chlorhexidine possesses a broad spectrum of antimicrobial 
activity, provides a sustained action,102,120 and has little tox-
icity.121-124 Two percent chlorhexidine has similar antimicro-
bial action as 5.25% NaOCl121 and is more effective against 
Enterococcus faecalis.102 NaOCl and chlorhexidine are synergis-
tic in their ability to eliminate microorganisms.122 A disadvan-
tage of chlorhexidine is its inability to dissolve necrotic tissue 
and remove the smear layer. Moreover, clinical studies do not 
confirm that the use of chlorhexidine is associated with better 
outcomes.7

Moreover, the interaction between chlorhexidine and NaOCl 
produced a precipitate that may have detrimental consequences 
for endodontic therapy; among them it may produce discolor-
ation and potential toxic substances for periradicular tissues. At 
the same time, when chlorhexidine interacted with EDTA a pre-
cipitate was also produced.106,125 

MTAD
An alternative method for disinfecting while at the same time 
removing the smear layer employs a mixture of a tetracycline iso-
mer, an acid, and a detergent (MTAD) as a final rinse to remove 
the smear layer.126 The effectiveness of MTAD to completely 
remove the smear layer is enhanced when low concentrations 
of NaOCl are used as an intracanal irrigant before the use of 
MTAD.127 A 1.3% concentration is recommended. MTAD may 
be superior to NaOCl in antimicrobial action.128,129 MTAD 
has been shown to be effective in killing E. faecalis, an organ-
ism commonly found in failing treatments, and may prove 
beneficial during retreatment. It is biocompatible,130 does not 
alter the physical properties of the dentin,130 and enhances 
bond strength.131 Although there are encouraging in vitro data, 
MTAD has not been shown to be clinically beneficial at this 
point.132 

QMix
A chlorhexidine-based mixture, marketed as QMix,133 employs a 
similar underlying strategy with the potential to not only remove 
smear layer but also to provide antibiofilm activity. QMix consists 
of a proprietary mix of chlorhexidine, EDTA, and a surface-active 
agent. Nothing is known about its contribution to clinical out-
comes, but it appears that smear layer removal is similar to 17% 
EDTA,134 and antimicrobial effects are adequate.135,136 However, 
tissue dissolution with prior canal shaping and use of NaOCl are 
still required.137 

A B

• Fig. 14.11 (A and B) A sodium hypochlorite accident during treatment of 
the maxillary left central incisor. Extensive edema occurred in the upper lip 
and was accompanied by severe pain.
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Irrigants for Cryotherapy
A new use of irrigant solution has been recently described in root 
canal treatment. Posttreatment pain is a very common situation, 
especially in teeth presenting with preoperative pain, pulp necro-
sis, and symptomatic apical periodontitis. Postoperative pain 
has traditionally been controlled with paracetamol, nonsteroidal 
antiinflammatory medication, opioids, and/or corticosteroids. In 
other fields of medicine, other alternatives have been suggested 
in search of a greater efficacy for pain control while avoiding sec-
ondary effects, cryotherapy among them. A controlled irrigation 
with cold saline after cleaning and shaping procedures has been 
recently suggested to reduce incidence and intensity of postop-
erative pain in those patients presenting symptomatic apical peri-
odontitis.138 The authors suggested a final irrigation after cleaning 
and shaping with cold (2.5°C) sterile saline solution, also using a 
cold (2.5°C) sterile microcannula attached to the Endovac nega-
tive pressure irrigation system for 5 minutes. Recently different 
cryotherapy applications have also resulted in lower postoperative 
pain levels (intracanal, intraoral, and extraoral).139 

Ultrasonics
There are many uses of ultrasonics in root canal treatment; for 
example, refinement of access cavity preparations for a more con-
servative approach, orifice location, pulp stone removal, removal 
of materials from the inside of the root canal (including posts, sep-
arated instruments, silver cones), enhancing irrigation, thermo-
plastic obturation, and root-end preparation during surgery;140 
however, shaping curved root canals with ultrasonic instruments 
has been shown to create preparation errors and is no longer 
recommended.141-143

In terms of enhancing irrigation, agitation techniques allow an 
irrigation solution to reach the apical third and irregularities in the 
root canal system, and hence improve cleaning efficiency. The use 
of ultrasonics,144 sonic devices,145 or apical negative pressure146 
irrigation has been recommended. Many other devices or instru-
ments are continuously being marketed for further disinfection 
of root canal system; however, cost-effectiveness still needs to be 
scientifically demonstrated.

The main mechanism of adjunctive cleaning with ultrasonics is 
acoustic microstreaming,147 which is described as complex steady-
state streaming patterns in vortex-like motions or eddy flows that 
are formed close to the instrument. Agitation of the irrigant with 
an ultrasonically activated instrument after completion of clean-
ing and shaping has the benefit of increasing the effectiveness of 
the solution.113,148-150 

Lubricants
Lubricants facilitate manipulation of hand files during cleaning 
and shaping. They are an aid in initial canal negotiation, especially 
in small and constricted canals without taper. The use of lubricants 
during negotiation helps to avoid pulp tissue blockage. Especially 
in vital teeth, pulp tissue may block the root canal during negotia-
tion. This type of blockage is difficult to bypass but very easy to 
prevent by filling the pulp chamber with viscous lubricants that 
will enhance the advancement of the small file without apically 
pushing the pulp tissue remnants.151

Glycerin is a mild alcohol that is inexpensive, nontoxic, aseptic, 
and somewhat soluble. A small amount can be placed along the 
shaft of the file or deposited in the canal orifice. Counterclockwise 

rotation of the file carries the material apically. The file can then be 
worked to length using a watch winding motion.

Paste lubricants can incorporate chelators. One advantage 
to paste lubricants is that they can suspend dentinal debris and 
prevent apical compaction. One proprietary product consists of 
glycol, urea peroxide, and EDTA in a special water-soluble base. 
It has been demonstrated to exhibit an antimicrobial action.152 
Another type is composed of 19% EDTA in a water-soluble vis-
cous solution.

A disadvantage to these EDTA compounds appears to be the 
deactivation of NaOCl by reducing the available chlorine153 and 
potential toxicity.154 The addition of EDTA to the lubricants has 
not proved to be effective.155 In general, files remove dentin faster 
than the chelators can soften the canal walls. Aqueous solutions, 
such as NaOCl, should always be used instead of paste lubricants 
when using NiTi rotary techniques to reduce torque.96 

Preparation Errors
Regardless of the technique used in root canal preparation, proce-
dural errors can occur (see Chapter 18). These include loss of WL, 
apical transportation, apical perforation, instrument fracture, and 
stripping perforations.

Loss of WL has several causes, including failure to have an ade-
quate reference point from which the WL is determined, packing 
tissue and debris in the apical portion of the canal, ledge forma-
tion, and inaccurate measurements of files.

The selection of an adequate coronal reference point is very 
important. Some clinicians advocate for using the same coronal 
reference for all root canals in the same tooth to ease the proce-
dure; however, the proper determination of a straight and stable 
reference localized in the original path of the instrument when 
shaping each canal will avoid procedural mishaps during canal 
preparation. Moreover, the more visible the reference point, the 
less stress for the rotary instrument when the clinician checks the 
proper shaping length.

On the other hand, the most predictable method to prevent 
any kind of blockage in the apical portion of the canal is to regu-
larly use the so-called patency file during cleaning and shaping 
procedures. Not only does it minimize the risk of loss of length, 
but it also reduces further mishaps occurring when trying to force 
an instrument to go back to the initial length.

And lastly, the reconfirmation of the WL electronically with an 
apex locator after preparation of the coronal third will also help to 
maintain the correct length during the whole shaping procedure.

Apical transportation and zipping occur when relatively inflex-
ible files are used to prepare curved canals. The restoring force of 
the file (the tendency to return to the original straight shape of the 
file) exceeds the threshold for cutting dentin in a curved canal (Figs. 
14.12 and 14.13).156 When this apical transportation continues 
with larger and larger files, a “teardrop” shape develops, and apical 
perforation can occur on the lateral root surface (see Fig. 14.12). 
Transportation in curved canals already begins with a No. 25 file.24 
Enlargement of curved canals at the WL beyond a No. 25 file can be 
done only when an adequate coronal flare is developed. Moreover, 
when shaping a difficult root canal, the most challenge anatomy is 
often located in the apical third. The potential of avoiding accidents 
in this delicate portion starts with a proper negotiation after remov-
ing the restrictive dentin in the coronal and middle third if the root 
canal presents great curvatures or S-shaped root canals. Choosing 
flexible and resistant rotary instruments is very important not to 
deform the apical third of root canals with complicated anatomy.
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As stated before, instrument fracture occurs with torsional and 
cyclic fatigue. Locking the flutes of a file in the canal wall while 
continuing to rotate the coronal portion of the instrument is an 
example of torsional failure (Fig. 14.14). Conversely, cyclic fatigue 
results when repetitive low-level strain develops in the metal. File 
fracture occurs more frequently with rotaries but may also involve 
hand instruments such as K-type and Hedström files.157

Working under the operating microscope, using specific ultra-
sonic tips and specifically designed armamentarium will help to 
retrieve broken instruments from the root canal, but it is a dif-
ficult task and in most situations leads to a weakening of the tooth 
caused by excessive removal of dentin, allowing the instrument 
to disengage from the dentin and finding a path for the exit. 
Therefore the best way to deal with instrument fracture is pre-
vention. To avoid NiTi rotary instruments separation some strate-
gies are recommended: optimal case selection; understanding the 

#45 #40 #35 #30

• Fig. 14.12 Procedural errors of canal transportation, zipping, and strip 
perforation occur during standardized preparation when files remove den-
tin from the outer canal wall apical to the curve and from the inner wall 
coronal to the curve. This is related to the restoring force (stiffness) of the 
files. Note in the apical portion the transportation takes the shape of a tear 
drop as the larger files are used.

A B

• Fig. 14.13 A typical procedural error in shaping of curved root canals is straightening or transportation. 
A comparison of (A) preoperative and (B) postoperative radiographs in this case reveals that mesial and 
distal canals have been transported, and there are apical perforations.

A

B

• Fig. 14.14 (A) No. 35 file fractured in the mesiobuccal canal. (B) Scanning 
electron microscope examination reveals torsional failure at the point of 
fracture. Note the tightening of the flutes near the fracture and the unwind-
ing of the flutes along the shaft.
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characteristics and limitations of the selected instrument; limiting 
the use of instruments; prematurely eliminating coronal interfer-
ence before taking rotary instruments to the full root canal length; 
ensuring a correct glide path; using the instruments following 
the recommended directions for use in terms of rotational speed, 
torque, and motion; not forcing instruments in an apical direction 
to avoid taper-lock; recapitulating if the instrument is not able to 
advance in the root canal; and not inserting the instrument in the 
root canal if the active cutting surface of the instrument is blocked 
with debris (use gauzes to clean the flutes).78

Stripping perforations occur toward the furcal region of curved 
roots and frequently in the mesial roots of maxillary and mandib-
ular molars (Figs. 14.15 and 14.16). The canal in this area of the 

root is not always centered in cross-sections; before preparation, 
the average distance to the furcal wall (danger zone) is less than 
the distance to the bulky outer wall (safety zone). An additional 
complicating factor is the furcal concavity of the root.158 

Preparation Techniques

Working Length Determination
A major step in clinical endodontics, regardless of the instruments 
used, is the determination of the apical termination of cleaning 
and shaping, as well as obturation procedures. Using diagnostic 
radiographs, an estimate of the WL can be obtained. With a staged 

BA

• Fig. 14.15 (A) The furcal region of molars at the level of the curvature (danger zone) is a common site for 
stripping perforation. (B) Note the concavity (arrows) in the furcation area of this mandibular molar.

BA

• Fig. 14.16 Straight-line access can result in stripping perforations in the furcal areas of molars. (A) The 
use of large Gates-Glidden drills and overpreparation has resulted in the stripping perforation. (B) Note that 
the perforation is in the concavity of the furcation.
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Working length (WL)
Initial apical file (IAF)
Master apical file (MAF)
Final file (FF)
Final apical file (FAF)

 • BOX 14.2      Descriptors for Files During Root Canal 
Preparation

• Fig. 14.17 The step-back preparation is designed to provide a tapering 
preparation. The process begins with one file size larger than the master 
apical file with incremental shortening of either 0.5 or 1 mm.

preparation sequence as detailed before, initial files will not be 
placed into the root canal as to reach WL, as their use is restricted 
to the coronal and middle thirds of the canal. However, during all 
shaping stages care should be taken not to inadvertently overex-
tend the instruments. As soon as a small file appears to reach the 
estimated termination point, the use of an electronic apex loca-
tor is recommended. These units typically provide an accurate 
assessment of the location of the narrowest canal diameter and 
can detect the position of the test file relative to the periodontal 
ligament. Exposing a radiograph with the test file in place then 
verifies the measurement.

Based on this information clinicians may note the WL for this 
canal as the distance between a coronal reference point and the 
apical termination point. Based on clinical evidence7,19 as well as 
classic studies159 WL should terminate just short of the electroni-
cally measured canal length. During canal preparation, WLs tend 
to shorten as a result of the fact that the enlarged canal provides 
a straighter path to the apical termination point; however, this 
effect is minimized with coronal flaring. Nevertheless, it is recom-
mended to periodically check the WL and correct it if needed. 

Hand Instrumentation
Watch Winding
Watch winding is reciprocating back and forth (clockwise/coun-
terclockwise) rotation of the instrument in an arch and is used 
to negotiate canals and to work files to place. The first file that 
reaches tentative WL and slightly binds is called initial apical file 
(IAF). Light apical pressure is applied to move the file deeper into 
the canal. 

Reaming
Reaming is defined as the clockwise cutting rotation of the file. 
Generally, the instruments are placed into the canal until binding 
is encountered. The instrument is then rotated clockwise 180 to 
360 degrees to plane the walls and enlarge the canal space. 

Filing
Filing is defined as placing the file into the canal and pressing it 
laterally while withdrawing it along the path of insertion to scrape 
(plane) the wall. A modification is the quarter-turn-pull tech-
nique. This involves placing the file to the point of binding, rotat-
ing the instrument 90 degrees, and pulling the instrument along 
the canal wall. Any filing technique has a tendency to straighten 
curved canals. 

Circumferential Filing
Circumferential filing is used for canals that are larger and/or not 
round. The file is placed into the canal and withdrawn in a direc-
tional manner sequentially against the mesial, distal, buccal, and 
lingual walls. Circumferential filing is not very effective beyond 
the coronal third of a root canal.160,161 

Standardized Preparation
After 1961 instruments were manufactured with a standard 
formula. Clinicians utilized a preparation technique of sequen-
tially enlarging the canal space with smaller to larger instru-
ments at the WL.162 In theory, this created a standardized 
preparation of uniform taper. Unfortunately, in cylindrical and 
small curved canals, procedural errors were identified with the 
technique (Box 14.2).163 

Step-Back Technique
The step-back technique reduces procedural errors and 
improves débridement.163,164 It involves that, after coronal 
flaring, the apical canal diameter is determined with the IAF 
(the first file that binds at WL). Subsequent preparation to WL 
up to the master apical file (MAF) creates the apical prepara-
tion size, for example, size No. 35; the succeeding larger files 
are shortened by 0.5- or 1-mm increments from the previous 
file length (Figs. 14.17 and 14.18) up to the final file (FF), for 
example, size No. 60. This step-back process creates a flared, 
tapering preparation while reducing procedural errors. The 
last file used in the step-back sequence becomes the FF. This 
type of preparation is superior to standardized serial filing and 
reaming techniques in débridement and maintaining the canal 
shape.164 

Step-Down Technique
The step-down technique is advocated for cleaning and shaping 
procedures as it removes coronal interferences and provides coro-
nal taper. Originally advocated for hand-file preparation,165 the 
step-down technique has been incorporated into those techniques 
employing NiTi files. With the pulp chamber filled with irrig-
ant or lubricant, the canal is explored with a small instrument to 
assess morphology (curvature). The WL can be established at this 
time. The coronal one third of the canal is then flared with Gates-
Glidden drills or NiTi orifice shapers. A large file (such as No. 60) 
is then placed in the canal, and a watch-winding motion is used 
until resistance is encountered.165 The process is repeated with 
sequentially smaller files until the apical portion of the canal is 
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• Fig. 14.18 An example of step-back preparation in a moderately curved canal. (A) The No. 25 master 
apical file at the corrected working length of 21 mm. (B) The step-back process begins with the No. 30 
file at 20.5 mm. (C) No. 35 file at 20 mm. (D) No. 40 file at 19.5 mm. (E) No. 45 file at 19 mm. (F) No. 50 
file at 18.5 mm.
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reached. The WL and the IAF (the first file that binds at WL) can 
be determined whether this was not accomplished initially. The 
apical portion of the canal can now be prepared by enlarging the 
canal to the MAF at the WL. Apical taper is accomplished using 
a step-back technique. 

Passive Step-Back Technique
The passive step-back technique is a modification of the incre-
mental step-back technique.9,166 After the apical diameter of the 
canal has been determined, the next higher instrument is inserted 
until it first makes contact (binding point). It is then rotated 
one-half turn and removed (Fig. 14.19). The process is repeated 
with larger and larger instruments being placed to their binding 
point. This entire instrument sequence is then repeated. With 
each sequence, the instruments drop deeper into the canal, creat-
ing a tapered preparation. Advantages to the technique include 
knowledge of canal morphology, removal of debris and minor 

canal obstructions, and a gradual passive, slight enlargement of 
the canal in an apical to coronal direction. 

Anticurvature Filing
Anticurvature filing is advocated during coronal flaring pro-
cedures to preserve the furcal wall in the treatment of molars 
(Fig. 14.20). As stated before, canals are often not centered in 
mesial roots of maxillary and mandibular molars; instead, they 
are located closer to the furcation. Stripping perforations occur 
primarily during use of the Gates-Glidden drills but also with 
overzealous use of hand instruments. To prevent this procedural 
error, the Gates-Glidden drills should be confined to the canal 
space coronal to the root curvature and used in a step-back or 
step-down manner (Figs. 14.21 and 14.22). Gates-Glidden 
drills and laterally cutting NiTi orifice shapers can also be used 
directionally in an anticurvature fashion to selectively remove 
dentin from the bulky wall (safety zone) toward the line angle, 

G H

I

• Fig. 14.18, cont’d (G) No. 55 file at 18 mm. (H) No. 60 file at 17.5 mm. (I) No. 70 file at 17 mm.
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protecting the inner or furcal wall (danger zone) coronal to the 
curve (see Fig. 14.20). 

Balanced Force Technique
The balanced force technique recognizes the fact that instruments 
are guided by the canal walls when rotated.167 Because files with a 
symmetric cross-section will cut in both a clockwise and counter-
clockwise rotation, the balanced force concept of instrumentation 
consists of placing the file to length and then a clockwise rotation 
(less than 180 degrees) engages dentin. This is followed by a coun-
terclockwise rotation (at least 120 degrees) with apical pressure to 
cut and enlarge the canal. The degree of apical pressure varies from 
light pressure with small instruments to heavy pressure with large 
instruments. The clockwise rotation pulls the instrument into the 
canal in an apical direction. The counterclockwise cutting rotation 
forces the file in a coronal direction while cutting circumferen-
tially. After the cutting rotation, the file is repositioned, and the 
process is repeated until the WL is reached. At this point, a final 

clockwise rotation is employed to evacuate the debris. The bal-
anced force concept is considered the most effective hand instru-
mentation technique.74,91 

Recapitulation
Recapitulation is important regardless of the technique selected 
(Fig. 14.23) and is accomplished by taking a small file to the WL 
to loosen accumulated debris and then flushing it with 1 to 2 
mL of irrigant. Recapitulation is performed between each succes-
sive enlarging instrument regardless of the cleaning and shaping 
technique. 

Shaping Modifications
The apical configuration in a given case may be recognized as an 
apical stop, apical seat, or open apex. In addition to the assessment 
of a diagnostic radiograph these configurations are detected by 
placing the MAF to the corrected WL after shaping is completed. 
If the MAF easily extends past WL, the apical configuration is 
open. If the MAF stops at WL, a file one or two sizes smaller is 
placed to the same depth. If this file stops as well, the apical con-
figuration is called an apical stop. When the smaller file goes past 
the corrected WL, the apical configuration is a seat.

In a small curved canal, enlargement should be restricted to three 
sizes larger than the IAF to decrease the potential for transportation. 
In a straight canal, it may be larger without producing a procedural 
error. Because a properly prepared canal exhibits taper, the small 
files at the corrected WL can be used to enlarge the canal without 
transportation. Additional apical enlargement is performed with an 
irrigant in the canal and employs a reaming action at the corrected 
WL. The last file used becomes the so-called final apical file (FAF). 
Because this file is only contacting the apical portion of the canal, 
the technique may result in a less irregular apical preparation. The 
canal is then irrigated, the smear layer is removed with a decalcifying 
agent, and the canal dried with paper points. 

Engine-Driven Instruments
Gates-Glidden Drills
Gates-Glidden drills have been historically used to enlarge canal ori-
fices, preferably in pairs such as size Nos. 3 and 2 (diameters 0.7 and 
0.9 mm, respectively) (see Figs. 14.21 and 14.22). If the canal orifice 
cannot accommodate a No. 50 file, careful hand instrumentation 
should be performed to provide adequate initial coronal space. To 
prevent stripping perforations, Gates-Glidden drills should not be 
placed apical to canal curvatures. Moreover, with the advancement of 
NiTi rotary instruments and the concept of minimally invasive endo-
dontics, the use of Gates-Glidden drills should be reconsidered. The 
amount of dentin removed in the coronal third makes Gates-Glidden 
drills an unsuitable instrument for modern endodontics. 

NiTi Rotary Instruments
As stated previously, NiTi rotary preparation is typically per-
formed in a staged approach using coronal flaring; however, the 
specific technique is based on the instrument system selected. One 
instrument sequence uses NiTi files in a crown down approach, 
with a constant taper and variable ISO tip sizes (Fig. 14.24). With 
this technique, a 0.06 taper is selected. Initially a size .06/45 file 
is used until resistance, followed by the .06/40, .06/35, .06/30, 
.06/25, and .06/20. In a second technique, NiTi files with a con-
stant tip diameter are used also in a crown down sequence. The 
initial file is a .10/20 instrument, the second a .08/20, the third 

• Fig. 14.19 Passive step-back. Smaller to larger files are inserted to their 
initial point of binding and then rotated 180 to 360 degrees and withdrawn. 
This process creates slight taper and coronal space and permits larger 
instruments to reach the apical one third.

• Fig. 14.20 The anticurvature filing technique. Instruments are directed 
away from the furcal danger zone toward the line angles (safety zone) 
where the bulk of dentin is greater.
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a .06/20, and the fourth a .04/20 (see Fig. 14.24). Many varia-
tions of these basic approaches have been recommended for dif-
ferent file designs. More recently introduced systems try to limit  
the number of file sizes, up to the point of using only one size for 
the majority of canals. Obviously, one size will not fit all canal 
shapes, and modifications will frequently need to be made when 
such a system is used (Video 14.4).

Critical for all rotaries is the handling of these files. Besides 
manufacturer guidelines for individual files there are several 
general principles that should be followed.72,168 For exam-
ple, instrument insertions should follow an in-and-out pat-
tern; each instrumentation step should consist of three to five 
movements and should not exceed 10 to 15 seconds. Apically 
directed force should typically not exceed the force required 
to bend the rotary when placed on a tabletop. Most NiTi files 
are made of austenitic alloy and work best with lower rather 

than higher rotational speed (e.g., 250 rpm). However, mar-
tensitic rotaries work better with higher speeds, for example, 
500 rpm.169

Currently marketed electric motors have the torque setting 
already programmed. These settings are a reasonable protection 
against instrument breakage caused by torsional loading but are 
less effective with greater tapers, such as .06 and .08.38 All rotaries 
work best in canals flooded with irrigation solution and not in the 
presence of a gel-type lubricant such as RC Prep.96

NiTi rotaries should not be placed into an unexplored canal 
but rather follow hand instruments. These hand instruments 
establish a glide path that then can be followed by rotaries.170 It is 
important to note that hand files for glide path preparation should 
not be precurved; only then can rotaries predictably follow.

Frequently NiTi rotaries are combined with hand files or 
other rotary instruments. One such combination technique 

A

C

B

D

• Fig. 14.21 Straight-line access in a maxillary left first molar with Gates-Glidden drills used in a slow-speed 
handpiece using a step-back technique. (A) The No. 1 Gates is used until resistance. (B) This is followed 
by the No. 2, which should not go past the first curvature. (C) The No. 3 Gates is used 3 to 4 mm into the 
canal (D) Followed by the No. 4 instrument.
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utilizes the following steps: coronal flaring, NiTi rotary prepa-
ration to WL, and additional apical enlargement (Box 14.3). 
After access, the irrigated canal is explored with a No. 10 or 
15 K-file into the midroot area. Sometimes a canal is already 
naturally flared and wide, for example a maxillary central inci-
sor or canine in a younger patient. Then a size No. 10 file may 

immediately be placed to the estimated WL and a WL radio-
graph can be obtained (see Fig. 14.25). For more constricted 
canals, NiTi orifice modifiers can be used to accomplish early 
coronal enlargement. This step facilitates irrigation and removes 
coronal interferences, which in turn permits easier access to the 
apical portion of the root canal and more accurate determina-
tion of apical constriction location171 as well as size.172

In the presence of irrigant or gel-based lubricant, the canal is 
negotiated to full length with a hand file used in watch-winding 
motion. If an impediment is felt, the negotiation files need to be 
precurved. However, in order to secure a glide path for subsequent 
rotary use, it must be confirmed that a straight small K-file (e.g., 
size No. 10 or 15) reaches the corrected WL. The tightness of 
fit of the negotiation file at WL gives an estimate of the canal 
size; however, coronal interferences do not permit a more accurate 
assessment at this point.

Then, the middle and apical portions of the canal are prepared 
using NiTi rotary instruments (see Figs. 14.24 and 14.25). Rotary 
files are used with a crown-down approach to reach the corrected WL. 
Using this approach with continuously tapered rotaries creates coro-
nal taper and reduces the contact area of the file so torsional forces are 
reduced.173 Differently designed NiTi rotaries may follow a single-
length principle, according to the manufacturers’ recommendations.

Emphasis has traditionally been placed on determining the 
canal length with comparatively little consideration of the canal 
diameter in the apical portion of the root. Because every canal is 
unique in its morphology, apical canal diameters must be assessed. 
After initial preparation to length the size of the apical portion of 
the canal is determined by placing successively larger instruments 
to the corrected WL until slight binding is encountered (Fig. 
14.26). Often, the next larger instrument will not go to the cor-
rected WL. If it does go to length, a subjective estimation of the 
apical diameter must be made depending on the degree of bind-
ing. This file will be the IAF (initial file to bind). It is defined as 
the largest file to bind slightly at the corrected WL after straight-
line access. This file size provides an estimate of the canal diameter 
before cleaning and shaping. A shaping target is set, the MAF, 
which is the point where the step-back preparation begins. It 
should be considered that this approach may underestimate actual 
constriction diameters,174 and therefore additional apical enlarge-
ment may be reconsidered.

When the body of the canal has been shaped, the apical por-
tion may be additionally prepared using hand or rotary files 
(Fig. 14.27). The first instrument selected for this portion of the 
shaping process is one size larger than the MAF (estimated canal 
diameter at WL). Recently, clinical evidence suggests that such an 
enlargement may be beneficial for outcome.175

Regardless, NiTi instruments continue to evolve and shap-
ing with modern instruments that are more flexible allows 
better preparations and respect to natural anatomies. First, 
manufacturers focused on enhancing design characteristics 
such as different cross-sections, tip designs, and progres-
sive tapers over the length of the cutting blades to improve 
the properties of rotary instruments. Second, they suggested 
reciprocation motions that seemed to enhance cyclic fatigue 
resistance. Third, proprietary thermal treatments optimized the 
mechanical properties of NiTi by improving its microstruc-
ture through different series of heating and cooling treatments 
(M-wire, CM-Wire, Blue and Gold alloys are some examples 
of improved alloys). At the same time, manufacturers have also 
developed different manufacturing methods to the traditional 

• Fig. 14.22 A maxillary first molar following straight-line access with the 
Gates-Glidden drills.

• Fig. 14.23 Recapitulation is accomplished between each instrument by 
reaming with the master apical file or a smaller instrument, minimizing 
packing of debris and loss of length.
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• Fig. 14.24 The mesiobuccal canal is prepared using nickel-titanium rotary files using a crown-down tech-
nique. In this sequence, each instrument exhibits the same .06 taper with varied International Organization 
for Standardization standardized tip diameters. Instruments were used to resistance. (A) The process 
begins with a .06/45 file to resistance at 16.0 mm. (B) Followed by a .06/40 instrument at 17.0 mm. (C) 
The .06/35 file is used to 18.0 mm. (D) The .06/30 at 19.0 mm. (E) The .06/25 at 20.0 mm. (F) The .06/20 
file is to the corrected working length of 21.0 mm.
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grinding method (twisting, shape-setting, and electric dis-
charge machining are some examples). Taking advantage of 
all these developments together, the last generation of rotary 
instruments, the so-called 3D conforming instruments (as a 
result of a characteristic nonflat morphology), better address 

nonround cross sections176 and also better respect coronal den-
tin compared with traditional rotaries.177 

Criteria for Evaluating Cleaning and Shaping
After cleaning and shaping procedures, the canal should 
exhibit “glassy smooth” walls, and there should be no evi-
dence of dentin filings, debris, or irrigant in the canal. This 
can be directly determined in the coronal root canal portion 
when an operating microscope is used to visualize endodontic 
procedures; it can only be indirectly determined in the more 
apical portion of the root canal by tactile feedback during 
instrumentation.

Shaping is evaluated by assessing the canal taper and identify-
ing the apical configuration in size and shape. For obturation with 
lateral compaction, a small finger spreader should go ideally to 
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Canal exploration
Coronal flaring
Canal negotiation
Working length determination
Initial rotary preparation to WL
Master apical file determination
Additional apical enlargement

 • BOX 14.3      Combination Technique Steps

• Fig. 14.25 Nickel-titanium rotary files with a standardized International Organization for Standardization 
tip diameter and variable tapered files can be used in canal preparation. In this sequence, the instru-
ments have a standardized tip diameter of .20 mm. (A) Initially a 1.0/.20 file is used. (B) This is followed 
by .08/.20. (C) The third instrument is a .06/.20. (D) The final instrument is a .04/.20 file to the corrected 
working length of 21 mm.
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• Fig. 14.26 After straight-line access in this maxillary molar, the actual constriction size is determined by 
successively placing small to larger files to the corrected working length. (A) No. 15 stainless steel file is 
placed to 21.0 mm without resistance. (B) No. 20 is placed to 21.0 mm without resistance. (C) The No. 25 
file reaches 21 mm with slight binding. (D) No. 30 file is then placed and does not go the corrected working 
length, indicating the initial canal size in the apical portion of the canal is No. 25.

within 1 mm of the corrected WL without binding. For warm 
vertical compaction, the plugger should reach to within 5 mm of 
the corrected WL (Fig. 14.28).

The following principles and concepts should be applied 
regardless of the instruments or technique selected:
 1.  Initial canal exploration is always performed with smaller 

hand files to gauge canal size, shape, and configuration.
 2.  Copious irrigation must be provided between instruments in 

the canal.
 3.  Coronal preflaring will facilitate placing larger files to WL 

(either hand or rotary) and will reduce procedural errors such 
as loss of WL and canal transportation.

 4.  Apical canal enlargement is gradual, using sequentially larger 
files, regardless of flaring technique.

 5.  Debris is loosened and dentin is removed from all walls on 
the outstroke or with a rotating action at or close to WL.

 6.  Instrument binding or dentin removal on insertion should 
be avoided. Files are teased to length using a watch-wind-
ing action. This is a back-and-forth rotating motion of 
the files between the thumb and forefinger, continually 
working the file apically. Careful file manipulation in an 
irrigant-filled canal will help to avoid apical packing of 
debris and minimize extrusion of debris into the perira-
dicular tissues.

 7.  Circumferential filing is used for canals that exhibit cross-
sectional shapes that are not round. The file is placed into 
the canal and withdrawn in a directional manner against the 
mesial, distal, buccal, and lingual walls.
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• Fig. 14.27 Final apical enlargement. (A) The master apical file No. 25 at the corrected working length 
of 21.0 mm. (B) Enlargement with a No. 30 file to the corrected working length of 21.0 mm. (C) Further 
enlargement with a No. 35 file. (D) Final enlargement to a No. 40 file. The final instrument used becomes 
the final apical file (FAF).

 8.  After each insertion the file is removed and the flutes are 
cleaned of debris; the file can then be reinserted into the 
canal to plane the next wall. Debris is removed from the file 
by wiping it with an alcohol-soaked gauze or a cotton roll.178

 9.  Recapitulation is done to loosen debris by placing a 
small-size file to the corrected WL followed by irrigation 
to mechanically remove the material. During recapitula-
tion, the canal walls are not planed, and the canal is not 
enlarged.

 10.  Small, long, and curved canals are the most difficult and 
tedious to enlarge. They require extra caution during prepa-
ration because they are the most prone to loss of length and 
transportation.

 11.  Overenlargement of curved canals by files attempting to 
straighten themselves will to lead to procedural errors (see 
Fig. 14.12).

 12.  Overpreparation of canal walls toward the furcation may 
result in a stripping perforation in the danger zone where 
root dentin is thinner (see Fig. 14.13).

 13.  Instruments, irrigants, debris, and obturating materials 
should be contained within the canal. These are all known 
physical or chemical irritants that will induce periradicular 
inflammation and may delay or compromise healing.

 14.  Creation of an apical stop may be impossible if the api-
cal foramen is already very large. An apical taper (seat) is 
attempted but with care. Overusing large files aggravates the 
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• Fig. 14.28 The coronal taper is assessed using the spreader or plugger depth of penetration. (A) With 
lateral compaction, a finger spreader should fit loosely 1.0 mm from the corrected working length with 
space adjacent to the spreader. (B) For warm vertical compaction, the plugger should go to within 5.0 mm 
of the corrected working length.

problem by creating an even larger apical opening. A resis-
tance form along the root canal should allow proper warm 
vertical obturation with no need of an apical stop.

 15.  Forcing or locking (binding) files into dentin produces 
unwanted torsional force. This tends to untwist or “wrap up” 
and will weaken and break the instrument. 

Intracanal Medicaments
Intracanal medicaments have a long history of use as interim 
appointment dressings. They have been employed for the following 
three purposes: (1) to reduce interappointment pain, (2) to decrease 
the bacterial count and prevent regrowth, and (3) to render the 
canal contents inert. Some common agents are listed in Box 14.4.

Clinical evidence of the effectiveness of these agents is mixed; this 
has led to increased interest in the efficacy of so-called single visit endo-
dontic therapy. There are only few prospective studies directly com-
paring these two treatment modalities, with a meta-analysis favoring 
single-visit treatment.179 Two well-done clinical studies180,181 showed 
remaining microorganisms in accessory anatomy and isthmi, but also 
in the main canal, remaining after single visit treatment as well as in 
the majority of the cases with calcium hydroxide placement.

Calcium Hydroxide
One intracanal agent that is effective in inhibiting microbial growth 
in canals is calcium hydroxide.182 Calcium hydroxide has antimi-
crobial activity that is a result of the alkaline pH, and it may aid in 
dissolving necrotic tissue remnants and bacteria and their byprod-
ucts.183-185 Interappointment calcium hydroxide in the canal 
demonstrates no pain-reduction effects.186 Calcium hydroxide 
has been recommended for use in teeth with necrotic pulp tissue 
and bacterial contamination. It probably has little benefit in teeth 
with vital pulps. Calcium hydroxide should be placed as a pow-
der mixed with a liquid such as local anesthetic solution, saline, or 

sterile water, to form a slurry; or as a proprietary paste supplied in 
a syringe (see Fig. 14.29). A lentulo spiral is effective and efficient 
for placement.187-189 Spinning the paste into the canal by rotating 
a file counterclockwise and using an injection technique is not as 
effective. It is important to place the material deeply and densely 
for maximum effectiveness. To accomplish this, straight-line access 
should be performed, and the apical portion of the canal prepared 
to a No. 25 file or greater. Removal after placement is difficult,190 
and this is especially true in the apical portion of the root. 

Phenols and Aldehydes
The majority of these medicaments exhibit nonspecific action 
and can destroy host tissues, as well as microbes.191-193 Histori-
cally, it was thought that these agents were effective, although 
their use was based on opinion and empiricism. The phe-
nols and aldehydes are toxic, and the aldehydes are fixative 
agents.194,195 When placed in the radicular space, they have 
access to the periradicular tissues and the systemic circula-
tion.196,197 Research has demonstrated that their clinical use is 
not justified.198-202 Clinical studies assessing the ability of these 
agents to prevent or control interappointment pain indicate 
that they are not effective.203-206 

Calcium hydroxide
Phenolics
Aldehydes
Halides
Steroids
Antibiotics
Combinations

 • BOX 14.4      Groupings of Commonly Used Intracanal 
Medicaments

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


321CHAPTER 14 Cleaning and Shaping

BA

DC

• Fig. 14.29 Calcium hydroxide placement. (A) Calcium hydroxide mixed with glycerin to form a thick 
paste. (B) Placement with a lentulo spiral. (C) Injection of a proprietary paste. (D) Compaction of calcium 
hydroxide powder with a plugger.

Corticosteroids
Corticosteroids are antiinflammatory agents that have been 
advocated for decreasing postoperative pain by suppressing 
inflammation. The use of corticosteroids as intracanal medica-
ments may decrease lower-level postoperative pain in certain 
situations;207 however, evidence also suggests that they may 
be ineffective, particularly with greater pain levels.206 Cases of 
irreversible pulpitis and cases in which the patient is experienc-
ing acute apical periodontitis are examples where steroid use 
might be beneficial.207-209 

Chlorhexidine
Chlorhexidine has recently been advocated as an intracanal medica-
ment.210,211 A 2% gel is recommended, which can be used alone in 
gel form or mixed with calcium hydroxide. When used with calcium 
hydroxide, the antimicrobial activity is greater than when calcium 
hydroxide is mixed with saline,212 and periradicular healing in animal 
models appears to be enhanced.213 However, a recent randomized clini-
cal trial did not show that the combination of calcium hydroxide and 
2% chlorhexidine was advantageous compared with single appointment 
treatment in cases with periapical lesions, after 1 year of observation.187
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 6.  Although removal of the smear layer is not universally advocated before 
root canal obturation, those advocating its removal cite the following 
rationale.

 a.  Smear layer provides an improved seal of the canal during 
obturation

 b.  The organic component of smear layer is antimicrobial
 c.  Maintenance of the smear layer strengthens root structure
 d.  Smear layer may contain bacterial contaminants
 7.  NaOCl is effective in removing the smear layer.
 a.  True
 b.  False
 8.  Which of the following irrigants may reduce postoperative pain?
 a.  NaOCl
 b.  EDTA
 c.  Cold saline
 d.  Chlorhexidine
 9.  Select the method that is most effective in maintaining canal patency.
 a.  Radiographic root length determination
 b.  Electronic root length determination
 c.  Use of patency file
 d.  Selection of correct reference point
 10.  Select the most commonly used intracanal medication placed when 

endodontic treatment is not completed.
 a.  NaOCl
 b.  Calcium hydroxide
 c.  Phenolic products
 d.  Chlorhexidine

Study Questions

A N S W E R S

Answer Box 14
 1 b.  Use of hand instrumentations
 2 b.  False
 3 d.  All of the above
 4 a.  True
 5 a.  True
 6 d.  Smear layer may contain bacterial contaminants
 7 b.  False
 8 c.  Cold saline
 9 c.  Use of patency file
 10 b.  Calcium hydroxide
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15
Obturation and 
Temporization
NATASHA M. FLAKE AND JAMES D. JOHNSON

Objectives of Obturation
Success in endodontic therapy is dependent on adequate instrumen-
tation, disinfection, and obturation of the root canal system. The 
objective of obturation is to create a watertight seal along the length 
of the root canal system from the orifice to the apical termination. 
Obturation prevents leakage of microorganisms and their byprod-
ucts into the root canal system from a coronal direction and leakage 
of periapical tissue fluids into the root canal system from an apical 
direction. This seal allows for prevention and healing of apical peri-
odontitis (Question 15.1). After adequate obturation, an adequate 
coronal restoration is also necessary and significantly affects the 
healing of apical periodontitis and the success of root canal therapy.1

Interestingly, a periapical lesion may heal at least temporarily 
after root canal débridement without obturation.2 Research has 
shown that when bacteria are eliminated from the root canal sys-
tem before obturation, healing of a periapical lesion occurs regard-
less of the quality of obturation.3 However, if bacteria remain 

before obturation, healing is related to the quality of obturation.3 
Although failure to obturate or poor obturation are not desir-
able treatment options, these results demonstrate the important 
concept that what is removed from the root canal system is more 
important than how it is filled.

When to Obturate

One versus Two Visits
The endodontic community has long debated the number of visits 
in which root canal therapy should be completed. Should a tooth 
be obturated during the same visit when it is instrumented? Factors 
influencing the answer to this question include the pulpal and periapi-
cal diagnoses, the radiographic presentation, the patient’s signs and 
symptoms, the degree of difficulty, patient management issues, and 
logistic concerns. In some cases, the degree of difficulty of the case 
dictates that the treatment be completed in more than one visit, for 
example, very calcified cases when additional time is needed to locate 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student will be able to:

 1.  Explain the objectives of root canal obturation.
 2.  Explain the rationale for single-visit versus multi-visit 

 endodontic treatment and identify cases when each approach 
would be indicated.

 3.  Explain the rationale for smear layer removal.
 4.  List the ideal properties of an obturation material.
 5.  Identify obturation materials that have been used  

historically and explain why these materials are no longer 
used.

 6.  Describe the properties, advantages, and disadvantages of 
gutta-percha.

 7.  List the ideal properties of a root canal sealer.

 8.  Identify types of sealers available on the market and describe 
their properties.

 9.  Explain how to perform different obturation techniques using 
gutta-percha as an obturation material.

 10.  Explain the advantages and disadvantages of different 
 obturation techniques used with gutta-percha.

 11.  Describe how obturation materials and techniques are 
 evaluated through research studies.

 12.  Describe how the results of obturation are clinically evaluated 
and the impact of obturation on treatment outcomes.

 13.  Explain the rationale for intraorifice barriers and identify 
 materials used as barriers.

 14.  Explain the importance of restoration following endodontic 
treatment and list materials used for temporization.

C H A P T E R  O U T L I N E
Objectives of Obturation, 327

When to Obturate, 327

Obturation Materials, 328

Sealers, 332

 Obturation Techniques with Gutta-Percha, 334

Evaluation of Obturation, 341

Temporization, 345
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and instrument canals. Patient management or medical issues may 
also dictate that treatment be completed in more than one visit, for 
example, a patient who cannot recline for an extended period of time. 
Finally, logistic issues may dictate that treatment be completed in more 
than one visit, for example, a patient presents on an emergency basis, 
and the dentist has limited time in their schedule to treat the patient.

Opinions vary regarding the advantages and disadvantages of 
single- versus multiple-visit endodontic treatment when it comes 
to pulpal and periapical diagnoses, radiographic presentation, and 
patient signs and symptoms. Consensus exists that a tooth with a 
vital pulp may have root canal therapy completed in one visit (if 
time permits), because the canals are not infected. Cases with a vital 
pulp include those with a pulpal diagnosis of symptomatic irrevers-
ible pulpitis, asymptomatic irreversible pulpitis, reversible pulpitis, 
or a normal pulp. When root canal therapy is performed using 
proper infection control and disinfection protocols, completing 
treatment in one visit further precludes the possibility of recontami-
nation of the root canal system caused by coronal leakage between 
visits. Consensus also generally exists that root canal therapy should 
not be completed in one visit when the patient has swelling associ-
ated with an acute apical abscess, or when the canal cannot be dried 
as a result of exudate draining from the periapical tissues. In these 
cases, the clinician should wait until the swelling has resolved and 
the canal can be dried completely before obturation.

There is disagreement on whether teeth with a necrotic pulp and 
asymptomatic apical periodontitis, symptomatic apical periodontitis, or 
a chronic apical abscess should be treated with single- or multiple-visit 
root canal therapy. The debate centers on the importance of disinfection 
of the root canal system. The rationale for completing treatment in two 
visits is that the intracanal medicament placed between visits facilitates 
disinfection of the root canal system (Question 15.2). This approach is 
supported by evidence from clinical studies looking at microbial sam-
pling of the root canal system. In a study investigating the role of infec-
tion at the time of obturation in teeth that were treated in one visit, 
teeth were sampled for bacteria before obturation, and all teeth were 
treated in one visit.4 After 5 years, complete healing occurred in 94% of 
cases with a negative culture and in 68% of cases with a positive culture 
before obturation. These results highlight the importance of completely 
eliminating bacteria from the root canal system before obturation, 
which may be aided by an intracanal medicament between visits.

Despite the microbiologic rationale for completing root canal 
therapy of necrotic teeth in multiple visits using an intracanal medi-
cament, the available outcomes studies do not support an improved 
prognosis with two-visit treatment. Multiple systematic reviews 
have found no significant difference in radiologic success of root 
canal therapy between single- and multiple-visit treatment.5,6 How-
ever, there is some evidence that patients having single-visit root 
canal therapy may be more likely to experience pain or flare-up and 
use analgesics in the short-term after treatment.5,6 Unfortunately, 
the overall quality of the evidence is poor, because many studies 
have limitations including low power and risk of bias.5-7 Thus the 
debate is ongoing, and the decision to treat in one visit or two is 
ultimately at the discretion of the clinician for each individual case. 

Smear Layer Removal
The smear layer is a combination of organic and inorganic debris pres-
ent on the root canal walls after instrumentation. When viewed under 
scanning electron microscope, the smear layer has an amorphous, 
irregular appearance that represents dentinal shavings, tissue debris, 
odontoblastic processes, and bacteria and their byproducts.8 Histori-
cally, whether or not to remove the smear layer has been debated; 
though there is now generalized agreement that the smear layer should 

be removed before obturation. This is because the smear layer may 
contain microbes and their byproducts, which would remain in the 
canal if not removed, and because the smear layer may inhibit adhe-
sion of filling materials to the dentin walls and penetration into den-
tinal tubules, thereby compromising the seal (Question 15.3). The 
smear layer is typically removed by irrigation with ethylenediamine-
tetraacetic acid, which serves as a chelating agent. Proprietary formula-
tions may also be used (e.g., MTAD, SmearClear, QMix).9 

Obturation Materials

Ideal Properties of an Obturation Material
Grossman suggested the ideal properties of an obturation  
material10 (Box 15.1). Currently, no material or combination of 
materials satisfies all of these criteria. 

Core Obturating Materials
Core obturating materials are the primary materials used in obtu-
ration and occupy the bulk of the space within the root canal 
system. Core obturating materials are classified as either solid or 
semisolid. Solid materials are introduced into the canal as a solid, 
and they require a sealer to completely seal the canal. Semisolid 
materials are introduced into the canal in a liquid, paste, or soft-
ened form, and then set up within the canal.

Gutta-Percha
Gutta-percha has been used as a root canal filling material for over 
160 years.11,12 It is by far the most popular core obturation material 
(Video 15.1).

Composition
Commercial gutta-percha contains the following ingredients: zinc 
oxide 59% to 76%, gutta-percha 18% to 22%, waxes and resins 
1% to 4%, and metal sulfates 1% to 18%.13 The gutta-percha is 
the matrix, and the zinc oxide is the filler. The waxes and resins 
are the plasticizers, and the metal sulfates, such as barium sulfate, 
provide the necessary radiopacity.

The stereochemical structure of gutta-percha is 1,4 trans poly-
isoprene, whereas the stereochemical structure of natural rubber 
is 1,4 cis polyisoprene.14,15 Even though gutta-percha and natural 
rubber have similar stereochemical structures, studies have shown 
that there is no cross-reactivity of gutta-percha and natural rubber 
latex in individuals who have a latex allergy.16,17

Grossman suggested that the ideal obturation material would have the following 
properties:
	•	 	Be	easily	introduced	into	the	canal
	•	 	Seal	the	canal	laterally	and	apically
	•	 	Not	shrink	after	insertion
	•	 	Be	impervious	to	moisture
	•	 	Be	bactericidal,	or	at	least	not	promote	bacterial	growth
	•	 	Be	radiopaque
	•	 	Not	stain	tooth	structure
	•	 	Not	irritate	periapical	tissues	or	affect	tooth	structure
	•	 	Be	sterile	or	easily	sterilized
	•	 	Be	easily	removed	from	the	root	canal

 • BOX 15.1      Desirable Properties of Obturating 
Materials
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Gutta-percha has two crystalline forms, alpha and beta.14,18 
Depending on the temperature, gutta-percha can be in different 
crystalline forms and exhibit different physical characteristics. 
Commercial gutta-percha comes in the beta crystalline form at 
room temperature. When the beta form is heated to 42°C to 49°C, 
it transitions into the alpha phase. When alpha phase gutta-percha 
is heated above 53°C to 59°C, it transitions into the amorphous 
phase. This is important when the clinician needs the amorphous 
form of gutta-percha to flow into all parts of the root canal system 
utilizing thermoplastic techniques.19-22 

Shapes
Gutta-percha is formed into either standard or nonstandard cones 
of different tip sizes and tapers (Fig. 15.1). Standardized cones 
conform to the requirements of the International Organization 
for Standardization (ISO) or the American Dental Association/
American National Standards Institute (ADA/ANSI). Nonstan-
dardized (conventional) gutta-percha cones do not conform to the 
standards set by ISO or ADA/ANSI. Standardized gutta-percha 
cones are manufactured to have the same tip size and taper as the 
corresponding endodontic instruments used in the preparation of 
the root canal system. The original specifications called for gutta-
percha to have a taper of .02 mm per millimeter increase in length. 
With the advent of various tapers in endodontic files, gutta- percha 
cones now come in various tapers, including .04, .06, and so on. 
Nonstandardized gutta-percha cones end in a feathered tip. Gutta-
percha used with thermoplasticizing devices is manufactured as 
pellets or contained in cartridges (Fig. 15.2). The pellets or car-
tridges are inserted into a thermoplasticized gutta-percha injection 
system, and the gutta-percha is heated before dispensing. 

A B

• Fig. 15.1 Gutta-percha cones are available in a variety of tip sizes and tapers. (A) International Organiza-
tion for Standardization size 30 tip size gutta-percha cones of tapers of 0.02, 0.04, and 0.06. (B) Nonstan-
dardized gutta-percha cones with feathered tips.

• Fig. 15.2 Gutta-percha for use in thermoplasticized injection systems 
is manufactured in cartridges and pellets that fit into their corresponding 
injection systems.
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Advantages
Gutta-percha is by far the most popular and widely accepted root 
canal filling material. Although it does not meet all of the criteria for 
an ideal filling material, it satisfies most of them. Gutta-percha has 
a number of advantages. First, because of its plasticity, gutta-percha 
adapts well when compacted into prepared root canals, especially 
when thermoplasticized. Second, gutta-percha has good handling 
characteristics and is easy to manipulate with multiple obturation 
techniques. It is relatively stiff and easily placed into canals. Third, 
gutta-percha is relatively easy to remove from the root canal system, 
either to create post space or for retreatment. Fourth, gutta-percha 
is regarded as a very acceptable material with good biocompatibility 
with the periapical tissues (Question 15.4). 

Sealability
To produce an adequate seal, gutta-percha must be used with a 
sealer.10 Gutta-percha does not adhere to canal walls, so the space 
between the gutta-percha and the canal wall must be sealed with a 
root canal sealer. Additionally, the application of heat or solvents 
to gutta-percha during different obturation techniques can cause 
gutta-percha to shrink, further increasing the space between the 
canal wall and gutta-percha core. 

Other Additives to Gutta-Percha
Other ingredients have been added to some brands of gutta-percha 
to increase its antibacterial properties. Calcium hydroxide has been 
added to gutta-percha points by Coltene/Whaledent (Langenau, 
Germany). Activ Point (Coltene/Whaledent, Langenau, Germany) 
contains chlorhexidine. Other gutta-percha has been introduced 
that contains iodine-polyvinylpyrrolidone. Although these addi-
tives to gutta-percha have been shown to be effective against various 
bacteria,23-27 long term clinical studies have not been conducted. 

Carrier-Based Gutta-Percha
Several brands of carrier-based gutta-percha are on the market  
(Fig. 15.3). Carrier-based obturators are composed of gutta-percha 
surrounding a carrier that is heated and then placed into the canal. 
The handle of the carrier is cut off and removed, leaving the gutta-
percha and carrier in the canal. Many obturators are designed to fit 
corresponding file systems. Several carrier-based obturators are mar-
keted by Dentsply Sirona (York, PA), including GuttaCore, Gut-
taCore for WaveOne Gold, WaveOne Gold Obturators, ProTaper 
Next Obturators, ProTaper Universal Obturators, Thermafil Plus 
Obturators, Vortex Obturators, GT Obturators, and GT Series X 
Obturators. Soft-Core is a similar carrier-based obturator marketed 
by Kerr Endodontics (Orange, CA). SimpliFill (Kerr Endodontics) 
is a 5-mm apical plug of gutta-percha on the end of a metal car-
rier. It has the advantage of not leaving the carrier in the canal, as 
the carrier is twisted off and removed, leaving only the apical plug of 
gutta-percha. SuccessFil is a carrier-based gutta-percha system that 
is combined with the UltraFil thermoplasticizied injection system to 
create what is marketed as the Trifecta System (Coltene/Whaledent, 
Langenau, Germany). JS Quick-Fill (JS Dental Manufacturing, Inc, 
Ridgefield, CT) is an alpha phase gutta-percha coated titanium core 
in ISO sizes 15 to 60. The carrier-based material is spun into the canal 
at low speed, and the core may be left in the canal or slowly removed. 

Mineral Trioxide Aggregate
Mineral trioxide aggregate (MTA) is a bioactive calcium silicate 
material that has many clinical applications in endodontics, 
including vital pulp therapy, perforation repairs, and root end 
surgery.28,29 MTA is used as an obturation material in cases of 

immature or open apices29 (Fig. 15.4). Attributes of MTA include 
biocompatibility, sealability, and a history of documented positive 
clinical outcomes. Similar to MTA, some of the more recently 
introduced bioceramic materials can also be used as obturation 
materials in this fashion. Teeth with open apices where obturation 
with MTA or other bioceramic material would be indicated are 
considered moderate or high level of difficulty cases, and referral 
to a specialist is typically recommended (Video 15.2).30,31 

Silver Points
Silver points were used historically in the mid-1900s and were 
manufactured to match the size and taper of endodontic hand 
files used in canal preparation at that time (Fig. 15.5). Thus sil-
ver points had a 0.02 taper. Silver points fulfilled some of Gross-
man’s requirements of an ideal obturation material. They were 
easy to insert and had good length control. However, they did not 
seal well laterally or apically as a result of their lack of plasticity. 

A

B

• Fig. 15.3 Most obturators consist of a carrier core surrounded by gutta-
percha. The obturator is warmed and inserted into the canal. (A) Gut-
taCore obturators. (Courtesy Dentsply Sirona.) (B) SimpliFill is a type of 
carrier-based obturator that is not heated. The metal carrier is twisted off, 
leaving only an apical plug of gutta-percha. SimpliFill is available in large 
apical sizes. (Courtesy Kerr Endodontics.)
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Silver points did not adequately fill all of the canal space and 
could not be compacted into voids within the root canal sys-
tem. The shape of silver points remained round after insertion, 
and canals are rarely prepared to a perfectly round shape. The 
remaining space was filled with sealer, leading to leakage. This 
leakage allowed for corrosion of the silver points and the forma-
tion of silver salts, which were found to be cytotoxic.32-36 With 
modern techniques, instrumentation and obturation of smaller 
canals with gutta-percha is predictable, so the use of silver points 

declined as a result of their disadvantages. Silver points are not 
recommended for use in modern endodontic therapy.37 The char-
acteristic appearance of silver points make them easily identifiable 
on patients’ periapical radiographs (Fig. 15.6). These teeth may 
require retreatment if pathosis is present or post space is needed; 
however, prophylactic retreatment of teeth obturated with silver 
points is not indicated.37 

Resin
Resin-based obturation materials were used in the early 2000s. 
Resilon and RealSeal were composed of a polycaprolactone core 
material with difunctional methacrylate resin, bioactive glass, bis-
muth and barium salts as fillers, and pigments. These products 
were used with a resin sealer (Epiphany or RealSeal) that was pack-
aged with the core filling material. The rationale for the product 
was to create a “monoblock,” consisting of a resin sealer with resin 
tags that enter and bond to dentinal tubules on the canal wall, and 
which also adhesively bonds to the core material. The product was 
light cured and sealed coronally as well. The system consisted of a 
primer, a sealer, and synthetic polymer points or pellets. Research 
has shown no advantage of these materials over gutta-percha,38-44 
and resin-based obturating materials are no longer on the market. 

Pastes (Semisolids)
Pastes are a type of semisolid material that have been used as a core 
filling material. Zinc oxide is a major component of most paste 
materials. Because of the solubility of zinc oxide, these pastes do 
not make effective core filling materials. Other disadvantages of 
pastes include difficult length control, shrinkage of the material, 
voids in obturation, and toxic ingredients in some pastes.

One paste filling material is a resorcin-formaldehyde paste, 
which is a type of phenol-formaldehyde or Bakelite resin.45,46 
Because this material has been widely used in Eastern Euro-
pean countries, and because it stains teeth a characteristic dark 
red color, it is commonly referred to as Russian Red (Fig. 15.7).  
This material has the advantage of being very antimicrobial, but 
has the disadvantage of shrinkage once placed in the canal. Addi-
tionally, retreatments can be very difficult if the resin sets com-
pletely and there is sufficient bulk to the material46 (Fig. 15.8).

Paraformaldehyde-based pastes are another type of paste fill. 
The rationale for adding paraformaldehyde to pastes is to provide 
antimicrobial and mummifying effects. However, paraformalde-
hyde has severe toxicity to host tissues, and this negates the benefit 
of any antimicrobial effects it may possess in endodontic materi-
als. These pastes are known as N2 (Indrag-Agsa, Losone, Switzer-
land), Sargenti, or RC2B, and are made of a liquid and powder. 
The powder contains zinc oxide, bismuth nitrate, bismuth carbon-
ate, paraformaldehyde, and titanium oxide. The liquid consists of 
eugenol, peanut oil, and rose oil.47 N2 has changed in response 
to studies identifying toxic substances, such as lead oxide, and 
organic mercury.48 However, it still contains 4% to 8% parafor-
maldehyde.49 N2 is extremely toxic,50,51 and because it is used as a 
paste, the extrusion of this material has caused permanent damage 
in many cases. The material affects bone and soft tissue and can 
cause permanent neurologic damage resulting in paresthesia, dys-
esthesia, and pain. Because of the toxicity, risks to patients, legal 
issues, and the fact that there are numerous other acceptable obtu-
rating materials available that provide a better outcome, the use 
of these materials in modern day endodontics is not acceptable. 
The Food and Drug Administration lists N2 as an unapproved 
drug that is not legally imported or shipped across interstate lines, 
and the ADA does not approve of its use.52,53 In summary, use 

• Fig. 15.5 Silver points had a 0.02 taper and were manufactured in a vari-
ety of tip sizes to match endodontic hand files.

• Fig. 15.4 Four-year follow-up radiograph of tooth #9 that was obturated 
with MTA when the patient was 7 years old. The patient experienced 
trauma, and the tooth became necrotic before the apex had fully matured.
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• Fig. 15.6 The mandibular left first molar was initially obturated with silver points, and the tooth was 
retreated decades later when the patient presented with symptomatic apical periodontitis. Note the char-
acteristic appearance of the silver points in the mesiobuccal and mesiolingual canals of the preoperative 
radiograph on the left. The postoperative radiograph on the right is the tooth after retreatment and filling 
with gutta-percha. (Courtesy Dr. Patrick Mullally.)

of paraformaldehyde-containing endodontic filling materials and 
sealers is below standard of care, as they have been shown to be 
both unsafe and ineffective.54 

Sealers
Sealer is used in conjunction with a core obturating material and is 
necessary to fulfill the objective of creating a watertight seal in the 
root canal system (Question 15.5). In addition to the basic require-
ments for core filling materials, Grossman also identified the ideal 
requirements for a root canal sealer (Box 15.2).10 As with core obtu-
ration materials, no sealer currently satisfies all of these criteria.  

Additionally, the following two requirements could be added 
to Grossman’s original basic requirements: it should not provoke 
an immune response in periradicular tissues,55-58 and it should be 
neither mutagenic nor carcinogenic. 59,60

Types of Sealers
The primary sealers in use today are those based on zinc oxide 
eugenol (ZOE), resin, calcium hydroxide, or bioceramics.

Zinc Oxide Eugenol Sealers
Zinc oxide eugenol (ZOE)-containing sealers have been widely 
used with success for many years. There are many formulations 
and brands of sealers with zinc oxide as the primary ingredient, 
differing only by other added components. ZOE sealers allow 
for the addition of chemicals, such as paraformaldehyde, rosin, 
Canada balsam, and others, all of which may increase the toxicity 
of that particular sealer.49 Grossman’s original formula contained 
zinc oxide, hydrogenated or Staybelite resin, bismuth subcarbon-
ate, barium sulfate, and sodium borate (anhydrous), with euge-
nol as the liquid component.61 It has been marketed as Proco-sol 
sealer (StarDental, Lancaster, PA), as well as other product names. 
Roth’s 801 and 811 sealers (Roth’s International LTD, Chicago, 
IL) were essentially the same as Grossman’s original formulation, 
with the substitution of bismuth subnitrate for bismuth subcar-
bonate. Despite its popularity, production of Roth’s sealer recently 
ceased.

Rickert’s was one of the first zinc oxide sealers. The powder 
contains zinc oxide, silver, resins, and thymol iodide. The liquid 
is eugenol, and Canada balsam. One disadvantage is that the sil-
ver used to provide radiopacity can also cause staining of tooth 
structure. Another disadvantage is its rapid setting time in areas of 
high humidity and heat. Rickert’s sealer is marketed as Kerr Pulp 
Canal Sealer (Kerr Endodontics, Orange, CA), which has tradi-
tionally been popular with clinicians who use the warm vertical 
obturation technique. Pulp Canal Sealer Extended Working Time 
(EWT) (Kerr Endodontics, Orange, CA), with a working time 
of 6 hours, was introduced to lengthen the setting time over Kerr 
Pulp Canal Sealer.62

Tubli-Seal (Kerr Endodontics, Orange, CA) was developed 
as a nonstaining alternative to the silver containing Pulp Canal 
Sealer. Tubli-Seal comes as two separate tubes. One tube contains 
a zinc oxide-base paste with barium sulfate for radiopacity, min-
eral oil, cornstarch, and lecithin. The catalyst tube contains poly-
pale resin, eugenol, and thymol iodide. Tubli-Seal is easy to mix 
and has a short setting time.62 Tubli-Seal EWT was developed to 
provide extended working time.

Wach’s cement is made up of a powder of zinc oxide, bismuth 
subnitrate, bismuth subiodide, magnesium oxide, and calcium 
phosphate. The liquid consists of oil of cloves, eucalyptol, Canada 
balsam, and beechwood creosote. Wach’s cement has a distinc-
tive odor of an old-time dental office.62 It has a smooth consis-
tency, and the Canada balsam makes the sealer tacky. Medicated 
Canal Sealer (Medidenta, Woodside, NY) contains iodoform for 
antibacterial purposes and is to be used with MGP gutta-percha, 
which also contains 10% iodoform.63 

Calcium Hydroxide Sealers
Sealapex (Kerr Endodontics, Orange, CA) is a noneugenol poly-
meric sealer that contains calcium hydroxide. It is packaged in 
two tubes, one of which is a base, and the other a catalyst. Sea-
lapex has zinc oxide in the base plus calcium hydroxide. It also 
contains butyl benzene, sulfonamide, and zinc stearate. The cata-
lyst tube has barium sulfate and titanium dioxide for radiopac-
ity, and a proprietary resin, isobutyl salicylate, and AEROSIL 
R792.62 Sealapex has similar sealing ability as Tubli-Seal.64 Apexit 
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(Ivoclar Vivadent, Schaan, Liechtenstein) is a calcium hydroxide 
sealer with salicylates also incorporated into the formula. CRCS 
(Calciobiotic Root Canal Sealer, Coltene/Whaledent, Mahwah, 
NJ) is a calcium hydroxide-containing sealer that has a zinc oxide-
eugenol and eucalyptol base. CRCS is a rather slow-setting sealer, 
especially in dry or in humid climates. It may require up to 3 days 
to fully set.62 The set sealer is quite stable, which improves its seal-
ing qualities, but may mean that calcium hydroxide is not as read-
ily released and the stimulation of cementum and bone formation 
may be severely limited. 

Resin Sealers
Epoxy resin sealers have been used in endodontics for some time, 
including AH26, and its successor AH Plus (Dentsply Sirona, 

York, PA). AH26 is a sealer that has been used for many years. 
It is a bisphenol epoxy resin sealer that uses hexamethylenetetra-
mine (methenamine) for polymerization.45,65 A major disadvan-
tage of AH26 was that the methenamine gave off formaldehyde 
as it set. It would also stain tooth structure and had an extended 
working time. One advantage of AH26 is it was not affected 
by moisture.62 AH Plus and ThermaSeal Plus (Dentsply Sirona, 
York, PA) are formulated with a mixture of amines that allows 
for polymerization without the unwanted formation of formal-
dehyde.65,66 They have the advantages of AH26, which include 
increased radiopacity, low solubility, slight amount of shrinkage, 
and tissue computability. AH Plus is an bisphenol epoxy resin 
that also contains adamantine.45 AH Plus comes in a two paste 
system, unlike the liquid-powder system of AH26, and has a 
working time of 4 hours and a setting time of 8 hours. Addi-
tional improvements of AH Plus over AH26 include thinner 
film thickness and decreased solubility. 

Bioceramic Sealers
Mineral trioxide aggregate (MTA) is a calcium silicate bioceramic 
material, which has many applications in endodontics. MTA has 
been a very successful material because of its biologic and physical 
characteristics. MTA is extremely biocompatible and provides a 
good seal. Because of these biologic and physical attributes, several 
bioceramic sealers are now on the market. ProRoot Endo Sealer 
(Dentsply Sirona, York, PA) is an MTA-based sealer manufactured 
in a powder and gel form. The powder is MTA with enhanced 
radiopacity, which contains tricalcium silicate, dicalcium silicate, 
calcium sulfate, bismuth oxide, and a small amount of trical-
cium aluminate. The gel is a viscous aqueous solution of a water 
soluble polymer. MTAFillapex (Angelus, Londrina, PR, Brazil) 
is a dual paste system. It contains salicylate resin, diluent resin, 
natural resin, bismuth oxide, nanoparticulate silica, MTA, and 
pigments. Endosequence BC Sealer (Root SP) (Brasseler USA, 
Savannah, GA) is a calcium silicate based sealer manufactured as a 
single paste system. It contains zirconium oxide, calcium silicates, 
calcium phosphate monobasic (CaH2P2O8), calcium hydroxide, 
filler, and thickening agents. iRoot SP (Innovative BioCeramix 
Inc., Vancouver, Canada) is another calcium silicate based sealer 
that contains zirconium oxide, calcium silicates, calcium phos-
phate, calcium hydroxide, filler, and thickening agents. 

Silicone Based Sealers
Silicone based sealers provide adhesion, a moisture resistant seal, 
and stability.45 Lee Endo-Fill (Lee Pharmaceuticals, El Monte, 
CA) is a silicone based root canal sealer. RoekoSeal (Coltene/
Whaledent, Langenau, Germany) is a polyvinylsiloxane that is 
a white paste-like sealer and will polymerize without shrinkage, 
which results in less leakage.45,67 It utilizes platinum as a cata-
lyzing agent.45 GuttaFlow (Coltene/Whaledent, Langenau, Ger-
many) is a polyvinylsiloxane that has finely milled gutta-percha 
particles added to the RoekoSeal sealer. GuttaFlow additionally 
contains silicone oil, paraffin oil, platin catalyst, zirconium diox-
ide, nano-silver as a preservative, and a coloring agent. It does 
not contain eugenol. GuttaFlow is a cold flowable gutta-percha 
filling system for the obturation of root canals. GuttaFlow is 
triturated in its cannula and passively injected into the canal and 
then used with single or multiple gutta-percha points. 

Urethane Methacrylate Sealers
EndoREZ (Ultradent, South Jordon, UT) is a hydrophilic ure-
thane dimethacrylate (UDMA) resin sealer that reportedly has 

A

B

• Fig. 15.7 This mandibular molar was treated with a resorcinol-formalde-
hyde resin paste. Dark red-stained dentin can be seen both through the 
occlusal surface and upon access. The dentin is solid.
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good canal wetting and flow into dentinal tubules.67 The hydro-
philic property improves its sealing abilities if some moisture is 
still in the canal at obturation.45 EndoREZ is introduced into 
the canal with a narrow 30-gauge NaviTip needle (Ultradent). A 
single gutta-percha point, or the lateral compaction obturation 
technique, may be utilized. EZ Fill (Essential Dental Systems, 
South Hackensack, NJ) is a noneugenol epoxy resin sealer that 
is placed with a bidirectional spiral rotating in a hand piece. It 
may be used with a single gutta-percha point technique. It is non-
shrinking on setting and is hydrophobic, rendering it resistant to 
fluid degradation. 

Evaluation and Comparison of Sealers
Orstavik45,68 has listed the various evaluation parameters for test-
ing endodontic sealers. They include technologic tests that have 
been standardized by the ISO and ADA/ANSI internationally and 
in the United States. These technological tests include flow, work-
ing time, setting time, radiopacity, solubility and disintegration, 
and dimensional change after setting. Additionally, biologic tests, 
usage testing, and antibacterial testing are useful. Clinical testing 
should be included to establish outcomes of treatment.

 Obturation Techniques with Gutta-Percha
Gutta-percha is the most widely used and clinically acceptable obtu-
ration material, thus the techniques described in this chapter will 
focus on the use of this material. Gutta-percha is available in many 
different forms and sizes, both gutta-percha cones and gutta-percha 
for thermoplasticized injection systems (see Figs. 15.1 and 15.2). The 
choice of obturation method is primarily based on clinician training 
and preference, as well as the specific anatomy of each case. There are 

A B

• Fig. 15.8 The maxillary right lateral and central incisor were treated with a resorcinol-formaldehyde resin 
paste. (A) The teeth have characteristic voids visible radiographically in the obturation, especially tooth 
#7, as seen in this preoperative radiograph. All of the paste could not be removed during nonsurgical 
retreatment of tooth #8, so root-end surgery was performed. (B) Tooth #7 was later successfully retreated 
nonsurgically, as shown in this postoperative radiograph.

	 1.	 	It	should	be	tacky	when	mixed	to	provide	good	adhesion	between	it	and	
the	canal	wall	when	set.

	 2.	 	It	should	make	a	hermetic	[sic]	seal.
	 3.	 	It	should	be	radiopaque	so	that	it	can	be	visualized	on	the	radiograph.
	 4.	 	The	particles	of	powder	should	be	very	fine	so	that	they	can	mix	easily	

with	the	liquid.
	 5.	 	It	should	not	shrink	upon	setting.
	 6.	 	It	should	not	stain	tooth	structure.
	 7.	 	It	should	be	bacteriostatic	or	at	least	not	encourage	bacterial	growth.
	 8.	 	It	should	set	slowly.
 9.  It should be insoluble in tissue fluids.
	10.	 	It	should	be	tissue	tolerant,	that	is,	nonirritating	to	periapical	tissues.
	11.	 	It	should	be	soluble	in	a	common	solvent,	if	it	is	necessary	to	remove	

the	root	canal	filling.

 • BOX 15.2      Requirements for an Ideal Root Canal 
Sealing Material

	1.	 	What	is	the	primary	objective	of	obturation?
	2.	 	What	is	the	rationale	for	completing	root	canal	therapy	in	two	visits	

versus	one	visit?
	3.	 	Why	is	the	smear	layer	removed	before	obturation?
	4.	 	What	are	the	advantages	of	gutta-percha	as	a	core	obturation	material?
	5.	 	Why	must	a	sealer	be	used	when	obturating	with	gutta-percha?

Study Questions
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attributes and limitations of each technique, but no significant dif-
ference in outcomes has been demonstrated between contemporary 
obturation techniques using gutta-percha (Video 15.1).69,70

Cold Lateral Condensation
Cold lateral condensation (commonly referred to as lateral conden-
sation or lateral compaction) is the most common obturation tech-
nique taught to predoctoral dental students.71 Advantages of lateral 
condensation are that it can be used in a wide variety of cases, does 
not require specialized equipment, and has a track record of clini-
cal success. In addition, lateral condensation is safe and simple to 
learn for novice clinicians; it is less technique-sensitive than other 
methods and has predictable length control (less likely to overfill). 
A disadvantage of lateral condensation is that it requires more time 
than some filling techniques.72 In addition, it is challenging to use 
in some clinical cases (e.g., very curved canals, internal resorption, 
wide open apices, or other anomalous canal anatomy) (Question 
15.6). However, these cases are considered “high difficulty” and are 
typically referred to a specialist for treatment.30,31

The technique for lateral condensation, and all obturation 
techniques, varies slightly from clinician to clinician. The follow-
ing is a description of a traditional lateral condensation technique.
 1.  The canal is dried. A paper point placed to working length 

should come out of the canal dry, with no irrigant, blood, or 
exudate on it.

 2.  A master gutta-percha cone is selected. Gutta-percha cones 
should be handled using cotton pliers (locking are preferred), 
and measured using a millimeter ruler. In classic cold lateral 
condensation, the master cone is a 0.02 taper cone and has 
a tip size that matches the master apical file size to which 
the canal has been prepared. The selected cone should seat 
to working length, not be able to be pushed beyond work-
ing length, and exhibit a sensation of slight resistance when 
removing the cone from the canal. This resistance (referred 
to as tug-back) indicates that the cone is binding the walls of 
the canal (Fig. 15.9). A master cone that does not seat all the 
way to working length is too large (i.e., it is binding short of 
working length). A master cone that can be pushed beyond 
working length is too small (i.e., it is not binding at working 
length and overfilling will result). A master cone that does not 
display any resistance upon removal is also too small (i.e., it 
is not snug at working length), though this sensation can be 
difficult to detect. Careful inspection should catch any cone 
that buckles when placed to working length and removed; this 
indicates that the cone does not fit well. A cone that buckles 

near the tip may be too small (Fig. 15.10). A cone that buckles 
more coronally may be too large (it will appear that the cone 
is seating to working length because the cotton pliers seat to 
the reference point, but the cone will be short as a result of the 
buckling). Variations of selecting a master cone preferred by 
some clinicians include using a 0.04 taper cone or a nonstan-
dardized cone with the tip cut to a custom diameter. Special-
ized instruments are available on the market to help cut the 
tip of gutta-percha cones to a specific diameter (Fig. 15.11). 
Often the clinician may try multiple master cones, even of the 
same size, before selecting the master cone they want to use 
for obturation of a canal. As a result of manufacturing varia-
tions, there will be variations in gutta-percha cone actual sizes, 
even among those labeled as the same ISO size and taper.73

 3.  Sealer is placed in the canal. Different methods have been 
used to apply sealer to the walls of the canal. These include 
using a hand file place to length and spinning counterclock-
wise, using a lentulo spiral drill, and using the master cone 
(Fig. 15.12). The goal is to have a thin layer of sealer on all 
walls of the canal. In most cases, sealer is placed both in the 
canal before seating the master cone, and on the master cone 
itself before seating it. The choice of sealer type is up to the 
discretion of the clinician.

• Fig. 15.9 The master cone should have slight frictional fit in the most api-
cal portion of the canal.

Master
gutta-percha
point

A

B

• Fig. 15.10 (A) A master cone that buckles near the tip when inserted into 
the canal is too small. (B) A larger cone should be selected or clipped to 
form a larger size at the tip.
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 4.  Sealer is placed on the master cone, and the master cone is 
seated in the canal to working length. The cone is seated 
using gentle, continuous pressure. If the cone does not seat 
to length on the first attempt, it should be pulled out a few 
millimeters and slowly reseated. The master cone may need to 
be gently “pumped” up and down a few times to get the cone 
to seat to the desired working length.

 5.  A spreader is selected for use in lateral condensation. The 
length, size, and degree of taper varies between spread-
ers. Nickel-titanium finger spreaders or stainless steel hand 
spreaders may be used (Fig. 15.13). Nickel-titanium finger 
spreaders have the advantages of being able to be inserted 
into the canal to a greater depth while exerting less force on 
the canal walls74-76 (Fig. 15.14). Finger spreaders also are 
preferred by many because they are gripped and used in a 
fashion similar to finger files, and they may be easier to access 
difficult areas of the mouth. The chosen spreader should be 
able to be placed in the canal to within approximately 1 to 2 
mm of the working length.

 6.  The spreader is placed into the canal and rotated using a back-
and-forth motion, keeping the long axis of the spreader in the 
same plane, to create lateral space within the canal. Moderate 
pressure is applied in an apical direction, while rotating the 
handle through an arc of approximately 30 degrees. The api-
cal force is kept on the long axis of the spreader. The spreader 
will feel looser as it is moved in this motion. The spreader is 
removed from the canal also using a back-and-forth motion. 
During removal of the spreader, it is recommended to hold 
the tip of the cone(s) that have already been seated in the 
canal, to prevent the master cone and any accessory cones 
from being dislodged from working length.

 7.  Accessory cones are added in the space created by the spreader 
(Fig. 15.15). Different types of accessory cones may be used, 
and the cones are matched to the spreader size. Commonly, 
nonstandardized cones or size 25, 0.02 taper standardized 
cones are used as accessory cones. In very large canals, larger 
accessory cones and a larger size spreader may be used. Cau-
tion must be exercised during lateral condensation not to use 
too much force in the canal during the condensation process 
(this same caution should be used during other techniques as 
well). It is recommended that the force used should be no more 
than 2.5 lbs, in order to avoid vertical root fracture77,78 (Fig. 
15.16).

 8.  Most clinicians choose to expose a radiograph after the mas-
ter cone is seated in the canal. The purpose for the “master 
cone radiograph” is to check that the gutta-percha is seated 
to the desired working length (not short and not long). 
Alternatively, the clinician may choose to add one to two 

• Fig. 15.12 A simple, effective method of sealer application. A hand file 
covered with sealer is inserted into the canal and spun counterclockwise 
to coat the canal walls.

A

B

• Fig. 15.11 Specialized instruments for cutting gutta-percha cones to 
a customized International Organization for Standardization tip size are 
commercially available. (A) Gutta Gauge. (Courtesy Dentsply Sirona.) (B) 
Tip Snip. (Courtesy Kerr Endodontics.)

• Fig. 15.13 Size 30 finger spreader. (Courtesy Dentsply Sirona.)
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accessory cones before exposing the radiograph. This “initial 
condensation radiograph” is used to check the length of the 
gutta-percha, that the master cone is not dislodged during 
the initial condensation, and that no voids are present in the 
apical third of the canal. If an error is detected on the master 
cone or initial condensation radiograph, it is still possible to 
easily remove the cone(s) from the canal, before they have 
been seared off, and correct the error or chose a new master 
cone. Cones are removed by slowly pulling the gutta-percha 
from the canal.

 9.  If the master cone or initial condensation radiograph is 
acceptable, then lateral condensation continues (Fig. 15.17). 
The spreader is used, and subsequent accessory cones are 
also coated in sealer before placement in the canal. As more 
accessory cones are added, the spreader will seat less and less 
deep in the canal. Condensation should continue until the 
spreader can no longer be placed more than approximately  
4 mm below the level of the orifice (Fig. 15.18).

 10.  When the appropriate level of obturation is reached, the 
gutta-percha cones are seared off at the desired level. An 
electrically heated plugger can be used to sear off the cones  
(Fig. 15.19). Historically, a Bunsen burner or alcohol torch 
with a hand plugger were used and may be used if an elec-
trically heater plugger is not available. A cold hand plugger 
is used to plug the remaining gutta-percha vertically, filling 
any coronal voids and creating a smooth surface of gutta-
percha in the coronal aspect of the canal (Fig. 15.20). If 
an intraorifice barrier is to be placed, the desired level of 
gutta-percha is 1 to 2 mm apical to the level of the facial 
cemento-enamel junction (CEJ) or the pulp chamber floor 
(in a molar). The 1 to 2 mm space is then filled with the 
intraorifice barrier material. If an intraorifice barrier is not 
placed, then the gutta-percha is brought to the level of 
the facial CEJ or the pulp chamber floor. If post space is 
needed, additional gutta-percha may be removed to a level 
as appropriate for the post space. 

BA

• Fig. 15.14 Comparison of hand spreader with finger spreader. (A) The stiff, more tapered hand spreader 
will not negotiate the curve. (B) The smaller, more flexible finger spreader permits deeper penetration and 
produces less force on the canal wall.

A B C D

• Fig. 15.15 The steps of lateral condensation. (A) The master cone is fit. (B) A spreader is inserted, ideally 
to 1 to 2 mm from working length. (C) The spreader is rotated and removed, and an accessory cone is 
placed in the space created. (D) The process is repeated.
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Warm Vertical Condensation
Warm vertical condensation (also known as warm vertical compac-
tion or the Schilder technique) is another widely used obturation 
method. The technique is commonly credited to Dr. Herb Schil-
der,79,80 although modifications have been made to the original tech-
nique over the years as technology has advanced. The main advantage 
of warm vertical condensation is that warmed gutta-percha can be 
adapted to the canal walls, which is particularly desirable in irregularly 
shaped canals, such as cases of internal resorption. Disadvantages of 
warm vertical condensation compared with lateral condensation are 
that it is more technique-sensitive, and length control is particularly 
difficult (higher risk of overfilling).70,81 Warm vertical condensation 
also requires additional instruments and equipment, and it is diffi-
cult to visualize the level of gutta-percha in the canal unless a dental 
operating microscope is used during treatment (Question 15.7).

As with lateral condensation, the technique used for warm 
vertical condensation varies slightly from clinician to clinician. A 
basic tenet for warm vertical condensation is that the preparation 
should be a continuously tapering funnel with the apical foramen 
kept as small as possible. A description of a basic warm vertical 
condensation follows, starting with a dried canal.
 1.  A master gutta-percha cone is selected. The cone usually replicates 

the canal taper (e.g., if a canal is prepared to a 0.04 taper, a 0.04 

taper master cone is chosen). The cone should seat short of the 
desired working length, up to 2 mm short. The warm vertical con-
densation technique is expected to push the gutta-percha apically 
to the desired working length during condensation. Some clini-
cians opt to select a master cone that seats snugly at working length.

 2.  Sealer is applied and the master cone is seated.
 3.  The coronal portion of the cone is seared off at the orifice level 

using an electrically heated plugger.
 4.  The remaining gutta-percha is plugged apically in the canal, 

using a prefit cold hand plugger. The plugger should not bind 
the sides of the canal during condensation. If the plugger is too 
large, it will bind the walls of the canal, creating excess force 
on the walls and risking vertical root fracture. If the plugger is 
too small, it will poke indentations in the mass of gutta-percha, 
rather than compacting it in an apical direction. The plugger is 
used to circumferentially plug the gutta-percha in the canal.

 5.  The gutta-percha mass is seared off again, at a deeper level in 
the canal, and a “bite” of gutta-percha is removed from the 
canal by inserting the heat source a few millimeters into the 
gutta-percha. The gutta-percha mass is plugged apically again 
using a cold hand plugger.

 6.  This process is repeated until the apical portion of the canal is 
filled with an “apical plug” to a level 4 to 6 mm from work-
ing length. As the gutta-percha is plugged apically, the mass of 

A B

C

• Fig. 15.16 Excessive force used during lateral condensation, or any obturation technique, can lead to 
vertical root fracture. (A) Periapical radiograph of tooth #4 with a vertical root fracture. (B) The vertical root 
fracture is visualized extending up the buccal surface from an apical direction. The root has been stained 
with methylene blue for better visualization. (C) The fracture extends into the buccal canal, as seen from 
the apical direction. (Courtesy Dr. Alex Hanley.)
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gutta-percha is pushed to working length and into any canal 
irregularities. Note that caution must be exercised when using 
an electrically heated plugger in the canal to avoid transmitting 
dangerous levels of heat to the periodontal ligament.82,83

 7.  The remainder of the canal is then backfilled with thermoplas-
ticized gutta-percha from an injection system (Fig. 15.21). The 
warm injection tip is first placed in contact with the apical plug 
of gutta-percha, to warm the existing gutta-percha before more 
is added to the canal. Thermoplasticized gutta-percha is then 
injected, as the instrument is “backed out” of the canal. The 
injected gutta-percha is plugged apically with a cold plugger, 
with apical pressure being applied as the gutta-percha cools, 
to minimize shrinkage. The backfill may be accomplished in 
one or more segments, depending on the length of the canal. 
Before thermoplasticized gutta-percha injection systems were 
commercially available, small segments of gutta-percha were 
added back to the canal, heated, and condensed.

 8.  The backfilled gutta-percha is seared off at the desired level, as 
with lateral condensation. The backfill may be stopped short, 
or not completed at all, if post space is desired. 

Continuous Wave
The continuous wave of condensation is a variation of warm 
vertical compaction.84 Continuous wave primarily differs from 
warm vertical in the down pack procedure (down pack may refer 
to both the procedure for removing coronal gutta-percha from 
the canal, and the apical plug of gutta-percha that results). Clas-
sic warm vertical obturation accomplishes the down pack in 
multiple steps of heating, removing gutta-percha, and plugging 
vertically. In contrast, the continuous wave technique employs 
one continuous motion for the down pack. Once the master 
cone is seated, a prefit plugger is chosen. Electrically heated plug-
ger tips that match the taper of the canal are used (Fig. 15.22). 
The warmed plugger is moved apically through the gutta-percha 

in one motion over 1 to 2 seconds, until the desired level of the 
down pack is achieved. The heat plugger is inactivated, and pres-
sure is applied apically for 5 to 10 seconds, to reduce shrinkage 
of the cooling gutta-percha. A burst of heat is then applied, as 
the plugger is moved side-to-side, to separate the plugger from 
the apical gutta-percha. The plugger is then removed from the 
canal, and any excess gutta-percha coronal to the down pack 
level should be removed from the canal on the plugger. The api-
cal portion of gutta-percha is plugged apically with a cold plug-
ger, and the canal is backfilled, as in warm vertical condensation. 
The advantage of the continuous wave technique is the reduced 
amount of time needed to obturate.72 A disadvantage is that 
the method is quite technique-sensitive: the down pack of api-
cal gutta-percha may be removed with the plugger, or the coro-
nal gutta-percha may not be removed with the plugger. As with 
warm vertical compaction, length control is more difficult with 
the continuous wave technique versus cold lateral condensation. 

Formed Cones
The use of a custom formed master cone is a variation used in 
obturation. Formed cones are most commonly employed in con-
junction with cold lateral condensation but may also be used 
with warm vertical techniques. The technique involves selecting a 
gutta-percha cone that is larger than the apical preparation of the 
canal, then softening the tip of the cone in chloroform so that an 
“impression” of the apical few millimeters of the prepared canal 
is created. Chloroform softens the outer skin of the gutta-percha. 
The cone is then reseated after sealer has been placed in the canal.

Some clinicians choose to use the formed cone technique on 
every case. Others employ it only in specific cases. Cases where the 
formed cone would be indicated include those with a large apical 
foramen, an irregularly shaped apical preparation, lack of an apical 
stop, or as a trouble-shooting technique when the master cone is not 
seating to working length (Question 15.8). The formed cone should 
fit like a key in a lock when root canal sealer is applied and the cone 
is placed back into the canal in the same orientation in which it 
was removed after making the impression. As condensation con-
tinues, the use of a spreader and/or plugger will cause the softened 
gutta-percha to move into irregularities in the root canal system. 
The disadvantages of any gutta-percha solvent technique are the 
time needed to form the cone and the potential for shrinkage of the 
gutta-percha as the chloroform evaporates. In vitro testing suggests 
the possibility of shrinkage after use of chloroform, but no clinical 
studies have shown shrinkage to be a clinically significant problem.

The formed cone technique is as follows:
 1.  An oversized gutta-percha master cone (that does not seat to 

working length) is selected. This is most commonly a 0.02 
taper cone but could be a larger taper cone depending on the 
case and clinician preference. The cone should seat approxi-
mately 1 mm short of working length when placed in the canal 
with gentle pressure. This is typically a cone that is one to two 
sizes larger than the master apical file size.

 2.  The cone is grasped with a locking cotton plier at the appropri-
ate working length. The apical 3 to 4 mm of the cone is quickly 
dipped into chloroform (for approximately 1 second). Other 
solvents may also be used.

 3.  The cone is seated with gentle but continuous pressure. The 
cone is pulled out a few millimeters and gently reseated in the 
canal to mold or adapt the apical portion. The cone should seat 
to working length.

 4.  Measure to confirm that the cone seats to working length. If the 
cone is short of working length, the cone may be dipped again in 

A. Prepared canal
B. Master cone inserted
C. Spreader placed
D. Placement of accessory cone (shown as dashed circle)
E-H. Continuation of lateral compaction
I. Completion of obturation

A C

D E F

G H I

B

• Fig. 15.17 Schematic of the steps of lateral condensation. Each insertion 
of the spreader to its most apical extent laterally compacts the gutta-per-
cha cone toward the opposing wall. At the completion of obturation, the 
canal is filled with a series of cones that have been cold-welded together 
with sealer. (Courtesy Dr. J. Schweitzer.)
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• Fig. 15.18 Lateral condensation. (A) A hand file matching the size of the master apical file is inserted to ensure it seats to working length. (B) Standard-
ized gutta-percha cones are seated to working length. (C) The position of the cones is verified radiographically. (D) Once the sealer has been placed and 
the cone seated to length, the spreader is inserted along the side of the cemented cone (here, in the mesiobuccal canal). (E) An accessory cone is placed 
in the space created by the spreader. (F) The process is repeated (i.e., reinsertion of the spreader, followed by placement of another accessory cone) 
until the spreader does not penetrate beyond the middle third of the canal. The cones are removed at the orifice with heat, and the coronal mass then is 
vertically compacted. (G) The remaining canals are obturated in the same manner. (H) The final radiograph demonstrates four canals properly obturated. 
(Courtesy Dr. W. Johnson.)

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


341CHAPTER 15 Obturation and Temporization

chloroform and reseated using gentle continuous pressure, or a 
new cone may be used. If the cone buckles, it should be discarded.

 5.  The tip of the cone is examined to make certain that the cone 
has adapted to the apical canal (Fig. 15.23). If the cone has 
properly formed, “skid marks” will be visible where the soft-
ened cone has touched the canal wall. Smooth, uninterrupted 
areas that look like the fresh cone are an indication that the 
cone is too small and is not contacting the canal in all dimen-
sions. If this occurs, a new, larger cone should be formed, or the 
tip of the softened cone should be trimmed and reformed.

 6.  After the master cone is formed, sealer is applied, and obtura-
tion is completed using the preferred technique. 

Carrier-Based Obturation
Carrier-based obturation utilizes an “obturator” composed of a 
core carrier material surrounded by a gutta-percha coating that is 
used to fill the root canal system. The earliest version of an obtu-
rator had a metal core, but later versions have utilized plastic as 
the core material. The most recently introduced core material is a 
crosslinked version of gutta-percha (see Fig. 15.3, A). Obturators 
are available in standardized sizes designed to match a designated 

master apical file size, and some endodontic rotary files are mar-
keted with corresponding carriers as a “system.”

When the canal is ready to obturate, it is dried and sealer is 
applied. The obturator is heated using a time- and temperature-con-
trolled oven, which softens the gutta-percha surrounding the carrier  
(Fig. 15.24). The obturator is inserted into the canal to the appro-
priate working length. The carrier portion of the obturator is rigid 
enough to carry the gutta-percha to working length but flexible 
enough to be placed around common canal curvatures. The handle 
of the carrier must then be removed, typically using a long-shank 
round bur, and the coronal gutta-percha is smoothed using a plugger.

The advantages of carrier-based obturation are time efficiency 
and the ability of warmed gutta-percha to fill canal irregulari-
ties.85 Disadvantages include length control (overfilling is a risk), 
and stripping of the gutta-percha off the carrier during seating.86 
As such, carrier-based obturation can be technique-sensitive. In 
addition, post space preparation and retreatment are difficult, as 
retrieving the carrier from the canal may be challenging or impos-
sible in some cases (Question 15.9).

A variation on carrier-based obturation uses a metal carrier 
with an apical plug of gutta-percha attached (see Fig. 15.3, B). 
After the gutta-percha is seated to working length, the metal car-
rier is twisted off and removed from the canal, leaving an apical 
plug of gutta-percha. This type of carrier is not heated. 

Single Cone Obturation
Growing attention has been given in recent years to the use of a 
“single-cone” obturation technique. In this technique, the canal is 
obturated with a single gutta-percha cone that is designed to match 
the size and taper of the canal preparation. For example, a canal 
prepared to a master apical file of size 40/.04 would be obturated 
with a single gutta-percha master cone of size 40/.04. Some clini-
cians advocate using a master cone one size smaller than the master 
apical file size. The advantages of this technique are time efficiency 
and length control. The main disadvantage is that the gutta-percha 
does not adapt to an irregularly shaped canal and voids may be 
present along the length of the canal. The sealer is expected to fill 
any irregularities in the canal. The technique has been popularized 
in recent years in conjunction with the use of a bioceramic sealer. 
Despite the growing popularity of the single-cone technique, there 
is little clinical research published evaluating its use.87 

Evaluation of Obturation
How Obturation Materials and Techniques Are 
Evaluated in Research
Obturation materials and techniques are commonly evaluated 
in research using in vitro studies.88 The quality or density of fill 
created by different obturation methods can be compared by fill-
ing extracted or artificial teeth using different methods. The teeth 
are then sectioned at different levels of the root, and the cross-
sectional areas filled by gutta-percha, sealer, or voids are mea-
sured.72,81 Microcomputed tomography imaging may be used 
in similar studies, where three-dimensional volumetric measure-
ments can be made both before and after obturation of the root 
canal system; the volume of filled space can then be measured.89 
Benchtop studies may also be used to investigate the fracture resis-
tance of teeth or the presence of dentin microcracks after obtu-
ration with different methods or materials.90 In vitro studies are 
also employed to assess the sealability of obturation techniques 

• Fig. 15.19 An electrically heated plugger can be used to sear off gutta-
percha during obturation with lateral condensation, as well as carry heat 
into the canal to remove gutta-percha during warm obturation techniques. 
The Touch ‘n Heat was the first mass marketed electrically heated plugger, 
and is still on the market today. (Courtesy Kerr Endodontics.)

• Fig. 15.20 The gutta-percha has been seared off and vertically com-
pacted with a cold hand plugger at the level of the orifice in this maxillary 
premolar. (Courtesy Dr. Kyle Countryman.)
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or materials, where ability of bacteria to penetrate an obturated 
canal is measured.91 Further, biocompatibility and antimicrobial 
effectiveness of obturation materials are also tested by in vitro cell 
culture and microbiologic research assays.92-94 

How Obturation Is Evaluated Clinically—
Radiographic Evaluation
In clinical cases, obturation is commonly evaluated using periapi-
cal radiographs. The length, taper, and density of obturation are 
assessed. Radiographic evidence of errors include obturation short 
or beyond the desired working length and voids in the obturation. 

Radiographic evaluation of a previously treated tooth may provide 
information about not only the quality of the previous treatment 
(e.g., presence of voids) but the type of filling material used (e.g., 
silver points have a different radiographic appearance compared 
with gutta-percha) (see Fig. 15.6). Cone beam computed tomog-
raphy (CBCT) is not usually a helpful method to evaluate voids 
in obturation, as a result of the scatter produced by the obturation 
materials. However, the obturation observed on a CBCT image 
may show important information, such as when a canal has been 
missed or transported (Fig. 15.25).

It is important to understand that the obturation as assessed on 
a postoperative periapical radiograph may also reflect the quality 

A B

C D

• Fig. 15.21 Thermoplasticized gutta-percha injection systems. (A) The Obtura system uses pellets of 
gutta-percha, similar to a glue gun. (Courtesy Obtura Spartan.) (B) The Calamus Dual has both a heat 
source and a gutta-percha injection hand piece on one console. The gutta-percha handpiece utilizes 
cartridges of gutta-percha made to specifically fit in the handpiece. (Courtesy Dentsply Sirona.) (C and D) 
The Elements Free and Gutta Smart systems are cordless, and each has both a heat source handpiece 
and a gutta-percha injection handpiece with corresponding cartridges of gutta-percha made to fit each 
product. Both cordless hand pieces share a charging base in each system. (Courtesy Kerr Endodontics 
and Dentsply Sirona.)
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of instrumentation. That is, inadequate instrumentation will be 
manifest radiographically as inadequate obturation (e.g., a canal 
that has been instrumented short will also be filled short). In some 
cases, serial radiographs can be used to troubleshoot if an error 
occurred during instrumentation or obturation. For example, if a 
master cone radiograph shows the cone short of working length, 

but the master apical file radiograph shows the master file to the 
correct working length, this indicates an obturation error. How-
ever, if the master apical file radiograph also shows the file short of 
working length, this indicates an instrumentation error.

The ideal research design to compare obturation techniques 
or materials would be a prospective, randomized clinical trial 
evaluating the outcomes of endodontic treatment after the use of 
two different techniques or materials. Unfortunately, such out-
comes studies do not exist in the endodontic literature and are 
unlikely to be conducted. The feasibility of such research is poor 
as a result of the very large sample size needed to have adequate 
power to detect small differences in outcomes and poor recall 
rates, especially long-term recall rates needed to obtain valu-
able data. The outcomes studies available in the literature largely 
report outcomes of a specific technique, or show no significant 
difference between contemporary obturation techniques.69,70,87 

Length of Obturation—Outcomes Studies
The ideal length to which canals should obturated has long been a 
subject of debate in endodontics.95 The level of obturation should 

• Fig. 15.22 Specialized heated pluggers available in a variety of tapers 
are advocated for use in the continuous wave of condensation technique. 
(Courtesy Kerr Endodontics.)

• Fig. 15.23 The chloroform-dipped master gutta-percha cone is seated to 
working length and removed. The cone should show an impression of the 
apical preparation of the canal.

A

B

• Fig. 15.24 Specialized ovens are used to heat obturators, softening the 
gutta-percha surrounding the core. (A) The GuttaCore oven is marketed for 
use with GuttaCore obturators and has two arms that are pressed down to 
move the obturator into the heating chamber. (Courtesy Dentsply Sirona.) 
(B) The Soft-Core Heater is marketed for use with Soft-Core obturators and 
holds up to four obturators at once. (Courtesy Kerr Endodontics.)
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A B

C D
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A

• Fig. 15.25 This patient presented with pain in the maxillary left posterior and percussion sensitivity on 
tooth #14. (A) The preoperative periapical radiograph shows that tooth #14 has been previously endodon-
tically treated, and the obturation of the MB root appears short. (B) The sagittal view of the CBCT image 
shows a large periapical radiolucency. (C and D) Both the axial and coronal views show a missed MB2 
canal. (E) The postoperative radiograph after nonsurgical retreatment shows two canals treated in the MB 
root. MB, Mesiobuccal; CBCT, cone beam computed tomography. (Courtesy Dr. Randy Ball.)

be consistent with the level of instrumentation. Clinicians’ prefer-
ences vary between treating to the radiographic apex or the “fora-
men” reading on an electronic apex locator, or 0.5 to 1 mm short of 
one of these levels. The rationale for instrumenting and obturating 

to a longer length is to ensure that the most apical extent of the 
canal has been cleaned. The rationale for instrumenting and obtu-
rating to a shorter length is to preserve the integrity of the periapi-
cal tissues and avoid debris extrusion or overfilling the canal.
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Several outcomes studies have investigated the influence of 
the level of obturation on treatment success. Research supports 
improved outcomes of root canal therapy when the canal is filled 0 
to 2 mm from the radiographic apex.96-98 In a prospective study of 
the factors affecting outcomes of nonsurgical root canal treatment, 
the extension of canal cleaning as close as possible to the apical 
terminus significantly improved periapical healing.69 In a system-
atic review, root filling extending to within 2 mm of the radio-
graphic apex significantly improved the outcome of root canal 
treatment.99 These studies do not assess obturation level in more 
detail than the 0 to 2 mm range, and debate still exists as to the 
ideal instrumentation and obturation length within that range. 

Temporization

Intraorifice Barriers
The success of endodontic therapy depends on removal of bacteria 
from the root canal system and preventing recontamination. Coro-
nal leakage occurs when microorganisms enter the root canal from 
a coronal direction and is a major cause of failure of endodontic 
treatment.1 Bacteria and their byproducts may then permeate the 
root canal system and extend into the periradicular tissues, result-
ing in sequelae that include symptomatic or asymptomatic apical 
periodontitis, acute or chronic apical abscess formation, and/or 
pain. Further treatment is then needed (retreatment, endodontic 
surgery, or extraction). Recontamination of the root canal system 
after endodontic therapy may occur if there is a delay in placing 
the permanent restoration, breakdown of the temporary restora-
tion seal, recurrent caries, leaky margins, and/or fracture or loss of 
the restoration or tooth structure. Research has shown that leakage 

can occur through the obturated root canal system in a relatively 
short amount of time100-103 (Question 15.10).

To prevent coronal leakage and subsequent failure of the root 
canal treatment, intraorifice barriers (also referred to as orifice bar-
riers) are often placed coronal to the root canal filling material.104 
Many dental materials have been investigated as intraorifice barri-
ers, but glass ionomer and flowable composite resin are the most 
widely used in clinical practice. As obturation is completed, the 
gutta-percha is removed to a level 1 to 2 mm apical to the facial 
cementoenamel junction or the floor of the chamber in a molar. 
Any excess sealer and debris is removed from the chamber, typi-
cally using alcohol-soaked cotton pellets. The chamber is dried. 
The intraorifice barrier material is applied in the coronal 1 to 2 
mm of the canal using the recommended instructions for the cho-
sen material (Fig. 15.26). In some cases, the chamber floor is also 
covered (Fig. 15.27). 

Temporary Filling Materials
As stated previously, prevention of coronal leakage is an impor-
tant factor in successful endodontic outcomes. The choice of an 
interim restoration material to seal the access preparation, either 
between endodontic appointments or between completion of 
root canal therapy and the definitive restoration, is an integral 
part of a successful endodontic outcome. Temporization may 
be relatively straightforward, as in the case of a single-surface 
occlusal or lingual access preparation. Temporization may also be 
more challenging and time-consuming, as in the case of a tooth 
with extensive caries and/or defective restorations that must be 
removed before  endodontic treatment. If one or more proximal 
surfaces of the tooth are missing after removal of caries and/or 

BA

• Fig. 15.26 Intraorifice barrier materials are placed in the coronal 1 to 2 mm of the canal. (A) PermaFlo 
Purple flowable composite orifice barrier. The purple color is easily distinguished from dentin. (B) Vitrebond 
glass ionomer intraorifice barrier. (Courtesy Dr. Scott Starley.)
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defective restorations, it may be necessary to restore the tooth with 
a temporary buildup material, either at the start of treatment or 
at the end of the appointment. If adequate isolation is not achiev-
able after caries removal, then the tooth must be built up before 
continuing with root canal therapy. This allows for easier isolation 
of the tooth and prevention of salivary contamination when the 
caries are deep. It also allows for the ideal access preparation to cre-
ate a reservoir to contain irrigant during treatment. The decision 
to wait until the end of the appointment to build up the missing 
walls has the advantage of saving time at the beginning of the 
appointment. This approach may also allow more light into the 
access for better visibility, and in some cases, it may make it easier 
for the clinician to insert files into the tooth during treatment 
(e.g., in the case of a missing mesial wall of a maxillary molar).

Cavit (ESPE, Seefeld, Germany) is a very popular tempo-
rary filling material that has been found to prevent leakage in 
numerous studies when used to close endodontic access prepara-
tions.105-112 Cavit is premixed and is easily introduced into the 
access cavity, as well as easy to remove from the access cavity at the 
subsequent appointment (Fig. 15.28). Cavit contains zinc oxide, 
calcium sulfate, zinc sulfate, glycol acetate, polyvinyl acetate resin, 
polyvinylchloride-acetate, triethanolamine, and red pigment.105 
The calcium sulfate is hydrophilic, causing the hydroscopic expan-
sion of the material. This absorption of moisture and expansion 
causes the Cavit to seal very well as it sets in a moist environment. 
A depth of at least 3.5 mm of Cavit is needed to adequately seal 
an access preparation (Video 15.3).113

TERM (Dentsply Sirona, York, PA/L.D. Caulk Division, Mil-
ford, DE) is a composite resin interim restorative material for 
endodontics. It is a visible light cured resin containing urethane 
dimethacrylate polymers, inorganic radiopaque filler, pigments, and 
initiators.105 If 3.5 mm of space does not exist for a temporary fill-
ing material, TERM may provide a superior temporary restoration 
to Cavit. TERM provides an adequate seal at 1, 2, 3, and 4 mm.114 
REVOTEK LC (GC Corporation, Tokyo, Japan), Tempit (Centrix, 

Milford, CT), and Systemp inlay (Vivadent, Schaan, Liechtenstein) 
are also temporary filling materials that have been reported to have 
good antibacterial and sealing qualities115 (Fig. 15.29).

• Fig. 15.27 Intraorifice barrier that covers the entire pulp chamber floor in 
a molar. This approach would seal the root canals and any furcation canals 
against leakage.

• Fig. 15.28 Occlusal access cavity filled with Cavit as a temporary restora-
tion on a mandibular premolar.

• Fig. 15.29 Tooth #15 was diagnosed with symptomatic irreversible pul-
pitis and symptomatic apical periodontitis. The tooth had deep mesial 
recurrent caries, which needed to be removed before root canal therapy. 
A temporary buildup was completed using Fuji TRIAGE glass ionomer, to 
facilitate isolation during root canal therapy. PermaFlo Purple covers the 
pulp chamber floor as an intraorifice barrier after the completion of obtura-
tion. (Courtesy Dr. Kyle Countryman.)
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	 6.	 	What	are	the	advantages	and	disadvantages	of	lateral	condensation	as	
an	obturation	technique?

	 7.	 	What	are	the	advantages	and	disadvantages	of	warm	vertical	
condensation	as	an	obturation	technique?

	 8.	 	In	what	cases	would	a	custom	formed	gutta-percha	master	cone	be	
indicated?

	 9.	 	What	are	the	advantages	and	disadvantages	of	carrier-based	
obturation?

	10.	 	Why	must	coronal	leakage	be	prevented	after	root	canal	therapy?

Study Questions

A N S W E R S

Answer Box 15
	 1	a.	 	The	objective	of	obturation	is	to	create	a	seal	along	the	length	of	the	

root	canal	system	to	prevent	leakage	of	microorganisms	and	their	
byproducts	into	the	root	canal	system

	 2	a.	 	The	rationale	for	completing	root	canal	therapy	in	two	visits	is	to	allow	
time	for	an	intracanal	medicament	to	aid	disinfection	of	the	root	canal	
system	between	visits.

	 3	a.	 	The	smear	layer	is	removed	because	it	may	contain	microorganisms	
and	their	byproducts	and	because	it	may	prevent	adhesion	of	filling	
materials to the dentin walls.

	 4	a.	 	Advantages	of	gutta-percha	include	its	biocompatibility,	plasticity,	
handling	characteristics,	and	ability	to	be	removed	from	the	root	canal	
system	if	needed

	 5	a.	 	Sealer	is	used	with	gutta-percha	to	help	create	an	adequate	seal	in	the	
root	canal	system

	 6	a.	 	Advantages	of	lateral	condensation	are	that	it	is	appropriate	for	use	
by	novice	clinicians	in	a	variety	of	cases.		Lateral	condensation	also	
is	less	technique-sensitive	than	some	techniques,	has	predictable	
length	control,	does	not	require	specialized	equipment,	and	has	a	track	
record	of	clinical	success.	Disadvantages	of	lateral	condensation	are	
that	it	requires	more	time	than	some	filling	techniques	and	is	difficult	
to	use	in	some	cases	with	challenging	anatomye

	 7	a.	 	An	advantage	of	warm	vertical	condensation	is	that	warmed	gutta-	
percha	is	adapted	to	the	canal	walls,	which	is	particularly	useful	in	
some	irregularly-shaped	canals.		Disadvantages	of	warm	vertical	
condensation	are	that	it	is	more	technique-sensitive	than	some	tech-
niques,	has	less	predictable	length	control,	requires	additional	equip-
ment,	and	is	difficult	to	visualize	within	the	canal	without	adequate	
magnification	and	lighting

	 8	a.	 	A	formed	gutta-percha	master	cone	is	useful	in	cases	with	a	large	api-
cal	foramen,	an	irregularly	shaped	apical	preparation,	lack	of	an	apical	
stop,	or	as	a	trouble-shooting	technique	when	the	master	cone	is	not	
seating	as	expected.

	 9	a.	 	Advantages	of	carrier-based	obturation	are	time	efficiency	and	the		ability	
of	warmed	gutta-percha	to	fill	canal	irregularities.	Disadvantages	of	
carrier-based	obturation	are	length	control,	stripping	gutta-percha	off	the	
carrier	during	seating,	and	difficult	post	space	preparation	and	retreatment

	10	c.	 	Coronal	leakage	must	be	prevented	because	it	allows	recontamination	
of	the	root	canal	system	with	microorganisms	and	is	a	major	cause	of	
endodontic	treatment	failure.
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Endodontic therapy is predictable. However, for success the 
teeth need to be restored to their previous form and function. 
Before endodontic therapy, restorability must be determined; this 
involves careful evaluation of the existing tooth structure, includ-
ing removal of all caries along with any existing restorations, both 
to reduce the risk of marginal leakage during treatment1 and 
to reveal the amount of sound tooth structure.2 Specific restor-
ative options must be evaluated based on functional demand and 
remaining tooth structure.2,3 This chapter will discuss the consid-
erations needed to properly restore endodontically treated teeth.

Criteria for a Restorable Tooth
A tooth must retain sufficient sound tooth structure after root 
canal therapy to allow predictable restoration. Evaluation of a tooth 
requires clinical, radiographic, and esthetic evaluation. The first step 

is to remove any existing caries and restorative materials. This pro-
cess allows clear visualization of the remaining tooth structure and 
removes bacteria. A periodontal probe can be used to measure the 
height of the remaining tooth structure that will provide a ferrule; 
measure pocket depths, which can reveal periodontal status and pos-
sible signs of root fracture; and map the subgingival root morphol-
ogy. A bitewing radiograph should be used to evaluate the remaining 
tooth structure, pulp chamber, and bone levels; and periapical radio-
graphs should be used to evaluate tooth length and root morphology.

Amount of Remaining Coronal Tooth Structure
Most teeth requiring root canal treatment have been structurally 
compromised by caries and subsequent restorative procedures. 
Additional loss of tooth structure occurs during endodontic access, 
leading to further weakening of the tooth. When the access cavity 
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L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Describe the main factors involved in the survival of root-filled 
teeth.

 2.  Summarize factors contributing to loss of tooth strength  
and describe the structural importance of remaining tooth  
tissue.

 3. Explain the importance of a coronal seal and how it is achieved.
 4. Describe the requirements of an adequate restoration.
 5. Outline postoperative risks to the unrestored tooth.
 6. Discuss the rationale for immediate restoration.

 7.  Identify restorative options before root canal treatment is started.
 8.  Discuss the advantages and disadvantages of direct and indi-

rect restorations.
 9.  Outline indications for post placement in anterior and poste-

rior teeth.
 10.  Describe common post systems and the advantages and disad-

vantages of each.
 11. Describe core materials and their placement.
 12.  Describe techniques for restoring an access opening through 

an existing restoration.
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is surrounded by walls of dentin, it only has a minor weakening 
effect.4 In a tooth already seriously compromised by caries, trauma, 
or large restorations, access preparation is more significant, partic-
ularly if some marginal ridges have been lost (Fig. 16.1).5,6 Exces-
sive coronal flaring of the access preparation also results in greater 
susceptibility to fracture.7

The formation of a ferrule around the remaining coronal tooth 
structure is important to prevent tooth fracture in endodontically 
treated teeth. Ferrule refers to the amount of cervical tooth struc-
ture, or the height of the remaining tooth structure under a crown, 
that is available to resist tooth fracture (Fig. 16.2). The more tooth 
structure present, the more resistant the tooth will be to fracture. 

Ferrule Wall Height
The ferrule wall height is simply measured from the tooth prep-
aration finish line to the coronal aspect of the remaining tooth 
structure.

The types of margin preparation or bevels on the remaining tooth 
structure are unimportant; the total height of the tooth structure is 
key.8-12 The exact crown ferrule height required for success has been 
debated for many years; recommendations range from 1.0 mm to 
3.0 mm heights.10-14 We suggest that at least a 1.5 to 2.0 mm high 
circumferential wall of tooth structure be present above the crown 
finish line to ensure adequate fracture resistance and enhance the 
coronal seal provided by the final restoration (Fig. 16.3). 

Ferrule Wall Thickness
Endodontic therapy requires the removal of tooth structure to 
gain access to the root canal system. The ferrule wall width refers 
to the amount of tooth structure remaining from the pulp cham-
ber and/or access preparation to the external surface of the tooth. 
The amount of remaining ferrule wall thickness may be jeopar-
dized by crown preparation. Decay and prior restoration may 
leave minimal ferrule wall thickness. The ability of a tooth to resist 

lateral forces is directly proportional to the thickness of remaining 
dentin.15 More than 1.0 mm of dentin thickness around the root 
canal is needed for adequate resistance to fracture.16-19 

Re-Establishing Coronal Tooth Structure
In a clinical situation where minimal tooth structure remains, the 
establishment of an adequate ferrule height can be challenging. In 
such situations, two factors are important to ensure success. First, 
it is important to reestablish a 1.5 mm to 2.0 mm ferrule and sec-
ond to maintain the patient’s biologic width. Biologic width refers 
to the junctional epithelium and connective tissue attachment 
present from the alveolar bone crest to the depth of the periodon-
tal sulcus. It is suggested that the average biologic width is around 
2 mm;20 commonly the sulcus depth is also included in this mea-
surement, resulting in a suggested measurement of 3 mm. How-
ever, the exact biologic width will vary from patient to patient. 
This suggests that approximately 5 mm of tooth height should 
remain coronal to the alveolar bone. When this is not available, 
height can be reestablished by means of surgical crown lengthen-
ing or orthodontic extrusion (see Chapter 21). 

• Fig. 16.1 Teeth requiring root canal treatment have commonly been 
structurally compromised by caries and restorative procedures. Endodon-
tic access further compromises the tooth.

Ferrule Wall Thickness

Ferrule Wall Height

• Fig. 16.2 Ferrule refers to the amount of cervical tooth structure available 
to resist tooth fracture and does not include any build-up material.

• Fig. 16.3 Root canal–treated mandibular anterior teeth with a ferrule 
extending 2 mm beyond the core for optimal resistance to tooth fracture.
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Surgical Crown Lengthening
Crown lengthening is a way to reestablish a ferrule by removing 
supporting periodontal structures to expose additional tooth struc-
ture. However, if a tooth has reduced bone support, short roots, 
a poor crown-to-root ratio, or if it could lead to an unaccept-
able esthetic result, crown lengthening would be contraindicated. 
21 Additionally, the apical relocation of the finish line to a nar-
rower part of the root exposes less cross-sectional area, predispos-
ing to a weaker tooth22 and potentially to furcation involvement. 
Therefore the ideal tooth for crown lengthening is a periodontally 
healthy, long, single rooted tooth, with minimal root taper. 

Orthodontic Extrusion
Orthodontic extrusion involves the forced eruption of a tooth. 
The eruption must be performed using rapid orthodontic extru-
sion allowing only the movement of the tooth. If slow orthodontic 
extrusion is performed, coronal migration of the bone and gingiva 
occurs, thereby not allowing the formation of the desired ferrule. 
It is also suggested to perform supracrestal fiberotomy and root 
planning to help minimize the coronal migration of bone and gin-
gival tissues when rapidly extruding a tooth.23 Rapid orthodon-
tic extrusion involves 1 to 3 weeks of activation followed by 8 to  
12 weeks of retention of the tooth before starting restoration.24 
However, when extruding a tooth with tapered roots, not only is 
the bone support reduced, the cross-sectional area is reduced, mak-
ing an esthetic and structurally sound restoration more difficult. 

Complications Associated with 
Endodontically Treated Teeth
Although root canal treated teeth are at greater risk of extrac-
tion than vital teeth,25 their long-term survival rate is very high. 
Numerous studies investigating the survival of endodontically 
treated teeth have documented that at most 1% to 2% are lost 
per year,26-29 and one very large study of almost 1.5 million cases 
reported that only 2.9% were lost after 8 years.28 A recent meta-
analysis showed a mean tooth survival of 87% after 8 to 10 years.26 
Factors that affect the survival of root-filled teeth include:
 1.  Caries and periodontal disease. Caries and periodontal disease 

are responsible for up to half of all extractions of root-filled 
teeth.30-32 Emerging evidence suggests that root-filled teeth 
may be more susceptible to caries than vital teeth, though the 
reasons are unknown.33,34

 2.  Lack of definitive restoration. A surprisingly high percentage 
of teeth are not appropriately restored after root canal treat-
ment.27,31,35 In one study of U.S. insurance data,6 almost 30% 
of teeth had not been restored 2 years after root canal treat-
ment, and 11% of these teeth were extracted.

 3.  Inadequate restoration. Lack of coronal coverage for posterior 
teeth is a major restorative factor in their loss after root canal 
treatment.26-28,36 A lack of cuspal protection, coronal coverage 
predisposes the tooth to unrestorable crown or root fracture. 
Direct restorations do not provide adequate protection for pos-
terior teeth unless the access opening is very conservative.

 4.  Occlusal stresses. Teeth serving as abutments for fixed or removable 
prostheses are at significantly increased risk of loss, as are teeth lack-
ing mesial and distal proximal support from adjacent teeth.26,27,37

 5.  Endodontic factors. Typically only about 10% of extractions of 
root canal treated teeth result from endodontic causes, such as 

persistent pain.30-32,38 Endodontic pathology (development or 
persistence of a periapical lesion) is generally amenable to fur-
ther management rather than extraction; likewise procedural 
complications, including perforation, may be managed. 

Structural, Esthetic, and Restorative 
Considerations
Teeth function in a challenging environment, with heavy occlusal 
forces and repeated loading at a frequency of more than 1 mil-
lion cycles per year for many decades. Caries, restorative proce-
dures, and occlusal stresses add to the risk of serious damage to 
teeth during normal function, and root canal treated teeth are 
at greater risk than intact teeth (Fig. 16.4). As noted previously, 
unrestorable crown fracture is a common sequel to inadequately 
protected root canal treated teeth.36,39 It is important to under-
stand the basis for this fracture susceptibility when planning the 
restoration.

A

B

• Fig. 16.4 (A) Root fracture of a maxillary premolar without any existing 
restorations. (B) Crown-root fracture (split tooth) of a root canal–treated 
tooth restored with amalgam but lacking protection of undermined, weak-
ened cusps. (Courtesy Dr. H. Colman.)
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Structural Changes in Dentin
It is now generally recognized that many mechanical proper-
ties of the dentin of endodontically treated teeth differ only to 
a minor extent from those of the dentin of vital teeth (strength, 
hardness, modulus of elasticity).40,41 Prior studies were generally 
confounded by drying of studied teeth after extraction.42-45 

Biomechanical Factors
Normal function generates large stresses that are capable of caus-
ing cusp fracture and even vertical root fracture in intact vital 
teeth.46 Repeated functional loading and cyclic mechanical 
fatigue have the potential to weaken teeth over time, particularly 
after tooth structure has been lost to caries, restoration, and access 
preparation, which places even more stress upon the remaining 
diminished tooth structure.4-6 The distribution of masticatory 
stresses in the restored root canal treated tooth is markedly and 
adversely changed from those in the intact, vital tooth.44 Hence, 
the restoration must be designed to minimize and to protect 
against fracture. 

Esthetic Considerations
Increasingly, patients wish to enhance the esthetic appearance of 
restorations; for endodontically treated teeth this often involves 
the use of crowns. Crown preparation necessitates further tooth 
reduction to provide adequate thickness of the ceramic material 
to provide a more natural appearance. The amount of required 
tooth reduction varies based on the material being used. Dark 
stained teeth may require additional tooth reduction to mask dis-
coloration when translucent all-ceramic crowns are used, further 
weakening the tooth. 

Requirements for an Adequate Restoration
The definitive restoration should (1) preserve as much tooth struc-
ture as possible, but not forget the appropriate thickness of the 
restorative material; (2) protect remaining tooth structure, cuspal 
coverage protecting posterior teeth; (3) satisfy function and esthet-
ics; (4) provide a coronal seal; and (5) be completed in a timely 
manner. Care must be taken to ensure that esthetic demands do 
not lead to the weakening of teeth by excessive removal of remain-
ing tooth structure. 

Coronal Seal
Coronal leakage is a major cause of endodontic failure.47,48 
Even a well-obturated canal does not provide an enduring bar-
rier to bacterial penetration49; we rely on the restoration for 
long-term integrity of the coronal seal. The restoration may 
provide the coronal seal either as a separate step (e.g., plac-
ing a barrier over canal orifices)50,51 or, more commonly, as an 
integral part of the restoration. For direct restoration of a small 
access cavity, a bonded restoration provides the most reliable 
seal.52 Experimental leakage studies consistently demonstrate 
that leakage occurs around posts, regardless of the type of post 
or luting cement.53 However, a crown with an adequate ferrule 
and sound core foundation provides an effective barrier against 
coronal leakage.54,55

A frequently asked question with regard to lost or leaking res-
torations is, “How long can a root filling be exposed to oral fluids 

before it should be retreated?” The question has no clear answer. 
Experimental studies suggest that complete leakage along the 
length of the root filling occurs rapidly, within days or weeks.56,57 
A recent review, however, concluded that coronal leakage may be 
clinically less significant than is suggested by experimental labo-
ratory leakage studies.58 Clinically, bacterial invasion is often 
limited to the coronal third of the canal, and periapical lesions 
may take several years to develop.59,60 One commonly accepted 
guideline is that the root canal should be retreated if it is exposed 
to oral fluids for more than 2 to 3 months.47 Others suggest 2 
to 3 weeks.48 However, if the root filling has been performed to 
a high technical standard and periapical pathology is absent, it 
may be sufficient to replace the lost or leaking restoration rather 
than provide endodontic retreatment.59 Of course, retreatment 
can be provided after pathology has eventually become evident, 
but the earlier bacteria are removed, the better the endodontic 
prognosis. 

Restoration Timing
Unless there are specific reasons for delay, definitive restoration 
is completed as soon as practical.47,53,61,62 The core restoration 
should be placed at the time of obturation, before the rubber dam 
is removed.

If placement of the core restoration is to be delayed, orifice 
barriers can be placed at the time of obturation using composite 
resin63 or glass ionomer or an adhesive cement. The gutta-percha 
is removed from the canal orifice 1 mm below the pulpal floor or 
1 mm below the level of the cementoenamel junction (CEJ), creat-
ing a small depression. The tooth is etched and primer placed for 
composite resin or the tooth is conditioned for glass ionomer. One 
option is to seal the orifice with clear composite resin to allow easy 
visualization of the canal and gutta-percha should reentry into the 
canal ever be needed; another is to use an opaque white material so 
that it can easily be distinguished from natural tooth structure.

Most provisional restorative materials commonly used to seal 
the endodontic access opening allow substantial occlusal wear and 
loss of the coronal seal within weeks. The tooth has been weak-
ened by access preparation and remains at risk until definitive 
restoration has been completed. The provisional restoration does 
not provide protection against masticatory forces, even when the 

• Fig. 16.5 Unrestorable fracture during root canal treatment. The lack of 
cuspal protection combined with deep anatomic grooves led to fracture 
within days of endodontic access.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


354 CHAPTER 16   Restoration of Endodontically Treated Teeth

tooth is out of occlusion. Because nonrestorable fracture during or 
soon after treatment is all too common (Fig. 16.5), protection can 
be provided in the form of a well-made provisional crown.

For most teeth, it is both unnecessary and unwise to wait for 
radiographic evidence of healing before the definitive restoration 
is placed. Prompt restoration will improve the prognosis because 
it provides better protection against fracture and loss of the coro-
nal seal.

When definitive restoration of the tooth is delayed, the pro-
visional restoration must be durable and must protect, seal, and 
meet functional and esthetic demands. Provisional materials 
such as Cavit are inadequate.64 For posterior teeth, some form 
of cuspal protection is desirable, even with provisional restora-
tions.65 A good long-term posterior provisional restoration will 
cover weakened cusps, thus providing functional and sealing 
protection. The definitive crown preparation can be completed 
later without removing the core (Fig. 16.6). Comparable ante-
rior restorations are more challenging owing to esthetic demands 
and difficulties with the coronal seal.53 A one-piece provisional 
postcrown is at risk of dislodgment, thereby compromising an 
adequate seal.66 It is preferable to place a definitive post and 
core immediately after obturation when a provisional crown is 
indicated.62,67 

Restoration Design

Guiding Principles
 1.  Conservation of tooth structure. Most anterior root canal treated 

teeth should be restored simply and conservatively using com-
posite resin rather than with a more radical crown or a crown 
combined with a post and core.68,69 Some data even indicate 
that molars that are intact (except for endodontic access open-
ings) can be restored using only composite resin.70 However, 
most root canal treated posterior teeth require crown place-
ment so that the cusps and remaining tooth structure can be 
encompassed, minimizing the potential for tooth fracture.36,39 
The antiquated and unsound processes used by some practi-
tioners of routinely creating a very large access preparation or  
decoronating an endodontically treated tooth and then 

rebuilding it are neither desirable nor in keeping with contem-
porary knowledge.

 2.  Retention and resistance. The definitive coronal restoration of a 
root canal treated tooth may consist only of a restorative filling 
in the endodontic access opening when it is retained by sur-
rounding tooth structure. When the tooth is structurally com-
promised a crown is needed. It is retained by remaining dentin 
and a restorative material core that replaces missing tooth 
structure. Only if the core cannot be adequately retained by 
the remaining coronal tooth structure should a post be placed 
into the root canal to provide retention and resistance for the 
core. Because posts weaken teeth71-75 and may produce root 
fracture or lead to root perforation during preparation of the 
root canal,76 they should be used only when the core cannot be 
retained by any other means, such as mechanical and chemical 
bonding of a restorative material.77,78

 3.  Protection of remaining tooth structure. In posterior teeth, this 
applies to protecting weakened cusps by minimizing undue 
flexure and preventing fracture. The restoration is designed to 
encompass the cusps, thereby splinting the tooth and minimiz-
ing the chance of tooth fracture. 

Planning the Definitive Restoration
A tooth that is intact except for the access preparation can simply 
be restored using amalgam or composite. All of the provisional 
restorative materials must be removed along with any cotton or 
foam pellet, the pulpal floor cleaned of any sealer or gutta-percha, 
and the round or oval obturations be clearly visualized, so that 
there will be no void between restoration and the pulpal floor or 
obturation.

When the tooth requires a crown, the type of definitive treat-
ment can be determined only after the existing restoration (or 
restorations) have been removed, to ensure that there is no car-
ies present and to expose the remaining sound tooth structure. 
Therefore the specific crown material will be determined based on 
esthetic and functional demands.

Anterior Teeth
Whenever possible, direct restoration of the endodontic access 
opening (e.g., etched and bonded composite resin) is used. Fur-
ther esthetic issues can be addressed conservatively through 
internal bleaching and the use of porcelain veneers. For grossly 
damaged anterior teeth, complete coronal coverage using a crown, 
or a crown retained by a post, may be necessary.

Either a prefabricated post with direct core buildup (see Fig. 
16.7) or a cast post and core (see Fig. 16.8) can be used for ante-
rior teeth. In esthetically demanding situations, discoloration of 
the crown by a metal post and core can be concerning. To prevent 
discoloration one can use prefabricated metal posts that are coated 
with a thin layer of opaque resin along with a tooth colored com-
posite resin core. Alternatively, a cast post can be fabricated using 
a metal ceramic alloy that allows the application of opaque porce-
lain to mask the metallic color, thereby achieving better esthetic 
outcomes (Fig. 16.9). Tooth colored fiber or ceramic posts may 
also be considered.

Anterior root canal treated teeth must withstand tipping and 
lateral forces from mandibular excursive movements which, if 
transmitted excessively via a post, can fracture the root. Consider-
ation should be given to the occlusal scheme. Where possible, the 
excursive load should be limited, with more force being borne by 
adjacent, more structurally sound teeth. 

• Fig. 16.6 Chamber and canal orifices retain an amalgam core, taking 
advantage of natural undercuts. The teeth can be prepared for crowns 
without removing the amalcore, or the amalgams may be definitive resto-
rations if the cusps are adequately protected. (Courtesy D.P. Parashos.)
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A B

• Fig. 16.7 (A) Composite resin core buildup, with a ferrule incorporated into the preparation so that the crown 
can grasp the tooth structure cervical to the core. (B) The metal-ceramic crown as the definitive restoration.

A

B

C D

• Fig. 16.8 (A) Maxillary canine with oval root canal. This tooth is not morphologically suited for a prefab-
ricated post because the post would contact only a small portion of the mesial and distal walls, or the 
tooth would have to be extensively prepared to a round form, weakening the tooth or possibly perforating 
it where the proximal root depressions are present. (B) A resin pattern was made directly in the tooth. (C) 
The pattern was invested and cast. (D) The cast post and core are cemented, and the tooth is ready for 
final preparation. (Courtesy Dr. J. Kan.)
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Posterior Teeth
Premolars with substantial loss of coronal structure, missing buccal or 
palatal cusps, particularly maxillary premolars, often necessitate a cast 
post and core (Fig. 16.10). Premolar roots present many risks to post 
placement. Narrow mesiodistal root width and large developmental 
root concavities, coupled with tapered roots, may result in excessive 
removal of root structure or perforation when the tooth is prepared for 
a prefabricated post. Additionally, the mesiodistal thinness of the tooth 
may not permit adequate core thickness to allow strength when using 
a prefabricated post. Minimal enlargement during post space prepara-
tion is essential to preserve sufficient dentin thickness.79 In maxillary 
premolars with two roots, the palatal canal is generally used for the 
post because the buccal root can frequently have a concavity on its 
furcal aspect.79,80 A small, short (2 mm to 3 mm) post in the buccal 
canal can be used to provide some retention, resistance, and antirota-
tion. As a rule of thumb, when a root canal is circular (Fig. 16.11) a 

A

B

C

• Fig. 16.9 (A) Cast post and core fabricated using metal ceramic alloy with porcelain opaque layer applied. 
(B) Cast post and core cemented on central incisor. (C) Final restoration.

• Fig. 16.10 A cast post and core provides the best foundation for restoring 
maxillary premolars.

Study Questions
 1.  What is the most important determination before endodontic  

therapy?
 a.  Length of root
 b.  Curvature of root
 c.  Restorability of tooth
 d.  Location of tooth
 2.  Which of the following are criteria of a restorable  

tooth?
 a.  Amount of remaining coronal tooth structure
 b.  Ferrule wall height
 c.  Ferrule wall thickness
 d.  All of the above 
 3.  What is the minimally suggested ferrule wall height?
 a.  1.0mm
 b.  2.0mm
 c.  3.0mm
 d.  4.0mm
 4.  Which of the following are contraindications to surgical crown 

lengthening?
 a.  Reduced bone support
 b.  Short roots
 c.  Poor crown-to-root ratio
 d.  Poor esthetic results
 d.  All of the above
 5.  Which complications associated with endodontically treated teeth is  

the most comm?
 a.  Caries and periodontal disease
 b.  Lack of definitive restoration
 c.  Inadequate restoration
 d.  Occlusal stresses
 e.  Endodontic factors
 6.  When restoring an anterior tooth with a conservative endodontic 

access and no existing restorations, the ideal restoration is a bonded 
composite

 a.  True
 b.  False
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A
B

C

D

E

• Fig. 16.11 (A) Maxillary lateral incisor with a circular canal is prepared for glass fiber post. (B) Fiber post bonded into prepared root canal. (C) Composite 
resin core and completed tooth preparation. (D) Cemented crown. (E) Radiograph showing the zirconia core with porcelain veneer and slightly radiopaque 
fiber post.
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prefabricated post may be used. However, if the root canal is ovoid, a 
prefabricated post would be in close proximity to the mesial and distal 
walls of the canal whereas the facial and lingual areas would be filled 
with cement (Fig. 16.12). Therefore if the root canal is ovoid or ribbon 
shaped a custom cast post is suggested.

Most molars can be restored with a direct core foundation, gaining 
retention and resistance form from their relatively large pulp cham-
bers, without the need of a post (Fig. 16.13). Additional core resis-
tance and retention form is gained by extending the core material 
1 mm to 2 mm into the canal orifices (see Figs. 16.6 and 16.13).82 
With fast-setting amalgam, the tooth may be prepared for the crown 
at the same visit, although preparation is easier when the material 
has fully hardened. A widely used alternative to amalgam is compos-
ite resin, which has a fracture resistance comparable to that of amal-
gam and produces more favorable tooth fracture patterns if failure 
occurs.83,84 Composite resin has the advantage of allowing immediate 
crown preparation.83 Glass ionomer does not have sufficient com-
pressive strength for use as a core material. However, when minimal 
remaining coronal tooth structure is present and a small pulp cham-
ber will not provide sufficient core retention, a post may occasion-
ally be needed to provide retention for molar cores. The longest and 
straightest canal is preferred for the post, typically the palatal canal 
of maxillary molars and a distal canal in mandibular molars.81 Even 
these roots can be hazardous; the palatal root typically curves toward 
the buccal, and the distal root of lower molars typically has large 
mesial and distal concavities. Other molar canals are generally even 
more problematic and generally should be avoided.

Considerations for Direct Restorations
Anterior teeth should generally be restored with direct restora-
tions. Posterior teeth may be restored with direct restorations 
when they are largely intact, most of the marginal ridges remain-
ing, along with a conservative access cavity and minimal overall 
loss of tooth structure.

Posterior teeth with substantial tooth structure loss may 
be restored with amalgam if it is esthetically acceptable and if 
unsupported cusps are adequately protected by the amalgam.85 
Some cuspal coverage amalgams have lasted for many years (Fig. 
16.14), whereas others have fractured as a result of the presence 

of heavy occlusal forces. Assessment of occlusal forces and func-
tional activity helps determine whether a cuspal coverage amal-
gam is a suitable restoration. A conventional Class II amalgam 
without cuspal coverage does not provide cuspal protection and 
ordinarily should not be used.86 At a minimum, cusps adjacent 
to a lost marginal ridge should be onlayed with sufficient thick-
ness of amalgam (at least 2.0 mm)87 to resist occlusal forces (see 
Fig. 16.14). The amalgam should extend into the pulp cham-
ber and canal orifices to aid retention. The amalgam may sub-
sequently serve as a core for an indirectly fabricated restoration 
if indicated (see Fig. 16.13). Bonded amalgams have also been 
used, but their clinical performance in root-filled teeth has not 
been well documented, and bond failure is likely to be cata-
strophic in the presence of weakened, unprotected cusps.

The need for a tooth-colored restoration warrants the use of 
bonded composite resin restorations. The use of bonding contin-
ues to improve as materials and techniques improve, and good 
results have been reported in a long-term prospective clinical study 
of composite resin restorations.88 Proximal leakage and recurrent 
proximal caries remain a concern, particularly when the restora-
tions have subgingival margins and were placed without the use 
of a rubber dam. However, the ability to replace the missing tooth 
structure with a tooth colored, bonded restoration offers many 
benefits that should not be overlooked. 

Considerations for Indirect Restorations
All-metal cast restorations (onlays and three-quarter and com-
plete crowns) provide excellent occlusal protection and are opti-
mal when the loss of tooth structure requires coronal coverage. 
The attractiveness of onlays is that the tooth preparation design is 
more conservative than complete coverage preparations, yet pro-
vides good cuspal coverage. The strength and toughness of gold 
allows conservative tooth reduction, with a reverse bevel providing 
effective cuspal coverage. Complete coverage all-metal crowns are 
used when there is insufficient coronal tooth structure present for 
a more conservative restoration or if functional or parafunctional 
stresses require the protective effect of complete coronal coverage.

When a tooth is prepared for a crown, the coronal access open-
ing should be restored and sealed with an amalgam or a bonded 
composite resin as part of the core foundation for the crown. Glass 
ionomer can also be used to restore the access opening, as long as 
its purpose is to seal the opening and it is not forming a substantial 
portion of the axial walls that will be used for retention of the crown.

The esthetic requirements of many patients prevent the use 
of all-metal crowns. Metal-ceramic and all-ceramic crowns have 
become frequently used materials for root canal-treated teeth. 
Although all-ceramic crowns provide enhanced esthetics, metal-
ceramic crowns can also be esthetic and they provide a reli-
able, strong restoration that protects against root fracture (Fig. 
16.15).78,89-92 However, root canal treatment may have required 
substantial tooth structure removal and that, coupled with the 
reduction needed for a crown, can necessitate placement of a 
core restoration and sometimes a post to retain the core.

To plan the core shape there must be complete exposure of the 
tooth’s perimeter. Gingival retraction cord and sometimes soft tis-
sue removal through electrosurgery or use of a laser are beneficial 
methods that help prevent undersized cores being made because of 
incomplete visualization of the tooth preparation finish line. When 
a core is used as a foundation for the crown without the use of a 
post, the material must be well retained into remaining tooth struc-
ture and must be of sufficient thickness so that the material will not 
fracture during function, resulting in crown failure (Fig. 16.16). 

• Fig. 16.12 An ovoid canal is prepared for a cast post and core (white 
outline), providing the best foundation for restoring maxillary premolars. If a 
prefabricated post space was created (green outline) the post would have 
minimal contact with the tooth, being retained primarily by cement. If a 
larger post space was created (red outline) the tooth would be structurally 
compromised, leading to perforation or fracture.
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Posts

Coronal Tooth Preparation
Caries and prior restorations must be removed. Thin delicate spurs 
of tooth structure may be removed, but there is no need to make a 
flat uniform occlusal or incisal surface; the height of the remaining 
tooth structure should be maintained. 

Ferrule
The use of a cervical ferrule that encompasses the tooth struc-
ture is the key to preventing tooth fracture and restoration loss 
(Fig. 16.17). Ferrules formed by a crown that extends cervically 
to engage the tooth structure apical to the core help teeth resist 
fracture, whereas ferrules created by the core overlapping the 

coronal tooth structure are generally not effective.9-12 Crown 
ferrules that encompass more than 1 mm of tooth structure 
are the most effective in helping teeth resist fracture.10 Ferrules 
that encompass 2 mm of tooth structure around the entire cir-
cumference of a tooth produce higher fracture resistance than 
ferrules that engage only part of the tooth circumference (see 
Fig. 16.10).11,12 

Post Selection
A post is used to retain the core and provide resistance to lateral 
or tipping forces. The need for a post is dictated by the amount 
of remaining coronal tooth structure available to retain the core. 
A major disadvantage of posts is that they weaken teeth by addi-
tional removal of dentin and by creating stresses that predispose 

A

B
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D

• Fig. 16.13 (A) Amalgam core that covered the cusps has been prepared for a complete gold crown. (B) 
Complete crown on the working cast. (C) Occlusal view of the cemented crown. (D) Periapical radiograph 
of the cemented crown showing the amalgam core extended into the pulp chamber.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


360 CHAPTER 16   Restoration of Endodontically Treated Teeth

to root fracture.77,78,83,93,94 Therefore posts are only used when the 
core cannot be retained in the tooth by any other means.

The tooth should not be prepared and adapted to the post 
system; rather, the post system and preparation design should be 
selected as appropriate to the tooth and its morphology. There-
fore custom-cast posts and cores are preferred for roots that have 
very tapered root canals. Also, roots with substantial root con-
cavities are best served by using cast posts and cores made to fit 
the existing morphology after root canal treatment rather than 
removing tooth structure to make the root fit the form of a pre-
fabricated post. Prefabricated round posts may be particularly 
problematic in mandibular incisors, mandibular molars, maxil-
lary first premolars, and all canals that are oval to ribbon-shaped 
(see Fig. 16.12).

Conservative round prefabricated round posts are well-suited for 
use in teeth that have round roots and round root canals because 
slight removal of some root structure to adapt the tooth to the post 
usually does not result in substantial weakening. A wide variety of 
passively seated prefabricated posts are available. Parallel-sided posts 
provide more retention than tapered posts. However, they require 
more apical post space preparation than tapered posts or cast posts 

• Fig. 16.14 Amalgam restoration replaced multiple cusps while also protecting 
mesiobuccal and lingual cusps with 2 mm of amalgam. It functioned well for 
more than 10 years, at which point the patient requested a crown on the tooth.

A

C

B

D

• Fig. 16.15 (A) Endodontically treated maxillary first molar with amalgam core prepared for metal-ceramic 
crown. (B) Cemented crown. (C) Occlusal view of the crown. (D) Periapical radiograph showing the 
cemented crown and amalgam core.
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and cores; matching post size to canal size is important to mini-
mize dentin removal and cement thickness. The post should closely 
approximate the root canal walls without binding, but it need not 
contact dentin throughout its entire length. Threaded, active, posts 
should be avoided; passive posts are preferred.94,116,117 Serrations 
and vents allow the post to be seated without undue pressure and 
the set cement to grip the post.

There has been a debate regarding how the post should 
interact with the tooth under load and whether the post mate-
rial should be similar in stiffness to root dentin (quartz fiber), 

somewhat stiffer (carbon fiber, titanium, and gold), or much 
stiffer (zirconia, stainless steel, and cobalt-chromium alloys).95 
Stiff posts have been successfully used for decades, help to pro-
tect restorations, but they may lead to a slightly increased risk of 
tooth fracture, whereas the more flexible posts deform with the 
tooth and may tend to fail more frequently but without fractur-
ing the tooth.96 Long-term clinical trials are needed to deter-
mine how posts should interact with teeth and what degree of 
stiffness functions best.

Tooth-colored post and core materials are needed beneath 
all-ceramic crowns to prevent discoloration and to allow some 
light transmission through the crown and tooth; this situation 
has created increased interest in fiber posts (see Fig. 16.11). The 
desire to have posts flex in concert with tooth structure has also 
raised interest in fiber posts. Quartz fiber posts appear to be 
advantageous with regard to root fracture potential.97-112 How-
ever, these types of posts were less retentive than metal posts in 
laboratory tests,113 indicating the need for optimal post length. 
Clinical results with fiber posts have been mixed; many studies 
have reported high levels of success, but other, longer term stud-
ies103,111,112 have reported higher failure rates.103,110,112 Post loos-
ening, post fracture, and even root fracture have been reported. 
Hence, it is proposed that fiber posts be used cautiously when 
post length is less than optimal (Fig. 16.18), when peripheral 
walls are missing (Fig. 16.19),114 or when heavy occlusal forces 
or parafunctional habits are present.115 

Post Space Length
When a post is required for core retention, the minimum 
post space (length, diameter, and taper) should be prepared 
under rubber dam. Preparation consists of removing gutta-
percha to the required length, followed by the least amount 
of enlargement and shaping needed to receive the post (see  

A B

• Fig. 16.16 (A) The patient presented with crown failure caused by a lack of tooth ferrule. (B) The pre-
fabricated post and composite core had minimal tooth structure with primarily cement retaining the entire 
crown. This was no match for the forces applied to anterior teeth.

• Fig. 16.17 (Left) Root canal-treated tooth with adequate ferrule. (Middle) 
Post space has been created, post cemented (note white cement between 
post and canal walls), and composite core build-up. (Right) Outline of the 
final crown and components of a root canal-treated tooth restored with a 
prefabricated post and core.
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Fig. 16.17). Caution is required because excessive removal of 
gutta-percha results in a defective apical seal.118,119 Because 
there is evidence that longer posts are more retentive119,120 and 
have less potential to cause root fracture than do short posts,120-
124 optimizing post length is appropriate as long as the apical 
seal is not compromised.

In order to protect the apical seal it is recommended that at least 
5.0 mm of apical gutta-percha be retained and the post extended to 
that level (see Fig. 16.17). For molars, the length is determined by 
the potential for root thinning or perforation and root curvature.125 
Posts should be extended only 5.0 mm into the root canal and only 
in the straightest widest molar root (distal root of the mandibular 
molars and palatal root of the maxillary molars) (Fig. 16.20).

Radiographs may be deceptive as a guide to root curvature and 
diameter by disguising root concavities and curves in the facio-
lingual plane; off-angle radiographs are helpful in understand-
ing faciolingual curvature.81 As a general rule, the post diameter 
should be minimal, particularly apically, and not more than one 
quarter to one third of the root diameter (see Fig. 16.20).79 
Tapered post preparations minimize the amount of tooth struc-
ture removed apically and thereby reduce the amount of tooth 
structure removed. However, tapered posts have been shown to 
be less retentive and cause more stress on the tooth as a result of a 
wedging effect.126,127

Removal of Gutta-Percha
Whenever possible, gutta-percha is removed under rubber dam 
isolation immediately after obturation, and the tooth is robustly 
provisionalized before rubber dam removal, to ensure apical and 
coronal sealing.128 At this stage, the dentist is most familiar with 
the canal features, including shape, length, size, and curvature. 
Gutta-percha is removed to the desired length using a hot instru-
ment. The remaining gutta-percha is then vertically condensed 
before the sealer has set. A radiograph confirms that sufficient 
gutta-percha remains (5 mm) for the apical seal.128,129

Gutta-percha removal at a subsequent appointment is also 
an appropriate process.128-130 A safe procedure is the use of a 
heated instrument. Gutta-percha is removed in increments to 
the desired length using a heated plugger that has sufficient 
heat capacity. Solvents should not be used for removing gutta-
percha to create a post space because of messiness and unpre-
dictable depth of penetration. Rotary instruments may be 
used, but caution is required, because they can create a channel 
that does not follow the root canal, causing root thinning or, 
worse yet, perforation. Gates-Glidden drills are less likely to 
go off track or perforate than Peeso reamers. Rotary instru-
ments may also “grab” and displace the apical gutta-percha. 
Nickel-titanium rotary instruments specially designed for pre-
paring post spaces are available; these have a noncutting tip. 

• Fig. 16.18 Excessively short fiber post that rapidly failed and resulted in 
fracture of the remaining facial tooth structure, visible inside the crown. 
(Courtesy Dr. N. Baba.)

A

B

• Fig. 16.19 (A) Fiber post that fractured. Note the lack of peripheral walls 
to help support the post. (B) Radiograph showing the fractured fiber post. 
(Courtesy Dr. N. Baba.)
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They can be effective131 and pose low risks of ledging or canal 
transportation.132,133 

Completing the Post Space Preparation
After the post length and diameter have been established, the post 
space may need further refinement to eliminate small undercuts. 
After gutta-percha has been removed, rotary instruments can be 
used for final post space shaping; however, as stated previously, 
they should be used carefully to avoid excessive tooth removal 
that weakens the root or causes a perforation. Post spaces for 
prefabricated posts should be finished using the manufacturer’s 
recommended drill. Final shaping can also be performed using 
hand manipulation of the rotary instruments because only small 
amounts of tooth need to be removed in most situations. After a 
post space has been made, a robust provisional restoration must 
be used to exclude oral bacteria, and a calcium hydroxide intraca-
nal medicament will provide further protection until the post has 
been cemented. 

Post Cementation
Proper post cementation is vital; the recommended procedures 
are:
 1.  Rubber dam isolation is needed before removal of the provi-

sional restoration and intracanal medicament.
 2.  The post should be fitted to the canal and the seating veri-

fied radiographically. Custom cast posts can be adjusted to 
achieve a passive fit using a silicone disclosing medium (e.g., 
Fit Checker), then air particle abraded using 50-μm aluminum 
oxide, before being cleaned.

 3.  The walls of the post space should be disinfected using sodium 
hypochlorite; the smear layer removed using ethylenediamine-
tetraacetic acid (EDTA); rinsed with water; and dried using 
paper points, not by blowing air.

 4.  After referring to the cement procedural instructions, prop-
erly mix or activate the cement and place cement in the canal 
system. Depending on the specific cement used, a slow-speed 
handpiece and lentulo spiral turning clockwise may be used to 
uniformly disperse the cement throughout the canal system. 
Some cements preclude the use of a lentulo spiral because it 
speeds up their setting time.

 5.  Place cement onto the post and carefully seat the post. Remove 
excess cement once it has set enough for the cement to come 
off in solid pieces.

 6.  Allow complete setting of the cement before using any rotary 
instruments to shape or refine finish lines to avoid potential 
weakening of the cemented post caused by vibration. Depend-
ing on the cement used this may require provisional restoration 
of the tooth and returning at another appointment to refine 
the interface between post and tooth.

 7.  Build-up of the core is performed for the prefabricated posts 
using a definitive restorative material (composite resin, amal-
gam). The tooth with core build-up is then refined for the final 
restoration and an impression made, or the prepared tooth 
scanned. 

Restoring Access Through an Existing 
Restoration
Occasionally, pulps undergo irreversible pulpitis or necrosis 
after placement of a crown, requiring root canal treatment (Fig. 
16.21).76,93,134 Access through the restoration, with subsequent 
definitive repair of the opening, is preferable to making a new crown.

A

B

• Fig. 16.21 (A) Access through existing crown that has been sealed with 
composite. (B) Radiograph showing root canal treatment through crown.

• Fig. 16.20 Molar abutment for fixed partial denture has a post in the 
distal root that extends 5 mm beyond the base of the pulp chamber into 
the root canal. The post was prepared with a tapered form to minimize 
tooth reduction. In the premolar abutment, a parallel-wall post was used 
because of the more favorable root morphology and dimensions.
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For the restoration to remain functional, four conditions must 
be met: (1) The restoration must be proved to be without leakage, 
preferably recently placed; (2) the interface between the restora-
tion and the repair material must provide a good coronal seal; (3) 
retention of the crown must not be compromised; and (4) the final 
core structure must support the restoration against functional or 
minor traumatic stresses. Access, particularly if overextended, may 
leave only a thin shell of axial dentin, especially in anterior teeth 
and premolars. Retention then depends almost entirely on the 
repair material. Fortunately, the chamber and canal are available 
to create a core that provides adequate retention and support in 
many instances. Placement of a post through an access opening in 
an existing crown into the root canal adds little additional support 
and retention and is rarely indicated.

The repair material should have high compressive and shear 
strength. Amalgam is an excellent material that maintains (and 
even improves) its seal with time and is easily condensed into the 
entire chamber and access opening as a single unit. Composite 
resins are usually the material of choice in tooth-colored crowns.83 

Glass ionomer and other cements do not have the required shear, 
tensile, or compressive strength.

Essential Precepts
Key points in retaining and restoring all root canal-treated teeth 
by any method include:
 1.  Careful preoperative assessment regarding the amount of remain-

ing tooth structure and planning for the definitive restoration;
 2.  Conservation of tooth structure during access preparation and 

restorative procedures;
 3.  Use of rubber dam isolation until after a definitive core restora-

tion or post has been placed;
 4.  Use of coronal coverage to bind the cusps together on most 

posterior teeth;
 5.  Avoidance of crowns on anterior teeth, unless absolutely necessary;
 6.  Avoidance of posts unless there is no other way to provide resis-

tance or retention for the final restoration;
 7.  Prompt restoration without delay.

Study Questions

 7.  When restoring a mandibular molar with a large pulp chamber which of 
the following is the preferred technique?

 a.  Post cemented in the distal root
 b.  Direct core placed in pulp chamber and crown
 c.  Occlusal composite filling
 d.  Cast post and core with crown
 8.  Posterior endodontically treated teeth should primarily be restored with 

what type of definitive restoration?
 a.  Crown
 b.  Direct composite filling
 c.  Direct amalgam filling
 d.  Inlay
 9.  What is the primary purpose of a post?
 a.  Strengthen the tooth
 b.  Retain the core build-up
 c.  Compensate for minimal ferrule
 d.  Improve esthetics

 10.  What is the minimum amount of gutta percha required to maintain an 
apical seal?

 a.  3.0mm
 b.  4.0mm
 c.  5.0mm
 d.  6.0mm
 11.  Which of the following are key elements that an existing crown must 

display prior to accessing through an existing restoration?
 a.  The restoration must be proven to be without leakage
 b.  The interface between the restoration and the repair material must 

provide good coronal seal
 c.  Retention of the crown must not be compromised
 d.  The final core structure must support the restoration against 

functional or minor traumatic stresses
 e.  All of the above 

A N S W E R S

Answer Box 16
 1 c.  Restorability of tooth
 2 d.  All of the above
 3 b.  2.0mm
 4 e.  All of the above
 5 a.  Caries and periodontal disease

 6 a.  True
 8 b.  Direct core placed in pulp chamber and crown
 7 a.  Crown
 9 b.  Retain the core build-up
 10 c.  5.0mm
 11 e.  All of the above
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Bleaching discolored teeth may be internal (within the pulp 
chamber) or external (on the enamel surface) and involve vari-
ous approaches. The objectives of treatment are to reduce or 
eliminate discoloration, improve the degree of coronal translu-
cency, and alleviate present and prevent future clinical signs and 
symptoms.

To better understand bleaching procedures, you should know 
the techniques involved, understand the causes of discoloration, 
recognize the location of the discoloring agent, and apply the cor-
rect treatment modality. Also important is the ability to predict the 
outcome of treatment (i.e., how successfully various discolorations 
can be treated and how long the esthetic result will last). Therefore 
before attempting to correct discoloration, there must be a diag-
nosis (to determine the cause and location of the discoloration), 
a treatment plan (to select the appropriate bleaching material and 
technique), and a prognosis (to anticipated short- and long-term 
success). Patients must be informed of these factors before under-
going the procedure; any discoloration treatment is tempered by 
the explanation that bleaching bears a certain degree of unpredict-
ability in matching the esthetics of the tooth involved fully and 
that substantial improvement may or may not occur. However, 

with proper recognition of the causes of discoloration and careful 
treatment protocol, no irreversible damage to the crown or root 
occurs (Video 17.1).

Causes of Discoloration
Tooth discolorations may occur during or after enamel and den-
tin formation. Some discolorations appear after tooth eruption, 
and others are the result of dental procedures. Acquired (natural) 
discolorations may be superficial and located on the surface of the 
tooth or may be embedded and be physically incorporated into 
tooth hard tissues. Sometimes they result from flaws in enamel 
formation and structure or a traumatic injury. Inflicted (iatrogenic) 
discolorations, resulting from certain dental procedures, are usu-
ally incorporated into tooth structure and are largely preventable.

Acquired (Natural) Discolorations
Pulp Necrosis
Although microorganisms are the main cause of pulpal injury, 
mechanical or chemical irritation of the pulp may also result in 
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L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Identify the causes and nature of tooth discoloration.
 2.  Describe means of preventing tooth discolorations.
 3.  Differentiate between dentin and enamel discolorations.
 4.  Evaluate both the short-term and long-term prognoses of 

bleaching treatments.
 5.  Explain the mechanism of tooth bleaching.

 6.  Select the bleaching agent and technique according to the 
cause of discoloration.

 7.  Describe each step of the internal “walking bleach” technique.
 8.  Select the appropriate method to restore the access cavity 

after tooth bleaching.
 9.  Describe how bleaching agents may alter tooth structures.
 10.  Recognize the potential adverse effects of tooth bleaching and 

discuss means of prevention.
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tissue necrosis. Pulp necrosis can occur via stagnation of the vascu-
lature and formation of microabscesses. Red blood cells stagnated 
in the vasculature will lyse and lead to accumulation of hemoglobin 
and other pulp breakdown byproducts. These tissue disintegration 
byproducts are colored compounds that may permeate tubules to 
stain surrounding dentin. The degree of discoloration is likely related 
to how long the pulp has been necrotic.1,2 The longer the discolor-
ation compounds are present in the pulp chamber, the greater the 
discoloration. This type of discoloration can be bleached internally, 
usually with both short- and long-term success (Fig. 17.1). 

Intrapulpal Hemorrhage
Intrapulpal hemorrhage is usually associated with an impact 
injury to a tooth that results in disrupted coronal blood 

vessels, hemorrhage into the pulp space, stasis of this extrava-
sated material, and lysis of erythrocytes. Erythrocyte lysis leads 
to an accumulation of disintegration products, such as iron 
sulfides. These iron sulfides may permeate dentinal tubules to 
stain surrounding dentin. Discoloration tends to increase with 
time.

If the pulp becomes necrotic, the discoloration usually 
remains. If the pulp survives, the discoloration may resolve and 
the tooth regains its original shade. Sometimes, mainly in young 
individuals, a discolored tooth can respond unpredictably to vital-
ity tests. Therefore you should not rely on a single clinical test to 
establish your diagnosis of the case. If intracoronal discoloration 
remains despite diagnostic testing indicating presence of a healthy 
pulp and normal periapex, a porcelain veneer can be considered. 
Although more invasive, sometimes significantly darker stain may 
necessitate consideration for elective root canal therapy to remove 
stain that would not be effectively hidden under a coronal esthetic 
restoration.

Internal bleaching of discoloration after intrapulpal hemor-
rhage is usually successful both short term and long term.1-4 

Calcific Metamorphosis
Calcific metamorphosis, also known as pulp canal obliteration, 
is extensive formation of tertiary dentin in the pulp chamber 
that causes circumferential narrowing of the pulp chamber and 
root canal. This phenomenon usually follows an impact injury 
that did not result in pulp necrosis. There is likely temporary 
disruption of the blood supply with partial destruction of odon-
toblasts. Odontoblasts are usually replaced by cells that rapidly 
form irregular dentin on the walls of the pulp chamber and root 
canal space. As a result, the crowns take on a “flat” and yellow or 
yellow-brown discolored appearance as they gradually decrease 
in translucency (Fig. 17.2). The pulp usually remains vital and 
does not require root canal treatment. However, routine follow-
up is recommended as a result of potential of pulp necrosis after 
a traumatic injury.5

If the patient desires color correction, external bleaching should 
be attempted first. If this is unsuccessful, root canal treatment can 
be performed, and internal bleaching done. The esthetic prognosis 
for such treatment is not always predictable. The unpredictabil-
ity of this procedure results from the bleaching agent addressing 
discolored pigmentation in the regular structure of the dentinal 
tubules but not in the bulk of irregular dentin from the aberrant 
calcification. 

Age
In older patients, color changes in the crown occur physiologi-
cally as a result of extensive dentin apposition and thinning of 
and optical changes in the enamel. Food and beverages also 
have a cumulative discoloring effect because of the inevitable 
cracking and other changes on the enamel surface and in the 
underlying dentin. In addition, previously applied restorations 
that degrade over time cause further discoloration. Bleaching 
is usually external because the discoloration is primarily on the 
enamel surface. Success may vary, depending on the causal factor 
of discoloration. 

Location
The most commonly bleached teeth are the maxillary incisors. 
Maxillary central incisors comprise 69% of internally bleached 
teeth, whereas maxillary lateral incisors comprise 20% of bleached 
teeth.5 

A

B

• Fig. 17.1 (A) Discoloration as a result of a traumatic injury followed by 
pulp necrosis. (B) After root canal treatment, a paste of sodium perborate 
and water mixed to a consistency of wet sand was sealed in the pulp 
chamber. After 21 days of walking bleach, the tooth regained its original 
shade. (Courtesy of Dr. A. Claisse).
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Developmental Defects
Discolorations may also result from developmental defects or 
from substances incorporated into enamel or dentin during tooth 
formation.

Endemic Fluorosis
Ingestion of excessive amounts of fluoride during tooth formation 
produces defects in mineralized structures, particularly enamel 
matrix, with resultant hypoplasia. The severity and degree of sub-
sequent staining generally depend on the degree of hypoplasia, 
which depends in turn on the patient’s age and the amount of 
fluoride ingested during odontogenesis.6 The teeth are not discol-
ored on eruption but may appear chalky. Their surface, however, 
is porous and gradually absorbs stains from chemicals in the oral 
cavity.

Because the discoloration is in the porous enamel, such teeth 
are treated externally. Esthetic success depends mainly on the 
degree and duration of the discoloration. Some regression and 
recurrence of discoloration tend to happen but can be corrected 
with future rebleaching. 

Systemic Drugs
Administration or ingestion of certain drugs or chemicals (many 
of which have not yet been identified) during tooth formation 
may cause discoloration, which is occasionally severe.7

The most common and most dramatic discoloration of this 
type occurs after tetracycline ingestion, usually in children. 
Discoloration is bilateral, affecting multiple teeth in both 

arches. It may range from yellow through brownish to dark 
gray, depending on the amount, frequency, and type of tetra-
cycline, and the patient’s age (stage of development) during 
administration.

Tetracycline discoloration has been classified into three groups 
according to severity.8 First-degree discoloration is light yellow, 
light brown, or light gray and occurs uniformly throughout the 
crown without banding. Second-degree discoloration is more 
intense and is also without banding. Third-degree discoloration 
is very intense, and the clinical crown exhibits horizontal color 
banding. This type of discoloration usually predominates in the 
cervical region.8 The location of the band correlates to the part 
of the dentin that was undergoing formation at the time of sys-
temic tetracycline ingestion. It is therefore recommended to limit 
systemic tetracycline use in patients with active permanent tooth 
development.

Tetracycline binds to calcium, which then is incorporated into 
the hydroxyapatite crystal in both enamel and dentin. Most of the 
tetracycline, however, is found in dentin. Chronic sun exposure of 
teeth with the incorporated drug may cause formation of a red-
dish purple tetracycline oxidation byproduct, resulting in further 
discoloration of permanent teeth.

A phenomenon of adult-onset tetracycline discoloration has 
also been reported.9 It occurs occasionally in mature teeth in 
patients receiving long-term minocycline therapy, which is usu-
ally given for control of cystic acne. The discoloration is gradual 
because of incorporation of minocycline in continuously forming 
dentin.7 Staining generally is not severe.

A B

• Fig. 17.2 Calcific metamorphosis. Impact trauma resulted in reversible pulp damage in one of the central 
incisors (A) with extensive tertiary dentin formation (B). These teeth may present difficulties with root canal 
treatment and internal bleaching.
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Two approaches have been used for bleaching tetracycline 
discoloration. The first, which involves bleaching the external 
enamel surface, is limited to lighter, yellowish discoloration 
and requires multiple appointments to achieve a satisfactory 
result.10 The second, root canal treatment followed by internal 
bleaching, is a predictable procedure, is useful for all degrees 
of discoloration severity (especially linear-band type discolor-
ation), and has proved successful in both the short term and 
long term.11 

Defects in Tooth Formation
Defects in tooth formation are confined to the enamel and are 
either hypocalcific or hypoplastic. Enamel hypocalcification is 
common, appearing as a distinct brownish or whitish area, often 
on the facial aspect of a crown. The enamel is well formed and 
intact on the surface and feels hard to the explorer. Both the whit-
ish and the brownish spots are amenable to correction externally 
with good results.

Enamel hypoplasia differs from hypocalcification in that the 
enamel in the former is defective and porous. This condition may 
be hereditary (amelogenesis imperfecta) or may result from envi-
ronmental factors. In the hereditary type, both deciduous and per-
manent dentitions are involved. Defects caused by environmental 
factors may involve only one or several teeth. Presumably dur-
ing tooth formation the matrix is altered and does not mineralize 
properly. The porous enamel readily acquires stains from the oral 
cavity. Depending on the severity and extent of hypoplasia and the 
nature of the stain, these teeth may be bleached externally with 
some degree of success. 

Blood Dyscrasias and Other Factors
Various systemic conditions may cause massive lysis of eryth-
rocytes.2 If this occurs in the pulp at an early age, blood dis-
integration products are incorporated into the forming dentin 
causing discoloration. An example of this phenomenon is 
the severe discoloration of primary teeth that usually follows 
erythroblastosis fetalis. This disease in the fetus, or newborn, 
results from Rh incompatibility factors that lead to massive 
systemic lysis of erythrocytes. Large amounts of hemosiderin 
pigment then stain the forming dentin of the primary teeth. 
This discoloration is not correctable by bleaching. However, 
this type of lysis is now uncommon because of new preventive 
measures.

High fever during tooth formation may result in linear 
defined hypoplasia. This condition, known as chronologic 
hypoplasia, is a temporary disruption in enamel formation 
that results in a banding type of surface defect that acquires 
stain. Hyperbilirubinemia, thalassemia, and sickle cell anemia 
may cause intrinsic bluish, brown, or green discolorations. 
Amelogenesis imperfecta may result in yellowish or brownish 
discolorations. Dentinogenesis imperfecta can cause brownish 
violet, yellowish, or gray discoloration. Porphyria, a metabolic 
disease, may cause deciduous and permanent teeth to show a 
red or brownish discoloration. These conditions are also not 
amenable to bleaching and should be corrected by minimally 
invasive restorative means.

Other staining factors related to systemic conditions or ingested 
drugs are rare and may not be identifiable.2 

Inflicted (Iatrogenic) Discolorations
Discolorations caused by various chemicals and materials used 
in dentistry are usually avoidable. Many of these discolorations 

respond well to bleaching, but some are more difficult to correct 
by bleaching alone. 

Endodontically Related Discolorations

Obturating Materials
Obturating materials are the most common and severe cause 
of single tooth discoloration. Incomplete removal of materials 
from the pulp chamber upon completion of treatment often 
results in dark discoloration (Figs. 17.3 and 17.4). Removing 
all obturation materials to a level just cervical to the gingival 
margin can prevent such discoloration. Sometimes, removal of 
the obturating material 1 to 2 mm further apically is required. 
Common obturating materials that can lead to stain are sealer 
remnants, whether of the zinc oxide–eugenol type or resins. 
These materials may also darken with time.12-15 Sealer rem-
nants gradually cause progressive coronal discoloration.15 The 
prognosis of bleaching in such cases depends on the compo-
nents of the sealer. Sealers with metallic components often do 
not bleach well, and the bleaching effect tends to regress with 
time. 

Remnants of Pulpal Tissue
Pulp fragments remaining in the crown, usually in pulp horns, 
can cause gradual discoloration. Pulp horns must be exposed 

A

B

• Fig. 17.3 (A) Discoloration as a result of trauma and subsequent treat-
ment. The patient was involved in an accident that caused a coronal frac-
ture. Root canal treatment was performed, but gutta-percha and sealer 
were not completely removed from the pulp chamber. An additional discol-
oration factor was the defective leaking restoration. (B) Two appointments 
of walking bleach and placement of a new, well-sealed composite restored 
esthetics. (Courtesy of Dr. M. Israel.)
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A

B

C

• Fig. 17.4 (A) Severely discolored canine. (B) Poor root canal treatment, in which material extended into the pulp chamber, caused some of the discolor-
ation. (C) After retreatment and three appointments of walking bleach, esthetics have markedly improved. Although some cervical discoloration remains, 
it is largely hidden by the upper lip. (Courtesy of Dr. H. Libfeld.)

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


373CHAPTER 17 Bleaching Discolored Nonvital Teeth

and cleaned during access preparation to ensure removal of 
pulpal remnants and to prevent retention of sealer at a later 
stage. Internal bleaching in such cases is usually successful. 

Intracanal Medicaments
Several medicaments have the potential to cause internal discolor-
ation of the dentin.1,2,16,17 These intracanal medications, sealed in 
the root canal space, are in direct contact with dentin, sometimes 
for long periods, allowing penetration to dentin tubules and oxidi-
zation. These compounds have a tendency to discolor the dentin 
gradually. Most such discolorations are not marked and are readily 

and permanently corrected by bleaching. However, discoloration by 
intracanal medication containing iodoform tends to be more severe. 

Coronal Restorations
Restorations are generally metallic or composite. The reasons for 
discoloration (and therefore the appropriate correction) are quite 
different.

Metallic Restorations
Amalgam is the worst offender because its dark metallic elements 
may turn dentin dark gray. If used to restore an access prepara-
tion, amalgam often discolors the crown (Figs. 17.4 and 17.5). 

A

B

C

D

• Fig. 17.5 (A) Discoloration of endodontically treated maxillary central incisor. (B) The presence of a silver 
cone in the canal, failure to remove all remnants of pulpal tissue from the chamber, and amalgam placed 
in the access cavity appear to be the causes of discoloration. (C) Removal of amalgam and refinement of 
the access cavity. The silver cone was removed, and endodontic retreatment was performed. (D) Internal 
bleaching, followed by placement of a new composite, restored esthetics.)
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Such discolorations are difficult to bleach and tend to recur with 
time. However, bleaching them is worth a try. The result may be 
an improvement that satisfies the patient. The use of amalgam 
for tooth restoration is gradually decreasing in many parts of the 
world.

Discoloration from inappropriately placed metal pins and pre-
fabricated posts in anterior teeth may sometimes occur. This is 
caused by metal that is visible through the composite or tooth 
structure. Occasionally, discoloration from amalgam is also caused 
by visibility of the restoration through translucent tooth structure. 
In such cases, replacement of old metallic material with an estheti-
cally pleasing restoration will suffice. 

Composite Restorations
Microleakage of composites causes discoloration. Open margins 
may permit chemicals to permeate gaps between the restoration 
and tooth structure to stain the underlying dentin. In addition, 
composites may become discolored with time and alter the shade 
of the crown. These conditions can sometimes be corrected by 
replacing the old composite with a new, well-sealed esthetic resto-
ration. In many cases, internal bleaching is carried out first with 
good results (Fig. 17.6). 

Bleaching Materials
Bleaching chemicals may act as either oxidizing or reducing agents. 
Most bleaching agents are oxidizers, and many preparations are 
available. Commonly used agents are solutions of hydrogen per-
oxide of different strengths, sodium perborate, and carbamide 
peroxide. Sodium perborate and carbamide peroxide are chemi-
cal compounds that are gradually degraded to release low levels 
of hydrogen peroxide. Hydrogen peroxide and carbamide perox-
ide are mainly indicated for external bleaching, whereas sodium 
perborate is mostly used for internal bleaching. All have proved 
effective.

Hydrogen Peroxide
Hydrogen peroxide is a powerful oxidizer that is available in vari-
ous strengths, but 30% to 35% stabilized solutions (Superoxyl, 
Perhydrol) are the most common. These high-concentration solu-
tions must be handled with care because they are unstable, lose 
oxygen quickly, and may explode unless they are refrigerated and 
stored in a dark container. Also, these are caustic chemicals and 
will burn tissue on contact.

A B

C D

• Fig. 17.6 (A) Discoloration of an endodontically treated maxillary lateral incisor in a 61-year-old female. 
Note the difference in coronal shade between the lateral incisor and the adjacent central incisor. Probable 
cause of discoloration is coronal microleakage. (B) Preoperative radiograph. (C) Immediate postoperative 
results after internal bleaching. The coronal shade of the treated tooth has improved and is now match-
ing the shade of the adjacent central incisor. (D) Fifteen-month follow-up appointment. The treated tooth 
maintains pleasing esthetic results. (Courtesy of Dr. A. Sameni.)
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Although highly concentrated hydrogen peroxide bleaches 
quickly, other chemicals that release much lower levels of peroxide 
are available; usually they bleach effectively with longer applica-
tion periods.18 

Sodium Perborate
Sodium perborate is available in powder form or in various com-
mercial proprietary combinations.19,20 When fresh, it contains 
about 95% perborate, corresponding to 9.9% available oxygen. 
Sodium perborate is stable when dry, but in the presence of 
acid, warm air, or water, it decomposes to form sodium metabo-
rate, hydrogen peroxide, and nascent oxygen. Various types of 
sodium perborate preparations are available: monohydrate, tri-
hydrate, and tetrahydrate. They differ in oxygen content, which 
determines their bleaching efficacy.20 Commonly used sodium 
perborate preparations are alkaline; their pH depends on the 
amount of hydrogen peroxide released and the residual sodium 
metaborate.21

Sodium perborate is more easily controlled and safer than 
concentrated hydrogen peroxide solutions.2,3,4,19,22,23 Therefore 
in most cases, it should be the material of choice for internal 
bleaching. 

Carbamide Peroxide
Carbamide peroxide is usually available in concentrations vary-
ing between 3% and 15%. Popular commercial preparations 
contain about 10% carbamide peroxide and have an average 
pH of 5 to 6.5. They usually also include glycerin or propylene 
glycol, sodium stannate, phosphoric or citric acid, and flavor. 
In some preparations, Carbopol, a water-soluble resin, is added 
to prolong the release of active peroxide and to improve shelf 
life. Ten percent carbamide peroxide breaks down into urea, 
ammonia, carbon dioxide, and approximately 3.5% hydrogen 
peroxide.

Carbamide peroxide and hydrogen peroxide–based systems are 
mostly used for external bleaching and have been associated with 
varying degrees of alterations to dental hard tissues and surround-
ing mucosa.24,25 They may adversely affect the bond strength 
of composite resins and their marginal seal.24-28 Therefore these 
materials must be used with caution and usually under strict 
supervision of the dentist. 

Other Agents
In the past, a preparation of sodium peroxyborate monohydrate 
(Amosan), which releases more oxygen than does sodium per-
borate, was recommended for internal bleaching. Today, this 
product is not available in all countries, and its clinical use is 
less common.

Sodium hypochlorite is a common root canal irrigant that 
is commonly available commercially as a 3% to 8% household 
bleach. Although used as a household bleaching agent, it does not 
release enough oxidizer to be effective and is not commonly used 
for routine tooth bleaching.

Other nonperoxide bleaching agents have also been suggested 
for clinical use; however, these have not been significantly more 
effective than traditional agents.29,30 

Mechanism of Tooth Bleaching
Tooth bleaching is a dynamic process that involves diffusion of the 
bleaching material into the dental hard tissues. It is initiated by 
movement of bleaching agent into the tooth structure, to interact 
with the stain molecules. Consequently, micromorphologic altera-
tions and changes within the dental structures occur that affect 
their optical properties and perception.31

The mechanism resulting in changed perception of tooth color 
can be divided into three phases: (1) movement of the bleaching 
agent into the tooth structures; (2) interaction of the bleaching 
agent with the stain molecules; and (3) alteration of the tooth 
structures to reflect light differently. The outcome of this sequence 
of events results in the final color change of the tooth.31

It is theorized that the mechanism of tooth bleaching involves 
interaction of oxidizing agent with organic chromophores.32 Chro-
mophores are the parts of molecules responsible for demonstrating 
color. Bleaching works by an oxidation process removing electrons 
that allows large pigmented organic molecules to be dissolved into 
smaller, less pigmented constituents.32 The altered chromophores 
are still present, but their size is significantly reduced and not as 
visible by the human eye. 

 1.  Tooth discoloration under existing composites occurs because of:
 a.  Open margins of the restoration allowing leakage
 b.  Discoloration of the composite itself over time
 c.  Excess bonding agent becoming more opaque with time
 d.  All of the above
 e.  A and B only
 2.  In order to prevent discoloration from remaining pulpal tissue, the 

operator should:
 a.  Access the entire pulp chamber and pulp horns to completely 

débride the tissue
 b.  Rely primarily on chemical débridement
 c.  Ensure that sealer does not contact any tissue remnants, as sealer 

will only discolor if in contact with pulp tissue remnants
 d.  All of the above
 e.  A and B only
 3.  The condition caused by a temporary disruption in enamel formation 

resulting in a banding type of surface defect acquiring stain is known as:
 a.  Progressive dentinal hypoplasticity
 b.  Chromatic chronologic dimorphism
 c.  Chronologic hypoplasia
 d.  Acute progressive chromatism
 e.  All of the above
 4.  When considering internal bleaching of a tooth with pulp necrosis, which 

of the following is correct:
 a.  Tissue disintegration products leach into dentinal tubules to cause 

stain
 b.  The degree of discoloration is related to the duration of pulp 

necrosis
 c.  Dark discolorations have only short-term success when bleached
 d.  All of the above
 e.  A and B only
 5.  What is the current recommended bleaching material used for the 

“walking bleach” technique?
 a.  5.25% sodium hypochlorite
 b.  30% hydrogen peroxide
 c.  Sodium perborate
 d.  Iodoform
 e.  A and B only

Study Questions
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Internal (Nonvital) Bleaching Techniques
The methods most commonly used to bleach teeth in conjunction 
with root canal treatment are the thermocatalytic technique and 
the so-called walking bleach technique.1,2,19,33 These techniques 
are somewhat different but produce similar results.3,4,19 The walk-
ing bleach technique (described later in the chapter) is preferred 
because it requires the least chair time and is more comfortable 
and safer for the patient. Whatever technique is used, the active 
ingredient is the oxidizer, which is available in different chemical 
forms. The least potent form is preferred.

Indications for internal bleaching technique are: (1) discol-
orations of pulp chamber origin; (2) dentin discolorations; and 
(3) discolorations that are not amenable to external bleaching. 
Contraindications are: (1) superficial enamel discolorations; (2) 
defective enamel formation; (3) severe dentin loss; (4) presence 
of caries; and (5) discolored proximal composites (unless they are 
replaced after bleaching).

Thermocatalytic Technique
The thermocatalytic technique involves placing the oxidizing 
agent in the pulp chamber and then applying heat. Heat may 
be supplied by heat lamps, light or laser, flamed instruments, or 
electrical heating devices, which are manufactured specifically to 
bleach teeth.33

Potential damage from the thermocatalytic approach includes 
the possibility of external cervical root resorption because of irrita-
tion to cementum and the periodontal ligament, possibly from 
the oxidizing agent in combination with heat.34,35 Therefore the 
application of heat during internal bleaching is contraindicated. 
Also, the thermocatalytic technique has not proved more effec-
tive long term than other methods and is not recommended for 
routine internal bleaching.

A thermocatalytic variation is ultraviolet photo-oxidation. A 
30% to 35% hydrogen peroxide solution is placed in the pulp 
chamber on a cotton pellet, followed by a 2-minute exposure to 
ultraviolet light applied to the coronal labial surface of the tooth. 
Supposedly this causes the release of oxygen similar to that seen 
in other thermocatalytic bleaching techniques.36,37 It is probably 
no more effective than the walking bleach technique and requires 
more chair time. Because of toxicity considerations with concen-
trated hydrogen peroxide, this technique is not recommended for 
internal bleaching of nonvital teeth. 

Walking Bleach
The walking bleach technique should be used in all situations 
requiring internal bleaching. Not only is it as effective as the tech-
niques previously described, but it also is the safest and has the 
shortest chair time requirement.19,38 The technique is described 
step-by-step in Fig. 17.7 and Box 17.1.

It is often thought that “overbleaching” is desirable because of 
future recurrence of discoloration. However, bleaching a tooth to 
a lighter shade than its neighbors should be performed with cau-
tion because the overbleached tooth may not discolor to match 
the shade of adjacent teeth. A tooth that is too light may be as 
unesthetic as one that is too dark.

Treatments at subsequent visits are similar. If early bleach-
ing appointments do not provide satisfactory results, the fol-
lowing additional procedures may be attempted: (1) a thin 
layer of stained facial dentin is removed with a small round 

bur (see Box 17.1, step 7); and (2) the walking bleach paste 
is strengthened by mixing the sodium perborate with hydro-
gen peroxide (start with 3% hydrogen peroxide and increase 
the concentration gradually, only if necessary) instead of water. 
Heat is not used. The more potent oxidizer may enhance the 
bleaching effect but may increase the risk of subsequent root 
damage.34,35,39

Carbamide peroxide has also been suggested for internal 
bleaching.40 This agent, however, is probably not superior to 
sodium perborate.

Although usually the final results are excellent, occasionally 
only partial lightening is achieved. Surprisingly, the patient often 
is very pleased and satisfied with a modest improvement and does 
not expect perfection. Therefore internal bleaching is worth the 
attempt.

The number of applications varies based on the degree of dis-
coloration and its cause.5 On average, most discolorations (75%) 
can be handled in one to two appointments, but sometimes more 
appointments and reapplications are necessary (Video 17.2).5,38,41 

Final Restoration
Proper tooth restoration is essential for long-term successful inter-
nal bleaching results.42-44 The pulp chamber and access cavity are 
restored at the final visit ( see Fig. 17.7, E). Although it has been 
proposed that substances such as acrylic monomer or silicones 
be placed in the chamber to fill the dentinal tubules, this is not 
beneficial. Furthermore, these substances may themselves lead to 
discoloration with time. However, it is important to restore the 
chamber carefully and to seal the lingual access to enhance the 
new shade and prevent leakage. The ideal method for filling the 
chamber after tooth bleaching has not been determined. However, 
the chamber must not be filled totally with composite; this may 
cause a loss of translucency of the tooth.43

It is easy and effective to fill the chamber with a light-colored 
gutta-percha temporary stopping, glass ionomer, or a light shade 
of zinc phosphate cement and then to restore the lingual access 
with a light-cured, acid-etched composite.44 Composite resins 
have different levels of color and contrast ratio.45 Awareness of 
such optical properties aids in material selection. An adequate 
depth of composite should be ensured to seal the cavity and pro-
vide some incisal support. Light curing from the labial, rather 
than the lingual, surface is recommended because this results in 
shrinkage of the composite resin toward the axial walls, reducing 
the rate of microleakage.46 Coronal microleakage of lingual access 
restorations is a problem.47 A leaky restoration may lead to recur-
rence of discoloration.

Residual peroxides of bleaching agents, mainly hydrogen per-
oxide and carbamide peroxide, may affect the bonding strength 
of composites to the tooth.27,48-50 Sodium perborate mixed with 
water can result in much less loss of bond strength than does con-
centrated hydrogen peroxide.50 Therefore it is not recommended 
that the tooth be restored with composite immediately after 
bleaching but only after an interval of a few days. The use of cata-
lase and other agents has also been proposed for fast elimination of 
residual peroxides from the access cavity and for protection against 
potential hazardous effects51-54; this merits further studies.

It has been suggested that packing calcium hydroxide paste 
in the chamber for a few weeks before the final restoration is 
placed would reverse the acidity caused by bleaching agents and 
prevent resorption; however, this procedure is ineffective and 
unnecessary.21,38
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Other agents have been proposed to enhance the bleaching 
effect or to open tubules; none have been shown to be significantly 
effective.55,56 

Future Rediscoloration
Although initial bleaching is successful, many of these teeth may 
rediscolor after several years.57,58 Patients must be informed of 
this possible occurrence and that rebleaching usually will be 
successful. 

When to Bleach
Internal bleaching may be performed at various intervals after 
root canal treatment (see Figs. 17.1 and 17.5). The appearance 
of the discolored tooth may be improved soon after treatment. 
However, the walking bleach technique may be initiated at the 
same appointment as the obturation. In fact, this may moti-
vate the patient to accept bleaching because the appearance of 
the discolored tooth may be improved soon after treatment. 
Bleaching may also be attempted successfully many years after 
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P
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B
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ED
• Fig. 17.7 Walking bleach. (A) Internal staining of dentin caused by remnants of obturating materials (OM) in 
the pulp chamber and by materials and tissue debris in the pulp horns (PH). (B) Coronal restoration is removed 
completely, access preparation is improved, and gutta-percha is removed apically to just below the cervical 
margin. Next, the pulp horns are cleaned with a round bur. (Shaving a thin layer of dentin from the facial wall 
is optional and may be attempted at later appointments if discoloration persists.) (C) An optional protective 
cement base (B) is placed over the gutta-percha, not extending above the cervical margin. After the removal 
of sealer remnants and materials from the chamber with solvents, a paste (P) composed of sodium perborate 
and water (mixed to the consistency of wet sand) is placed. The incisal area is undercut to retain the tempo-
rary restoration. (D) A thick mixture of a zinc oxide–eugenol–type temporary filling (Z) seals the access. (E) At 
a subsequent appointment, when the desired shade has been reached, a permanent restoration is placed. A 
suggested method is to fill the chamber with white temporary stopping (TS) or with light polycarboxylate or zinc 
phosphate base. Acid-etched composite (C) restores lingual access and extends into the pulp horns for reten-
tion and to support the incisal edge. (From Walton RE: Bleaching procedures for teeth with vital and nonvital 
pulps. In Levine N, editor: Current treatment in dental practice, Philadelphia, 1986, Saunders.) 
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discoloration has occurred (see Figs. 17.3 and 17.4), even with 
porcelain veneer restorations (Fig. 17.8). Such teeth show no 
markedly greater tendency for recurrence of discoloration than 
teeth stained for shorter discoloration periods.57 However, it is 
probable that a shorter discoloration period tends to improve 
the chances for successful bleaching and reduce the likelihood of 
recurrence of discoloration.58

Other factors that may influence long-term success have 
also been evaluated clinically. The patient’s age and the rate of 
discoloration have no major effect on the long-term stability of 
bleaching.57 

Complications and Safety
Patient safety is always the major concern in any procedure. Some 
possible adverse effects produced by chemicals and bleaching pro-
cedures are discussed in the following sections.

External Root Resorption
Clinical reports35,59 and histologic studies34,39 have shown that 
internal bleaching may induce external root resorption. The oxi-
dizing agent, particularly 30% hydrogen peroxide, and heat may 
be the culprits. However, the exact mechanism by which peri-
odontium or cementum is damaged has not been fully elucidated. 
Presumably, the irritating chemical diffuses through the dentinal 
tubules60 and reaches the periodontium through defects in the 
cementoenamel junction.61 Chemicals combined with heat are 
likely to cause necrosis of the cementum, inflammation of the 
periodontal ligament, and subsequent root resorption.34,39 The 
process is liable to be enhanced in the presence of bacteria.62 Pre-
vious traumatic injury and young age may also act as predisposing 
factors.1,2 Therefore injurious chemicals and procedures should be 
avoided if they are not essential for bleaching. Again, sodium per-
borate mixed with water should be preferred over 35% hydrogen 

The steps of the walking bleach technique are as follows (see Fig. 17.7).
 1.  The patient is familiarized with the probable causes of discoloration, the 

procedure to be followed, the expected outcome, and the possibility of 
future recurrence of discoloration (regression). To avoid disappointment 
or misunderstanding, effective communication before, during, and after 
treatment is absolutely necessary.

 2.  Radiographs are made to assess the status of the periapical tissues and 
the quality of root canal treatment. Treatment failure or questionable 
obturation requires retreatment before bleaching.

 3.  The quality and shade of any restoration present are assessed. 
If defective, the restoration is replaced. Often tooth discoloration 
results from leaking or discolored restorations. Also, the patient 
is informed that the bleaching procedure may temporarily (or 
permanently) affect the seal and color match of the restoration, 
requiring its replacement.

 4.  Tooth color is evaluated with a shade guide, and clinical photographs 
are taken at the beginning of and throughout the procedure. These 
provide a point of reference for future comparison by both dentist and 
patient.

 5.  The tooth is isolated with a dental dam. Interproximal wedges may also 
be used for better isolation. If hydrogen peroxide is used, a protective 
cream (e.g., petroleum jelly, Orabase, or cocoa butter) must be applied 
to the gingival tissues before dam placement. This protection is not 
required with sodium perborate use.

 6.  The restorative material is removed from the access cavity  
(see Fig. 17.7, B). Refinement of access and removal of all old 
obturating and restorative materials from the pulp chamber comprise 
the most important stage in the bleaching process. The clinician must 
check that pulp horns or other “hidden” areas have been opened and 
are free of pulp tissue remnants.
A chamber totally filled with composite resin presents a clinical 
problem. First, this material is resistant to cutting with burs. Second, 
its shade is often indistinct from that of dentin. However, all composite 
must be removed to allow the bleaching agent to contact and 
penetrate the dentin. Care must be taken during restoration removal 
to avoid inadvertent cutting of sound dentin. The operating microscope 
or magnifying loupes are beneficial.

 7.  (Optional). This step may be necessary if the discoloration seems to be 
of metallic origin or if, on the second or third appointment, bleaching 
alone does not seem to be sufficient. A thin layer of stained dentin is 
carefully removed toward the facial aspect of the chamber with a round 
bur in a slow-speed handpiece. This removes much of the discoloration 
(which is concentrated in the pulpal surface area). It may also open the 
dentinal tubules for better penetration by the bleaching agents.

 8.  All materials should be removed to a level just apical to the gingival 
margin. Appropriate solvents (e.g., orange solvent, or chloroform, on a 
cotton pellet) are used to dissolve remnants of the common sealers.

 9.  If hydrogen peroxide is used, a sufficient layer of protective cement 
barrier (e.g., polycarboxylate, zinc phosphate, glass ionomer, 
intermediate restorative material [IRM], or Cavit at least 2 mm thick) 
is applied as a barrier on the obturating material. This is essential to 
minimize leakage of bleaching agents.53 The barrier should protect the 
dentin tubules and conform to the external epithelial attachment.54 It 
should not extend incisal to the gingival margin (see Fig. 17.7, C ).
Acid etching of dentin internally with phosphoric (or other) acid to 
remove the smear layer and open the tubules is not necessary.55,56 
The use of any caustic chemical in the chamber is unwarranted 
because periodontal ligament irritation or external root resorption may 
result.56 The same reservation applies to solvents such as ether or 
acetone before application of the bleaching agent. The application of 
concentrated hydrogen peroxide with heat (thermocatalytic) has been 
suggested as the next step. This may not be more effective and also 
may be questionable from a safety standpoint.

 10.  The walking bleach paste is prepared by mixing sodium perborate 
and an inert liquid, such as water, saline, or anesthetic solution, to 
the consistency of wet sand (approximately 2 g/mL). Although sodium 
perborate mixed with 30% hydrogen peroxide bleaches faster, in most 
cases the long-term results are similar to those of sodium perborate 
mixed with water; therefore the former mixture should not be used 
routinely.3,4,19,38 Another advantage of sodium perborate and inert 
liquid is that a protective cement barrier and gingival protection are 
unnecessary. With a plastic instrument, the pulp chamber is packed 
with the paste. Excess liquid is removed by tamping with a cotton pellet. 
This also compresses and pushes the paste into the recesses (see Fig. 
17.7, C).

 11.  Excess oxidizing paste is removed from undercuts in the pulp horns and 
gingival area with an explorer. A cotton pellet is not used, but a thick 
mix of zinc oxide–eugenol (preferably IRM) or Cavit is packed carefully 
to a thickness of at least 3 mm to ensure a good seal (see Fig. 17.7, D).

 12.  The dental dam is removed. The patient is informed that the bleaching 
agent works slowly and that significant lightening may not be evident 
for 2 or more weeks. It is common to see no change initially, but 
dramatic results occur in successive days or weeks or after a future 
reapplication.

 13.  The patient is scheduled to return approximately 2 to 4 weeks later, and 
the procedure is repeated. If at any future appointment (third or fourth) 
progressive lightening is not evident, further walking bleach treatments 
with sodium perborate and water solution may not prove beneficial.38

 • BOX 17.1      Walking Bleach Technique
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peroxide.38,63 Also, apical to the cervical margin, oxidizing agents 
should not be exposed to more of the pulp space and dentin than is 
absolutely necessary to obtain a satisfactory esthetic clinical result. 

Coronal Fracture
Slightly increased brittleness of the coronal tooth structure, partic-
ularly when heat is applied, is also thought to result from certain 
bleaching procedures. This supposedly is a result of either desic-
cation or alterations to the physicochemical characteristics of the 
dentin and enamel.64-67 It appears that bleached teeth are no more 
susceptible to fracture if properly restored.68 

Chemical Burns
As mentioned earlier, sodium perborate is safe; however, 30% 
hydrogen peroxide is caustic and can cause chemical burns and 
sloughing of the gingiva. When this strong chemical is used, the 
soft tissues should be coated with an isolation cream such as petro-
leum jelly, Orabase, or cocoa butter. Animal studies suggest that 
catalase applied to oral tissues before hydrogen peroxide treatment 
fully prevents the associated tissue damage.69 

Intrinsic Discolorations
Intrinsic discolorations are those incorporated into tooth structure 
during tooth formation.70 Significantly, most of these discolor-
ations are in dentin and are relatively difficult to treat externally. 
A good example is staining from tetracycline that is incorporated 
into the mineral structure of the developing tooth. The incorpo-
rated tetracycline imparts its color to the dentin.

Tetracycline
Both external and internal bleaching techniques have been advo-
cated as a means of improving the appearance of tetracycline-
discolored teeth. As noted earlier, the internal technique is more 
effective and has a very good long-term prognosis.11,70 However, 
the best resolution for tetracycline discolorations is prevention.

The technique involves root canal treatment followed by an 
internal walking bleach technique, as outlined earlier in this chap-
ter. If the procedure is explained to patients, they may accept this 
approach, with gratifying results (Fig. 17.9). However, this proce-
dure is not for every patient. Many will prefer to keep their pulps 
intact and opt to external bleaching. 

Other Intrinsic Discolorations
Other drugs or ingested chemicals are incorporated into teeth 
that are forming and cause discoloration. There are no reports of 
attempts to bleach these teeth. Presumably, attempts to lighten 
teeth with dentinal discolorations by the external application of 
bleaching agents would be only marginally effective. 

Extrinsic Discolorations
Extrinsic discolorations are more superficial and are obviously 
more amenable to external bleaching. The success of bleaching, 
however, depends more on the depth of the stain in the enamel 
rather than on the color of the stain itself. These discolorations are 
not treated by internal bleaching. 

When and What to Refer
The demand for tooth bleaching has been steadily increasing in the 
last decade.31,71 It has been proven to be safe and effective when 
done by a trained dental professional. Most bleaching procedures 
can be performed by general dentists, particularly if the cause of the 
discoloration is diagnosed. If the general practitioner cannot make 
this identification, referral to a specialist should be considered.

The practitioner may also wish to refer patients whose tooth 
discoloration does not respond to conventional methods of 
bleaching. Unidentified factors may be preventing the bleaching 
chemicals from effectively reaching the stain. The specialist may be 
able to identify and correct these factors.

A

B

C

• Fig. 17.8 (A) Discoloration of endodontically treated incisor restored 
with a porcelain veneer. Discoloration is reflected through the veneer 
and is most evident at the cervical area. (B) Lingual view reveals 
extensive discoloration of the dentin and composite that was used 
to restore the access cavity. (C) Removal of discolored composite, 
internal bleaching, and placement of a new, well-sealed composite 
restored tooth esthetics. (Courtesy of Dr. A. Sameni.)
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BA

DC

• Fig. 17.9 (A) Characteristic grayish discoloration and banding of tetracycline discolorations. Cervical 
regions on maxillary and mandibular teeth show no discoloration; tetracycline was not administered dur-
ing those periods of tooth development. (B) Root canal treatment has been completed on the maxillary 
anterior teeth, with subsequent walking bleach procedures. (C) After the necessary number of bleaching 
appointments, the teeth are restored permanently. Note the marked contrast with the mandibular incisors, 
which remain untreated. (D) At the 4-year follow-up, no regression and no recurrence of discoloration are 
seen. (Courtesy of Dr. H. Wayne Mohorn.)

 6.  Carbamide peroxide:
 a.  Is used mainly for external bleaching
 b.  Improves composite bond strength
 c.  Does not cause any mucosal tissue damage
 d.  All of the above
 e.  B and C only
 7.  The mechanism of bleaching is most correctly summarized by the 

following:
 a.  Bleaching proceeds by washing out the pigment of molecules and 

leaving behind only their unstained external structure.
 b.  Reactive oxygen species cause the breakdown of larger pigmented 

molecules into smaller less visibly pigmented molecules.
 c.  Bleaching occurs via alteration of trans bonds to a cis fashion that 

allows kinked structures to be better aligned and thus creates less 
visible pigmentation in the visible light spectrum.

 d.  Chromophores attack the bonds of other molecules, leading 
to dissolution of the reactive oxygen species (which otherwise 
contribute to pigmentation of molecules).

 e.  B and C
 8.  In case internal bleaching procedure requires more than two attempts, 

it is recommended to:
 a.  Remove the coronal aspect of the obturation material and place the 

orifice barrier more apically.

 b.  Place less concentrated hydrogen peroxide containing bleaching 
material.

 c.  Continue replacement of the bleaching agent via the same 
procedure until the desired shade is reached.

 d.  Use a slow speed round bur to hollow out the dentin in the 
pulp chamber in a deliberate fashion that allows better light 
transmission.

 e.  A and D
 9.  Which of the following is correct when considering restoration of 

endodontically treated teeth that have recently undergone internal 
bleaching?

 a.  Acrylic monomer or silicones should be placed as a liner to occlude 
the dentinal tubules before final restoration of the tooth.

 b.  The pulp chamber should not be filled completely with composite 
resin because it could decrease the natural translucency of the 
tooth.

 c.  Placement of calcium hydroxide for 1 to 2 weeks after bleaching is 
recommended to increase the pH of the dentin before placement of 
a restoration.

 d.  When curing the access composite, it is recommended to cure from 
the lingual aspect rather than from the labial.

 e.  B and D

Study Questions
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A N S W E R S

Answer Box 17
  1 e.  A and B only.
  2 a.  Access the entire pulp chamber and pulp horns to completely débride 

the tissue.
  3 c.  Chronologic hypoplasia.
  4 e.  A and B only.
  5 c.  Sodium perborate.
  6 a.  Is used mainly for external bleaching.
  7 b.  Reactive oxygen species cause the breakdown of larger pigmented 

molecules into smaller less visibly pigmented molecules.
  8 a.  Remove the coronal aspect of the obturation material and place the 

orifice barrier more apically.
  9 b.  The pulp chamber should not be filled completely with composite 

resin because it could decrease the natural translucency of the tooth.
 10 c.  Although the exact mechanism is not fully clear, it is presumed that 

the etiology of bleaching related root resorption may be due to leach-
ing of hydrogen peroxide through dentinal tubules and defects in the 
CEJ and root surface causing irritation to the  periodontium.

 10.  Which of the following statements about internal bleaching is correct?
 a.  Long-standing discolorations that are bleached internally are always 

more prone to rediscoloration than short-term discolorations.
 b.  Patient age plays a critical role in the success of internal bleaching 

procedures.
 c.  Although the exact mechanism is not fully clear, it is presumed 

that the etiology of bleaching related root resorption may be 

caused by leaching of hydrogen peroxide through dentinal tubules 
and defects in the CEJ and root surface causing irritation to the 
periodontium.

 d.  Internally bleached teeth are shown to be more brittle and more 
prone to fracture.

 e.  All of the above

Study Questions—cont’d
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18
Procedural Accidents
ALI NOSRAT, YOSHITSUGU TERAUCHI, AND  
MAHMOUD TORABINEJAD

Introduction
Like other complex disciplines of dentistry, root canal therapy 
can present unwanted or unforeseen challenges that can affect the 
prognosis. These mishaps are collectively termed procedural acci-
dents. However, fear of procedural accidents should not deter a 
practitioner from performing root canal treatment if proper case 
selection and competency issues are observed.

Knowledge of the etiologic factors involved in procedural acci-
dents is essential for their prevention. In addition, methods of 
recognition and treatment, as well as the effects of such accidents 
on prognosis, must be learned. Most problems can be avoided by 
adhering to the basic principles of diagnosis, case selection, treat-
ment planning, access preparation, cleaning and shaping, obtura-
tion, and post space preparation.

Examples of procedural accidents include swallowed or aspi-
rated endodontic instruments, crown or root perforation, ledge 
formation, separated instruments, underfilled or overfilled canals, 
and vertically fractured roots. A good practitioner uses knowledge, 
dexterity, intuition, patience, and awareness of personal limita-
tions to minimize these accidents. When an accident occurs dur-
ing root canal treatment, the patient should be informed about (1) 
the incident, (2) procedures necessary for correction, (3) alterna-
tive treatment modalities, and (4) the effect of this accident on 
prognosis. Proper medical-legal documentation is mandatory. A 
successful practitioner learns from past experiences and applies 

them to future challenges. In addition, the practitioner who 
knows her/his own limitations will recognize potentially difficult 
cases and will refer the patient to an endodontist. The beneficiary 
will be the patient, who will receive the best care.

This chapter discusses the causes, prevention, and treatment 
of several types of procedural accidents that may occur at differ-
ent phases of root canal treatment (Video 18.1). The effect of these 
accidents on short- and long-term prognoses will be also described. 

Perforations During Access Cavity 
Preparation
The prime objective of an access cavity is to provide an unob-
structed or straight-line pathway to the apical foramen (Fig. 
18.1). Accidents, such as excess removal of tooth structure or per-
foration, may occur during attempts to locate canals. Failure to 
achieve straight-line access is often the main etiologic factor for 
other types of intracanal accidents.

Causes
Despite anatomic variations in the configuration of various teeth, 
the pulp chamber, in most cases, is located in the center of the ana-
tomic crown. The pulp system is located in the long axis of the 
tooth. Lack of attention to the degree of axial inclination of a tooth 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to recognize pro-
cedural accidents and describe the causes, prevention, and treatment 
of the following:

 1.  Pulp chamber perforation during access preparation
 2.  Ledging
 3.  Dental materials or dentin shavings obstructing the canal

 4.  Coronal or radicular perforation
 5.  Separated instrument
 6.  Obturation short of prepared working length
 7.  Obturation materials extended beyond apex
 8.  Incomplete obturation
 9.  Post space preparation mishaps
 10.  Accidental injections

C H A P T E R  O U T L I N E
Introduction, 383

Perforations During Access Cavity Preparation, 383

Accidents During Cleaning and Shaping, 390

 Accidents During Obturation, 398

Accidents During Post Space Preparation, 399
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in relation to adjacent teeth and to alveolar bone may result in either 
gouging or perforation of the crown or the root at various levels 
(Fig. 18.2). After establishing the proper access outline form, fail-
ure to direct the bur parallel to the long axis of a tooth will cause 
gouging or perforation of the crown or root. This problem often 
occurs when the dentist must use the reflected image from an intra-
oral mirror to make the access preparation. In these situations, the 
natural tendency is to direct the bur away from the long axis of 
the root to improve vision through the mirror. Another reason that 
can cause failure in directing the bur parallel to the long axis of the 
root is access cavity preparation under higher magnifications. The 
clinician may lose “depth perception” when using the microscope 
at higher magnifications, which can cause deviation from the long 
axis.  Failure to check the orientation of the access opening during 
preparation may result in a perforation. The dentist should stop 
periodically to review the bur-tooth relationship. Aids for evaluating 
progress include transillumination, magnification, and radiographs. 
Bite-wing radiographs taken during access cavity preparation are 
useful to adjust the mesiodistal orientation. Shifted periapical radio-
graphs are useful to adjust the buccolingual orientation.

Searching for the pulp chamber or orifices of canals through 
an underprepared access cavity may also result in accidents. Fail-
ing to recognize when the bur passes through a small or flattened 
(disk-like) pulp chamber in a multirooted tooth may also result in 
gouging or perforation of the furcation (Fig. 18.3, A).

A cast crown often is not aligned in the long axis of the tooth; 
directing the bur along the misaligned casting may result in a cor-
onal or radicular perforation. 

Prevention
Clinical Examination
Thorough knowledge of tooth morphology, including both sur-
face and internal anatomy and their relationship, is mandatory to 

prevent pulp chamber perforations. Next, location and angulation 
of the tooth must be related to adjacent teeth and alveolar bone 
to avoid a misaligned access preparation. In addition, radiographs  
of teeth from different angles provide information about the 
size and extent of the pulp chamber and the presence of internal 
changes such as calcification or resorption. The radiograph is a 
two-dimensional projection of a three-dimensional object. Vary-
ing the horizontal exposure angle will provide at least a distorted 
view of the third dimension and may be helpful in supplying addi-
tional anatomic information. Cone beam computed tomography 
(CBCT) can also provide invaluable information in cases with 
severe calcification or unusual canal anatomy. In complex cases, 
referral to an endodontist may be indicated. 

Operative Procedures
Use of a rubber dam (Fig. 18.4) during root canal treatment is 
usually indicated.1,2 However, in situations in which problems 
are anticipated in locating pulp chambers (e.g., tilted teeth, mis-
oriented castings, or calcified chambers), initiating access with-
out a rubber dam is preferred because it allows better crown-root 
alignment. However, when access is made without rubber dam 
placement, no intracanal instruments, such as files, reamers, or 
broaches, should be used unless they are secured by a piece of 
floss6 and a throat pack is placed. Constricted chambers or canals 
must be sought patiently, with small amounts of dentin removed 
at a time.

Failure to recognize when the bur passes through the roof of 
the pulp chamber, if the chamber is calcified, may result in goug-
ing or perforation of the furcation. After penetration of the roof of 

• Fig. 18.1 Making an unobstructed and straight-line pathway to the apical 
foramen of root canals prevents accidental procedures.

• Fig. 18.2 Lack of attention to the degree of axial inclination of central 
incisor in relation to adjacent teeth and to alveolar bone resulted in severe 
gouging and near perforation in an otherwise simple access preparation.
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the chamber, using a “safe-ended” access bur, such as the Endo Z 
(Dentsply/Maillefer, Tulsa, OK) or a pulp shaper bur (Dentsply/
Tulsa Dental, Tulsa, OK), will prevent perforation of the chamber 
floor (Fig. 18.3, B).

The use of apex locators and angled radiographs is necessary 
for early perforation detection. Early detection reduces damage 
caused by continued treatment (irrigation, cleaning, and shaping) 
and improves the prognosis for nonsurgical repair.

Another useful method of providing isolation and visualizing 
the crown-root alignment is the use of a “split” dam. This dam can 
be applied in the anterior region without a rubber dam clamp (see 
Chapter 13) or in posterior regions by quadrant isolation if a distal 
tooth can be clamped. Also, elimination of the metal clamp from 
the field of operation allows radiographic orientation of coronal 
access preparation.

To orient the access, a bur may be placed in the preparation 
hole (secured with cotton pellets) and then radiographed (Fig. 
18.5). This provides information about depth of access in rela-
tion to canal location. Remember, a single canal is located in the 
center of the root. A direct facial radiograph will show the mesio-
distal relationship; a mesial- or distal-angled film will show the 

faciolingual location. This procedure is helpful for locating small 
canals.

Use of a fiberoptic light during access preparation may assist 
in locating canals. This strong light illuminates the cavity when 
the beam is directed through the access opening (reflected light) 
and illuminates the pulp chamber floor (transmitted light). In the 
latter case, a canal orifice appears as a dark spot. Using magnify-
ing glasses or an operative microscope3-7 will also aid in locating a 
small orifice. Magnification loupes (2.5 or greater) are useful espe-
cially when combined with transillumination. The ultimate aid in 
canal location is the operating microscope. Patients with problems 
requiring significant magnification for canal location should be 
referred to an endodontist who has this specialized equipment.

CBCT imaging is a useful tool to locate and negotiate the 
canals, specifically in teeth with complicated or calcified internal 
anatomy.8-10 CBCT can be used before and, if needed, during 
the treatment to prevent perforation and to locate the canals in 
teeth with calcified pulp chamber. Limited field of view images 
are preferred over large field of view images as they provide accu-
rate images with higher resolution. The axial cross-sections at the 

BA

• Fig. 18.3 (A) Failure to recognize when the bur passes through the roof of the pulp chamber in a calcified 
pulp chamber may result in gouging or perforation of the furcation. The use of apex locators and angled 
radiographs is necessary for early perforation detection. Early detection reduces damage and improves 
repair. (B) Use of a “safe-ended” access bur will prevent perforation of the chamber floor. 

• Fig. 18.4 Rubber dam must be applied in the anterior and posterior teeth. 
It provides isolation of the target tooth and prevents procedural accidents. • Fig. 18.5 A small bur is placed during access preparation when orienta-

tion is a problem. This provides information about angulation and depth of 
bur penetration.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


386 CHAPTER 18   Procedural Accidents

cementoenamel junction (CEJ) level can show the position of 
the calcified pulp chamber relative to the external surface of the 
crown. If the clinician cannot find the canals after the access cavity 
preparation is started, the CBCT can be taken to help locating the 
canals. The clinician can adjust the depth of troughing as well as 
the mesiodistal and buccolingual position of the bur using axial, 
sagittal, and coronal cross-sections, respectively. 

Recognition and Treatment
Perforation into the periodontal ligament (PDL) or bone usually 
(but not always) results in immediate and continuous hemor-
rhage. The canal or chamber is difficult to dry, and placement of 
a paper point or cotton pellet may increase or renew the bleeding. 
Bone is relatively avascular compared with soft tissue. Mechanical 
perforation may initially produce only hemorrhage equal to that 
of pulp tissue.

Perforations must be recognized early to avoid subsequent 
damage to the periodontal tissues with intracanal instruments and 
irrigants. Early signs of perforation may include one or more of 
the following: (1) sudden pain during the working length deter-
mination when local anesthesia was adequate during access prepa-
ration; (2) sudden appearance of hemorrhage; (3) burning pain 
or a bad taste during irrigation with sodium hypochlorite; or (4) 
other signs, including a radiographically malpositioned file or a 
PDL reading from an apex locator that is short of the working 
length on an initial file entry.

Unusually severe postoperative pain may result from cleaning 
and shaping procedures performed through an undetected per-
foration. At a subsequent appointment, the perforation site will 
be hemorrhagic because of the inflammation of the surrounding 
tissues. The overall prognosis of the tooth must be evaluated with 
respect to the strategic value of the tooth, the location and size of 
the defect, and the potential for repair.

Perforation into the PDL at any location will have a negative 
effect on long-term prognosis.11 The dentist must inform the 
patient of the questionable prognosis12 and closely monitor the 
long-term periodontal response to any treatment. In addition, the 
patient must know what signs or symptoms indicate failure and, if 
failure occurs, what the subsequent treatment will be.

Perforations during access cavity preparation present a variety 
of problems. When a perforation occurs or is strongly suspected, 
the patient should be considered for referral to an endodontist. In 
general, a specialist is better equipped to manage these patients 
(Fig. 18.6, A–C). Also, after long-term evaluation, other proce-
dures, such as surgery, may be necessary if future failure occurs.

Lateral Root Perforation
The location and size of the perforation during access are impor-
tant factors in a lateral perforation. If the defect is located above 
the height of crestal bone, the prognosis for perforation repair is 
favorable.13 These defects can be easily “exteriorized” and repaired 
with standard restorative material such as amalgam, glass iono-
mer, or composite. Periodontal curettage or a flap procedure is 
occasionally required to place, remove, or smooth excess repair 
material. In some cases, the best repair is placement of a full crown 
with the margin extended apically to cover the defect.

Teeth with perforations at or below the crestal bone in the cor-
onal third of the root generally have the poorest prognosis (Video 
18.2).12,13 Attachment often recedes and a periodontal pocket forms, 
with attachment loss extending apically to at least the depth of the 
defect. The treatment goal is to position the apical portion of the 

defect above the crestal bone. Orthodontic root extrusion is gener-
ally the procedure of choice for teeth in the esthetic zone.14 Surgical 
crown lengthening may be considered when the esthetic result will 
not be compromised or when adjacent teeth require surgical peri-
odontal therapy. Internal repair of these perforations by mineral tri-
oxide aggregate (MTA) has been shown to provide an adequate seal 
compared with other materials.15 Ideally, repair of these perforations 
should be done as soon as it happens to prevent the damage to the 
periodontium. Generally, repair of perforations in the coronal third 
after attachment loss and pocket formation has a very poor prog-
nosis. However, a recent case report showed calcium-silicate–based 
materials might have the potential to induce healing in the periodon-
tium even when perforation repair is done after pocket formation.16 

Furcation Perforation
A perforation of the furcation is generally one of two types: the 
“direct” or the “stripping” type. Each is created and managed dif-
ferently, and the prognoses vary. The direct perforation usually 
occurs during a search for a canal orifice. It is more of a “punched-
out” defect into the furcation with a bur and is usually accessible, 
may be small, and may have walls. This type of perforation should 
be immediately (if possible) repaired with MTA (Fig. 18.7). If 
proper conditions exist (dryness), glass ionomer or composite can 
be used to seal the defect. Prognosis is usually good if the defect is 
sealed immediately.

A stripping perforation involves the furcation side of the cor-
onal root surface and results from excessive flaring with files or 
drills. Whereas direct perforations are usually accessible and there-
fore can be repaired nonsurgically, stripping perforations are gen-
erally inaccessible, requiring more elaborate approaches. The usual 
consequences of untreated stripping perforations are inflamma-
tion followed by development of a periodontal pocket. Long-term 
failure results from leakage of the repair material, which produces 
periodontal breakdown with attachment loss. Skillful use of MTA 
has significantly improved the prognosis of nonsurgical repair of 
stripping perforations compared with other repair materials (Fig. 
18.8, A–C). 

Nonsurgical Treatment
If feasible, nonsurgical repair (Fig. 18.9) of furcation perforations 
is preferred over surgical intervention as a result of difficult access 
and possibility of further damage to the periodontium during the 
surgery. Traditionally, materials such as amalgam, gutta-percha, 
zinc oxide–eugenol, Cavit, calcium hydroxide, freeze-dried bone, 
and indium foil have been used clinically and experimentally 
to seal these defects.17,18 Repair is difficult because of potential 
problems with visibility, hemorrhage control, and management 
and sealing ability of the repair materials. In general, perforations 
occurring during access preparation should be sealed immedi-
ately, but the patency of the canals must be protected. Immediate 
repair of the perforations with bioactive materials (i.e., MTA and 
MTA-like materials19) offers the best results for perforation repair 
(Video 18.3).12,20-23 

Surgical Treatment
Surgery requires more complex restorative procedures and more 
demanding oral hygiene from the patient.24 Surgical alternatives 
include repair of the perforation with MTA if accessible by a 
surgical approach. The exact location and size of the perfora-
tion, and also the accessibility of the perforation, can be assessed 
using CBCT images.25 If the perforation is not repairable or 
accessible by a surgical approach, hemisection, bicuspidization, 
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root amputation, or intentional replantation should be con-
sidered. Teeth with divergent roots and bone levels that allow 
preparation of adequate crown margins are suitable for either 
hemisection or bicuspidization (Fig. 18.10). Intentional replan-
tation is indicated when the defect is inaccessible or when 
multiple problems exist, such as a perforation combined with 
a separated instrument, or when the prognosis with other surgi-
cal procedures is poor. Both the dentist and the patient must 
recognize that the prognosis for treatment of surgically altered 
teeth is questionable because of the increased technical diffi-
culty associated with restorative procedures and demanding oral 

hygiene requirements. The remaining roots are prone to caries, 
periodontal disease, and vertical root fracture. Treatment plan-
ning options, including extraction, should be discussed with the 
patient when the prognosis is poor. 

Prognosis
Factors affecting the long-term prognosis of teeth after perforation 
repair include the location of the defect in relation to the crestal 
bone, length of the root trunk, accessibility for repair, size of the 
defect, presence or absence of a periodontal communication to the 

A

C

B

• Fig. 18.6 (A) A search for the MB canal in a partially calcified chamber resulted in a furcation perforation 
and extrusion of filling materials into the periapical tissues. An apex locator reading, or an angled radio-
graph, would have detected this type of error. (B) The initial treatment was redone and the perforation was 
sealed with mineral trioxide aggregate (MTA). (C) Radiograph (3 years later) shows no evidence of pathosis 
in the repaired area. (Courtesy Dr. George Bogen.)
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defect, time lapse between perforation and repair, sealing ability 
of restorative material, and subjective factors such as the technical 
competence of the dentist and the attitude and oral hygiene of the 
patient.13 Early recognition and repair will improve the prognosis 
by minimizing damage to the periodontal tissues by bacteria, files, 
and irrigants. Additionally, a small perforation (less than 1 mm) 
causes less tissue destruction and is more amenable to repair than a 
larger perforation. Electronic apex locators or angled radiographs 
with files in place aid in early detection. Another useful tool to 
diagnose and locate the perforations is CBCT. CBCT images can 
help clinicians to understand the spatial position of the perfora-
tion and determine a realistic treatment plan (surgical or nonsur-
gical) to repair the perforation.26

An unrecognized or untreated perforation in the furcation usu-
ally results in a periodontal defect that communicates through 
the gingival sulcus within weeks or sometimes days. A preexist-
ing periodontal communication caused by perforation worsens 
the prognosis; the time between perforation and repair should be 
as short as possible.27,28 Immediate sealing of the defect reduces 

• Fig. 18.7 Immediate repair of a perforation in the furcation of a dog pre-
molar with mineral trioxide aggregate (MTA) results in the formation of 
cementum (arrow) adjacent to the material.

A

C

B

• Fig. 18.8 (A) Radiograph shows stripping perforation (arrow) in the mesiobuccal root of the first man-
dibular molar. (B) The mesial roots were filled with mineral trioxide aggregate (MTA) and the distal root with 
gutta-percha and root canal sealer. (C) A radiograph taken 1 year later shows no periradicular pathosis.
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A

B

C

• Fig. 18.9 (A) Periapical radiograph shows presence of a furcation per-
foration in the first mandibular molar. (B) The root canal was retreated 
and the perforation was repaired with mineral trioxide aggregate (MTA). (C) 
Radiograph taken 26 months later shows evidence of osseous healing in 
the furcation.

A

B

C

• Fig. 18.10 (A) Postoperative radiograph of a 58-year-old female after 
endodontic treatment. The patient is percussion-sensitive, and periapical 
lesions are present. A 7-mm periodontal pocket exists on the mesiobuc-
cal aspect of the mesial root of the second molar. A fracture is suspected, 
and extract-replant was performed for diagnostic reasons. The tooth was 
extracted, and a fracture was noted on the mesial root. (B) The mesial 
root was resected and the tooth was replanted after retrofilling of the distal 
root with mineral trioxide aggregate (MTA). (C) Radiograph 1 year later 
shows osseous repair and restoration of this tooth. The periodontal pocket 
healed.
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the incidence and severity of periodontal breakdown. To best 
determine the long-term prognosis, the dentist must monitor the 
patient’s symptoms, radiographic changes, and, most importantly, 
periodontal status. Radiographs and periodontal probing during 
recall examination are the best measures of success or failure of the 
repair procedure. Formation of a periodontal pocket adjacent to 
the site of perforation is a definitive sign for failure. 

Accidents During Cleaning and Shaping
The most common procedural accidents during cleaning and 
shaping of the root canal system are ledge formation, artificial 
canal creation, root perforation, instrument separation, and extru-
sion of irrigating solution periapically. Correction of these acci-
dents is usually difficult, and the patient should be referred to an 
endodontist.

Ledge Formation
By definition, a ledge has been created when the working length 
can no longer be negotiated and the original patency of the canal 
is lost. The major causes of ledge formation include (1) inadequate 
straight-line access into the canal, (2) failure to precurve the files, 
(3) forcing large files into curved canals, (4) inadequate irrigation 
or lubrication, and (5) packing of debris in the apical portion of 
the canal.

Prevention of a Ledge
Preoperative Evaluation
Prevention of ledging begins with examination of preoperative 
radiographs taken from different angles and CBCT images for 
curvatures, length, and initial size. 

Curvatures
The incidence of ledge formation was reported to increase sig-
nificantly when the curvature of the canal was greater than 20 
degrees, and when the curvature was greater than 30 degrees more 
than 50% of the canals were ledged.29 Most important is the coro-
nal third of the root canal. Severe coronal curvature predisposes 
the apical canal to ledging. Straight-line access to the orifice of the 
canal can be achieved during access preparation, but accessibility 
to the apical third of the canal is achieved only with coronal flaring 
and using precurved files. Severe apical curvatures require a proper 
sequence of cleaning and shaping procedures to maintain patency 
(see Chapter 14). 

Length
Longer canals are more prone to ledge formation compared with 
shorter and larger diameter canals. Careful attention to maintain-
ing patency is required to prevent ledging. 

Initial Size
Smaller-diameter canals are more easily ledged than larger-diam-
eter canals.

In summary, the canals most prone to ledging are small, 
curved, and long. Radiographs are two-dimensional and cannot 
provide accurate information about the actual shape and curva-
ture of the root canal system. All root canals have some degree of 
curvature, including faciolingual curves, which may not be appar-
ent on straight facial exposures (Fig. 18.11). CBCT images are the 
most accurate tools for understanding the presence and degree of 
curvatures.8 

Instruments
Instruments with more flexibility cause less apical transportation, 
resulting in a ledge formation. The flexibility of the instruments 
depends on several interrelated factors such as the cross-sec-
tional design, core diameter, pitch, metallurgical properties, 
surface treatment of the instruments, heat treatment, the type 
of kinematics (continuous rotation, reciprocation, and adaptive 
motion), the number of contact points with the canal walls, and 
the type of the alloys used for the instruments (conventional, 
R-phase, M-Wire, CM-wire, MaxWire, and GOLD Wire).30,31 
The most common way to increase file flexibility is to decrease 
the metal mass of the file by increasing the number of flutes per 
unit length; increasing the depth of the flutes; and decreasing 
the helix angle, the taper, size, and/or core diameter of the file. 
Thus an increased taper results in the increased cross-sectional 
area and decreased flexibility.32 The tip design may also affect the 
incidence of ledge formation. Instruments with pyramidal tips 
were reported to form ledges.33 Flexible files (nickel-titanium) 
with noncutting tips reduce the chances for ledge formation. 
Failing to use the instruments in sequential order may also lead 
to ledge formation. 

Technical Procedures
Determination of working length in the cleaning and shaping 
process is a continuation of the access preparation. Optimum 
straight-line access to the apical third is not achieved until 
cleaning and shaping have been completed. An accurate work-
ing length measurement is a requirement because cleaning and 
shaping short of the ideal length is a prelude to ledge forma-
tion. Frequent recapitulation and irrigation, along with the use 
of lubricants, are mandatory. Sodium hypochlorite may be used 
initially for hemorrhage control and removal of debris. How-
ever, this agent alone may not be adequate to provide maximum 
lubrication.

Silicone, glycerine, and wax-based lubricants are commercially 
available for canal lubrication. Because these materials are viscous, 
they are carried into the apical regions of the canal with the file. 
Enhanced lubrication permits easier file insertion, reduces stress to 
the file, and assists with removal of debris. The lubricant is easily 
removed with sodium hypochlorite irrigation. Overusing ethyl-
enediaminetetraacetic acid (EDTA)-based lubricants can increase 
the risk of ledge formation.

Passive step-back and balanced force techniques are two 
beneficial methods of canal preparation that reduce the chances 
of ledge formation. Each file is used in sequence with circum-
ferential filing to remove any irregularities before a larger diam-
eter file is placed. The effective use of circumferential filing 
ensures smoothness of the canal walls and flaring toward the 
apical end of the canal, which will help to prevent the forma-
tion of ledges.

Canals with a severe coronal curvature require a passive step-
back cleaning and shaping technique (see Chapter 14). A No. 15 
file is used at working length. With maximum irrigation or lubri-
cation, the canal is passively and progressively flared in a step-back 
fashion. The No. 15 file is recapitulated many times to maintain 
patency. This preflaring technique reduces the coronal curvature 
and enlarges the canal. Better control of the files is gained for 
enlarging and cleaning the apical third of the canal as the last step 
(see section on Apical Clearing in Chapter 14). Using this tech-
nique, the chances of ledge formation are reduced. Rotary files 
with increased taper will blend and join the shape into a tapering 
funnel. 
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Management of a Ledge
Once created, a ledge is difficult to correct. If possible, both the 
original canal and the ledge must be located under the micro-
scope and with the help of CBCT imaging. If the ledge is not 
clearly located, the canal should be enlarged to the ledge in an 
anticurvature direction with a No. 3 Gates-Glidden (GG) bur in 
a brushing motion as a ledge often forms in a straight line. Then 
the attempt should be made to bypass the ledge and instrument 
the canal using one of the following techniques: “Hand instru-
ments,” “Ultrasonic tips,” “Rotary instruments,” and “Surgical 
approach.”

Hand Instruments
A small K file such as a No. 10 K file is the key instrument used in 
bypassing a ledged canal. The file tip (2 to 3 mm) is sharply bent 
and worked in the canal in the direction of the canal curvature. 
A “pecking” motion is used to attempt to feel the catch of the 
original canal space, which is slightly short of the apical extent of 
the ledge. A microfile designed to be used under the microscope 

such as the micro-Opener with #10/.06 taper (Dentsply Sirona, 
Switzerland) and the microexplorer (Dental Engineering labora-
tories, Seattle, WA) is best to place in the original canal when the 
original canal is visible under the microscope. Once the file has 
been placed in the original canal, a short up-and-down movement 
is repeated to enlarge the entrance to the original canal (see Fig. 
18.11). Then a larger file is subsequently placed in the canal until 
the ledge is reduced to allow any file to be smoothly inserted to 
working length. 

Ultrasonic Tips
The small diameter ultrasonic tips will help improve visibility with 
the added benefit of reducing the need for sacrificing sound den-
tin in bypassing or removing the ledge. The use of longer ultra-
sonic tips may also facilitate bypassing or reducing the ledge in 
the apical third under the microscope. First, the entrance to the 
original canal is located under the microscope. Then the ultrasonic 
tip to be used should be sharpened with a metal polishing bur and 
precurved to the original canal. The precurved ultrasonic tip is 

A B

C D E

• Fig. 18.11 (A) Preoperative radiograph shows the maxillary left lateral incisor is underfilled and the pres-
ence of the canal apical to the end of the root filling is present. (B) Sagittal view of cone beam computed 
tomography (CBCT) imaging shows the presence of the ledge formation in relation to the apical one third of 
the canal with a small sized lesion. (C) Ledge was bypassed, and the apical patency was established. (D) 
Mineral trioxide aggregate (MTA) was obturated into the canal. (E) Three-month postoperative radiograph 
showing apical healing.
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placed is in the original canal and activated to enlarge the entrance 
to it. Once the entrance to the original pathway has been enlarged 
for file insertion, negotiating files should be placed into the canal 
to establish patency and to smooth out the irregularities on the 
canal walls that may have been created with ultrasonics. Root 
canal preparation with nickle-titanium (NiTi) rotary or hand files 
will be followed (see Fig. 18.11). 

Rotary Instruments
If a rotary file is used to bypass a ledge, it should be a less tapered 
instrument such as a #13 PathFile with .02 taper (Dentsply 
Sirona, Switzerland) or a Race International Organization for 
Standardization (ISO) 10 with .02 taper (FKG, Switzerland). 
First the apical portion, “the apical 2 to 3 mm,” of the .02 taper 
rotary file is precurved to 30 to 45 degrees and is rotated at 100 
rpm or slower, brought into the canal, and moved apically. If a 
ledge or sharp apical curvature is encountered, the instrument is 
withdrawn about 1 mm and immediately reinserted. This allows 
the precurved tip to move to a different orientation in the canal 
when reinserted. This may require several withdrawals and rein-
sertions as the clinician cannot anticipate when to get into the 
original pathway before fully negotiating the canal. This proce-
dure is followed in sequence by a larger diameter file to prelimi-
narily enlarge the original pathway and reduce the ledge until the 
root canal preparation with conventional NiTi rotary instruments 
becomes possible. 

Surgical Approach
If a ledge cannot be bypassed with any of the techniques described 
previously and the periapical lesion persists, then the treatment 
options are limited to surgical intervention such as periapical 
surgery and intentional replantation with retrograde endodontic 
treatment. 

Prognosis
Ledge formation does not immediately result in surgery or loss of 
the tooth. The presence of ledges may affect the prognosis depend-
ing on whether the canal apical to the ledge can be adequately 
cleaned or not. In general, short and cleaned apical ledges have 
good prognoses. Teeth with vital pulp tissue apical to a ledge, in 
general, have a better prognosis than teeth with necrotic infected 
tissues apical to a ledge that has not been previously cleaned before 
the formation of the ledge. The patient must be informed of the 
prognosis, the importance of the recall examination, and what 
signs indicate failure. Future appearance of clinical symptoms or 
radiographic evidence of failure may require referral for apical sur-
gery or retreatment. 

Creating an Artificial Canal
Cause and Prevention
Deviation from the original pathway of the root canal system 
and creation of an artificial canal cause an exaggerated ledge; it 
is initiated by the factors that cause ledge formation and trans-
portation. Therefore the recommendations for preventing ledge 
formation should be followed to avoid creating artificial canals. 
The unfortunate sequence is as follows: A ledge is created and the 
proper working length is lost. The operator, eager to regain that 
length, “bores” apically with each file, thus creating an artificial 
canal. Used persistently, the file eventually perforates the root 
surface. Aggressive use of stainless-steel files is the most com-
mon cause of this problem. Creation of an artificial canal can 

be prevented by taking an intraoperative radiograph with the 
negotiating file placed in the canal as soon as the working length 
is lost, negotiating the canal under the microscope to locate the 
original pathway, and using a precurved small file oriented to the 
original pathway. 

Management
Negotiating the original canal with the exaggerated ledge is 
usually very difficult. However, if the original pathway can be 
located in the CBCT images and under the microscope, negoti-
ating the original canal should not be as difficult. If a perforation 
exists in the artificial canal, it needs to be evaluated to manage 
the artificial canal. If the size of perforation at the apical extent 
of the artificial canal is larger than 0.5 mm in diameter, it should 
be sealed with MTA before negotiating the original canal (Fig. 
18.12). This allows for easier negotiation of the main canal. The 
prognosis of the tooth with perforation depends on débridement 
and sealing ability of both the perforated artificial canal and the 
original canal.27,34 For the canal with a perforation sized smaller 
than 0.5 mm in diameter, both canals should be cleaned, shaped, 
and obturated with MTA at the same time. If nonsurgical man-
agement of the perforation repair is difficult, surgical interven-
tion should be considered (see the section Root Perforations in 
this chapter).

To obturate the canal without perforation, the original canal 
should be located, negotiated, cleaned, and shaped along with the 
artificial canal. 

Prognosis
Prognosis depends on the ability of the operator to renegotiate 
the original canal and the remaining uninstrumented and unfilled 
portion of the main canal. Unless a perforation exists, teeth in 
which the original canal can be renegotiated and obturated have 
a prognosis similar to those without procedural complications. 
In contrast, when a large portion of the main canal is uninstru-
mented and unobturated, a poorer prognosis exists, and the tooth 
must be examined periodically. Perforations at the crestal bone 
level have the worst prognosis as a result of damage to the peri-
odontal attachment and pocket formation. Failure usually means 
surgery will be required to resect the uninstrumented and unob-
turated root. 

Root Perforations
Roots may be perforated at different levels during cleaning and 
shaping. Location (apical, middle, or cervical) of the perforation 
and the stage of treatment affect prognosis.27 The periodontal 
response to the injury is affected by the level and size of the perfo-
ration. Also, perforations at the early stages of cleaning and shap-
ing affect prognosis significantly.

Apical Perforations
Apical perforations occur through the apical foramen (overin-
strumentation or transportation at the level of apical foramen) or 
through the body of the root (perforated new canal).

Etiology and Indicators
Instrumentation of the canal beyond the apical constriction 
results in perforation. Incorrect working length or inability to 
maintain proper working length causes “zipping”4 or “blowing 
out” of the apical foramen. The appearance of fresh hemorrhage 
in the canal or on instruments, pain during canal preparation 
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in a previously asymptomatic tooth, and sudden loss of the api-
cal stop are indicators of perforation through apical foramen. 
Extension of the largest (final) file beyond the radiographic apex 
is also a sign. An electronic apex locator may also confirm this 
procedural accident. 

Prevention
To prevent apical perforation, proper working lengths must be 
established and maintained throughout the procedure. In curved 
canals, the flexibility of files with respect to size and taper must be 
considered. Cleaning and shaping procedures straighten the canal 

A

B C D

E F

• Fig. 18.12 (A) Preoperative radiograph showing periapical and furcal lesions. (B) Axial view of cone beam 
computed tomography (CBCT) imaging shows a large furcal perforation in the MB canal causing furcal 
lesions. (C) Sagittal view of CBCT imaging shows the MB canal perforated on the distal wall into the fur-
cation and periapical lesions associated with both the mesial and the distal roots. (D) Perforation on the 
distal wall in the MB canal (arrow pointing). (E) Three-month postoperative radiograph after obturation 
showing reduced size periapical and furcal lesions. (F) Six-month postoperative radiograph showing furcal 
and periapical healing.
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somewhat and effectively decrease the working length by as much 
as 1 to 2 mm, thereby requiring compensation. To prevent apical 
perforation, the working length should be verified with an apex 
locator before and after completion of cleaning and shaping steps. 
Using an electrical motor for rotary files with a built-in apex loca-
tor is another option. 

Treatment
Treatment includes establishing a new working length, creating 
an apical seat (taper), and obturating the canal to its new length. 
Depending on the size and location of the apical foramen, a new 
working length 1 to 2 mm short of the point of perforation should 
be established. The canal is then cleaned, shaped, and obturated 
to the new working length. The master cone must have a positive 
apical stop at the working length before obturation. Placement 
of MTA as an apical barrier can prevent extrusion of obturation 
materials.

MTA can also be used for filling the canal and repairing the 
perforation at the same time. The apical diameter is measured 
with a series of K files. Then a NiTi rotary file that is one or two 
sizes smaller than the apical diameter is selected. The selected NiTi 
rotary file is connected to an apex locator, followed by MTA com-
paction into the canal as well as the perforation site using the file 
manually. The working length should be reached once or twice 
with the NiTi rotary file rotating counterclockwise manually to 
further condense MTA into the canal space. 

Prognosis
The prognosis depends primarily on the size, shape, and location 
of the defect as well as the material used for perforation repair.20 
An open apex or reverse funnel should be sealed with MTA as it 
provides adequate seal even when the material is extruded beyond 
the apical foramen. Although MTA is bioactive19 and sets in the 
presence of blood and moisture,35 it is recommended to prevent 
the extrusion of MTA36 and any types of root canal filling mate-
rial. The surgical accessibility of perforations also are important 
variables for long-term success. Repair of apical perforations in 
anterior teeth is easier and more practical than in posterior teeth. 

Lateral (Midroot) Perforations
Etiology and Treatment
Lateral (midroot) perforations happen as a result of continued 
efforts in reaching the working length in an artificial canal that 
is not diagnosed by the clinician. The reader is referred to the 
topic of “Creating an Artificial Canal” to find information about 
causes, prevention, and treatment of the lateral (midroot) perfo-
rations (Video 18.2). 

Prognosis
The prognosis of teeth with midroot perforations depends on the 
effectiveness of débridement of the canal, control of hemorrhage, 
and the ability to obturate the canal apical to the perforation. 
MTA is the material of choice not only for perforation repair. It 
can also be used as the obturation material when there is a midroot 
perforation. Teeth with perforations close to the apex after com-
plete or partial débridement of the canal have a better prognosis 
than those with perforations that occur earlier. In general, small 
perforations are easier to seal than large ones.

On recall, both radiographic and periodontal examinations for 
signs and symptoms are performed. Failure generally requires sur-
gery or other approaches. These approaches depend on the sever-
ity of perforation, the strategic importance of the tooth, and the 

location and accessibility of the perforation. Corrective techniques 
include repair of the perforation site, root resection to the level of 
the perforation, root amputation, hemisection, replantation, and 
extraction. 

Coronal Root Perforations
Etiology and Indicators
Coronal root perforations can occur by over-enlarging canals in 
the cervical portion of a canal by files, GG drills, Orifice open-
ers, or Peeso reamers. Using the methods described earlier in this 
chapter can minimize perforations during access preparation. 
Removal of restorations when possible, use of fiberoptic lights for 
illumination, magnification, CBCT imaging, straight-line access 
to the orifice of the canals, and cautious exploration for the canal 
orifice can prevent most problems during access preparation. 
Careful flaring (step-back) and conservative use of flaring instru-
ments are required during cleaning and shaping procedures. 

Treatment and Prognosis
Preventing the communication between the perforation site 
and the gingival sulcus is very critical in prognosis of teeth 
with coronal root perforations. Repair of a strip perforation in 
the coronal third of the root, especially when the perforation 
is coronal to the crestal bone, has the worst prognosis because 
of quick periodontal attachment loss. The canal apical to the 
perforation should be filled with MTA first and subsequently 
the defect should be repaired with the same material for the 
optimal seal and healing. 

Instrument Separation
Etiology
Although an instrument separation does not always reduce the 
prognosis, it might affect the outcome of endodontic treatment. 
Studies showed that instrument separation negatively affects the 
outcome of endodontic treatments only in cases where micro-
bial control is compromised or periapical lesions preexist37(Fig. 
18.13). Instrument separation in endodontics occurs mainly as 
a result of the metal fatigue (cyclic fatigue and torsional fatigue), 
manufacturing defects, corrosion of the instrument in the pres-
ence of NaOCl,38,39 or a combination of these factors. Despite the 
high flexibility, NiTi instruments in general are more susceptible 
to fracture at a lower force than stainless steel instruments.40 Other 
factors associated with instrument separation are as follows: opera-
tor experience,41,42 rotational speed,43 canal curvature (radius),44 
instrument design and technique,45 torque setting,46 manufactur-
ing process,47 the type of NiTi alloys used,48 the type of rotational 
motion (continuous rotations or reciprocating motions),49 the 
type of tooth,50,51 and absence of glide path.52 

Recognition
A shortened file with a blunt tip and subsequent loss of patency 
to the original length are the main clues for the presence of a 
separated instrument. A radiograph is essential for confirma-
tion. It is imperative that the patient be informed of the accident 
and its effect on prognosis.1 As with other procedural accidents, 
detailed documentation is also necessary for medical-legal 
considerations. 

Prevention
Recognition of the physical properties and stress limitations 
of files is critical. Continual lubrication with either irrigating 
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• Fig. 18.13 (A) Preoperative radiograph showing a fractured instrument in the apical one third of the 
mesiobuccal canal with large periapical lesions associated with the mesial and distal roots. (B) Preopera-
tive coronal view of cone beam computed tomography (CBCT) imaging showing the fractured instrument 
in the MB canal with a large periapical lesion. (C) Magnified view showing the fractured instrument in 
the MB canal (arrow). (D) Retrieved instrument measuring 2.5 mm. (E) Postoperative radiograph mineral 
trioxide aggregate (MTA) filling in mesial canals, gutta-percha obturation in distal canals. (F) Six-month 
postoperative sagittal view of CBCT imaging showing healing of the periapical lesion. (G) Twelve-month 
postoperative radiograph showing periapical healed.
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solution or lubricants is required. Each instrument is examined 
before use. If an unwound or twisted file is rotated and viewed, 
reflections from the chairside light will magnify fluting distor-
tions. Rotation of a file with a large diameter in a curved canal 
increases cyclic fatigue compared with a file with a smaller diam-
eter. To reduce cyclic fatigue of an instrument in a curved canal, 
a file with a smaller diameter should be used with reduced rota-
tional speed. In the meantime, rotating a small diameter file in 
a tight canal makes it more susceptible to fracture because of 
torsional fatigue. To reduce torsional fatigue of an instrument, 
the rotational speed should be increased, and the file should be 
used with light apical pressure.

The fatigue life of NiTi instruments is longer in liquid media 
than in air, which indicates the effect of temperature and environ-
ment on the risk of instrument separation.53 An aqueous medium 
may be able to serve as an effective heat sink to reduce the risk of 
instrument separation.

The use of reciprocal motions is reported to extend the lifespan 
of an instrument54 and increase cyclic fatigue resistance compared 
with continuous rotation.49 It is important to establish a glide path 
with hand files before rotary files are introduced into the canal. 

Treatment
Nonsurgical management of fractured instruments can be cat-
egorized into mechanical and chemical methods. The chemical 
method includes the use of chemical solvents for instrument cor-
rosion and electrochemical process for instrument dissolution, 
which may be time-consuming because the chemical solvents 
can only contact the exposed surface of the fractured instrument 
in the canal to corrode the whole instrument. Therefore the 
mechanical method for instrument retrieval is solely discussed 
in this chapter.

There are three approaches to managing an intracanal fractured 
instrument: (1) attempt to remove the instrument nonsurgically 
or surgically, (2) attempt to bypass it, or (3) prepare and obtu-
rate the canal with the fractured instrument. Using a small file 
and following the guidelines described for negotiating a ledge, the 
operator should attempt to bypass the separated instrument. After 
bypassing the separated instrument, ultrasonic files55 or Hedstrom 
files are used to remove the segment (Video 18.3). If removal of 
the separated piece is unsuccessful, the canal is cleaned, shaped, 
and obturated to its new working length.

First, a diagnosis and a treatment plan for instrument retrieval 
should be made by using periapical radiography and CBCT imag-
ing. With CBCT imaging, accurate procedural information about 
the removal of the separated instrument such as the length of the 
separated instrument, the degrees of the curve, the thickness of 
the canal walls, the presence of perforation, and the presence of 
preoperative lesions, can be obtained.

The great majority of NiTi rotary instruments fracture in 
the apical third of the canals.56 When a fractured instrument is 
beyond the curve and extruded mostly beyond the apical fora-
men, a surgical approach should be considered. A nonsurgical 
approach should be performed if the amount of dentin removal is 
minimal and reasonable and does not impose the risk of ledging 
or perforations.

Predictable instrument retrieval requires precise preparations. 
First, the canal needs to be enlarged to the level of fractured 
instrument with a #3 GG bur without the pilot tip (#3 modi-
fied GG bur). Then the microtrephine bur (Dental Engineering 
laboratories, Santa Barbara, CA) is inserted into the canal and 
rotated counterclockwise at 600 rpm to both loosen the fractured 

instrument and expose the coronal 1 mm portion of the separated 
instrument. If the separated instrument is around the curve or 
beyond the curve, a large diameter NiTi rotary file approximately 
three sizes larger than the estimated diameter of the separated 
instrument should be used instead of the GG bur without using 
the microtrephine bur to prevent ledge formation. Then a sharp 
ultrasonic tip, such as the Terauchi File Retrieval Kit (TFRK)-
12/6 and the TFRK-S (Dental Engineering Laboratories, Santa 
Barbara, CA), is used to create a thin space in the gap between the 
fractured instrument and the inner wall or the surrounding wall 
in the straight portion of the canal where the dentin wall thick-
ness is the largest. When the fractured instrument is ultrasonically 
oscillated from the inner wall of a curved canal, it will be shifted 
coronally, whereas ultrasonic oscillation from the outer wall will 
result in pushing it more apically. The ultrasonic tip used in prep-
aration must be small enough to not only slip into the gap on 
the inner wall, but also allow for proper visualization in the canal 
under the microscope. The ultrasonic tip should be activated 
intermittently (on and off) at the lowest power setting that allows 
minimal dentin removal to both prevent the temperature rise57,58 
and breakage of the fractured instrument or the ultrasonic tip. 
The thin space to be created on the inner wall with ultrasonics 
should be at least longer than one third of the fractured instru-
ment and more than 180 degrees semicircular around it on the 
inner wall to loosen the fractured instrument. The preparation for 
instrument retrieval should continue by deepening the space or 
extending the semicircular space until the fractured instrument 
is seen moving or “dancing.” A longer NiTi fractured instrument 
tends to be flexing with ultrasonics, which is often misinterpreted 
as moving or “dancing” under the microscope. After the separated 
file is loosened, the retrieval process should be attempted. During 
retrieval by ultrasonics the root canal space should be filled with 
EDTA. When the sharp ultrasonic tip is placed in the space cre-
ated on the inner wall and activated continuously in an up-and-
down motion within the space, the fractured instrument should 
come out within 10 seconds. The space between the fractured 
instrument and the canal wall must be wider than the diameter 
of the fractured instrument to allow it to flow out of the canal. If 
the loop device is used to retrieve the fractured instrument, the 
minimum space required for the placement of the loop is 0.4 mm 
wide and 0.5 mm long on the side of the coronal portion of the 
fractured instrument. A #40 plugger should be introduced into 
the space to see if the space is wide enough to place the loop. The 
loop size must be adjusted to the size of the fractured instrument 
with a DG-16 endodontic explorer. The loop should be bent 
to 45 degrees to facilitate the placement of the loop. Then the 
loop is placed over the fractured instrument, tightened around 
it with minimum force, and gently pulled out of the canal as the 
fractured instrument is already dislodged from the canal walls. 
If the resistance is felt from pulling the fractured instrument up 
with the loop, gently swing the loop in several lateral and coronal 
directions (Fig. 18.14).

If the instrument is separated in an apical curved portion of the 
canal beyond the straight section of the canal, the use of a stag-
ing platform should not be attempted as ledging, perforation, or 
excessive loss of dentin may result.59

If the instrument cannot be bypassed or removed, preparation 
and obturation should be performed to the coronal level of the 
fragment.

For most cases involving fractured instruments, the patient 
should be referred to an endodontist for management (Video 
18.4). 
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Prognosis
The prognosis is best when separation of a large instrument 
occurs in the later stages of preparation close to the working 
length. Prognosis is worse for teeth with undébrided canals in 
which a small instrument is separated short of the apex early 
in preparation. For medical-legal reasons, the patient must be 
informed (with documentation in the record) of an instrument 
separation. Despite the concern of both the patient and the den-
tist, clinical reports indicate that the prognosis in most proce-
dures involving fractured instruments is favorable.60 The most 
important prognostic factor for teeth with retained fractured 
instruments is the presence of periapical lesion. The prognosis of 
endodontically treated teeth with retained instruments remains 
unchanged.37,60

If the tooth remains symptomatic or there is a subsequent 
failure, the tooth can be treated surgically. Accessible roots are 
resected with placement of a root-end filling material. Accessi-
bility of the root apex for surgical intervention is critical to the 
outcome. 

Role of 3D Imaging in Prevention
CBCT provides the clinician with a three-dimensional view of the 
internal anatomy, which helps the clinician to prevent most of the 
procedural accidents. For instance, if CBCT imaging shows an 
abrupt apical curvature and an apical foramen on the distal side 
of the mesial root of a mandibular molar, ledge formation, perfo-
ration, and instrument fracture can be prevented during instru-
mentation directed to the apex of the root. Axial slices typically 
show the number of canals and the thickness of the canal wall in 
relation to the long axis of the root to prevent perforation during 
the access preparation and instrumentation. Sagittal and coronal 
slices reveal canal curvature in relation to the coronal access to the 
root canal and the long axis of the root to prevent formation of 
ledges and instrument fracture. CBCT images reveal periapical 
lesions better than periapical radiographs, which gives the clini-
cian a better understanding of the prognosis if a procedural acci-
dent happens.61 On the other hand, studies showed that CBCT 
imaging has no advantage over periapical radiographs in detecting 
the fractured instruments in root-filled teeth.62

A B C

D E F

• Fig. 18.14 (A) Preoperative radiograph showing a fractured file in the root canal with the apical portion 
extruded into the maxillary sinus. (B) Preoperative coronal view of cone beam computed tomography 
(CBCT) image showing the position of the fractured file. (C) Retrieved fractured file measuring 6 mm. (D) 
Radiograph taken immediately after the retrieval. (E) Microscopic image showing mineral trioxide aggre-
gate (MTA) obturation. (F) Postoperative radiograph showing MTA obturation well adapted to the root 
canal.
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 Accidents During Obturation
Appropriate cleaning and shaping are the keys to preventing 
obturation problems because these accidents usually result from 
improper canal preparation. In general, adequately prepared canals 
are obturated without mishap. However, problems do occur. The 
quality of obturation reflects the quality of canal preparation.

Underfilling
Etiology
Some causes of underfilling include a natural barrier in the canal, 
a ledge created during preparation, insufficient flaring, a poorly 
adapted master cone, and inadequate condensation pressure. 
Bypassing (if possible) any natural or artificial barrier to create a 
smooth funnel is one key to avoiding an underfill. The advent of 
NiTi rotary files of increased taper has greatly improved the pre-
dictability of proper funnel and taper. 

Treatment and Prognosis
Removal of underfilled gutta-percha and retreatment is preferred. 
The focus of the retreatment should be on the cause of under-
filling. In other words, the clinician should first determine what 
caused the underfill and then address this issue during retreat-
ment. Forcing gutta-percha apically by increased spreader or 
plugger pressure is not a solution and can fracture the root. If 
lateral condensation is the method of obturation, the master cone 
should be marked to indicate the working length. If displacement 
of the master cone during condensation is suspected, a radio-
graph is made before excess gutta-percha is removed. Removal can 
then be accomplished by pulling the cones in the reverse order 
of placement. Removal of gutta-percha in canals obturated with 

lateral condensation is easier than removal with other obturation 
techniques. 

Overfilling
Extruded obturation material causes tissue damage and inflam-
mation. Postoperative discomfort (mastication sensitivity) usually 
lasts for a few days or weeks.

Etiology
Overfilling is usually the consequence of overinstrumentation 
through the apical constriction or lack of proper taper in prepared 
canals. When the apex is open naturally by apical resorption or 
its constriction is removed during cleaning and shaping, there is 
no matrix against which to condense; uncontrolled condensation 
forces extrusion of materials (Fig. 18.15). Other causes include 
inflammatory resorption and incomplete development of the root. 

Prevention
To avoid overfilling, guidelines for preventing apical foramen per-
foration should be followed. Tapered preparation with an apical 
“matrix” usually prevents overfill. The largest file and master cone 
at working length should have a positive stop. If overfilling is sus-
pected, a radiograph should be made before excess gutta-percha 
is removed. As with underfilling, the gutta-percha mass may be 
removed if the sealer has not set. 

Treatment and Prognosis
When signs or symptoms of endodontic failure appear, apical sur-
gery may be required to remove the material from apical tissues 
and place root-end filling material. Long-term prognosis is dic-
tated by the quality of the apical seal, the amount and biocompat-
ibility of extruded material, host response, and toxicity and sealing 
ability of the root-end filling material. 

Vertical Root Fracture
Complete vertical root fracture causes untreatable failure. Aspects 
of vertical root fracture are described in more detail in Chapter 4.

Etiology
Causative factors include root canal treatment procedures and 
associated factors such as post placement. A main cause of vertical 
root fracture is post cementation. The secondary cause is overzeal-
ous application of condensation forces to obturate an underpre-
pared or overprepared canal.63 A study showed that vertical root 
fracture is associated with two canals in a root, presence of isth-
mus between the canals in a root, and condensation forces during 
obturation.64 

Prevention
As related to root canal treatment procedures, the best means of 
preventing vertical root fractures are appropriate canal preparation 
and use of balanced pressure during obturation. A major reason for 
flaring canals is to provide space for condensation instruments. Fin-
ger spreaders produce less stress and distortion of the root than their 
hand counterparts.65 Furthermore, NiTi finger spreaders produce 
less stress during compaction than stainless-steel finger spreaders.66 

Indicators
Long-standing vertical root fractures are often associated with 
a narrow and deep periodontal pocket with or without a sinus 

 1.  What type of canal is prone to ledge formation during instrumentation?
 a.  Short and curved canal
 b.  Short canal with small diameter
 c.  Long canal with small diameter and curvature
 d.  Long canal with large diameter and curvature
 2.  What kind of instrument is less likely to ledge the canal?
 a.  Large diameter instrument with an increased taper
 b.  Small diameter instrument with minimal taper
 c.  NiTi instrument with a cutting tip
 d.  Stainless steel instrument with a noncutting tip
 3.  Which side of the canal should a thin space be created with ultrasonics 

in preparation for instrument retrieval?
 a.  Outer wall
 b.  Inner wall
 c.  Thickest wall
 d.  Thinnest wall
 4.  What is the objective of the root canal preparation for instrument 

retrieval?
 a.  To visualize the fractured instrument
 b.  To loosen the fractured instrument
 c.  To expose the coronal portion of the fractured instrument
 d.  To create a semicircular space in the space on the inner wall
 5.  What does the axial view of CBCT image show to prevent perforation 

during the access cavity preparation and instrumentation?
 a.  The number of canals and the thickness of the canal wall
 b.  Canal curvature and the long axis of the root
 c.  The presence of periapical lesions
 d.  The presence of a ledge

Study Questions
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tract stoma, as well as a lateral or a J-shaped radiolucency (Fig. 
18.16) extending to the apical portion of the vertical fracture.67 
To confirm the diagnosis, a vertical fracture must be visual-
ized. Exploratory surgery or removal of the restoration is usu-
ally necessary to visualize this mishap. More recently, CBCT 
has been used to confirm or rule out vertical root fractures. 
However, scatter from posts or root canal filling materials may 
make interpretation of vertical root fractures difficult in CBCT 
images.68 

Prognosis and Treatment
Complete vertical root fracture predicts an unfavorable prognosis. 
Treatment is removal of the involved root in multirooted teeth or 
extraction of single-rooted teeth. 

Accidents During Post Space Preparation
To prevent root perforation, gutta-percha may be removed to the 
desired level with heated pluggers or electronic heating devices, 
such as the “Touch N Heat” or System B (SybronEndo, Orange, 
CA). This “pilot” post space provides a path of least resistance for 
the post drills. Attempting to remove gutta-percha with a drill 
can only result in perforation. When a canal is prepared to receive 
a post, drills should be used sequentially, starting with a size that 
fits passively to the desired level. Miscalculation and incorrect 
preparation may result in perforation at any level. Knowledge of 
root anatomy is necessary for determining the size and depth of 
posts.

Indicators
Appearance of fresh blood during post space preparation is an 
indication for the presence of a root perforation. The presence of a 
sinus tract stoma or probing defects extending to the base of a post 
is often a sign of root fracture or perforation. Radiographs often 
show a lateral radiolucency along the root or perforation site. 

Treatment and Prognosis
As outlined earlier, the prognosis of teeth with root perforation 
during post space preparation depends on the root size, location 
relative to epithelial attachment, and accessibility for repair. Man-
agement of the post perforation generally is surgical if the post 
cannot be removed. If the post can be removed, nonsurgical repair 
is preferred (Fig. 18.17). Ideally, repair of the perforation should 
be done immediately after the perforation is diagnosed (Fig. 
18.18). Teeth with small root perforations that are in the apical 
region and are accessible for surgical repair have a better prognosis 

A B

• Fig. 18.15 (A) Lack of proper length measurements can result in overfilling with root canal sealer or (B) 
sealer and gutta-percha.

• Fig. 18.16 A “tear-drop” lateral radiolucency and a narrow probing defect 
extend to the apex of a tooth with vertical fracture.
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than those that have large perforations, are close to the gingival 
sulcus, or are inaccessible. Because of the complexity of diagnosis, 
surgical techniques, and follow-up evaluation, patients with post 
perforations should be referred to an endodontist for evaluation 
and treatment. 

Other Accidents
Aspiration or Ingestion
Aspiration or ingestion of instruments is a serious event but is 
easily avoided with proper precautions. Use of the rubber dam is 
the standard of care to prevent such ingestion or aspiration and 
subsequent lawsuits.

The disappearance of an instrument that has slipped from the 
dentist’s fingers followed by violent coughing or gagging by the 
patient and radiographic confirmation of a file in the alimentary 
tract or airway are the chief signs. These patients require imme-
diate referral to a medical service for appropriate diagnosis and 
treatment. According to a survey by Grossman, 87% of these 
instruments are swallowed and the rest are aspirated.69 Surgical 
removal is required for some swallowed (Fig. 18.19) and nearly all 
aspirated instruments. 

Extrusion of Irrigant
Wedging of a needle in the canal (or particularly out of a perfora-
tion) with forceful expression of irrigant (usually sodium hypo-
chlorite) causes penetration of irrigants into the periradicular 
tissues and inflammation and discomfort for patients.70 Extrusion 
of NaOCl into the periapical tissues can cause a life-threatening 
emergency.71 This situation is called sodium hypochlorite accident. 
A survey of the Board-Certified Endodontists in the United States 
showed that about one third of the endodontists have experienced 
an NaOCl accident.72 NaOCl accidents happened more com-
monly in maxillary posterior teeth diagnosed with pulp necrosis 
and periapical lesion.72 Loose placement of irrigation needles and 
careful irrigation with light pressure and use of a side-perforated 
needle precludes forcing the irrigating solution into the perira-
dicular tissues. In addition, it is recommended to place a rubber 
stop on the irrigation needle, shorter than working length, to stay 
away from apical foramen during irrigation. Up-down movement 
of the needle during irrigation also helps to prevent locking needle 
inside the canal. Sudden prolonged and sharp pain during irriga-
tion followed by rapid diffuse swelling (the “sodium hypochlo-
rite accident”) usually indicates penetration of solution into the 
periradicular tissues. The acute episode will subside spontaneously 
with time (Fig. 18.20). In teeth with open apices, the use of less 
concentrated irrigants, or saline, will prevent the possibility of irri-
gation accidents.

Initially, there is no reason to prescribe antibiotics. If there is a 
visible swelling an incision and drainage is recommended to reduce 
the pressure.70 Treatment is palliative. Analgesics and steroids are 
prescribed, and the patient is reassured. Because the outcome is so 
dramatic, evaluation is performed frequently to follow progress. 

Accidental Injections
In dentistry, local anesthesia, saline, sodium hypochlorite, chlo-
roform, hydrogen peroxide, formalin, and alcohol are frequently 
used. They are all clear, transparent solutions and each has specific 
indications for use. Accidental injection occurs when a clear solu-
tion like sodium hypochlorite, chloroform, or formalin is loaded 
into an empty local anesthetic cartridge. A recent review study 
showed that the following solutions were injected inadvertently: 
sodium hypochlorite, formalin, formocresol, chlorhexidine, ben-
zalkonium chloride (zephiran), 1:1000 adrenaline, and lighter 
fuel.73 In all incidents, the patients felt immediate severe pain in 
the area of injection. Overall, long-term consequences were more 
devastating when the accidental injection was an inferior alveolar 
nerve block compared with local infiltrations.73

A

B

C

• Fig. 18.17 (A) Lateral root perforation is evident in a patient who has had 
a previous root canal therapy. (B) After removal of the post and cleaning 
the root canal, the apical portion of the root was filled with mineral trioxide 
aggregate (MTA). (C) Postoperative radiograph taken 9 years later shows 
absence of any periradicular pathosis.
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A B C

D FE

G

• Fig. 18.18 (A) Perforation during post space preparation in tooth #12. The periapical radiograph shows a 
missed MB canal. (B) After locating and preparing the MB canal. The image shows the orifice of MB below the 
level of furcation perforation. (C) Perforation repaired with mineral trioxide aggregate (MTA) and the pathway of 
MB was kept patent using a single cone of gutta-percha. (D) After MTA setting, the cone in MB was removed. 
(E) The retreatment continued in DB and P canals. The image shows pulp chamber floor built up with MTA. (F) 
Radiograph with master cones in all three canals. (G) Final radiograph showing adequate root canal treatment 
in all three canals, perforation in the pulp chamber floor repaired, and a post space prepared in the P canal.
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A N S W E R S

Answers Box 18
 1 c.  Long canal with small diameter and curvature
 2 b.  Small diameter instrument with minimal taper
 3 b.  Inner wall
 4 b.  To loosen the fractured instrument
 5 a.  The number of canals and the thickness of the canal wall
 6 d.  Perforation at the crestal bone level with pocket formation
 7 d.  All of the above
 8 a.  NaOCl injected as inferior alveolar block
 9 a.  Maxillary posterior teeth
 10 b.  Pulp necrosis with periapical lesion

• Fig. 18.19 A swallowed broach resulted in removal of a patient’s appen-
dix and a subsequent lawsuit against a dentist who did not use a rubber 
dam during root canal therapy. (Courtesy Dr. L. Thompsen.)

BA

• Fig. 18.20 (A) NaOCl was inadvertently expressed through an apical perforation in a maxillary cuspid 
 during irrigation. Hemorrhagic reaction was rapid and diffuse. (B) No treatment was necessary; the swell-
ing and hematoma disappeared within a few weeks. (Courtesy Dr. James Stick.)

 6.  Which perforation has the worst prognosis?
 a.  Perforation at the apical third
 b.  Perforation at the middle third
 c.  Perforation at the crestal bone level without pocket formation
 d.  Perforation at the crestal bone level with pocket formation
 7.  Which one is the main reason for overfilling?
 a.  Lack of apical stop caused by overinstrumentation
 b.  Apical resorption
 c.  Inadequate taper
 d.  All of the above
 8.  Which accidental injection can have the most devastating effects?
 a.  NaOCl injected as inferior alveolar block
 b.  NaOCl injected as infiltration in anterior maxilla
 c.  Normal saline injected as inferior alveolar block
 d.  Normal saline injected as buccal infiltration
 9.  In which of the following is the risk of NaOCl accident higher?
 a.  Maxillary posterior teeth
 b.  Maxillary anterior teeth
 c.  Mandibular posterior teeth
 d.  Mandibular anterior teeth
 10.  In what pulpal/periapical condition is the risk of NaOCl accident the 

highest?
 a.  Irreversible pulpitis with symptomatic apical periodontitis
 b.  Pulp necrosis with periapical lesion
 c.  Pulp necrosis with normal periapex
 d.  Irreversible pulpitis with normal periapex

Study Questions
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Nonsurgical Retreatment
YOSHITSUGU TERAUCHI, MASOUD PARIROKH, AND  
ROBERT HANDYSIDES

Introduction
When providing root canal treatment using today’s techniques the 
clinician expects excellent success rates. Modern methodologies and 
materials have demonstrated this in studies looking at maintaining 
tooth function and retention.1,2 Initial root canal therapy, however, 
does not always result in healing for a multitude of reasons. Failure 
to adequately disinfect the root canal system may result in nonheal-
ing. Bacteria may persist after initial treatment as a result of areas 
that were inaccessible to instrumentation and irrigation.3-6 Causes 
of treatment failure may include lack of tooth isolation; inadequate 
cleaning, shaping, and irrigation; and incomplete obturation (Fig. 
19.1). In addition to complex anatomic variations in the root canal 
anatomy, root canal obstructions, including calcifications, can also 
be a problem3-5 The reestablishment of root canal infection after 
initial treatment may also lead to progression of disease.7-9 This 
reintroduction of microorganisms is primarily caused by coronal 
microleakage and recurrent decay.3,4,9,10 Furthermore, initial treat-
ment may be compromised by long-term use of temporary materi-
als before placement of definitive restorations.12-14

Nonhealing after initial nonsurgical root canal therapy may 
also be related to procedural errors or the presence of biofilms.11 
Procedural errors include perforations, canal transportation, 

fractured instruments, and ledge formations, all of which can 
negatively affect the treatment outcome.3,6

It is also important to recognize that vertical root fractures (VRF) 
may sometimes appear as nonhealing lesions. These are longitudinal 
fractures that occur after root canal treatment and may be related 
to the weakening of roots from excessive dentin removal or simply 
from the stresses on teeth from normal function (Video 19.1).15-17 

Causes of Nonhealing of Initial Root Canal 
Treatment
A significant reduction or elimination of bacteria in the root canal 
system after initial endodontic treatment should reduce the pres-
ence of periapical periodontitis. The causes of the initial endodontic 
treatment failure can include inability of the procedure to eradicate 
bacteria, introduced intraradicular microorganism,18 extraradicular  
infection,19 foreign body reaction,20 accidental procedures,21 and 
nonendodontic related events such as VRF, traumatic injuries, and 
periodontal disease.22 Most studies on the unfavorable outcomes 
of endodontic treatment reported that microorganisms in the root 
canals or periradicular lesions play a major role in the persistence 
of apical periodontitis (Fig. 19.2).8,22-24 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Recognize causes of the initial root canal therapy failure that 
require nonsurgical endodontic retreatment.

 2.  Identify if an initial root canal therapy requires additional treat-
ment

 3.  Identify the treatment options available for teeth that need 
endodontic retreatment.

 4.  State the indications and contraindications for nonsurgical 
endodontic retreatment.

 5.  Describe how an accurate diagnosis should be made for non-
surgical endodontic retreatment.

 6.  Discuss the treatment plans for nonsurgical endodontic retreat-
ment.

 7.  Describe the risks and benefits of nonsurgical endodontic 
retreatment.

 8.  Describe techniques and materials used in nonsurgical end-
odontic retreatment.

 9.  Discuss restorative options and follow-up care.
 10.  Discuss the prognosis and outcomes for nonsurgical endodon-

tic retreatment.

C H A P T E R  O U T L I N E
Introduction, 405

Causes of Nonhealing of Initial Root Canal Treatment, 405

Diagnosis and Retreatment Options, 406

Risks and Benefits of Retreatment, 409

Prognosis, 422
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Diagnosis and Retreatment Options
Diagnosis of a tooth in need of endodontic retreatment should 
be based on clinical signs and symptoms, radiographic and, when 
necessary, tomographic interpretations.

Periapical radiographs should be taken in two different hori-
zontal angles to evaluate the quality of obturation, crestal bone 

level, presence of missed root canals, procedural errors, resorp-
tions, and lateral or periapical radiolucent lesions (Fig.19.3).

Introduction of cone beam computed tomography (CBCT) to 
endodontics has had a considerable and positive effect on the diag-
nosis and treatment planning. However, CBCT images reveal more 
periapical lesions compared with the two-dimensional conventional 
radiographic techniques.25,26 An investigation by Torabinejad et al. 

A B

• Fig. 19.1 (A) A patient has had sensitivity to palpation and percussion. Review of the periapical radio-
graph of the maxillary left first molar is showing the presence of apical pathosis. (B) Periapical radiograph 
of the mandibular left first molar is showing incomplete obturation and large periapical pathosis. The tooth 
restoration has been fractured and needs a full coverage restoration.

C D

E F G H

A B

• Fig. 19.2 (A) Preoperative radiograph of the maxillary right second premolar showing a large periapical lesion. 
(B) Sagittal view of CBCT imaging reveals an unfilled canal space apical to the root filling and the periapical 
lesion extending to the maxillary sinus cavity (arrow). (C) Coronal view of CBCT imaging reveals complete 
resorption of maxillary sinus floor on the root (arrow). (D) Postoperative radiograph showing root canal fill-
ings with MTA. (E) Three-month postoperative radiograph showing a reduced periapical lesion. (F) Six-month 
postoperative radiograph showing nice periapical healing. (G) Six-month postoperative sagittal view of CBCT 
imaging reveals both periapical healing and reformation of the maxillary sinus floor (arrow). (H) Six-month 
postoperative coronal view of CBCT imaging reveals complete reformation of the maxillary sinus floor (arrow).

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


407CHAPTER 19 Nonsurgical Retreatment

showed that 20% of the teeth with a history of root canal therapy 
that had no visible radiographic periapical lesions exhibited periapi-
cal radiolucencies >1 mm in size when evaluated by CBCT. They 
cautioned clinicians not to consider all these lesions as treatment fail-
ures because the radiolucency might be a previous lesion in its heal-
ing phase, persistent periapical disease, or even fibrous scar tissue.27 
They recommended further follow-up as well as a work-up of the 
case to determine the true nature of these radiolucencies (Fig. 19.4).

Both intraradicular and extraradicular infections might result 
in nonhealing of root canal treatment. If a periapical radiograph 
shows adequate root canal therapy, presence of extraradicular 
infection should also be considered as a reason for failure.28

The reason a tooth requires endodontic retreatment should 
always be confirmed. In addition to performing endodontic 
retreatment for the failed cases, in some instances, as a result of 
the fracture of the preexisting restoration, leakage, or unacceptable 
esthetics, endodontic retreatment should be performed for teeth 
with inadequate root canal therapy despite the absence of clinical 
signs or symptoms and radiographic pathosis (Fig. 19.5).

In some cases, dental practitioners might not have a simi-
lar treatment plan to manage a tooth with previously failed 
root canal therapy.29 Factors such as the practitioners’ personal 

experience, skill, available armamentarium, patients’ attitude, 
and demands for receiving endodontic retreatment might influ-
ence the treatment plan. Therefore a dentist would help patients 
participate in a shared decision-making process through full 
description of all the treatment options, their risks and benefits, 
as well as economic advantages and disadvantages. Patients usu-
ally attend a dental office when they are in pain and discom-
fort, need to repair a preexisting restoration, have fractured or 
traumatized teeth, or need treatment as a result of dental car-
ies. Occasionally, making decisions may be difficult because of 
conditions that could be genuinely complicated. It would be 
wise to precisely evaluate each case by clinical and radiographic 
examinations and, if necessary, refer the patient to a periodon-
tist or a prosthodontist to make sure that the tooth is restorable 
and maintainable after endodontic retreatment. It is critically 
important to describe all information in a simple language that 
is easily understood by the patients.30 Therefore patients’ age, 
first/second language, and educational background should be 
considered for better communication.31,32

The treatment options in endodontics, when previous root 
canal therapy is showing signs of failure or when the tooth needs a 
new permanent restoration, would include nonsurgical root canal 

A B

C D

• Fig. 19.3 Importance of taking preoperative periapical radiograph with different angles. (A) Mandibular left 
second molar shows broken instruments in one of the mesial root canals. (B) Different horizontal angle of 
the same tooth shows a possibility of root canal transportation as well as perforation in the same root. (C) 
Periapical radiography of the maxillary left first molar when taken from distal resulted in superimposition of 
the distobuccal root over the palatal root. (D) Taking the radiograph with a different horizontal angle shows 
broken instrument in the distobuccal root.
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=16.9 mm

=9.5 mm

A B C D

• Fig. 19.4 An example of working up a case that shows periapical lesion in CBCT image. (A) Presence of a large 
periapical lesion around the maxillary left lateral incisor. (B) Root canal treatment of the lateral incisor. (C) Periapical 
healing 2 years after the treatment. (D) Presence of a radiolucency around the maxillary lateral incisor in axial view of 
the tooth that was treated 2 years ago (white arrow). No treatment should be performed for this case because the 
patient is symptom free and the follow-up radiograph showed healing compared with the preoperative radiograph.

A B

C D

• Fig. 19.5 (A-D) Endodontic retreatment is needed as a result of unacceptable esthetic and fractured 
crown in maxillary right central incisors.
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retreatment, surgical retreatment, replantation, transplantation, 
and possible extraction followed by placement of an implant.33

Indications for Nonsurgical Endodontic 
Retreatment
Retreatment is considered the primary procedural option when 
the tooth exhibits inadequate initial root canal treatment, has 
palpation and percussion sensitivity, localized swelling, recurrent 
caries, leaky provisional restorations, and substandard or miss-
ing coronal restorations. Radiographic evaluation may show the 
presence of untreated canals, poor canal obturation with voids, 
separated instruments, recurrent caries not located during clinical 
examination, or defective restorations with open margins that can 
potentially contribute to nonhealing. Any combination of clinical 
symptoms, radiographic evidence, and other clinical findings may 
indicate that nonhealing is evident but may also arise without any 
contribution of the aforementioned conditions. 

Contraindications for Nonsurgical Endodontic 
Retreatment
A major factor to determine the requirement for nonsurgical 
retreatment is the restorability of the tooth after the necessary 
removal of preexisting restorative materials. Additional tooth 
structure may be lost during caries elimination and removal of 
post and core materials. The restorability decision often requires 
comprehensive disassembly of preexisting restorations and evalua-
tion of the remaining root canal system. Other factors include the 
presence of extensive periodontal involvement that weakens tooth 
support and/or the presence of problematic coronal or radicular 
fractures. Patients who are not motivated to save the natural tooth 
are poor candidates for retreatment. 

Treatment Planning for Nonsurgical Retreatment
In most instances, nonsurgical root canal retreatment is the first 
treatment of choice for either overcoming a nonhealing outcome of 
a previous root canal treatment or correcting a previous inadequate 
endodontic treatment with no clinical and radiographic signs of 
failure (Fig. 19.6).33,34 Moreover, nonsurgical endodontic retreat-
ment is usually preferred to other treatment options because the 
procedure is less invasive than surgical endodontics, replantation, 
transplantation, and extraction and replacement with implant.2

In addition to the technical challenge of performing endodon-
tic retreatment, other aspects of the treatment should also be 
considered.35 Important factors in this respect include cost-effec-
tiveness of the treatment, periodontal status, the remaining tooth 
structure after removing all caries and preexisting restorations, 
restorability of the tooth, the total cost of treatment, the need for 
crown lengthening in order to place a suitable full-coverage resto-
ration, and esthetic and functional conditions.

Cost-effectiveness of a treatment might affect decision-mak-
ing when there are different treatment options. Both micro-
surgical endodontic retreatment or nonsurgical endodontic 
retreatment with a crown are more cost-effective treatments 
compared with extraction and placement of an implant.36

The practitioner should always evaluate periodontal status, 
restorability, and function of the tooth during the examination 
visit. The occlusal contacts of the tooth should also be evaluated, 
particularly if during the previous treatment the occlusal surface 
of the tooth has been reduced for a long time (Fig. 19.7).

An important aid in treatment planning is to order CBCT 
before commencing endodontic retreatment.37 Practitioners 
should only request CBCT after taking relevant courses and gain-
ing experience and knowledge on interpretation of CBCT images 
and their limitations.25 The European Academy of DentoMaxil-
loFacial Radiology has recommended incorporating courses on 
CBCT into both undergraduate and postgraduate curricula as 
well as continuing education programs for dentists and endodon-
tists in order to improve their skills in relation to the interpreta-
tion of the tomographic images used in their clinical practice.38

Although CBCT could be an important aid for the practitio-
ner, it does not mean it should be ordered for all the endodon-
tic retreatment cases.39,40 For endodontic retreatment purposes 
CBCT could be ordered if25,40,41:
	•	 	Conventional	 two-dimensional	 radiography	 (periapical)	 did	

not provide enough information regarding the reason(s) for 
failure in a tooth that previously received endodontic treat-
ment (Fig. 19.8).

	•	 	Conventional	two-dimensional	radiography	(periapical)	shows	
the possibility of complex root canal anatomy in a tooth with a 
history of endodontic therapy (Fig. 19.9).

	•	 	There	 is	 possibility	 of	mishaps	 and	 overlooked	 root	 canal(s)	
that are not adequately detected by conventional two-dimen-
sional radiography (Figs. 19.9 and 19.10).
Based on standards of care, the dentist should choose whether 

conventional radiography is sufficient for commencing endodon-
tic retreatment or there is need for more information by ordering 
CBCT. The practitioner should discuss the risks and benefits of 
requesting CBCT with the patient and both arrive at a decision 
either to order the tomography or to only use conventional radi-
ography during treatment planning. Higher radiation dose, higher 
cost, and lower resolution are disadvantages of CBCT compared 
with periapical radiography.42

There is no unique treatment plan for all the teeth with a history 
of endodontic therapy and nonhealing periapical lesions.30 Each 
case should be evaluated individually and decisions on the treat-
ment plan should be made based on patients’ preference, possibility 
of rendering ideal treatment, and considering the prognosis. Most 
patients are interested in being active or collaborative in making a 
decision when teeth have apical periodontitis.43 Variables should be 
discussed with patients and a final shared decision should be made.44 

Risks and Benefits of Retreatment
Like any dental treatment, the risks, benefits, alternative treat-
ments, and the subsequent consequences of choices must always 
be discussed with the patient. This conversation occurs before 
commencing treatment and includes an explanation of what the 
treatment entails, expected treatment time, prognosis, and costs.36

Nonsurgical root canal retreatment procedures have numerous 
potential risks. These include fracture of a porcelain crown dur-
ing the access procedure, fracture of the root during post removal 
procedures, and dislodgment of the crown, which may necessitate 
replacement. In addition, iatrogenic challenges may arise such as 
extensive removal of tooth structure, canal transportation, cre-
ation of ledges, or even perforations.5,6,45 The separation of an 
instrument is also possible, which may impede the ability to com-
pletely remove obturation materials. These complications poten-
tially affect the retreatment outcome. The benefits of retreatment 
include the preservation and retention of the patient’s natural 
tooth and the avoidance of more extensive clinical treatment and 
costs.
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A B

C D

• Fig. 19.6 Typical cases that need endodontic retreatment because of various reasons. (A and B) The 
teeth need endodontic retreatment as a result of fracture of their restorations. (C and D) Maxillary left first 
premolar needs endodontic retreatment as a result of failure of the previous root canal therapy.

Endodontic Retreatment Procedures
Access Through Full-Coverage or Preexisting Restorations
The decision to remove all the existing restorations during 
endo-dontic retreatment depends on several factors. In most 
cases, the practitioner should remove all the existing restora-
tions before commencing the endodontic retreatment pro-
cedure because of the possibility of leakage and presence of 
recurrent caries. In addition, it is reasonable to remove a previ-
ous restoration as well as caries before performing endodontic 
retreatment to determine whether future restoration is possible 
or not.46 However, in some instances, the patient might have 
recently received a suitable restoration and removing it would 
increase the cost of the treatment. In such a case, providing 
access cavity through the previous restoration might be recom-
mended (Fig. 19.11). Preserving a crown restoration could also 
help to improve dental dam isolation and maintain occlusion, 
with the least alteration in esthetics. However, it might restrict 
the practitioners’ ability to observe cracks, missed root canal(s), 
and recurrent caries. If a prior restoration of the retreated tooth 
is amalgam, there would always be a chance of inadvertent 
pushing of amalgam fragments (induced during access cavity 
preparation) into the root canal space and blocking the root 
canal negotiation.

 1.  Nonhealing of root canal therapy may be caused by:
 a.  Inadequate tooth isolation
 b.  Inadequate instrumentation
 c.  Inadequate obturation
 d.  All of the above
 2.  Radiographic “apical lesions” after root canal therapy may be a result of:
 a.  Nonhealing after treatment
 b.  Reestablishment of disease
 c.  Vertical root fracture
 d.  All of the above
 3.  When should risks benefits and alternatives to treatment be given to a patient?
 a.  Before treatment
 b.  During treatment
 c.  After treatment
 4.  Which of the following describes a disadvantage of CBCT compared with 

the conventional radiography?
 a.  Higher radiation dose
 b.  Higher cost
 c.  Lower resolution
 d.  All of the above
 5.  Which of the following is a contraindication for endodontic retreatment?
 a.  Absence of coronal restoration
 b.  None–restorable crown
 c.  Tooth discoloration
 d.  A history of soft tissue swelling

Study Questions
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A B C

• Fig. 19.7 (A) Occlusal surface of the mandibular right second molar has been reduced after the previous 
root canal treatment. (B) Occlusal view of the tooth that needs reconstruction. (C) No space for placing a 
full coverage restoration over the tooth.

A B

• Fig. 19.8 (A) Maxillary left second premolar received root canal therapy 2 years ago; however, the patient 
complained of pain and sensitivity on percussion and palpation since the treatment visit. (B) The CBCT 
image in coronal view showed apical perforation in the buccal root (white arrow).

Based on the American Association of Endodontists (AAE) dif-
ficulty assessment form,47 root canal retreatment has been catego-
rized as highly difficult. If the tooth has received a full-coverage 
crown or is an abutment for a bridge and needs to receive endo-
dontic retreatment, it will definitely increase the difficulty, and 
it may be wiser to refer the patient to an endodontist. For more 
information on the subject, the reader should refer to Chapter 6 
of this book.

If either a prefabricated or a cast post is present even in a tooth 
that recently received a restoration, removal of all the existing res-
torations is highly recommended. 

Removal of Existing Restorations
Endodontic treatment outcomes may depend more on the mar-
ginal adaptation of the restoration than the quality of root canal 
fillings.48,49 Hence, because of the possibility of coronally induced 
bacterial ingress into the canals, it is essential to remove the pre-
existing coronal restorations and evaluate the presence of second-
ary caries and root canal contamination (Fig. 19.12). When a 
tooth presents with a full coverage restoration, composite resin, 
or amalgam restoration with recurrent caries, open margins, or 

loss of marginal integrity, complete removal of the restoration is 
indicated. In the majority of cases, removal of the full coverage 
restoration is necessary to see if there is any undetected bacterial 
contamination.5,6,50 Disassembly of the preexisting restorations 
allows inspection for possible recurrent caries and fractures and 
evaluation of the tooth’s restorability.6,50,51 If coronally induced 
bacterial ingress is evident, the entire remaining tooth structure 
should be inspected, including the canals and the pulpal floor. 
When the remaining coronal structure is assessed as being inad-
equate, orthodontic extrusion of the root should be considered 
(see Chapter 21). 

Removal of Canal Obstructions
Canal obstructions usually prevent successful negotiation of the 
root canal system during nonsurgical root canal treatment. Surgi-
cal treatment may need to be included to manage these treatment 
challenges.

Canal obstructions include posts and cores, calcifications of 
the root canal system, iatrogenic ledges, dentinal debris in the 
root canal system, fractured instruments, silver points or metal-
lic debris, and some paste materials.3,5,6 Removals of canal 
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obstructions are typically complex treatment situations that fre-
quently require extensive operator training and experience to 
manage. For the benefit of the patient, referral to an endodontist 
should be considered and offered.52

There are basically three approaches to managing intracanal 
fractured instruments: (1) attempting to remove the instrument 
nonsurgically or surgically,53 (2) attempting to bypass the instru-
ment, or (3) preparing and obturating the canal with the fractured 
instrument.

First, a diagnosis and a treatment plan for instrument retrieval 
should be made with periapical radiography and CBCT imaging 
(see Chapter 18).

As discussed in Chapter 18, the majority of nickel-titanium 
(NiTi) rotary instruments fracture in the apical one third of the 
canals.54 When a fractured instrument is lodged beyond the 
curve and extrudes primarily beyond the apical foramen, a surgi-
cal approach should be considered because removal sacrifices less 
valuable structure compared with the nonsurgical approach. A 
nonsurgical procedure should be initiated if the amount of tooth 
structure removal after surgery is expected to be greater than a 
nonsurgical approach.

Bypassing a fractured instrument may not be as successful as 
removal with ultrasonics,55,56 and attempts to bypass the instru-
ment may lead to iatrogenic accidents such as ledge formation, 
perforations, and transportations, particularly in curved canals.57 
In general, bypassing a broken instrument is a technique-sensitive 

procedure requiring experience, tactile sense, and perseverance by 
the clinician.58-68

When an instrument fractures in the apical one third of the 
canal in a later stage of canal instrumentation and if an excessive 
amount of tooth structure must be sacrificed to retrieve it, the 
separate file should be incorporated as part of the filling material 
and scheduled for periodic review.69-72 The sealing ability of the 
obturation material is not compromised by the presence of a frac-
tured file or other metallic debris.73

The use of ultrasonics can effectively remove a fractured 
instrument when performed under high magnification and 
illumination.74-78

Ledge formation during root canal preparations can be analo-
gous to broken instruments because they can also limit instru-
mentation in an apical direction. Ledges are typically generated on 
the outer canal wall when preparation of the curved canal is not 
maintained (Fig. 19.13).68 These canal problems typically occur 
when stainless steel files are not properly precurved to match the 
canal curvature. Traditional stainless steel files have aggressive cut-
ting tips (pyramidal tips) compared with NiTi files and are apt to 
straighten canals unless properly precurved, resulting in ledge for-
mation. Root canal transportation and ledging can also occur dur-
ing preparation if debris accumulation is not consistently removed. 
It is important to keep the canal wet and constantly irrigate the 
canal with an irrigation needle smaller than the root canal diameter 
during instrumentation to avoid debris blockage. Recognition and 

D

A B

C

• Fig. 19.9 (A and B) Periapical radiography showed possibility of a complex root canal anatomy in man-
dibular left first molar. (C) CBCT image in axial view showed that the distolingual root had been overlooked 
(white arrow). (D) The tooth received endodontic retreatment.
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visualization of canal ledges is essential for avoiding perforations 
and other procedural errors. Studies have shown flexible nonlanded 
NiTi instruments with noncutting tips produce significantly less 
apical transportation than landed NiTi instruments or NiTi instru-
ments with cutting tips.69,70 For more information regarding the 
ledge management, readers should refer to Chapter 18 of this book. 

Post and Core Removal
Successful removal of posts and cores during retreatment depends 
on multiple factors. They include the operator’s level of skill, expe-
rience, training, and instrumentation selection. Small-diameter 
long shank carbide burs and ultrasonic systems used in conjunc-
tion with the dental operating microscope (DOM) facilitate pre-
dictable treatment. Other outcome considerations include the 
type of core material (cast versus resin or amalgam); the length 
and diameter of the prefabricated or cast post, post location, post 
material type (metallic or nonmetallic); and variety of cement or 
bonding system used to secure the post and core system.6,45,50 Any 
number of methods used to remove posts can compromise the 
existing tooth structure.45 Some posts may be difficult to remove 
if they are long, well fitted, or cemented with bonding systems 
or resin cements (Fig. 19.14). Most posts are essentially straight 
and can be usually managed using small-diameter long shank car-
bide burs under the DOM. However, nonmetallic posts such as 
tooth colored zirconia or fiber posts may be difficult to differenti-
ate from the tooth structure. The small-diameter burs partnered 

with the DOM allow conservative post removal without sacrific-
ing additional tooth structure (see Fig. 19.14).

In preparation for post removal, the coronal core material must 
be carefully sectioned and removed incrementally with diamond, 
zirconia-diamond, transmetal, or carbide burs, and ultrasonic tips 
to preserve the portion of the post that extrudes coronally from 
the root canal to facilitate removal of various core materials.6,45,50

This procedure is best performed using illumination and mag-
nification to help preserve adjacent tooth structure during the 
procedure. After core removal, any visible cement surrounding the 
post can be circumferentially removed using fine ultrasonic tips or 
flame-tipped diamond burs.6,71 Loosening of the post should be 
observed as the ultrasonic activation progresses.

Screw posts can usually be loosened with ultrasonics applied to 
them in a counterclockwise rotation and picked up with various-
sized hemostats or small-tipped forceps or pliers. However, this 
procedure must be executed with caution because it rapidly gener-
ates extremely high temperatures without water coolant. In addi-
tion, ultrasonic energy should be delivered in different locations 
around the exposed portion of the post at intervals lasting no lon-
ger than 15 seconds.6,53,72,73 Ultrasonic tips used without water 
coolant and placed in contact with posts generate temperature 
increases of 10°C within 1 minute on the external root surface.74 
If this threshold temperature is reached, heat generation can cause 
necrosis of periodontal tissues, with possible loss of the tooth and 
supporting bone.

A B C

D E F

• Fig. 19.10 (A) The maxillary right first molar with inadequate root canal therapy showed a possibility of 
mishap during access cavity preparation. Both CBCT images in coronal (B) and sagittal (C) views showed 
trifurcation perforation. (D) Maxillary left first and second molars showed the possibility of trifurcation per-
foration of a previous pulpotomy. No sign of trifurcation perforation was observed on CBCT images in 
coronal (E) and sagittal (F) views.
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Posts cemented with resin cements and fiber posts are difficult 
to loosen and remove with ultrasonics.50 Therefore those posts 
should be ground down with small-diameter carbide burs under 
the DOM.

After post removal, any excess cement can be removed using a 
combination of solvents, rotary or hand instruments, or ultrasonic 
tips (Video 19.2).6,45,50 

Removal of Gutta-Percha
Gutta-percha is the universally and most commonly used obtura-
tion material. Therefore it requires removal more frequently dur-
ing endodontic retreatment than other materials in order to better 
prepare a root canal space or improve a canal with an inadequate 
filling during retreatment. Because biofilms are the primary cause 
of chronic and recurrent endodontic infections, removal of gutta-
percha is essential to successfully retreat the root canal system.74 
This can be accomplished using hand and rotary instruments, 
ultrasonic instruments, heat systems, or solvents and generally 
requires a combination of these methods.

The use of Gates-Glidden burs should probably be limited to the 
coronal portion of the canal, and excessive force must not be used 
because of the possible presence of apical root resorption or poorly 
adapted gutta-percha root fillings, which may result in the material 
extrusion (Fig. 19.15).75,76 The most efficient way to remove gutta-
percha root fillings is to use ultrasonic and hand instruments under 
the DOM, followed by rotary instruments (Fig. 19.16). Moreover, 
chloroform has been reported to be capable of reducing the intra-
canal levels of Enterococcus faecalis, a common microbe detected 

in endodontic failures.7,77 However, if chloroform is used during 
the early stages of gutta-percha removal, more filling material will 
most likely remain in the canal and may contribute to excess extru-
sion beyond the apical foramen.78,79 Xylene, halothane, eucalyp-
tol, eucalyptus oil, carbon disulfide, benzene, and orange oil can 
also be used for this purpose. Even though they have been shown 
to be less effective at softening gutta-percha than chloroform, the 
majority of those solvents do not pose a significant health risk to 
patients.80-82 One investigation measured the amount of residual 
chloroform, halothane, and xylene expressed through the apical 
foramen during retreatment procedures.81 It was determined that 
the amount of each solvent expressed was below the levels that may 
pose a health concern to patients (Video 19.3). 

Removal of Carrier-Based Gutta-Percha Obturators
A popular method of obturation utilizes carrier-based gutta-per-
cha obturators. These devices have a central core of plastic, metal, 
or other dense material that is coated with gutta-percha. Dur-
ing nonsurgical root canal retreatment, these obturators can be 
removed using a combination of techniques similar to those for 
removing posts, silver points, and gutta-percha. Treatment begins 
by creating a pathway adjacent to the central core to allow an 
instrument to engage the carrier. Soften the gutta-percha on the 
surface of the carrier with a heat source or solvent.83-88 When heat 
is used to soften the gutta-percha, a thermostatically controlled 
device, plugger, or endodontic heat carrier heated over an open 
flame is effective.87 As increased temperature can damage the sur-
rounding periapical tissues; care should be taken to avoid placing 

A B

E F

C

D

• Fig. 19.11 Examples of access cavity preparation with and without preexisting restoration. (A) A maxil-
lary right second premolar with a history of recently placed porcelain fused to metal crown being clinically 
symptomatic. (B) The access cavity was prepared through the crown. (C) Follow-up radiography 1 year 
after the treatment showed successful outcome and the tooth was clinically symptom free. (D) Maxillary 
right first premolar was an abutment of a bridge. Because of suitable marginal adaptation of the bridge and 
favorable esthetic, endodontic retreatment was performed through the full coverage restoration. (E) The 
missed root canal was located. (F) Despite unsuccessful effort for removing overextended gutta-percha, 
periapical radiograph showed that the radiolucent lesion healed 18 months later.
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the heated tip in contact with the dentin wall for long periods.88 
Gutta-percha can also be softened using rotary instrumentation at 
higher speeds (1500 to 2500 rpm), but use of these instruments 
should be limited to straight canals because the possibility of 
instrument fracture in a curved canal is high.89,90

Once a pathway has been created, single or multiple Hedstrom 
files can be used to engage and remove the carrier.83,84,86,87 Rotary 
files may also be used to engage and remove plastic-based carriers. 
These strategies work better for plastic carriers than for metal-based 
carriers because of the difficulty of engaging the metal surface with 
files. Metal carriers are more easily removed using techniques used 

to remove silver points such as the braided file technique or using 
modified hemostats, pliers, and ultrasonic instruments. After suc-
cessful removal of the carriers and gutta-percha, canal preparation 
and obturation can be completed (Video 19.4). 

Removal of Silver Cones (Points)
Silver points are commonly embedded in the build-up core mate-
rial. Illumination and magnification with the DOM are essential 
adjuncts during core removal to ensure preservation of the coronal 
aspect of the silver point.50,91,92 After removal of the core material, 
solvents, ultrasonic instruments, or hand files are used to create a 

B C

D E F

A

• Fig. 19.12 (A) Preoperative radiograph showing a wide gap between the coronal restoration and the root 
with a periapical lesion. (B) Intraoral photograph showing poor marginal adaptation of the crown. (C) Coro-
nal view of CBCT imaging shows a wide space between the two root canals and the core with a periapical 
lesion associated with the root. (D) Sagittal view of CBCT imaging also shows spaces between the two 
root canals and the coronal. (E) Extensive carious lesions discovered under the coronal restoration. (F) 
Dentin stained with carious detector dye reveals deep carious lesions into the two canals.

A B C

• Fig. 19.13 (A) Preoperative radiograph showing a ledge formation on the outer canal wall in relation to the 
canal curvature (white arrow). (B) Intraoperative radiograph showing a precurved #10 K file in the original 
pathway after filling the ledged space with MTA (white arrow). (C) Postoperative radiograph showing the 
root filling in the original canal beyond the ledge.
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space around the exposed silver point.92-94 Silver points are soft, 
and contact with ultrasonic tips or burs can easily cut through them.

The key in removing the silver points is breaking the seal 
around the silver point. A method for achieving this is by engag-
ing and braiding one or two files around the cone, then applying 
a force such as ultrasonic energy or leveraging with a hemostat. 
This energy application facilitates cone removal by rapidly break-
ing down the cement seal.

The coronal portion of a loosened cone extending from the 
pulp chamber can then be grasped and pulled from the canal with 
a variety of devices. These include various types of specialized 
hemostats, modified or regular Steiglitz forceps, needle holders, 

gold foil pliers, Caufield silver point retrievers, or splinter for-
ceps.45,93,94 If the coronal portion of the cone is not present or is 
accidentally removed during removal of the core material, one or 
more hand files can be used to engage and extract the cone.45,80 
An alternative method to remove cones in this situation includes 
flexible metal tubes or needle-sleeve devices that grasp the cone 
with a file or wire, or bond the cone head using cyanoacrylate 
glue. 45,80,91,95 These techniques require the use of a trepan bur 
to trough an access area for the devices. After successful removal 
of the silver point, cleaning and shaping procedures can proceed 
(Fig. 19.17). Silver points that cannot be removed may necessitate 
surgical intervention (Video 19.5). 

A B C D

• Fig. 19.14 (A) Preoperative radiograph showing a long cast post placed in the canal of the maxillary right 
incisor with periapical lesions. (B) Removed cast post showing the metal portion that was in the canal 
looks intact. (C) Radiograph taken immediately after the removal of the post shows the untouched dentin 
wall. (D) Twelve-month postoperative radiograph showing periapical healing.

A B

• Fig. 19.15 (A) Preoperative radiograph showing a large periapical lesion. (B) Intraoperative radiograph 
showing the old gutta-percha root filling pushed into the periapical tissues by a #2 GG bur.
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Removal of Soft and Hard Pastes
Soft pastes are easily removed utilizing hand or rotary instru-
ments.80 Copious irrigation and a crown-down preparation tech-
nique are recommended when removing soft materials from the 
canal system to minimize postoperative flare ups80 (Fig. 19.18).

Hard-setting pastes are far more challenging to remove. As 
much of the coronal aspect of the hard paste is removed first with 
a bur or ultrasonic tip.50,80,96 If this does not result in an opening 

up of a canal system, one strategy is to remove 4 mm from the 
tip of a K-file, creating a sharp edge at the tip so as to better cut 
into and remove the hardened material.97 Dental companies now 
manufacture files with hardened sharp points that can be used 
to initially penetrate these materials. Perforation and the creation 
of ledges are potential problems when attempting to remove 
hardened cements in the root canals, especially if the canals are 
curved.80

A

F G H

B

C ED

• Fig. 19.16 (A) Preoperative radiograph showing root fillings extruded into the periapical tissues with 
periapical lesions (arrows). (B) Preoperative axial view of CBCT imaging showing the root fillings extruded 
from the perforation in the mesiobuccal canal (arrow). (C) Preoperative sagittal view of CBCT imaging 
showing the root fillings extruded from the perforation in the mesiobuccal canal (red arrow) and from the 
distal canal (white arrow). (D) Microscopic view showing the perforation in the mesiobuccal canal (arrow), 
which is identical to the axial view of CBCT imaging. (E) Microscopic view showing removal of gutta-percha 
extruded into the periapical tissues from the perforation site with the XP-3D shaper. (F) Microscopic view 
showing removal of all the root fillings was completed. (G) Intraoperative radiograph confirms the removal 
of the root fillings from both the root canals and the periapical tissues. (H) Postoperative radiograph show-
ing MTA obturation in all the canals.

A B

• Fig. 19.17 (A) Mesiobuccal root of a maxillary left first molar has been obturated with a silver cone, 
whereas the other root canal was filled with gutta-percha. As a result of extensive caries the tooth needed 
endodontic retreatment. (B) The silver point was removed by grasping with Steiglitz forceps and gutta-
percha was removed by chloroform and Hedstrom file. All root canals were obturated with gutta-percha 
and AH26 root canal sealer.
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Various endodontic solvents have been investigated for their 
efficacy in softening hard obturation pastes to facilitate their 
removal. Although one investigation reported sodium hypochlo-
rite (NaOCl) to be effective in softening a resorcinol-formalin 
paste (Russian Red), a follow-up study comparing six different 
solvents, including NaOCl, found none to be more effective than 
water, which was used as the control (Fig. 19.19).98,99 Mechanical 
instrumentation remains the most predictable means of hard paste 
removal. If removal of the hard paste is not successful, the option 
of surgery should be considered for tooth retention. 

Removal of Calcifications
Root canal calcifications are often noted radiographically before 
treatment. Clinical management and internal visualization of 
these calcifications inside the access is greatly aided by magnifica-
tion and illumination using the DOM. Other obstructions must 
be removed before exploring the calcified area. Once accessed and 
appropriately visualized, calcifications are managed using a com-
bination of chelating agents, stiff hand files (e.g., C and C+ files), 
and ultrasonic tips or Mueller-type burs to remove the calcified tis-
sue and locate the root canal system apical to the calcification. Use 
of ultrasonic instrumentation and Mueller type burs is restricted 
to the coronal/straight portion of the root canal. When the canal is 
located with the aid of microexplorers and the DOM, a small bend 
can be placed on stiff, small-diameter hand files, and the curved 
portion of the canal can be carefully negotiated using various che-
lating agents and lubricants. The canal may be enlarged, using the 
crown-down technique, with a combination of hand files and NiTi 
rotary file systems. If the canal cannot be negotiated as a result of 
extensive calcification, surgical intervention must be considered. 

Management of Biofilms
Unattached microorganisms in the root canal space might aggre-
gate, attach, and colonize the surface of root canal walls, pro-
ducing bacterial biofilms. Bacterial biofilms can form not only 
within the root canal space but also over the root surface, result-
ing in nonhealing apical periodontitis despite adequate root canal 
therapy.28,100,101

Apical periodontitis around the root(s) of a tooth with a his-
tory of root canal therapy could be either persistent, recurrent, or 
the result of secondary infection. A tooth with apical periodonti-
tis at the time of initial root canal therapy that does not resolve 
after the treatment has persistent infection. Secondary infection 
occurs if the practitioner cannot completely isolate the tooth dur-
ing root canal therapy or when there is coronal microleakage after 
treatment. An example for the recurrent infection is a tooth with 
apical periodontitis at the time of initial endodontic therapy that 
recovered after treatment, exhibiting recurrent disease at a later 
stage.102-104

There is a higher possibility of biofilm formation over the root 
canal walls of teeth in need of nonsurgical endodontic retreatment 
as a result of the presence of persistent, recurrent, or secondary 
infections. Therefore the practitioner should always consider strat-
egies to remove biofilms during root canal cleaning and shaping 
in retreatment cases.

Most investigations have confirmed the ability of NaOCl as an 
irrigant to disrupt biofilm formed by Enterococcus faecalis or other 
microorganisms, such as Streptococcus mutans, Streptococcus oralis, 
and Actinomyces oris.105,106

Compared with 5.25% NaOCl, 2% chlorhexidine could not 
effectively dissolve biofilms.105,107 The concentration of NaOCl 
is an important variable for dissolving biofilms. Concentrations 
of 2.5% and 5.25% of NaOCl were significantly more effective 
on old and young E. faecalis biofilms compared with 1% NaOCl, 
which was only effective on young biofilms.108

If NaOCl is used as an irrigant during endodontic retreatment, 
the contact time of the solution is also an important variable for 
dissolving biofilms. When 1% or 2.5% NaOCl is used as an irrig-
ant, the minimum contact time of 30 minutes should be consid-
ered, particularly if the practitioner is focusing on cleaning the 
apical third of the root canal.107

NaOCl is the best irrigant for dissolving organic tissues within 
the root canal space; however, because of its inability to remove 
inorganic debris, a chelating agent is also recommended. Both 
NaOCl and ethylenediaminetetraacetic acid (EDTA) could 
affect various types of biofilms via dissolving biofilm matrix 

B CA

• Fig. 19.18 (A) Preoperative radiographic image of a maxillary left central incisor showed a fractured len-
tulo spiral during placement of paste inside the root canal. (B) The lentulo spiral has been removed. (C) 
Root canal obturation after paste and the lentulo spiral removal.
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A

C D

B

• Fig. 19.19 (A) Tooth (arrow) exhibits red discoloration of the crown as a result of root canal obturation 
with a hard resorcinol paste material. (B) The resorcinol obturations are short of ideal length in all three 
canals of tooth #3. Resorcinol paste was also present in the premolars. (C) The resorcinol material was 
successfully removed from the coronal portion of the mesiobuccal canal, but the canal was calcified apical 
to the level of the previous obturation. A root perforation occurred during attempts to remove the material 
from the palatal canal. The treatment plan was altered, and the tooth was extracted and replaced as part 
of a bridge. (D) Note that the red discoloration of the roots extends to the level of the previous resorcinol 
obturations.

A B

• Fig. 19.20 (A) A scanning electron microscopic image shows presence of biofilm over the root canal wall. 
(B) After root canal preparation and irrigation with 5.25% NaOCl followed by ethylenediaminetetraacetic 
acid (EDTA), root canal wall was clean and dentinal tubules could be observed.
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polysaccharides.105 Therefore use of NaOCl as an irrigant and 
removal of the smear layer with EDTA or MTAD should be con-
sidered in endodontically treated teeth that require endodontic 
retreatment (Fig. 19.20, A–B).

In addition to the concentration of the irrigation solution and 
contact time, the needle penetration depth is another important 
factor that might affect biofilm removal. Needle penetration 
depth up to 2 mm short of the working length was more effective 
in removing biofilms.109 However, irrigation should be performed 
with caution to prevent NaOCl accidents. To review methods 
used to avoid NaOCl accidents during root canal irrigation, the 
reader is referred to Chapter 18 of this book. 

Root Canal Preparation in Retreatment
Root canal preparation technique in nonsurgical endodontic 
retreatment mostly focuses on removing preexisting root canal fill-
ing materials. This allows effective operation of instruments and 
irrigants on dentinal tubules that are covered with the fragments 
of these materials. Therefore root canal preparation could reduce 
microorganisms and debris associated with persistent, secondary, 
or recurrent apical periodontitis. Hand, rotary, and reciprocating 
instruments have been introduced for removing root canal fill-
ing materials; however, none of the instrumentation techniques 
can completely remove all the filling materials from the root canal 
space.110-112

There are variables that might have some effect on root canal 
preparation of the teeth in need of endodontic retreatment. These 
variables include the outline of the access cavity, cross-sectional 
shape of the root canal, instrumentation technique, motion dur-
ing the preparation technique, working length estimation, apical 
preparation size, root canal anatomy, and the type of root canal 
filling material.

The outline of the access cavity might affect removal of filling 
materials from the root canal space. Contracted access cavities in 
oval-shaped root canals result in higher volume of residual filling 
materials after endodontic retreatment.110 Therefore a standard 
outline of access cavity should be provided for endodontic retreat-
ment, particularly in teeth with oval-shaped root canals.

Crown-down preparation is the instrumentation method of 
choice for endodontic retreatment because it minimizes apically 
extruded debris during root canal preparation.113

Oval-shaped root canals provide more challenges during 
endodontic retreatment because there is a higher possibility that 
the root canal walls will remain untouched during removal of the 
obturating materials.114

If the practitioner is going to use engine-driven instruments 
during retreatment, an endodontic motor with the capacity of 
adaptive motion (SybronEndo, Orange, CA) is recommended 
because of its significantly higher ability to remove more root 
canal filling materials compared with the reciprocating motion,115 
particularly in oval-shaped root canals.116 Endodontic motors 
with adaptive motions have been designed to have both rotational 
and reciprocal motions based on the stresses exerted on the instru-
ment. With no or low stress, the instrument’s motion would con-
sist of 600 degrees clockwise rotation, a complete stop, and then 
followed by restarting another clockwise motion. However, when 
the instrument engages with either the root canal wall or the fill-
ing materials, the motor will switch to reciprocating motion.

In relation to the time needed for removing root canal fill-
ing materials, hand instruments require significantly more time 
compared with the rotary instruments.117 Thus from the clinical 
standpoint the time here is not very valuable because irrigants 

need a minimum contact time for root canal disinfection, and the 
short time spent on removing root canal filling materials and root 
canal preparation have not shown any advantages over the use of 
rotary instruments.107,118 In addition, the possibility of iatrogenic 
accidents is significantly higher, particularly broken instruments, 
when rotary instruments are used to remove root canal filling 
materials.117

One of the most important steps in root canal instrumentation 
of retreatment cases is to determine the working length. Presence 
of obturating materials within the root canal could affect root 
canal impedance, therefore affecting estimation accuracy of elec-
tronic apex locators (EAL).119 Relying on EAL without consider-
ing periapical radiography might result in overinstrumentation or 
underestimation of the working length; therefore both EAL and 
periapical radiography should be used at this step to prevent fur-
ther complications.120,121

Feeling lower or no digital tactile sense is one of the disadvan-
tages of rotary instruments during root canal preparation. Use of 
hand instruments between activation of rotary instruments would 
allow the clinician to use his/her digital tactile sense during root 
canal preparation and, in combination with the information col-
lected from EAL and periapical radiography, it may prevent fur-
ther overinstrumentation. In fact, digital tactile sense would be 
a supplementary aid during root canal preparation. If a clinician 
believes that the root canal instrument might penetrate beyond 
the length estimated by EAL and periapical radiography, it may be 
best to reconsider the working length measurement.122

Another important factor that should be considered dur-
ing preparation of root canal space is obtaining apical terminus 
patency to increase the success rate of retreatment procedures.123

Larger preparation size results in lower residual root canal fill-
ing material,117 which significantly improves bacterial reduction 
in teeth that have apical periodontitis with a history of previ-
ous endodontic therapy.124 However, it should be kept in mind 
that larger preparation size does not mean that the dentist should 
ignore the risk of root canal transportation and sacrifice dentinal 
structure, making the tooth prone to VRF. Therefore the prac-
titioner should also consider several factors such as the bulk of 
the root, root canal configuration as well as curvature, presence 
of danger zones, and root surface depressions during root canal 
preparation in order to avoid further mishaps.

Another important point is the fact that removing root canal 
filling materials from teeth with complicated root canal anatomy 
is more difficult than from those with straight root canals.117 In 
cases with complicated root canal anatomy, it is highly recom-
mended that the patient be referred to an endodontist.

The type of root canal filling materials is also another variable 
that might affect root canal preparation in endodontic retreat-
ment. Several bioactive endodontic sealers have been introduced 
to the market.125 Retreatment of teeth filled with gutta-percha 
and these sealers might be very difficult. The type of the bioactive 
root canal sealer, type of the solvent, and the root canal configura-
tion are variables that might affect successful removal of root canal 
filling materials during endodontic retreatment.126 In most situa-
tions, the practitioner usually does not know the type of root canal 
sealer used in the obturation of a tooth designated for endodontic 
retreatment.

Shaping of root canal space in retreated cases depends on the 
root canal preparation during the initial endodontic treatment. 
If the root canals have not been prepared well and single-cone 
gutta-percha is observed in the periapical radiography, cleaning 
and shaping during retreatment should be performed like routine 

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


421CHAPTER 19 Nonsurgical Retreatment

primary root canal therapy (Fig. 19.21, A). However, if the pre-
vious endodontic treatment shows either well-shaped or overen-
larged root canal(s), more emphasis on reshaping the root canal 
space might make the tooth susceptible to future fracture. In this 
case the practitioner is advised to focus on removing all preexist-
ing obturating materials and using irrigants to clean the root canal 
space as much as possible with conservative reshaping of the root 
canal(s) (Fig. 19.21, B).

There is no general agreement on performing endodontic 
retreatment in a single visit or in multiple visits. The advantage 
of endodontic retreatment in more than one visit is the benefit of 
antibacterial activity of the medicaments placed within the root 
canal between the appointments. However, there is not sufficient 
evidence of significantly higher success rates when retreatment is 
performed in more than one visit.127 Several investigations have 
posed the question whether endodontic treatment in nonvital 
infected cases should be performed in more than one visit to 
achieve a higher success rate.128-131 Single-visit root canal therapy 
has some advantages, including better cost-effectiveness and less 
time needed for both the patient and practitioner.131 Therefore in 
certain cases with no contraindications for completing the retreat-
ment process (i.e., no wiping exudate or no symptomatic apical 
periodontitis), endodontic retreatment can be performed in one 
visit to prevent further recontamination of the root canal space 
that can occur between the appointments. 

Irrigation in Retreatment
If all canals of the tooth are found and cleaned, a high success rate can 
be achieved. However, it has been shown that there are always some 
areas within the root canal space that remain untouched by various 
instrumentation techniques.132 An important aid during endodontic 
retreatment is the use of chemical solutions to remove necrotic tissues, 
as well as bacteria and their byproducts from the root canal space.

NaOCl is the most popular irrigation solution among the 
members of the AAE and U.S. dentists.133,134 All the concentra-
tions of NaOCl provide significant reductions in microorganisms 
in the root canal space; however, they exhibit differences in their 
ability to remove biofilms.108

The results of a systematic review and meta-analysis on labora-
tory studies showed that use of intracanal activation techniques (pas-
sive ultrasonic irrigation, apical negative pressure, sonic irrigation) 
are superior to conventional passive form of placing a needle within 
the root canal and irrigating to remove debris and the smear layer.135

Sealing ability of root filling materials can significantly be 
improved by removing the smear layer before root canal obtura-
tion.136 Smear layer removal using a combination of NaOCl and 
EDTA results in a marginally significant effect on the success rate 
of initial root canal therapy; however, in endodontic retreatment, 
it can significantly increase the number of healed cases.123 Remov-
ing the smear layer may also help NaOCl better penetrate the den-
tinal tubules and dissolve biofilms (Fig. 19.22).

The advantages of the use of 5.25% NaOCl compared with 
the lower concentrations of the same solution include less postop-
erative pain,137 short time needed for removing biofilms,107 and 
greater efficacy against old biofilms.108 

Obturation After Retreatment
Endodontic retreatment procedures might induce cracks during 
removal of preexisting root canal filling materials.138 The method 
of root canal obturation during initial endodontic treatment may 
also affect induction of cracks and tooth vulnerability to VRF 
after removal of filling materials after preparation of the root canal 
space. The teeth initially obturated by warm vertical compaction 
exhibit more cracks after retreatment compared with the teeth 
that received cold lateral condensation as the initial obturation 
technique.139

Most often, the practitioner does not know which type of obtu-
ration technique was previously used in teeth requiring endodontic 
retreatment; therefore, the practitioner should always consider 
preparation and obturation techniques that apply lower pressure 
on the root canal wall. For example, use of NiTi spreaders for cold 
lateral compaction has been recommended as a result of lower risk 
of inducing cracks compared with stainless steel spreaders.140,141 
Moreover, Thermafil also exhibited promising long-term out-
comes as a root canal obturation technique after endodontic 
retreatment.142

A B

• Fig. 19.21 (A) A swimming gutta-percha cone in a mandibular right canine tooth. Root canal preparation 
during endodontic retreatment in this tooth should be performed similar to a routine primary root canal 
therapy. (B) Endodontic retreatment for the mandibular left second premolar should be focused on remov-
ing preexisting root canal filling materials and using irrigants for root canal disinfection.
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Single-cone obturation technique with bioactive endodontic 
sealers has been introduced as an option for obturating root canals 
after endodontic retreatment; however, supporting investigations 
do not currently share high levels of evidence.143,144 

Restorative Options
The literature shows the quality of the endodontic treatment, 
the presence of coronal restoration, and apical extension of root 
canal filling were significantly associated with healthy periapical 
tissues.145 Therefore it is essential to consider a proper restoration 
on an endodontically treated tooth for the long-term success 
as the coronal restoration works as a ‘‘barrier’’ not only to pre-
vent reinfection of the root canal system after endodontic treat-
ment but also to protect the tooth from root fracture. Hence, 
the amount of coronal tooth structure, the presence of an ade-
quate dentin ferrule, careful selection of luting agents for post 
cementation, and the type of coronal restoration are all impor-
tant factors that affect endodontic treatment outcomes.146-150 
The presence of fiber posts may also contribute to the long-term 
success of endodontically treated teeth as fiber-reinforced, resin-
based composite posts with a modulus of elasticity similar to 
dentin can reduce the risk of VRF.151,152 One recent study on 
long-term clinical outcomes of endodontically treated teeth 
demonstrated that teeth restored with fiber posts yielded signifi-
cantly less tooth loss than teeth restored without a post, regard-
less of the presence or absence of a full-coverage crown.153 The 
primary reasons for VRF of endodontically treated teeth are 
closely related to restorative procedures and include the absence 
of adequate remaining tooth structure154 and excessive occlusal 
forces.155 Although endodontically treated teeth restored with 
crowns show a higher resistance against fracture than resin-
based composites, teeth with one or two tooth surface losses 
and two proximal contacts restored with resin composite exhibit 
a more favorable distribution of occlusal forces and, hence, a 
survival rate comparable with full-coverage restorations.156-158 
In addition to the requirement of protecting the endodonti-
cally treated tooth with a proper cuspal coverage restoration, 
it is also important to place a definitive restoration as soon as 
possible to prevent coronal microleakage, avoid propagation of 
existing coronal infractions if present, conserve remaining tooth 
structure, and prevent the need for additional retreatment or 

surgical procedures. Long-term provisional restorations can lead 
to recontamination of the filling material, which may lead to 
tooth extraction and its consequences.13 

Follow-Up Care and Posttreatment 
Complications
Follow-up visits are important for monitoring symptoms and 
ensuring that healing occurs. An initial follow-up visit usually 
takes place at 6 months post-retreatment, and then yearly. The 
first follow-up visit may be sooner than 6 months if there are 
extenuating circumstances requiring it. In addition to a radio-
graphic examination, follow-up visits should include a clinical 
evaluation of mobility, periodontal probing, and palpation and 
percussion testing.

Some studies have indicated posttreatment flare-ups occur 
more frequently in nonsurgical root canal retreatment cases, 
compared with initial root canal therapy.159-161An explanation 
for this increase in flare-ups may be that retreatment procedures 
may result in a greater extrusion of bacteria and other irritants 
into the apical tissues.9 The crown-down technique, paired with 
frequent use of irrigants injected with side-venting needles, pro-
motes debris removal in a coronal direction and helps minimize 
this complication. 

Prognosis
Nonsurgical endodontic retreatment has favorable outcomes when 
the cause of previous failure has been diagnosed and corrected by 
using contemporary technologies162 (Fig. 19.23). In addition to 
successful outcomes, the teeth receiving endodontic retreatment 
have exhibited high survival rates.2

In general, nonsurgical endodontic retreatment has a lower 
success rate compared with primary root canal therapy. However, 
retreatment can have a high successful outcome that is comparable 
with primary root canal therapy if the apical foramen can be nego-
tiated and the cause of failure overcome. Negotiating the entire 
root canal length should help eradicate microorganisms, debris, 
and previous filling materials from the root canal space.123,163

For more information on predictors of the outcome of end-
odontic treatments, the reader is referred to Chapter 22 of this 
book. 

A B

• Fig. 19.22 (A) If the root canal wall is only irrigated with NaOCl, smear layer would cover dentinal tubules. 
(B) Irrigation with 17% ethylenediaminetetraacetic acid (EDTA) followed by NaOCl could successfully 
remove the smear layer.
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A B

C D

• Fig. 19.23 (A and B) Mandibular right second molar with inadequate root canal therapy and periapical 
lesion. (C) Endodontic retreatment was performed. (D) Periapical lesion healed 2 years later.

 6.  What is the most predictable way to remove hard pastes?
 a.  Use of solvents
 b.  Use of mechanical instrumentation
 c.  There is no predictable way to remove hard pastes
 7.  Which of the following are among the disadvantages of preparing the 

access cavity without removing the previous coronal restoration during 
endodontic retreatment?

 a.  Difficulty in tooth isolation and irrigation
 b.  Limitation for negotiating apical foramen
 c.  Restricts the clinician from observing possible cracks
 d.  Increases the possibility of electronic apex locator errors
 8.  The most important aspect to removing silver points successfully is:
 a.  Use of solvents
 b.  Use of illumination and magnification
 c.  Use of ultrasonic energy
 9.  When would retreatment have a comparable successful outcome to 

primary root canal treatment?
 a.  No foul odor after removing coronal restoration
 b.  Using rotary instruments for root canal preparation
 c.  The apical foramen of all root canals could be negotiated
 d.  The tooth had no coronal discoloration before the treatment
 10.  A 36-year-old male with a history of previous root canal treatment 

for tooth number 20 presents with pain when chewing. Periapical 
radiograph shows a radiolucent lesion around the mesial root of the 
tooth. His record shows that the tooth was vital at the time of root 
canal treatment. Which is the type of infection most expected for that 
tooth?

 a.  Persistent
 b.  Secondary
 c.  Recurrent
 d.  Extraradicular

Study Questions A N S W E R S

Answer Box 19
 1 d.  All of the above
 2 d.  All of the above
 3 a.  Before treatment
 4 d.  All of the above
 5 c.  None–restorable crown
 6 b.  Use of mechanical instrumentation
 8 b.  Use of illumination and magnification
 7 c.  Restricts the clinician from observing possible cracks
 9 c.  The apical foramen of all root canals could be negotiated
 10 b.  Secondary
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Video 19.0: Endodontic Retreatment Introduction
Video 19.1: Post Removal. A cast post removal procedure is 

described in the video. First the shoulder of the metal post on 
the root is removed with a small diameter carbide bur. Then 
180-degree semicircular space on the palatal wall is created with 
the same carbide bur. The depth of this space extends to one 
third of the post length. Ultrasonics is applied to the metal post 
from both the buccal and palatal sides at the maximum power 
setting with water spray. The post gets loosened as ultrasonic 
activation continues. The metal post is finally loosened and 
taken out of the canal with the forceps. 

Video 19.2: Calcified Canal. Calcified canal is stained with 
caries detector dye to differentiate calcified tissues from normal 
dentin. A small diameter ultrasonic tip is applied to the stained 
spot and activated to break through the calcified tissues. A 
negotiation file is placed into the canal to confirm the removal 
of calcified canal.

Video 19.3: Gutta Percha Removal. Small diameter ultra-
sonic tip is used to create a small space between the canal wall 
and the gutta percha fillings for the insertion of an XP-Endo 
Shaper. Then the XP-Endo Shaper is inserted into the space 
rotating at 1,000-3,000 rpm in an up/down motion. When the 
majority of the root fillings are removed, the canal is irrigated 
with chloroform, and then the XP-Endo Shaper/Finisher is 
rotated in the presence of chloroform. Make sure all the gutta 
percha root fillings are removed under the DOM.

Video 19.4: Silver Point Removal. Periphery of the silver 
point in the orifice is removed with a small diameter ultrasonic 
tip. Then the head of the silver point is exposed. The loop is 
placed over the head of the silver point and tightened around it. 
The loop holding the silver point is gently pulled in a coronal 
direction with a swaying motion. The silver point is pulled out 
of the canal
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Apical Microsurgery
RICHARD RUBINSTEIN, MOHAMED I.  FAYAD, AND  
MAHMOUD TORABINEJAD

A Brief History
Systematic reviews with meta-analysis, studies with large sample 
sizes, and practice-based research networks studies all indicate 
extremely high medium-term and long-term survival rates for 
nonsurgical endodontically treated teeth without intervention.1-9 
If a nonsurgical endodontically treated tooth fails and cannot be 
retreated nonsurgically, and it is determined that the reason for 
failure is not periodontal, traumatic, or restorative in nature, api-
cal surgery (AS) is often the treatment of choice.

Although the origins of AS can be traced to pre-Colombian 
times,10,11 contemporary endodontic surgery began its journey in 
the early 1960s along with the recognition of endodontics as a 
specialty in the United States in 1964.12,13

The main purpose of AS is to save a natural tooth. This is 
accomplished by removing a portion of a root with anatomic 
complexities laden with tissue debris and microorganisms and/
or sealing the canal when a complete seal cannot be accom-
plished through nonsurgical procedures.5 Significant advances 
in the use of magnification and illumination, specifically the 
introduction of the surgical operating microscope (SOM) in 

the late 1980s and the supportive armamentarium and mate-
rials that followed, have benefited treatment protocols in AS 
such that teeth that might otherwise have been extracted now 
have a predictable chance for retention. AS is now considered 
a microsurgical procedure in the truest sense.14 The purpose of 
this chapter is to discuss indications and contraindications for 
apical microsurgery, procedures involved in apical microsurgery, 
including those for incision and reflection, access to the apex, 
apical curettage, root-end resection, root-end preparation and 
filling, flap replacement, and suturing as well as instructions to 
be given to the patient concerning postoperative care after end-
odontic surgery (Video 20.1). 

Indications for Apical Surgery
The main indications for AS are failing root canal treat-
ments, procedural accidents, irretrievable materials in the 
root canal or periapical tissues, anatomic complexity of the 
root canal system that prevents complete cleaning, shaping, 
and obturation of the root canal system through the coronal 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Discuss the role of endodontic surgery in treatment planning 
for a patient.

 2.  Recognize situations in which surgery is the treatment of 
choice.

 3.  Define the terms incision for drainage, apical curettage, root-
end resection, root-end preparation, root-end filling, grafting, 
and suturing.

 4.  Briefly describe the step-by-step procedures involved in peri-
apical surgery, including those for incision and reflection, 

access to the apex, apical curettage, root-end resection, root-
end preparation and filling, flap replacement, and suturing.

 5.  State the different flap designs.
 6.  Diagram the various flap designs and describe the indications, 

advantages, and disadvantages of each.
 7.  List the more common root-end filling materials.
 8.  Review the different materials for grafting.
 9.  Review the basic principles of suturing.
 10.  Write out instructions to be given to the patient concerning 

postoperative care after endodontic surgery.
 11.  Review the outcome of apical microsurgery.

C H A P T E R  O U T L I N E
A Brief History, 428

Indications for Apical Surgery, 428

Failing Root Canal Treatments, 429

Procedural Accidents, 429

Irretrievable Filling Materials, 429

Anatomic Complexity of the Root Canal System, 429

Symptomatic Cases, 429

Apical Preparation, 434
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access, symptomatic cases, adjunctive surgeries, and explor-
atory surgery. 

Failing Root Canal Treatments
When previous nonsurgical root canal treatment cannot be 
improved or performed because regaining access to the canal or 
removing posts would risk a perforation or root fracture and/or 
create a restorative problem, surgical endodontics is indicated 
(Fig. 20.1). 

Procedural Accidents
Most procedural accidents can be corrected nonsurgically (see 
Chapter 18). However, when nonsurgical correction of these 
accidents is not feasible or practical, AS is indicated to save these 
teeth. Procedural accidents that may require AS include ledge for-
mation, root perforation, separated instruments, and underfilled 
or overfilled canals (Fig. 20.2). 

Irretrievable Filling Materials
When obturation materials cannot be removed nonsurgically or 
are beyond the root canal space and cause problems, AS is indi-
cated to save the tooth (Fig. 20.3). 

Anatomic Complexity of the Root Canal 
System
Complex anatomy, severe curvature, and canal calcifications 
that cannot be treated nonsurgically are indications for surgical  
endodontics (Fig. 20.4). 

Symptomatic Cases
When nonsurgical retreatment does not provide relief of pain and 
discomfort and nonsurgical retreatment is not possible, AS should be 
considered to reduce pain and discomfort for the patient (Fig. 20.5).

Adjunctive Surgeries
Adjunctive surgical procedures include root resection, hemisec-
tion, crown lengthening, tooth replantation, and transplantation 
(see Chapter 21). 

Exploratory Surgery
There are some radiolucencies that are not caused by root canal infec-
tion and may mimic periapical lesions of endodontic origin. Suspi-
cious and nonhealing lesions require exploratory surgery and the 
taking of a biopsy for histologic examination (see Chapter 5). 

A B

C

• Fig. 20.1 (A) An inadequate root canal treatment, a large post, and patient’s discomfort led to a deci-
sion to perform a periapical surgery on the mandibular first premolar. (B) Postoperative radiograph after 
endodontic surgery. Mineral trioxide aggregate (MTA) was used as a root-end filling material. (C) Periapical 
radiograph taken four and half years later shows complete healing and a functional tooth.
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Contraindications for Apical Surgery
Contraindications for AS include (1) medical or systemic compli-
cations; (2) indiscriminate use of periapical surgery; (3) anatomic 
factors; and (4) an unidentified cause of treatment failure. 

Case Selection and Contemporary Treatment 
Planning
One of the most important caveats in performing apical micro-
surgery is in knowing when to perform apical microsurgery. Case 
selection will heavily affect treatment outcomes, which then influ-
ences future treatment choices and long-term success rates. The 
most important diagnostic tool to this end has been the intro-
duction of cone beam computed tomography (CBCT; see Chap-
ter 3). In addition, an appropriate armamentarium and strategic 
approaches can be prepared well in advance of the actual surgery.

CBCT examination can help us plan treatment by locating the 
exact position of the apical periodontitis. 

Apical Microsurgery
Although general practitioners may not perform microsurgical 
procedures, it is incumbent upon them to understand the arma-
mentarium, materials, and methods so that the best treatment 
possible can be provided for their patients. In order to under-
stand the objectives of apical microsurgery and the application of 

armamentaria, materials, and methods, it is helpful to divide the 
subject into multiple stages or sections (Video 20.2).

Flap Design
The first step in AS is designing a flap that allows adequate expo-
sure of the site of the surgery. The following general guidelines and 
principles should be used during flap design.
 1.  The flap should be designed for maximal access to the site of 

surgery.
 2.  An adequate blood supply to the reflected tissue is maintained 

with a wide flap base.
 3.  Incisions over bony defects or over the periradicular lesion 

should be avoided; these might cause postsurgical soft tissue 
fenestrations or nonunion of the incision.

 4.  The actual bony defect is larger than the size observed radio-
graphically.

 5.  A minimal flap, which should include at least one tooth on 
either side of the intended tooth, should be used.

 6.  Acute angles in the flap must be avoided. Sharp corners are dif-
ficult to reposition and suture and may become ischemic and 
slough, resulting in delayed healing and possibly scar formation.

 7.  Incisions and reflections include periosteum as part of the flap. 
Any remaining pieces or tags of cellular nonreflected perios-
teum will hemorrhage, compromising visibility.

 8.  The interdental papilla must not be split (incised through) and 
should be either fully included or excluded from the flap.

A B

C

• Fig. 20.2 (A) Nickel-titanium file is separated inside the mesiobuccal canal of the mandibular first molar. 
(B) Because of the patient’s discomfort, a periapical surgery was performed. Mineral trioxide aggregate 
(MTA) was used as a root-end filling material. (C) Periapical radiograph taken 32 months later shows 
complete healing.
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 9.  Vertical incisions must be extended to allow the retractor to 
rest on bone and not crush portions of the flap.
Although there are numerous flap designs, two meet most AS 

needs: the full mucoperiosteal flap (triangular or rectangular) and 
the submarginal flap (triangular or rectangular).

Submarginal Curved Flap
The submarginal curved flap is a slightly curved, half-moon-shaped 
horizontal incision made in the attached gingiva with the convex-
ity nearest the free gingival margin. It is simple and easily reflected 
and provides access to the apex without impinging on the tissue sur-
rounding the crowns. Its disadvantages include restricted access with 
limited visibility, tearing of the incision corners if the operator tries 
to improve access by stretching the tissue, and leaving the incision 
directly over the lesion if the surgical defect is larger than anticipated. 
The incision margins of this flap frequently heal with scarring. The 
submarginal curved flap is limited by the presence of the frenum, 
muscle attachments, or canine and other bony eminences. Because of 
its many disadvantages, this design is generally not indicated or used. 

Full Mucoperiosteal Flap
The full mucoperiosteal (intrasulcular) flap consists of an incision 
at the gingival crest with full elevation of the interdental papillae, 

free gingival margin, attached gingiva, and alveolar mucosa. It may 
have either one (triangular) or two (rectangular) vertical releasing 
incisions. It allows maximal access and visibility, precludes inci-
sion over a bony defect, and has less of a tendency for hemorrhage. 
This design permits periodontal curettage, root planing, and bony 
reshaping, and it heals with minimal scar formation. Its disad-
vantages include the difficulty of replacing, suturing, and making 
alterations (height and shape) to the free gingival margin, in addi-
tion to possible gingival recession after surgery and exposure of 
the crown margins. 

Submarginal Triangular and Rectangular Flaps
Triangular and rectangular flaps are known as modified submarginal 
curved flaps. A scalloped horizontal incision (Ochsenbein-Luebke) 
is made in the attached gingiva with one or two accompanying 
vertical incisions. This flap is used most successfully in maxillary 
anterior teeth with crowns. An alternative submarginal flap design 
is the papilla-based incision, in which the interdental papillae are 
left intact. Prerequisites are 4 mm of attached gingiva, minimal 
probing depths, and good periodontal health. Disadvantages are 
possible scarring and hemorrhage from the cut margins to the 
surgical site. This design also provides less visibility than the full 
mucoperiosteal flap (Video 20.3).

A B

C

• Fig. 20.3 (A) Preoperative radiograph shows presence of extruded filling materials into the periapical 
tissues of the maxillary left bicuspid tooth. (B) Because of the patient’s discomfort, a periapical surgery 
was performed. Mineral trioxide aggregate (MTA) was used as a root-end filling material. (C) Postoperative 
radiograph taken 18 months later shows healing of the periapical tissues.
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After anesthesia is obtained, and before incising the surgical 
flap, the oral cavity should be rinsed with a disinfectant solution 
such as chlorhexidine. A 0.12% chlorhexidine rinse has been 
shown to significantly reduce the bacterial count in the oral cavity 
in advance of operative procedures.15 For a complete discussion of 
anesthesia see Chapter 8.

Microscalpels (Fig. 20.6) (Kerr Endodontics, Orange, CA) are 
used in the design of the free gingival margin flap to delicately and 
atraumatically incise the interdental papillae when full-thickness 
flaps are required. Feather Microsurgical Blades (Fig. 20.7, A) (J. 

Morita USA, Inc. Irvine, CA) are made of high quality stainless 
using high precision grinding technology, which produces ultra-
sharp cutting edges that work with a variety of handles. These 
blades allow for a very fine incision and minimize the risk of tissue 
injury (Fig. 20.7, B–D).

Historically flaps have been reflected with a Molt 2-4 curette 
or variation of the Molt 2-4. The recently introduced periosteal 
elevator (Fig. 20.8) (G. Hartzell & Son, Concord, CA) has two 
working ends of 2 mm and 3.5 mm and 2 mm and 7 mm and 
accomplishes the goals of atraumatic flap reflection. 

A B

C

• Fig. 20.4 (A) Preoperative radiograph shows presence of a dens in dente in the maxillary right cuspid 
tooth. (B) Because of inability of the operator to perform nonsurgical root canal treatment, a periapical 
surgery was performed. (C) Postoperative radiograph taken 20 months later shows complete resolution 
of the lesion in this tooth.
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Osteotomy
Because we can see better with the SOM, bone removal can be 
more conservative. Handpieces such as the Impact Air 45 (Kerr 
Endodontics, Orange, CA) introduced by oral surgeons to facili-
tate sectioning mandibular third molars are also suggested for 
AS to gain better access to the apices of maxillary and mandibu-
lar molars. When using the handpiece, the water spray is aimed 
directly into the surgical field, but the air stream is ejected out 
through the back of the handpiece, thus eliminating much of the 
splatter that occurs with conventional high-speed handpieces. 
Because there is no pressurized air or water, the chances of pro-
ducing pyemia and emphysema are significantly reduced.

Burs such as a Lindemann H161 or H162 bone cutter (Bras-
seler USA, Savannah, GA) are extremely efficient and are recom-
mended for hard tissue removal. They are 9 mm in length and 
have only four flutes, which result in less clogging. With the use 
of an SOM and an Impact Air 45, high-speed surgical burs can 
be placed even in areas of anatomic jeopardy with a high degree 
of confidence and accuracy (Fig. 20.9). The size of the osteotomy 
should be as small as practical so that wound healing will not be 

impaired, yet large enough to allow for complete débridement of 
the bony crypt and access for root-end procedures that will follow. 

Curettage and Biopsy
It goes without saying that if tissue warrants removal, it warrants 
examination and diagnosis by an oral pathologist. At no time 
should a surgeon remove tissue and accept the responsibility of 
its diagnosis based on clinical impression, color, or consistency. 
In addition, any foreign material present in the bony crypt should 
be removed as it could cause persistent irritation and may prevent 
complete healing of the tissues.16 For further discussion of radio-
lucent periapical pathosis see Chapter 5. 

Apical Resection and Resected Apex Evaluation
There is general agreement that the main cause of failure in conventional 
endodontic treatment is the clinician’s inability to adequately shape, dis-
infect, and obturate the entire root canal system. 17 The majority of this 
untreated anatomy is located in the apical 3 mm and for this reason a 3 
mm resection is recommended.18-20 With the introduction of ultrason-
ics for creating root-end preparations, a second reason for a 3 mm resec-
tion has emerged. Several authors have studied the incidence of craze 
line, cracks, and fractures in the root and cemental surfaces after ultra-
sonic root-end preparations.21-25 Although all of these studies showed a 
statistically significant increase, none have shown any clinical significance 
as a result of their findings.

Historically, a long bevel was created in order to provide access 
for a microhead handpiece. With the introduction of periapical 
ultrasonics, little to no bevel is needed. This results in fewer cut 
dentinal tubules and less chance of leakage. Recent advancements 
in electric motor design and straight handpieces afford the clini-
cian opportunities for direct visualization of the root-end while 
performing root resection and the creation of axial bevels that 
approximate zero degrees (Figs. 20.10 and 20.11).

After the root-end resection has been completed, the beveled 
surface of the root can be examined under midrange magnifi-
cation. Using a small CX-1 microexplorer (Kerr Endodontics, 
Orange, CA), small microfractures, isthmuses, and portals of exit 
(POEs) can readily be seen (Figs. 20.12 and 20.13). 

A B C

• Fig. 20.5 (A) Preoperative radiograph of the right maxillary region in a young patient shows extrusion of 
filling materials into the periapical tissues. (B) Because of the presence of continued swelling and discom-
fort, a periapical surgery was performed on both incisors. (C) Postoperative radiograph taken 12 months 
later shows complete resolution of the lesion.

• Fig. 20.6 A variety of microscalpels sized 1 to 5 used for precise  
incision.
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Apical Preparation
Since the introduction of periapical ultrasonic technology in the 
early 1990s by Carr, apical preparations have been made with 
ultrasonic tips.26 A variety of tips and tip configurations have 
been introduced to accommodate virtually any access situation 
(Fig. 20.14). Most ultrasonic tips are .25 mm in diameter and 
approximately 3 mm in length.

Diamond coated tips are suggested as the last ultrasonic tip to 
be used in root-end preparation to avoid intradentin and canal 
cracks.27 Furthermore, clinical use of diamond tips has shown that 
they are more efficient at removing gutta-percha compared with 
stainless steel tips (Figs. 20.15 and 20.16).

Piezosurgery
Piezosurgery is a bone-cutting modality with rapidly increasing 
indications in different surgical fields, including endodontic sur-
gery. The main advantages of piezosurgery include protection of 
soft tissues, optimal visualization of the surgical field, decreased 
blood loss, reduced vibration and noise, increased comfort for the 
patient, and protection of tooth structures. Some disadvantages 
of piezosurgery include the initial financial burden associated 
with the purchase of the device, the long duration of the surgi-
cal procedure, and the fact that the instruction manuals of many 
piezoelectric units discourage use of these devices in patients with 
implanted cardiac pacemakers.27 The technology was developed in 

A B

C D

• Fig. 20.7 (A) Feather microsurgical blades. (Courtesy of J. Morita.) (B–D) Application of Feather micro-
surgery blades. (Courtesy of J. Morita.)

 1.  If a nonsurgical symptomatic endodontically treated tooth fails, and 
the quality of the root canal treatment is unacceptable, what is the 
appropriate first line of treatment?

 a.  Surgical retreatment
 b.  Nonsurgical retreatment
 c.  Exploratory surgery
 d.  Watch
 2.  Significant advances in endodontic microsurgery include all of the 

following except:
 a.  Magnification
 b.  Ultrasonics
 c.  Impact air handpiece
 d.  Bioceramic root-end filling materials
 3.  All of the following are contraindications for apical surgery except:
 a.  Medical or systemic complications
 b.  Indiscriminate use of periapical surgery
 c.  Anatomic factors
 d.  Do not have the skills
 4.  The surgical flap should be designed to be exactly the size of the 

periapical lesion.
 a.  True
 b.  False
 5.  To avoid gingival recession and papillae shrinkage in the esthetic zone, 

submarginal flap is the flap of choice.
 a.  True
 b.  False

Study Questions
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• Fig. 20.8 PR-1 and PR-2 periosteal elevators.

• Fig. 20.9 Impact Air 45 and surgical length bur in close proximity to the 
mental nerve 8x.

• Fig. 20.10 Aseptico 7000 motor and NSK 2:1 nose-cone handpiece.

• Fig. 20.11 A comparison of Impact Air 45 and NSK 2:1 nose-cone hand-
piece and surgical length burs.

• Fig. 20.12 CX-1 explorer locating an untreated portal of exit (POE) on the 
beveled surface of a previously retrofilled root at ×20.

• Fig. 20.13 CX-1 explorer locating a crack on the facial surface of a root 
at ×20.
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1998 by the Italian oral surgeon Tomaso Vercellotti to overcome 
the limitations of conventional bone surgery28 (Fig. 20.17). 

Apical Preparation Evaluation
Another development in apical microsurgery has been the intro-
duction of the surgical micromirror. Micromirrors come in a vari-
ety of shapes and sizes and have diameters ranging from 1 mm to 

5 mm. Recently introduced micromirrors utilize a rhodium coat-
ing. Rhodium is extremely hard and durable and is unsurpassed in 
reflectivity, clarity, and brightness. They are front surface, scratch 
resistant, and autoclavable (JEDMED, St. Louis, MO) (Fig. 
20.18). Before using micromirrors, it was impossible to assess the 
thoroughness of apical preparation. Failure to completely remove 
old root canal filling material and debris from the facial wall of the 
apical preparation (Fig. 20.19) may lead to facial wall leakage and 
eventual failure if not cleaned before placement of an apical seal. 
Clearly, it is necessary to circumferentially remove all debris from 
the apical preparation to satisfy the criteria set forth by Gilheany 
et al. and Ricucci and Siqueira.29,30 

• Fig. 20.14 Various ultrasonic tips with different shapes and angles.

• Fig. 20.15 Thermoplasticized gutta-percha spinning around a stainless 
steel tip at ×16.

• Fig. 20.16 Thermoplasticized gutta-percha “walking” out of the prepara-
tion at ×16.

• Fig. 20.17 Piezosurgery Touch (Mecron, Via Loreta, GE, Italy). The control 
panel allows the clinician to choose surgical procedure (power) and irriga-
tion types.

• Fig. 20.18 Rhodium micromirror view of the beveled surface of the root 
at ×13.
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Hemostasis
Before selecting and placing retrofilling materials, it is essential to 
have established good hemostasis. Hemostasis begins by obtain-
ing and reviewing the patient’s health questionnaire. Consulta-
tion with the patient’s physician may be necessary. Anesthesia 
must be profound with an adequate vasoconstrictor. There are 
many hemostatic materials available. Such a list could include fer-
ric sulfate, aluminum chloride, collagen, hemostatic gauze, race-
mic epinephrine, or electro-cautery. When selecting hemostatic 
agents, one should consider their effect on hard and soft tissue 
and whether their use could compromise healing. For a complete 
discussion of local anesthesia see Chapter 8. 

Selecting Retrofilling Materials
Historically, amalgam was first suggested for retrofillings by Far-
rar and reported in Dental Cosmos in 1884.31 In 1978 Oynick 
and Oynick showed collagen fibers from the periodontal liga-
ment against SuperEBA (Southern Anesthesia and Surgical, West 
Columbia, SC) retrofills and possibly into the SuperEBA matrix 
as well and suggested that SuperEBA may promote healing.32 
Bioceramics such as ProRoot mineral trioxide aggregate (MTA) 
(Dentsply Tulsa Dental, Tulsa, OK), BioAggregate (Innovative 
Bioceramix, Vancouver, Canada), EndoSequence Root Repair 
Material (Brasseler USA, Savannah, GA), Grey MTA Plus (Avalon 
Biomed, Bradenton, FL), and Biodentine (Septodont USA, Lou-
isville, CO) were soon to follow. The class of bioceramics includes 
alumina and zirconia, bioactive glass, glass ceramics, coatings and 
composites, calcium silicates, hydroxyapatite, resorbable calcium 
phosphates, and radiotherapy glasses. The general class is used for 
joint and tissue replacement and for coating metal implants to 
improve biocompatibility. They are chemically and physically sta-
ble in a biologic environment and they chemically bond to dentin. 
ProRoot MTA, BioAggregate, EndoSequence Root Repair Mate-
rial, and Grey MTA Plus all fit this definition.

The question as to whether SuperEBA had different outcomes 
than ProRoot MTA was studied by Song et  al. and reported as 
a prospective randomized controlled study.33 They reported that 
there was no significant difference in the clinical outcomes of 
endodontic microsurgery when SuperEBA and ProRoot MTA 
were used as root-end filling materials. However, ProRoot MTA 
produces complete periapical regeneration histologically whereas 
SuperEBA is incapable of doing the same thing (Fig. 20.20). 

Mixing, Placing, Condensing, Carving, and 
Finishing Retrofilling Materials
Cement consistency retrofilling materials, such as SuperEBA and 
desiccated intermediate restorative material (IRM), are mixed to 
a putty consistency and carried to the apical preparation in small 
truncated cones 1 mm to 2 mm in size on a #12 spoon excava-
tor (Fig. 20.21). Between each aliquot of material, a small plug-
ger (JEDMED Instrument Company, St. Louis, MO) that will 
fit inside the apical preparation is used to condense the material 
(Fig. 20.22).

Final examination of the retrofilling is performed after the sur-
face has been dried with a Stropko Irrigator because it is more 
accurate to check the margins of the preparation when the beveled 
surface of the root is dry (Fig. 20.23). Materials such as ProRoot 
MTA are best delivered to the apical preparation with a carrier-
based system (Fig. 20.24).

When placing ProRoot MTA, select a carrier that will fit into 
the apical preparation (Fig. 20.25). This will avoid spilling mate-
rial into the bony crypt. As ProRoot MTA is cohesive to itself but 
only slightly adhesive to the walls of the preparation, care must 
be exerted to avoid pulling the material out of the preparation 
(Fig. 20.26). ProRoot MTA retrofilling is finished by wiping the 
beveled surface of the root with a moist cotton pellet (Fig. 20.27). 

• Fig. 20.19 Micromirror view of gutta-percha and debris on the facial wall 
of the apical preparation at ×16.

CC

C

C

C

C

• Fig. 20.20 Complete regeneration of periapical tissues after using MTA 
as a root-end filling material in mokkeys. B, Bone; PDL, periodontal liga-
ment; C, cementum; MTA, mineral trioxide aggregate.

• Fig. 20.21 Placing SuperEBA into the apical preparation with a #12 
spoon excavator at ×16.
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• Fig. 20.22 Plugging SuperEBA into the apical preparation with a small 
plugger at ×16.

• Fig. 20.23 Checking for marginal integrity with a CX-1 explorer at ×20.

• Fig. 20.24 Micro Apical Placement System.

• Fig. 20.25 MAP carrier placed inside the apical preparation at ×16.

• Fig. 20.26 ProRoot mineral trioxide aggregate (MTA) being pulled out of 
the apical preparation at ×16.

• Fig. 20.27 Checking the marginal integrity mineral trioxide aggregate 
(MTA) after its application at ×20.
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Placing Bone Grafts and Membranes
A frequently asked question is whether a bone graft should be 
placed in the bony crypt or a membrane placed over the surgi-
cal site as a matter of routine. According to the review paper by 
Lin et al., biologically a clot is a better space filler than all bone 
grafting materials as it contains the host’s own biologic prod-
uct to provide an excellent scaffold for wound healing. The best 
application of membrane barriers in periapical surgery appears 
to be in combined endodontic-periodontal lesions or large peri-
apical lesions communicating with the alveolar crest. They also 
concluded that there is no conclusive evidence to demonstrate 
that the application of membrane barriers in large or through-
and-through bony lesions has a better long-term outcome than 
a control group in periapical surgery. If formation of perira-
dicular scaring is anticipated, a membrane can be placed for 
cosmetic reasons.

Dahlin et al. showed complete osseous healing of experimen-
tally induced bone defects in rat jaws occurred after 6 weeks when 
polytetrafluorethylene (PTFE) membranes were placed on both 
sides of the defect.34 Pecora and Andreana repeated the Dah-
lin study with calcium sulfate as a barrier and found the same 
results.35 For further discussion of grafting procedures see the sec-
tion on grafting in Chapter 21.

Flap Closure
The final stage of apical microsurgery is flap closure. Care must 
be taken to reapproximate the flap in order to promote healing by 
primary intention. Suturing is a critical part of flap closure. There 
are several suturing materials available. Parirokh et al. showed sig-
nificantly more bacterial contamination and physical debris with 
silk sutures compared with polyvinylidene fluoride (PVDF), a 
monofilament suture, at 3, 5, and 7 days post placement.36 How-
ever, PVDF is difficult to handle and needs to be pulled several 
times to erase the stiff memory. In addition, patients often com-
plain that the tag ends of the suture are stiff and irritating to the 
oral mucosa.

Maxima PTFE (Henry Schein, NY, USA) is a PTFE coated 
monofilament suture that has handling properties similar to silk 
but produces less inflammation and contamination.

Although selection of suture material is important, it is also 
necessary to consider needle design. Reverse cutting needles have 
their cutting surfaces on the convex surface of the needle, making 
them ideal for suturing gingiva and oral mucosa. Maxima PTFE 
sutures are available with a laser cut premium needle that provides 
a smoother transition between the needle and the suture material, 
further reducing drag and tissue trauma.

Although the Adson tissue forceps can hold the flap firmly 
while suturing, newer instruments such as the Corn tissue forceps 
(Laschal Surgical Inc., Purchase, NY) are designed for precision 
needle placement (Fig. 20.28). The forceps grasp the tissue and 
the needle enters the tissue through an opening in the ends of the 
forceps.

There are a variety of needle holders available for the clinician. 
The recently introduced Baraquer needle holder (Laschal Surgical 
Inc., Purchase, NY) (Fig. 20.29) has an additional advantage in 
that it contains a small scissors that can also cut the suture.

Once the sutures are placed, the flap should be compressed 
with a saline soaked gauze and firm finger pressure for a minimum 
of 3 minutes. This will lessen the chance for the formation of a 
hematoma under the flap. 

Postoperative Instructions
Both oral and written postoperative instructions should be given 
to the patient. Instructions should be written in simple, straight-
forward language. They should minimize patient anxiety arising 
from normal postoperative symptoms by describing how to pro-
mote healing and comfort.

A typical list of postoperative instructions is as follows:
 1.  Some swelling and discoloration are common. Use an ice 

pack with moderate pressure on the outside of your face (20 
minutes on and 5 minutes off) until you go to bed tonight. 
Application of ice and pressure reduces bleeding and swelling 
and provides an analgesic effect.

 2.  Some oozing of blood is normal. If bleeding increases, place a 
moistened gauze pad or facial tissues over the area and apply 
finger pressure for 15 minutes. If bleeding continues, call the 
dentist’s office.

 3.  Do not lift your lip or cheek to look at the area. The stitches 
are tied, and you may tear them out.

 4.  Starting tomorrow, dissolve 1 teaspoon of salt in a glass of 
warm water and gently rinse your mouth three or four times 
daily. Rinsing with a 0.12% chlorhexidine mouthwash may 
promote healing. Mouthwashes containing alcohol should be 

• Fig. 20.28 Corn tissure forceps.

• Fig. 20.29 Baraquer needle holder/scissors with suture material engaged 
in the scissor.

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


440 CHAPTER 20   Apical Microsurgery

• Fig. 20.30 Scissors/Forcepts Combo suture removal instrument.

avoided for the first several days after surgery. Careful brush-
ing is important, but vigorous brushing may damage the area 
of surgery. Tonight you should brush and floss all areas except 
the surgery site. Tomorrow night you can carefully brush the 
surgery site.

 5.  Proper diet and fluid intake are essential after surgery. Eat a 
soft diet and chew on the opposite side of your mouth. Drink 
lots of fluids and eat soft foods such as cottage cheese, yogurt, 
eggs, and ice cream.

 6.  Pain is usually minimal after AS, and strong analgesics are 
normally not required. Some discomfort is normal. If pain 
medication was prescribed, follow the instructions. If no 
medication was prescribed, take your preferred nonprescrip-
tion pain remedy if needed. If this is not sufficient, call the 
dentist’s office.

 7.  If you are a smoker, do not smoke for the first 3 days after the 
procedure.

 8.  If you experience excessive swelling or pain or if you run a 
fever, call the dentist’s office immediately.

 9.  Keep your appointment to have the stitches removed. 
(Sutures are removed 3 to 7 days after surgery.)

 10.  Call the dentist’s office if you have any concerns or questions. 

Suture Removal
The key to suture removal is in the healing of the epithelium. 
Harrison and Jurosky reported that a thin epithelial seal was 
established in the horizontal incisional wound at 24 hours and 
a multilayered epithelial seal was established in the vertical inci-
sional wound between 24 and 48 hours.37 Most clinicians would 
agree that sutures could be left in place for up to 7 days without 
causing significant soft tissue irritation.

Recently introduced for suture removal is the Scissors/Forceps 
Combo instrument (Fig. 20.30) (Laschal Surgical Inc., Purchase, 
NY). Safety ended suture scissors (Laschal Surgical Inc., Purchase, 
NY) have been designed to remove sutures that are buried in 
edematous or hypertrophic tissue. 

Prognosis
Based on the results of several meta-analyses endodontic microsur-
gery enjoys high success rates ranging from 91.4% to 94.4%38-53 
(see Chapter 22).
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Adjunctive Procedures
MAHMOUD TORABINEJAD AND MOHAMMAD SABETI

Introduction
Adjunctive surgical procedures are those that are used to treat either 
pathologic conditions or mishaps that occur during root canal treat-
ment. One of the pathologic conditions that requires an adjunctive 
procedure is an incision for drainage for acute apical abscesses. As 
discussed in Chapter 18, most procedural accidents can be cor-
rected nonsurgically. When nonsurgical correction is not feasible 
or impractical, these conditions are treated surgically, as discussed 
in Chapter 20. Adjunctive surgical procedures are additional. So 
it is additional treatment modalities to treatment modalities pre-
vent tooth loss and preserve natural dentition. The purpose of this 
chapter is to discuss the indications, contraindications, procedures 
involved, and prognosis for some of these procedures such as inci-
sion for drainage, root resection, hemisection, crown lengthening, 
tooth replantation, and transplantation. In addition, principles and 
materials for socket preservation after extraction using regenerative 
techniques and guided bone regeneration (GBR) will be discussed. 

Incision for Drainage
The objective of incision for drainage is to remove inflammatory 
exudates and purulence from a soft tissue swelling. Incision for 
drainage reduces discomfort resulting from the buildup of pres-
sure and speeds healing.

Indications
The best treatment for swelling originating from an acute apical 
abscess of pulpal origin is to establish drainage through the offend-
ing tooth (Fig. 21.1, A; Video). When adequate drainage cannot 
be accomplished through the tooth itself, drainage is obtained 
through soft tissue incision. Drainage through the soft tissue is 
accomplished most effectively when the swelling is fluctuant. A 
fluctuant swelling is a fluid-containing mass in which a wavelike 
sensation is felt when pressure is applied (Fig. 21.1, B). Incising 
a fluctuant swelling releases purulence immediately and provides 
rapid relief. If the swelling is nonfluctuant or firm, incision for 
drainage often results in drainage of only blood and serous fluids. 
Incision and drainage of a nonfluctuant abscess reduces pressure 
and facilitates healing by reducing irritants and increasing circula-
tion in the area. 

Contraindications
There are relatively few contraindications to the use of inci-
sion for drainage. Patients with prolonged bleeding or clotting 
times or those who are on bisphosphonates must be approached 
with caution, and hematologic screening is often indicated. An 
abscess in or near an anatomic space should be handled very 
carefully. 

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Discuss the role of adjunctive endodontic surgery in patient 
treatment planning.

 2.  Recognize situations in which adjunctive surgical procedures 
are the treatments of choice.

 3.  Define the terms incision and drainage, root resection, hemisec-

tion, crown lengthening, tooth replantation, tooth transplanta-
tion, and socket preservation.

 4.  Discuss the indications for each procedure listed in objective 3.
 5.  Describe in brief the step-by-step procedures involved in objec-

tive 3.
 6.  Discuss the prognosis for each procedure listed in objective 3.

C H A P T E R  O U T L I N E
Introduction, 442

Incision for Drainage, 442

Root Resection, 443

Hemisection, 444

Crown Lengthening, 444

Root Extrusion, 445

Tooth Replantation, 446

Transplantation, 446

Guided Tissue Regeneration and Guided Bone Regeneration in 
Endodontics, 446

Socket Preservation, 451
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Procedures
Anesthesia
Profound anesthesia is sometimes difficult to obtain in the presence 
of inflammation, swelling, or exudates. Because direct subperiosteal 
infiltration is ineffective and may be quite painful, regional block 
anesthetic techniques are preferred. Mandibular blocks for posterior 
areas, bilateral mental blocks for the anterior mandible, posterior 
superior alveolar blocks for the posterior maxilla, and infraorbital 
blocks for the premaxilla area are the preferred choices. These injec-
tions may be supplemented by regional infiltration.

In addition to block anesthesia, one of the following meth-
ods may also be used. The first technique is infiltration that starts 
peripheral to the swelling. After the application of topical anes-
thetic, the solution is injected slowly with limited pressure and 
depth, and this is followed by additional injections in previously 
anesthetized tissue, moving progressively closer to the center of 
the swelling. This procedure results in improved anesthesia with-
out extreme discomfort.

The second technique is the use of topical ethyl chloride. A 
stream of this solution is directed onto the swelling from a dis-
tance, permitting the liquid to volatilize on the tissue surface. 
Within seconds, the tissue at the site of volatilization turns 
white. The incision is quickly accomplished with continued ethyl 
chloride spray. This topical anesthesia is a supplement to block 
anesthesia when a quick incision is required. If none of these pro-
cedures work, nitrous oxide/oxygen sedation or intravenous (IV) 
sedation can be used for incision and drainage. 

Incision
After anesthesia, the incision is made vertically with a No. 11 scalpel 
(Fig. 9-6C). Vertical incisions are parallel with the major blood ves-
sels and nerves and leave very little scarring. The incision should be 
made firmly through periosteum to bone. If the swelling is fluctu-
ant, pus usually flows immediately, followed by blood (Video). If 
the swelling is nonfluctuant, the predominant drainage is blood. 

Drainage
After the initial incision, a small closed hemostat may be placed in the 
incision and then opened to enlarge the draining tract (Fig. 9-6D). 
This procedure is indicated with more extensive swellings. To maintain 
a path for drainage, an I-shaped or “Christmas tree” drain cut from a 
rubber dam or a piece of iodoform gauze can be placed (suturing is 
optional) in the incision (Fig. 21.1, C; Video). The drain should be 
removed after 2 to 3 days; if it is not sutured, the patient may remove 
the drain at home. 

Root Resection
Root resection is removal of the whole or part of a root from any 
multirooted tooth. This operation is usually performed in maxil-
lary molars, but it can also be done in mandibular molars.1

Indications
The main indication for root resection is presence of severe bone loss 
in a periodontally involved root that cannot be treated by periodontal 

A B

C

• Fig. 21.1 (A) Establishment of drainage through an offending tooth. (B) A fluctuant swelling is present 
because of the presence of an infection in the right lateral incisor. (C) An incision for drainage is performed 
and a rubber drain is sutured in place to prevent immediate closure of the incision.
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treatment. In addition, root resection is indicated for root(s) of mul-
tirooted teeth with severe caries, resorption, vertical root fracture, or 
untreatable procedural accidents in the furcation of multirooted teeth. 

Contraindications
Root resection is contraindicated when there is insufficient bony 
support for the remaining root(s), patients on bisphosphonates, 
and in the presence of fused roots. 

Procedures
Root resection can be performed with and without a surgical flap. 
Raising a surgical flap provides better visibility for the operator. 
After raising a flap, root resection is performed using a fissure bur 
to cut the involved root and separating it from the crown. The 
remaining stump should be contoured to the surface of the crown, 
providing the patient a good hygiene (Fig. 21.2). The prognosis 
for root resection has been reported as fair to good depending on 
case selection, patient hygiene, and motivation (Video 21.1).1 

Hemisection
Hemisection is the surgical division of a multirooted tooth into 
two segments. It is usually performed in mandibular molars and in 
rare occasions in maxillary molars. The indications and contrain-
dications for hemisection are similar to those for root resection.2-6

Procedures
Like in root resection, hemisection can be performed with and 
without a surgical flap. After raising a flap, a vertical cut is made 
through the crown into the furcation using a fissure bur. The initial 
cut should be made close and at the expense of the unsalvageable 
root. The tooth is sectioned through the bifurcation. The unsalvage-
able root is then removed. The anatomic crown of the remaining 
root(s) should then be contoured to the surface of the root with-
out any ledges. This action provides good, smooth margins for 
the prosthetic crown and adequate access for good hygiene by the 
patient (Fig. 21.3). The success rates of teeth that have had root 

amputation or hemisection has been reported to be 70% to 85%.3,4 
Like root resection, the main factors affecting the long-term success 
of this procedure are case selection and the patient’s oral hygiene  
(Videos 21.2 and 21.3).3,5,6 

Crown Lengthening
Although clinicians often prefer supragingival margin placement, 
some situations like presence of subgingival decay, crown fracture, 
root perforation, short clinical crown, tooth hypersensitivity, or 
esthetic demands may dictate subgingival margin for placement of 
restoration. Placing restoration margins below gingiva can cause 
persistent gingival inflammation and eventually tooth loss.7-11 To 
prevent these complications and establish biological width, crown 
lengthening can be performed either surgically or nonsurgically. 
Surgical crown lengthening (SCL) usually consists of removal of 
soft and/or hard tissues to achieve a longer clinical crown and rees-
tablish the proper biologic width dimensions around a tooth.

Indications
SCL is indicated for teeth with a short natural clinical crown and 
shortened clinical crown resulting from the presence of pathologic 
conditions such as extensive decay, resorption, iatrogenic perfora-
tion, or crown fracture extending subgingivally.12-13 SCL is indi-
cated when the operator expects that the final restorative margin 
will be located less than 3 mm from the alveolar bone crest. 

Contraindications
SCL is contraindicated for medical reasons, patients on bisphospho-
nates, when the procedure could result in exposure of a tooth furca-
tion, or it is near vital anatomic structures such maxillary sinus or 
mental foramen and for teeth in the esthetic zone, when the procedure 
results in the presence of a long clinical crown for only one tooth.13 

Procedures
SCL is typically accomplished by either gingivectomy or plac-
ing gingival tissue flap apically with or without bone removal. 

A B C

• Fig. 21.2 (A) A maxillary molar with severe bone loss around the distobuccal root. (B) Root canal treat-
ment was followed by an amalgam core extending 3 to 4 mm into the distobuccal canal. (C) The root was 
amputated, and a crown subsequently placed.
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After raising a full-thickness flap, a submarginal incision is per-
formed. Then, soft and hard tissues are removed, and the flap is 
sutured in the appropriate level to allow reestablishment of the 
epithelial and connective tissue attachment and for allowance of 
enough tooth structure for adequate support of the planned res-
toration (Fig. 21.4). The mean survival rates of SCL procedure 
have been reported at 83% after 10 years.14 However, a recent 
systematic review with limited data concludes that SCL can result 
in increased crown length and possible gingival margin rebound.15 

Root Extrusion
An alternative to SCL is orthodontic extrusion or forced 
eruption.16,17

Indications and Contraindications
Root extrusion is indicated for any tooth with horizontal crown 
or root fractures, decay, resorption, or accidental perforations that 
extend below the crestal bone 0 to 4 mm.17 The contraindications 
for root extrusion are short roots, insufficient space to extrude the 
root, and periodontal disease.17 

Procedures
If there is enough tooth structure available after root canal 
treatment, brackets are placed on the incisal third of the crown 

of the involved tooth and the adjacent teeth. Vertical force 
is applied to the involved tooth by placing elastic bands on 
the adjacent teeth and connecting them to the endodontically 
treated tooth with inadequate coronal structure (Fig. 21.5). 
When there is not enough coronal tooth structure available, a 
paper clip is cemented with intermediate restorative material 
(IRM) in the coronal portion of the root canal treated tooth. 
After cementing a horizontal wire on the adjacent teeth, ver-
tical force is applied to the involved tooth by placing elastic 
bands from the paper clip in the root canal-treated tooth and 
the horizontal wire. Because of light extrusion forces, the tooth 
and the entire periodontal attachment apparatus will move 
coronally. This procedure may take 2 to 4 weeks. After accom-
plishing adequate extrusion, the tooth must be stabilized for at 
least 2 months before placing a final restoration17 (Fig. 21.6). 
This treatment can also be expedited with fiberotomy. When 
performed, the marginal bone level will mostly stay in the orig-
inal position.18

The disadvantages of orthodontic root extrusion include 
esthetic issues during the procedure, required time to accomplish 
ideal results, and surgical fiberotomy after root extrusion. Because 
of these disadvantages, surgical extrusion (Fig. 21.7) has been 
suggested as an alternative to crown lengthening by orthodontic 
extrusion.19 The surgical extrusion consists of extraction and sta-
bilization of the extracted tooth for 4 to 6 weeks and its concept is 
based on information from the dental trauma literature regarding 
treatment of extrusive luxation. 

A B

C D

• Fig. 21.3 (A) A mandibular second molar with severe bone loss around distal root. (B) A postoperative 
radiograph after root canal treatment on the mesial roots and placing an amalgam core. (C) A postopera-
tive radiograph after performing hemisection. (D) A postoperative radiograph 2 years later.
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Tooth Replantation
Tooth replantation is the reinsertion of a tooth into its own alveo-
lar socket after performing apical surgery out of the socket.20 This 
procedure is indicated when an apical surgery is contraindicated 
or very difficult to perform and is the last treatment option to save 
a tooth (Fig. 21.8).

There are several factors that affect the clinical success of 
intentional replantation. They include: age, sex, type of tooth 
replanted, presence of fractures, stage of root development, sta-
tus of surrounding alveolar bone, contamination of the replanted 
tooth, cleansing procedure, and antibiotic therapy.21

The apical size (correlated with age) and the length of time the 
tooth has been out of the socket are, respectively, two of the most 
important factors to determine prognosis.22 The success factor for 
intentional replantation stems from the ability of the replanted 
tooth to be integrated back into the body in a timely fashion. 
The timeliness relates directly to the viability of the surrounding 
mesenchymal cells around the implanted tooth. Teeth that have 
been dried out have minimal capability to revascularize or regen-
erate any of the mesenchymal cells in the periodontal ligament or 
cementum, which are vital for the success of reimplantation.

The adverse effects of replantation include surface resorption and 
ankylosis; these signs are typically observed within 12 months after 
replantation.23 There is a noticeably higher success rate with implant 
supported crowns than with intentionally replanted teeth: 97% and 
88%, respectively.24 Although the data show much more predictable 
results with implants, intentional replantation is still considered a reli-
able procedure and should be considered as a treatment option to 
patients for those that are seeking to maintain their dentition.25

Tooth replantation is contraindicated for teeth that are not 
restorable, have inadequate bony support, and are difficult to 
extract. Patients on bisphosphonates may not be good candi-
dates for this procedure. After extracting the tooth with minimal 
trauma, the apical surgery is performed outside of the mouth and 
then the tooth is reinserted into its original socket.24 Tooth replan-
tation has a long history in dentistry.26 When properly planned 
and performed, tooth replantation has been shown to be quite 
successful (mean survival of 88%). 

Transplantation
Transplantation is extraction of an erupted, embedded, or impacted 
tooth from one part of the mouth into an extraction site or surgi-
cally prepared recipient site within the same individual.20 Trans-
plantation of a tooth is indicated for either an unsalvageable or 
missing tooth.27,28 It is contraindicated if the transplanted tooth is 
not restorable, has inadequate bony support, is difficult to extract, 
and does not fit the recipient site. Patients on bisphosphonates 
are not be good candidates for transplantation. Ideally, root canal 
treatment should be performed on the transplanted tooth before 
this procedure. After extracting the unsalvageable tooth and pre-
paring the socket for transplantation of a new tooth, the extracted 
healthy tooth is extracted with minimal trauma and damage to 
the periodontium. An apical surgery is performed on the extracted 
tooth outside of the mouth, and then the tooth is reinserted into 
its new socket (Fig. 21.9). During tooth transplantation, the tooth 
must be kept in moist gauze to prevent dehydration and necrosis 
of the periodontal ligament. When appropriately indicated and 
performed, transplanted teeth have a good prognosis.28 

Guided Tissue Regeneration and Guided 
Bone Regeneration in Endodontics
Guided tissue regeneration (GTR), as a technique, follows from 
observations that the type of tissue that forms the attachment to an 
exposed root surface is a result of the types of cells that first populate 
the area.29 A long junctional epithelium will form from advancing 
epithelial tissues, root resorption may occur from advancing gingi-
val connective tissue, resorption and ankylosis follows from bone 
in contact to the root surface and, finally, if periodontal ligament 
(PDL) cells propagate, a connective tissue attachment may form. As 
an ideal outcome, PDL cells will lead to an appropriately oriented 
new connective tissue attachment and subsequent bone formation. 
Early studies showed that preserved PDL tissues on the extracted 
teeth of dogs auto-implanted into areas of the jaw promoted heal-
ing, and thus a functionally oriented connective tissue attachment. 
In practice, GTR is often used for cases where periodontitis has led 
to significant clinical attachment loss. With the addition of bone 
grafting, GBR can be used in concert with GTR to fill bony defects. 
Generally, after surgical exposure of the areas of clinical attachment 
loss with a bony defect and débridement of the exposed root sur-
face, bone grafting material is placed with a barrier to prevent the 
apical migration of gingival epithelium and the formation of gingi-
val connective tissue, root resorption, or ankylosis. Thus PDL fibers 
will be allowed to form a proper connective tissue attachment with 
alveolar bone filling in the space.30 It is worth noting that epithelial 
derived cells migrate up to 10 times faster than other periodontally 
derived cells, thus these types of cells must be prevented from api-
cal migration by use of a barrier to allow the cells with regenerative 
potential (the PDL cells) to proliferate.31

 1.  The objectives of incision for drainage are:
 a.  Remove inflammatory exudates and purulence from a soft tissue 

swelling
 b.  It reduces discomfort resulting from the buildup of pressure
 c.  Speeds healing
 d.  Increasing circulation in the area
 e.  None of the above
 f.  All of the above
 2.  What are the contraindications for incision and drainage?
 a.  Patients with prolonged bleeding or clotting times
 b.  An abscess in or near an anatomic space should be handled very carefully
 c.  Patient with fluctuant swelling and a fluid-containing mass
 d.  A and B
 3.  What are the main indications for root resection?
 a.  Severe bone loss in a periodontally involved root that cannot be 

treated by periodontal treatment
 b.  Multirooted teeth with severe caries, resorption, vertical root fracture
 c.  Presence of fused roots
 d.  A and B
 4.  What are the contraindications for surgical crown lengthening?
 a.  When the procedure could result in exposure of a tooth furcation
 b.  Proximity to vital anatomic structures such as maxillary sinus or 

mental foramen
 c.  None of the above
 d.  A and B
 5.  What are the indications for root extrusion?
 a.  Any tooth with horizontal crown or root fractures
 b.  Any tooth with decay and resorption
 c.  Short roots
 d.  A and B

Study Questions
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A B C

D E

• Fig. 21.5 (A) A preoperative radiograph of a maxillary first premolar with an inadequate clinical crown 
for restoration. (B) A radiograph showing completed root canal treatment on this tooth. (C) A clinical 
photograph of placement of extrusion apparatus to extrude the tooth orthodontically. (D) A postoperative 
radiograph after extrusion of this tooth. (E) Postoperative radiograph after root canal treatment, extrusion, 
and placement of a crown 15 months after completion of the procedures. (Courtesy of Dr. M. Pouresmail.)

A

D

C

F

B

E

• Fig. 21.4 (A) Clinical appearance of mandibular first premolar tooth requiring crown lengthening surgery. 
(B) A preoperative radiograph of the same tooth showing presence of adequate root canal treatment. (C) 
A postoperative radiograph after root canal treatment. (D) A postoperative clinical appearance of the same 
tooth after crown lengthening procedure. Note increase in supragingival tooth structure compared with A. 
(E) Postoperative radiograph after restoration of that tooth with post and a crown and placement of two 
implants in the edentulous area. (F) A postoperative clinical appearance of the region after restoration. 
(Courtesy of Dr. Brian Goodacre.)
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D E

C

B

A

• Fig. 21.6 (A) A preoperative radiograph of a maxillary lateral incisor with severe cervical decay with 
an inadequate clinical crown for restoration. (B) After completing root canal treatment, a paper clip is 
cemented with intermediate restorative material (IRM) in the coronal portion of the root canal treated tooth. 
After cementing a horizontal wire on the adjacent teeth, vertical force is applied to the involved tooth 
by placing elastic bands from the paper clip in the root canal treated tooth and the horizontal wire. (C) 
Because application of light extrusion forces for 4 weeks has resulted in the movement of the tooth and 
the gingiva, a gingivectomy has been performed to expose the root completely. (D) A postoperative radio-
graph after extrusion of this tooth. (E) A postoperative radiograph after root canal treatment, extrusion, and 
placement of a crown 15 months after completion of the procedures.
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A

D

B C

E F

• Fig. 21.7 (A) A preoperative photograph of a maxillary second premolar with an inadequate clinical crown 
for restoration. (B) A radiograph showing this tooth has adequate root canal treatment. (C) A clinical 
photograph of this tooth after surgical extrusion and splinting it to the adjacent teeth. (D) A postoperative 
radiograph after extrusion and splinting of this tooth. (E) A clinical photograph of this tooth 3 weeks later. 
(F) A postoperative radiograph after extrusion and placement of a crown 4 months after completion of the 
procedures. (Courtesy of Dr. Rajiv Patel.)

A B C

D E

• Fig. 21.8 (A) Preoperative radiograph of a second mandibular molar with a completed root canal treat-
ment with continuous pain. (B) A postoperative radiograph after nonsurgical retreatment. The patient 
remained symptomatic. (C) Immediate postoperative radiograph after tooth replantation. (D) A postopera-
tive clinical views of the roots after root resection and root end filling with mineral trioxide aggregate (MTA). 
(E) A postoperative radiograph taken 2 years later. The tooth had no clinical symptoms at this time.
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Rankow et al. listed endodontic clinical applications where GTR 
may be beneficial. A survey of members of the American Association 
of Endodontists in 2011 showed that 10.1% of respondents would 
use GTR for repair of small (<1 cm) periapical lesions, 62.9% for 
repair of large (>1 cm) periapical lesions, 63.9% for furcation or root 
perforation repair, and 88.7% for repair of through-and-through 
(transosseous) lesions.30 In a review by Corbella et al., studies using 
GTR with a barrier membrane for endodontic surgery were cat-
egorized based on two classification systems.32,33 Guidelines for the 
management of the surgical site when using GTR are available.34

Indications
It was noted that GTR used for treatment of large periapical lesions 
may be of some benefit, as well as for through-and through peri-
apical lesions. The use of resorbable membrane barriers showed 
more favorable outcomes over nonresorbable membranes or the 
use of a graft without membrane. 

Contraindications
Potential contraindications for endodontic surgery are no different 
from any elective dental treatment.34 Case selection should consider 
the potential for improvement with the proposed treatment versus 
alternative treatments, evaluation of the patient’s medical condition, 
general oral health, and medication use. Contraindications have been 

suggested for the use of GTR techniques and include any medical 
condition incompatible with the procedure, active infection at the 
site, and poor oral hygiene. Additionally, relative contraindications 
were suggested for improper interproximal bone level, inadequate tis-
sue thickness, inadequate amount of keratinized gingiva, improper 
vestibular depth for flap advancement, and smoking.35 Similar con-
traindications and relative contraindications were given for GBR 
techniques used for root coverage in patients with gingival recession.36 
It is important to note that active infection at the site will likely be 
present when using GTR/GBR techniques during endodontic sur-
gery, but that ideally the source of the infection is removed. 

Procedure
In brief: restorable membranes should be used in order to prevent a 
second surgical procedure to remove the membrane. The membrane 
should extend 2 to 3 mm past the margins of the bony crypt and 
supported with the bone graft material. The membrane should be 
entirely covered when suturing the tissue, and postoperative com-
pression is contraindicated. Additionally, smoking should be avoided 
as it has been shown to significantly affect a positive outcome. 

Prognosis
Prognosis of endodontic surgery on Classes A to C is very good, 
as studies have shown positive outcomes above 96%. Classes D to 

A B

C D

• Fig. 21.9 (A) Preoperative radiograph of a nonrestorable mandibular second mandibular molar with verti-
cal root fractures. Radiographic and clinical examinations showed presence of a third intact tooth suitable 
for transplantation. (B) A postoperative radiograph after completion of root canal treatment on the third 
molar. (C) Immediate postoperative radiograph after tooth transplantation. (D) Postoperative radiograph 
seven and half years later shows excellent healing. The tooth had no clinical symptoms at this time.
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F represent more challenging cases in which endodontic surgery 
alone may have a reduced prognosis but, with GTR and/or GBR 
techniques, the prognosis may be improved. 

Socket Preservation
Socket preservation is the procedure used to maintain bone vol-
ume after an extraction of a tooth. Generally, bone volume will 
decrease as a result of resorption processes after a tooth is extracted. 
The socket preservation procedure is used to minimize this effect 
and generally involves placement of a biomaterial in the socket in 
order to delay the resorption process.

Indication
Indications for socket preservation include delayed placement of 
implants that require the need for reducing bone resorption pro-
cess, as well as any patient needs that require the need for bone to 
be sustained. Socket preservations are typically performed with 
autografts, allografts, xenografts, or alloplasts. 

Contraindications
Contraindication to socket preservation include acute infections/
medical conditions that may affect proper healing.37 Patient with 
uncontrolled diabetes, ongoing radiation therapy, and heavy smok-
ers are also in the contraindications category as poor candidates 
for socket preservation because of their poor healing capability.38 
Patients with allergies to socket preservation graft material, more 
specifically synthetic material, are also obviously contraindicated for 
this procedure. 

Procedure
Socket preservation first begins by extracting a tooth. Once the 
tooth has been extracted the chosen graft material is placed into the 
socket and the wound is sealed with primary closure39 (Fig. 21.10).

A B C

D E F

• Fig. 21.10 (A) A clinical view of a second maxillary premolar with severe decay and an inadequate crown 
for proper restoration. (B) A radiograph showing absence of inadequate root and crown restoration to 
preserve this tooth. (C) A clinical picture demonstrating extraction site. (D) A clinical picture showing place-
ment of graft material in the socket of extraction site. (E) A clinical picture showing placement of resorbable 
membrane and sutures over the graft material to hold it in the extraction site. (F) A postoperative radio-
graph showing completed socket preservation at the site of extraction.

 6.  What cells travel faster than other periodontal derived cells?
 a.  Epithelium
 b.  Connective tissue
 c.  Both
 7.  Does a barrier prevent periodontal derived cells from apical migration?
 a.  Yes
 b.  No
 8.  What are the contraindications for GTR and GBR in endodontics?
 a.  Any medical condition incompatible with the procedure
 b.  Active infection at the site
 c.  Poor oral hygiene
 d.  All of the above
 e.  None of the above
 9.  Which of the following are recommended in GTR and GBR in endodontics?
 a.  The membrane should extend 2 to 3 mm past the margins of the 

bony crypt and supported with the bone graft material
 b.  The membrane should be entirely covered when suturing the tissue
 c.  Use a restorable membrane
 d.  All of the above
 10.  What is the indication for socket preservation?
 a.  Delayed placement of implants that require the need for reducing 

bone resorption process
 b.  Any patient that requires the need for bone to be sustained
 c.  None of the above
 d.  A and B

Study Questions
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A N S W E R S

Answers Box 21
  1 f.  All of the above
  2 d.  A and B
  3 d.  A and B
  4 d.  A and B
  5 d.  A and B
  6 a.  Epithelium
  7 a.  Yes
  8 d.  All of the above
  9 d.  All of the above
 10 d.  A and B
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22
Endodontic Treatment 
Outcomes
FRANK SETZER, SAMI CHOGLE, AND  
MAHMOUD TORABINEJAD

Introduction
The primary goals of endodontic treatment are to provide patients 
with the best possible long-term outcomes regarding function, 
comfort, and esthetics. From a biologic perspective, this encom-
passes the prevention or cure of apical periodontitis. Prevention 
will be the focus for treating teeth presenting with pulpal inflam-
mation, such as irreversible pulpitis. This can be achieved by 
maintaining aseptic conditions utilizing hygienic protocols and 
rubber dam isolation to prevent any oral microorganisms or bac-
teria present in caries from entering the root canal system during 
or after root canal treatment.

The objective for treating teeth with infection present within 
the root canal system is to significantly reduce the microbial load 
and to prevent recontamination.1-3 This is achieved by a disin-
fecting phase, including thorough mechanical instrumentation, 

antimicrobial irrigation, and medication, as well as a sealing phase 
including root canal filling and placing permanent restoration. 
Complete root filling should largely eliminate the habitat for 
microorganisms, so that any residual microorganisms after treat-
ment can be expected to perish as a result of the harsh environ-
mental conditions of a well-sealed root canal root canal system, or 
at least rendered dormant. Finally, restorations preventing coronal 
leakage should disallow bacterial recontamination and achieve 
functional and esthetic rehabilitation.

Optimal outcomes are dependent on attaining these techni-
cal goals. However, as a result of the complexity of root canal 
systems,4,5 less than perfect instrumentation, and root filling 
techniques, as well as the impossibility to render permanent res-
torations leakage free indefinitely, the guaranteed elimination of 
microorganisms from the root canal systems cannot be achieved 
under certain circumstances.

L E A R N I N G  O B J E C T I V E S
After reading this chapter, the student should be able to:

 1.  Describe signs of successful and unsuccessful root canal treat-
ment.

 2.  Describe the most common modalities used to determine suc-
cess or failure.

 3.  State the approximate range of expected outcomes of routine, 
uncomplicated root canal treatment based on pretreatment 
conditions.

 4.  State predictors of success and failure.

 5.  Identify endodontic and nonendodontic causes of treatment 
failure.

 6.  State the outcomes of retreatment, endodontic surgery, and 
intentional replantation.

 7.  State the outcomes of fixed partial denture and single tooth 
implant treatments.

 8.  Approach treatment planning of root canal failure, recogniz-
ing the advantages and disadvantages of different treatment 
modalities.

C H A P T E R  O U T L I N E
Introduction, 453

Definitions of Success and Failure, 454

When to Evaluate, 454

Methods for Evaluation of Endodontic Outcomes, 454

Success Rates, 456

Survival Rates, 457

Patient-Based Outcomes, 457

Postoperative Complications, 457

Prognostic Indicators, 458

Causes of Nonhealed, Failed Root Canal Treatment, 460

Outcomes of Treatments After Failure of Initial Nonsurgical 
Endodontics, 462

Reasons for Extraction of Endodontically Treated Teeth, 466

www.konkur.in

Telegram: @uni_k

https://t.me/uni_k


454 CHAPTER 22   Endodontic Treatment Outcomes

The purposes of this chapter are to (1) define success and fail-
ure, (2) describe methods used for the evaluation of endodontic 
outcomes, (3) provide outcome rates, including success and sur-
vival, (4) explain the signs and symptoms of negative outcomes, 
(5) discuss factors influencing outcomes, and (6) compare the 
outcomes of initial nonsurgical root canal treatment with those 
of nonsurgical retreatment, surgical retreatment (endodontic sur-
gery), and alternative treatments, such as single tooth implants. 

Definitions of Success and Failure
A successful outcome of root canal treatment may have a differ-
ent meaning to different stakeholders involved in the treatment, 
including patients, dentists, and third-party payers.6

Patients will expect the elimination of symptoms, comfortable 
chewing function, satisfying esthetics, reassurance that symptoms 
may not recur, and that their tooth does not pose a risk of causing 
systemic disease. Insurance companies may judge the outcome by 
the access to care provided, the quality of care, cost efficiency, and 
the longevity of the treatment rendered.

Dentists are primarily concerned with the delivery of opti-
mal care, predictable elimination of disease as measured clini-
cally and radiographically, and fair compensation. In addition, 
they engage in aligning all stakeholders’ expectations. Dentists 
should also reevaluate the technical quality of treatment and the 
long-term outcome in terms of preventing and eliminating apical 
periodontitis.

For endodontically treated teeth with previously vital pulps and 
no preexisting apical lesion, success entails that the tooth remains 
asymptomatic and no periapical pathosis develops after treatment. 
Failure will involve new symptoms and/or the appearance of a 
periapical lesion. For a tooth with a diagnosis of pulp necrosis, 
the outcome of the treatment is considered successful if the tooth 
remains asymptomatic and a preexisting apical periodontitis heals, 
respectively, no new apical lesion develops during follow-up. The 
presence of symptoms and/or a new or enlarging lesion is consid-
ered failure of the treatment.

Recently the American Association of Endodontists has 
proposed the following alternatives to the terms “success” and 
“failure”:
	•	 	Healed—Functional,	asymptomatic	teeth	with	no	or	minimal	

radiographic periradicular pathosis.
	•	 	Nonhealed—Nonfunctional,	symptomatic	teeth	with	or	with-

out radiographic periradicular pathosis.
	•	 	Healing—Teeth	 with	 periradicular	 pathosis	 that	 are	 asymp-

tomatic and functional, or teeth with or without radiographic 
periradicular pathosis that are symptomatic but for which the 
intended function is not altered.

	•	 	Functional—A	treated	tooth	or	root	that	is	serving	its	intended	
purpose in the dentition.
Determination of success or failure may be difficult because of 

the nature and complexity of the periapical healing process itself 
and as a result of difficulties in observation. Many asymptomatic 
endodontically treated teeth demonstrate varying degrees of apical 
lesions radiographically. The clinician must judge whether a tooth 
is on a pathway to success or to failure and then decide together 
with the patient on a proper course of action if indicated. 

When to Evaluate
Recommended follow-up periods have ranged from 6 months to 
5 years.7-12 Six months is a widely accepted and reasonable early 

follow-up interval for most situations. It is important to deter-
mine at what point of a healing process the outcome of treatment 
will be unlikely to reverse its course, and when treatment can be 
judged predictably as either success or failure, without a further 
need for follow-up.

A radiographic lesion that remains unchanged or increased in 
size after 1 year of follow-up is unlikely to ever resolve, and hence 
considered to be unsuccessful. If after 6 months a periapical lesion 
is still present, albeit smaller, it is likely to be in progress of healing, 
and further follow-up is indicated. Larger periradicular lesions will 
take longer to heal than smaller lesions. Unfortunately, apparent 
success may revert to failure later (often as a result of reinfection 
through coronal leakage), yet, late healing may also occur. There-
fore an endodontic evaluation, including a patient history, clini-
cal examination, and radiography of endodontically treated teeth 
should be part of every comprehensive patient examination. 

Methods for Evaluation of Endodontic 
Outcomes
The evaluation process of successful endodontic therapy is com-
plicated by the lack of direct correlation between measures of the 
disease process and its clinical manifestation. The clinician must 
therefore assimilate various metrics of information including patient 
history, clinical findings, and radiographic examinations to deter-
mine endodontic treatment outcomes. Evaluation of endodontic 
outcomes follows the same diagnostic pathway as for initial treat-
ment (see Chapter 4). Biopsy of periradicular tissues during end-
odontic surgery provides a histologic diagnosis, another method for 
evaluation of success or failure of root canal treatment. This method 
is not routinely used and is an impractical approach to determine 
clinical outcomes of initial nonsurgical root canal treatments.

Patient History
Complaints of new, persistent, or worsening symptoms after root 
canal treatment has been completed may indicate failure. Persis-
tence of signs (e.g., sinus tract opening) or symptoms long after 
endodontic therapy had been completed indicate primary and 
continuing disease. However, emergence of new signs or symp-
toms months or years after root canal treatment usually result 
from secondary posttreatment disease such as leakage secondary to 
absence of suitable coronal restoration. Symptoms related to dis-
comfort or pain on chewing, aching, and so forth are generally an 
indication of periradicular inflammation or infection regardless of 
the evidence of radiographic lesion. It must be remembered that 
bony healing takes time and that a tooth that feels “different” on 
biting may be en route to healing; this should be confirmed clini-
cally and radiographically. Pain on release may indicate a cracked 
tooth. A bad taste may indicate a draining abscess. Occasionally a 
patient reports sensitivity to cold or heat; this is most likely related 
to an adjacent untreated tooth but could be an indication of a 
missed vital canal in a treated tooth. 

Clinical Examination
Presence of persistent signs or symptoms is usually an indication 
of disease and failure. However, absence of symptoms does not 
signify success. Periapical pathosis without significant symptoms 
is usually present in teeth before and after root canal treatment 
until healing has occurred.13 There is little correlation between 
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the presence of pathosis and corresponding symptoms; yet when 
adverse signs or symptoms are evident, there is a strong likelihood 
that a pathosis is present.14 Persistent signs (e.g., swelling, probing 
defect, or sinus tract) or symptoms usually indicate failure.

Common clinical success criteria include the following14:
	•	 	No	signs	of	swelling,	infection,	or	inflammation
	•	 	Disappearance	of	sinus	tract	(separate	or	through	periodontal	

ligament space)
	•	 	No	soft	tissue	defects	or	pathologic	probing	depths

As part of the overall assessment of the tooth after endodontic 
therapy it is crucial to evaluate the current restoration and the 
periodontal attachment apparatus. A defective/missing restoration 
as well as active periodontal disease have been significantly associ-
ated with loss of an endodontically treated tooth.15 

Radiographic Findings
Based on the interpretation of radiographs, the outcome of each 
treatment can be classified as success, failure, or questionable sta-
tus.	To	be	able	to	accurately	compare	radiographs	made	at	different	
times, it is important that they are made in a reproducible fashion 
and with minimal distortion. The best way to ensure reproduc-
ibility	is	with	paralleling	radiographic	devices.	Teeth	with	multiple	
roots or canals should be examined using both straight-on- and 
off-angle periapical views.

Radiographic success is the absence of an apical radiolucent 
lesion. This means that a resorptive lesion present at the time of 
treatment has resolved or, if there was no lesion present at the time 
of initial treatment, none has developed. Thus radiographic suc-
cess is evident by the elimination or lack of development of an area 
of rarefaction for a minimum of 1 year after treatment (Fig. 22.1).

Radiographic failure is the persistence or development of patho-
sis radiographically. Specifically, whether this is a radiolucent lesion 
that has remained the same, has enlarged, or has developed since 
treatment (Fig. 22.2).	Nonfunctional,	symptomatic	teeth	with	or	
without radiographic lesions are considered failure (nonhealed).

Radiographically unknown status indicates a state of uncer-
tainty. This classification includes teeth with pathosis that are 
asymptomatic and functional. The radiolucent lesion in these 
teeth has neither become larger nor significantly decreased in 
size.	Teeth	 with	 radiolucencies	 that	 were	 treated	 elsewhere	 and	
for which there are no prior radiographs for comparison are often 
assigned to this category (Fig. 22.3).

A shortcoming of radiographic evaluation is that radiographs 
may not be made or interpreted in standardized ways. As early 
as 1966, Bender et al.14 noted that radiographic interpretation is 
often subject to personal bias and that a change in angulations can 
often give a completely different appearance to the lesion, making 
it appear either smaller or larger. Also, different observers may not 
agree on what they see in a radiograph and the same observer may 
disagree with himself if asked to review the same radiograph at a 
different lime period.16

Ørstavik et al.17 suggested the use of the periapical index (PAI) 
for radiographic evaluation of the outcome of root canal treatment. 
The PAI relies on the comparison of the radiographs with a set 
of five radiographic images reported by Brynolf in 1967.18 These 
images represent a radiographically healthy periapex (score 1) to 
a large periapical lesion (score 5). Each of the preoperative and 
recall radiographs is assigned a score according to its resemblance 
to one of the five reference images. The outcome of treatment 
using PAI can be classified as “healing” if the lesion size is reduced, 
“healed” if the lesion has been eliminated, or “developing” if a 

A B

C D

• Fig. 22.1 Success. (A) The initial radiograph shows the presence of bone loss from the crest of the 
ridge around the apex of the distal root. A sinus tract is traced. Periodontal probing demonstrates deep 
pocketing. There is no response to pulpal vitality tests. (B) Root canal treatment completed. (C) A 12-year 
recall radiograph shows resolution of the radiolucency, build-up, and post. (D) A 12-year recall radiograph 
demonstrates healthy apical tissues. The patient wears a removable partial denture.
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new lesion has formed. Although accurate and reproducible, com-
plete healing using the PAI may take up to 4 or 5 years especially 
after endodontic surgeries evidenced by a larger number of “slow” 
healers compared with the “late” failures. Others have commonly 
used the terms healed, healing, and diseased instead of success and 
failure because of the potential of the latter to confuse patients.19

Cone	beam	computed	tomography	(CBCT)	with	high	resolu-
tion three-dimensional (3D) imaging technique has demonstra-
ble value in diagnosis and outcomes assessment for endodontic 
patients (see Chapter 3). The 3D image allows a precise evaluation 
without the superimposition of surrounding anatomic structures. 
Recent studies comparing 2D and 3D images have reported a sig-
nificant increase in uncertain healing and unsatisfactory healing 
at the 1-year follow-up period owing to higher and more precise 
detection of bone lesions that may not be visible with two-dimen-
sional radiology.20-22	Currently,	 the	routine	use	of	CBCT	is	not	
recommended23-24 owing to its higher radiation dosage. However, 
with constant improvements in hardware and software algorithms 
CBCT	will	increasingly	become	an	essential	diagnostic	and	assess-
ment tool for the clinician. The increased sensitivity and resolution 
may require a reevaluation of criteria for acceptable radiographic 
periapical healing. 

Histologic Examination
The ideal outcome through histologic assessment would necessi-
tate reconstitution of periradicular structures and an absence of 
inflammation (Fig. 22.4). This is both impractical and impos-
sible without surgery. Additionally, there is uncertainty about the 
degree of correlation between histologic findings and negative 
radiographic	 appearance.	Two	 histologic	 investigations	 of	 teeth	
treated with root canals in cadavers reached very different conclu-
sions. Brynolf18 concluded that almost all root canal treated teeth 
showed some periradicular inflammation despite the appearance 

of successful treatment on radiographs. In contrast, Green el al.25 
observed that most root canal treated teeth with radiographically 
normal periapex were indeed free of inflammation histologically. 
Thus	 with	 current	 technology	 such	 as	 the	 noninvasive	 CBCT,	
the clinical and radiographic evaluation appear to be the more 
practical means of assessing degree of healing after endodontic 
treatment. 

Success Rates
As is the case for other dental and medical procedures, unfortu-
nately, not all endodontic treatments are successful. Recognition, 
acceptance, and management of treatments that do not resolve 
and heal can be difficult and often involve a complex set of fac-
tors. Historically, the popular belief has been that the success and 
survival rates for root canal treatment are between 80% and 95%. 
However, general percentages should be taken with caution, and 
each case should be individually assessed to determine the per-
centage probability of success.

Torabinejad	et al.26 performed a systematic review of the lit-
erature pertaining to success and failure of nonsurgical root canal 
therapy and assigned levels of evidence (LOE) to the studies. In 
the previous 40 years, 306 articles have been published related to 
the outcome of nonsurgical root canal treatment. Fifty-one stud-
ies included at least 100 teeth; meta-analysis of these studies sug-
gested an overall radiographic success rate of 81.5% over a period 
of 5 years. Others who assessed the 4- to 6-year outcomes of initial 
endodontic treatment have reported similar overall healing rates.27 
In	another	systematic	review,	Torabinejad	and	colleagues28 com-
pared the outcomes of endodontically treated teeth with those 
of single implant crowns, fixed dental prostheses (FPD), and no 
treatment after extraction. Success data in that review consis-
tently ranked implant therapy as superior to endodontic treat-
ment, which in turn was ranked as superior to FPD (Table	22.1). 

BA

• Fig. 22.2 Failure. (A) Apparently adequate root canal treatment. The tooth was restored later with a post 
and core and crown. (B) The patient reports persistent discomfort after 2 years. A periradicular radiolu-
cency indicates failure, probably a result of coronal leakage at a defective margin (arrow).
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However, very different criteria for success are used in implant 
dentistry, endodontics, and prosthodontics; therefore such com-
parisons lack validity. Comparison of survival rates is much more 
meaningful and were recorded at 97% in same study.28 

Survival Rates
Long-term survival rates for endodontically treated teeth include 
tooth retention or survival. Introduced by Friedman and Mor19 in 
2004 the term “functional retention” is frequently used to indi-
cate retention of the tooth in the absence of signs and symptoms 
regardless of a radiographic lesion. Several very large studies have all 
reported extremely high long-term survival rates for teeth with root 
canal treatment: Lazarski et al.29 reported 94% functional survival 
for 44,613 cases at 3.5 years in the United States; Salehrabi and 
Rotstein30 reported 97% survival for 1.1 million patients at 8 years 
in the United States; and Chen and colleagues31 reported 93% sur-
vival	 for	1.5	million	 teeth	 at	5	 years	 in	Taiwan.	Teeth	with	 root	
canal treatments have remarkably high long-term survival rates.

These rates of survival of endodontically treated teeth allow a 
better comparison with alternative treatments such as FPD and 
single implant-supported restorations. The previously mentioned 
systematic review shows that endodontic and implant treatments 
resulted in superior ≥6 year survival rates compared with extrac-
tion and replacement with an FPD.28	Torabinejad	et al.28 as well 
as Iqbal and Kim32 reported similar findings when they compared 
the survival rates of restored endodontically treated teeth with 
those of implant-supported restorations. Doyle and colleagues33 
additionally reported that although similar in failure rates, the 
implant group showed a longer time to tooth function and a 
higher incidence of postoperative complications requiring inter-
vention. Furthermore, a recent systematic review reported that 
implant survival rates do not exceed those of even compromised 
but adequately root canal treated and maintained teeth.34 There-
fore the importance to maintaining the natural dentition through 
evidence-based dentistry cannot be overemphasized. 

Patient-Based Outcomes
In the current age of patient-centered care, patients’ perspectives 
of their health status are gaining importance in identifying needs, 
treatment planning, and ultimately in evaluating outcomes from 
health	care.	Today	definitions	of	health	include	psychologic	mea-
sures of well-being as well.35 Anticipation and experience of root 
canal associated pain are major sources of fear for patients and a 
very important concern of dentists. A recent systematic review 
found that the severity of pretreatment root canal associated pain 
was moderate, dropped substantially within 1 day of treatment, and 
continued to drop to minimal levels in 7 days.36 Overall satisfac-
tion ratings for root canal treatment are extremely high, generally 
above the 90th percentile.37 Satisfaction is higher when endodontic 
treatment is provided by specialists, probably a reflection of effec-
tive communication and efficient management. Initial costs for 
root canal treatment and restoration are substantially lower than 
for replacement with an implant single crown or FDP.28,38

Recent studies on patient-based outcomes have focused on 
the Quality of Life metrics. These instruments have mostly been 
adapted from medicine for application to dentistry, such as the 
Oral Health Related Quality of Life instruments (OHQoL). Liu 
et  al.39 reported a longitudinal study on the OHQoL for 279 
patients after endodontic treatment using the Oral Health Impact 
Profile (OHIP) tool of assessment, which was shown to be both 
sensitive and responsive to endodontic treatment and useful in 
understanding patients’ perspectives of outcomes.

A larger study involving over 1250 patients in a practice-based 
research network suggests that 3 to 5 years after initial root canal 
therapy a small percentage (5%) of patients experience persistent 
pain, of which <2% are not attributable to odontogenic causes that 
may adversely affect their quality of life.40 Endodontic nonsurgi-
cal retreatment has also shown to significantly improve patients’ 
quality of life and chewing ability over time, with a success rate of 
90.4% after 2 years.41 Future studies from patients’ own perspec-
tives could expand our understanding of the prognostic factors 
and the consequences of root canal treatment. 

Postoperative Complications
As with all dental procedures, complications may occur after root 
canal treatment. However, the incidence of long-term postopera-
tive complications appears to be lower than for the alternatives, 
single tooth implants and fixed dental prostheses.33,42 The 10-year 

Pre-Op Post op

3 month Follow-up 7 month post-op

A B

C D

• Fig. 22.3 Uncertainty. (A) Obturation demonstrating voids and coronal 
leakage likely all contributed to failure. The tooth is suitable for nonsurgical 
retreatment and a new permanent restoration. (B) Postoperative image 
after retreatment. (C) Three-month recall, the patient reports absence 
of symptoms. The radiolucent lesion is decreasing in size but has not 
resolved. (D) Seven-month recall, despite a new restoration, the lesion has 
remained and stays in within the same proportions.
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complication rate for retained root canal treated teeth is approxi-
mately 4%, compared with approximately 18% for retained single 
tooth implant restorations.33	Typical	complications	include	symp-
toms, swelling, and the need for retreatment.33 In endodontics, 
complications are recorded as failures according to the criteria 
described previously; in other disciplines, complications are gen-
erally not recorded as failures. 

Prognostic Indicators
The classic landmark study published by Larz Strindberg in 1956 
related treatment outcomes to biologic and therapeutic factors.43 
Factors now considered to be predictors of success and failure 
include (1) apical pathosis, (2) bacterial status of the canal, (3) 
extent and quality of the obturation, and (4) quality of the coronal 
restoration. The role of these factors should be discussed with the 
patient before and after treatment.

Several investigations have reported factors that result in a 
slightly less favorable prognosis: the presence of periradicular 

lesions and larger lesion size;38,44 the presence of bacteria in the 
canal before obturation;45 and obturations that are short, long, 
contain voids, or lack density.46-50 Some evidence suggests that the 
use of a calcium hydroxide intracanal medicament may improve 
the prognosis.51-53 The quality of the coronal restoration plays a 
key role in the outcomes of root canal treatment.54-56

Factors such as the tooth type, age and gender of the patient, and 
obturation technique have minimal if any influence on the prog-
nosis.51-53,57 Most medical conditions have no significant bear-
ing on the prognosis.58 However, patients with insulin dependent 
diabetes mellitus have a significantly lower healing rate after root 
canal therapy in teeth with apical lesions.59 Interestingly, diabetes 
mellitus, hypertension, and coronary artery disease are associated 
with an increased risk of extraction after root canal treatment.60 
Although this finding does not indicate causality, the systemic dis-
ease burden has broad effects on the patient’s welfare, morbidity, 
and behavior. Obviously, a patient with a complex medical his-
tory, serious illness, or disability may present a high degree of dif-
ficulty in management and demands high levels of experience and 

C

A B

• Fig. 22.4 (A) A periapical radiograph revealed an apical radiolucency on the central incisor. (B) A periapi-
cal film taken 6 months later shows resolution of most of the apical radiolucency. Despite radiographic 
change, the patient remained symptomatic, and surgery had to be performed. (C) Histologic examination 
of this tooth shows resolution of most of the inflammatory cells near the apex. (Courtesy of Dr. A. Khayat.)
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expertise. However, root canal treatment may greatly benefit some 
patients by preventing the need for high-risk extractions or other 
surgical procedures; such patients include those with bleeding dis-
orders, those who have undergone head and neck irradiation, and 
those treated with high-dose bisphosphonates. 

  Percentages of Pooled and Weighted Survival and Success Rates of Dental Implants, Root Canal Treatment, 
and Three- or Four-Unit Bridges Over 2 to 4, 4 To 6, And 6+ Years

Procedure Success (%) Survival (%)

2-4 years
Dental implant (pooled) 98 (95-99) 95 (93-97)

Dental implant (weighted) 99 (96-100) 96 (94-97)

Root canal treatment (pooled) 90 (88-92) 94

Root canal treatment (weighted) 89 (88-91) —

Three-unit bridge (pooled) 79 (69-87) 94

Three-unit bridge (weighted) 78 (76-81) —

4-6 years
Dental implant (pooled) 97 (96-98) 97 (95-98)

Dental implant (weighted) 98 (97-99) 97 (95-98)

Root canal treatment (pooled) 93 (87-97) 94 (92-96)

Root canal treatment (weighted) 94 (92-96) 94 (91-96)

Three-unit bridge (pooled) 82 (71-91) 93

Three-unit bridge (weighted) 76 (74-79) —

6+ years
Dental implant (pooled) 95 (93-96) 97 (95-99)

Dental implant (weighted) 95 (93-97) 97 (96-98)

Root canal treatment (pooled) 84 (82-87) 92 (84-97)

Root canal treatment (weighted) 84 (81-87) 97 (97-97)

Three-unit bridge (pooled) 81 (74-86) 82

Three-unit bridge (weighted) 80 (79-82) —

TABLE 
22.1

 1.  Which of the following criteria WILL NOT be considered part of a truly 
successful outcome at a 1-year follow-up?

 a.  No clinical signs of swelling, infection, or inflammation
 b.  Disappearance of a sinus tract
 c.  Decrease of a radiolucency in size
 d.  No soft tissue defects or pathologic probing depths
 e.  No clinical symptoms experienced by the patient
 2.  Which of the following statements about the radiographic detection of 

periapical pathosis is UNTRUE?
 a.  The sensitivity of detecting apical periodontitis with CBCT imaging is 

higher than with conventional digital radiography
 b.  Any apical periodontitis in the mandible will be detectable on 

radiographs if it exceeds 3 mm in diameter
 c.  If radiographs at follow-up are taken at a different angulation than the 

postoperative control, the actual healing progression may be misjudged
 d.  Different observers may disagree on the interpretation of periapical 

radiolucencies
 e.  The same observer may disagree with him/herself on the 

interpretation of periapical radiolucencies if viewed at different times

Study Questions

 3.  Based on systematic reviews and meta-analyses, which of the following 
outcome ranges does not reflect the associated procedure?

 a.  Success of root canal treatment with a diagnosis of irreversible 
pulpitis: 90% to 100%

 b.  Success of root canal treatment with a diagnosis of apical 
periodontitis: 75% to 85%

 c.  Success of nonsurgical retreatment: 75% to 85%
 d.  Success of endodontic microsurgery: 55% to 65%
 e.  Survival of single-unit implants: 90% to 100%
 4.  Which of the following factors WOULD NOT be considered to be a 

predictor of success and failure for endodontic treatment?
 a.  Type of root filling material
 b.  Presence or absence of apical pathosis
 c.  Extent and quality of the root filling
 d.  Bacterial status of the root canal system
 e.  Quality of the coronal restoration
 5.  Which of the following statements about the PAI is INCORRECT?
 a.  The PAI relies on the comparison with a set of five radiographic 

images reported by Brynolf in 1967
 b.  The outcome of treatment using PAI can be classified as “healing” if 

the lesion size is reduced
 c.  The outcome of treatment using PAI can be classified as “healed” if 

the lesion has been eliminated
 d.  The outcome of treatment using PAI can be classified as 

“developing” if a new lesion has formed
 e.  The PAI grades in 4 stages from healthy periapex (score 1) to a large 

periapical lesion (score 4)
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Causes of Nonhealed, Failed Root Canal 
Treatment
The outcome of endodontic therapy largely depends on the man-
agement of infection.

The presence of newly introduced, persistent, or recurrent 
microorganisms is the primary cause of endodontic pathology.61 
Ideally, after chemomechanical instrumentation, the root canal 
system should be free of microorganisms.62

The prevention of microbial infection of the root canal system 
is the primary goal for the treatment of teeth with a vital pulp sta-
tus. This necessitates proper isolation, disinfection of the operative 
field, and aseptic root canal treatment techniques to reduce the 
risk of contamination and to achieve a superior prognosis. If the 
pulp was necrotic, or the tooth previously endodontically treated, 
and an apical pathology was present, the removal of microorgan-
isms, toxins, metabolites, antigens, and byproducts is essential but 
may be challenging.

The location and nature of the microorganisms, the complexity 
of the root canal system, technical aspects of endodontic treat-
ment, and the quality of the permanent restoration all play an 
important role as potential reasons for treatment failure.

Unfortunately, the complexity of the root canal system with 
all its ramifications may make microorganisms inaccessible to 
mechanical disruption or the antimicrobial effects of disinfec-
tants, medications, and root canal filling materials.63,64 The larger 
part of infected root canal systems may probably contain residual 
microorganisms after root canal treatment; however, the environ-
mental conditions of a well-sealed root canal system after appro-
priate chemomechanical débridement are expected to eliminate 
them, or at the least leave them in a dormant state.

Hence, chemomechanical disinfection will primarily aim at a 
reduction of microbial counts by a combination of mechanical 
instrumentation with copious and frequent disinfecting solutions, 
such as sodium hypochlorite.65 Interappointment medication 
with calcium hydroxide may further reduce the number of micro-
organisms,66 accelerate healing, and reduce inflammation.51,52

Common errors leading to persistent microbial presence and 
ultimately failure include (1) errors in diagnosis and treatment 
planning; (2) lack of knowledge of pulp and/or root anatomy, 
resulting in missing canals or other areas of the root canal dur-
ing treatment; (3) inadequate débridement and/or disinfection of 
the root canal system; (4) operative errors; (5) deficiencies of the 
root filling; (6) the absence of cuspal coverage in posterior teeth, 
allowing for increased fracture rates; (7) excessive removal of tooth 
structure, predisposing teeth to fracture; and (8) coronal leakage 
through inadequate temporary or permanent restorations. Under-
standing these preoperative, operative, and postoperative factors 
plays an essential role in assessing the reasons for treatment failure 
and the best options for its management.

Preoperative Causes
Misdiagnosis, errors in treatment planning and decision making, 
inadequate case selection (i.e., treatment beyond a clinician’s skill 
levels and expertise), as well as the treatment of a tooth with a 
poor initial prognosis may be a reason for failure of endodontic 
treatment. Diagnosis should be based on all available information: 
the patient’s medical and dental history, chief complaint, signs and 
symptoms, as well as a current, comprehensive endodontic evalu-
ation, including visual inspection, percussion, palpation, probing, 
sensitivity tests, and radiographic evaluation (see Chapter 4). The 

radiographic evaluation should include periapical films from dif-
ferent mesiodistal angulations and may include bite wing radio-
graphs or three-dimensional projections, such as a limited field of 
view	CBCT	(see	Chapter 3).	Together	with	the	clinical	examina-
tion, the radiographic evaluation may aid in identifying complexi-
ties in the root canal system, such as additional canals (Fig. 22.5) 
and canal anatomy, root dilacerations and curvatures, fractures 
(Fig. 22.6), external or internal resorption, periodontal defects, 
and/or the presence of periapical pathologies.

Particular microorganisms, such as Enterococcus faecalis, dem-
onstrate special survival qualities, including the ability to form 
biofilms.67-69 The arrangement of bacteria in biofilms may pose 
significant challenges for effective elimination,70 with an esti-
mated 1000-fold greater resistance to antimicrobial agents than 
corresponding planktonic forms of bacteria.71 Although apical 
periodontitis is usually in response to intraradicular infection, 
there are situations, such as an acute apical abscess, where microor-
ganisms are present in the periapical tissues. In certain situations, 
extraradicular biofilms or cohesive bodies within the periapical 
lesion itself can be found, rendering these microorganisms inac-
cessible to intraradicular treatment strategies, with actinomyces,72 
or Propionibacterium propionicum73 being common examples.

Lastly, the nature of the periapical lesion may play a role in the 
healing process. Most periapical pathologies are inflammatory in 

A B

C D

• Fig. 22.5 (A) Double periodontal ligament visible mesially in the mandibu-
lar first premolar indicates the presence of a division in the canal or the 
root or additional canals. (B) Original root filling material with plastic carrier 
removed. (C) A postoperative radiograph revealed a midroot split and two 
canals. (D) Six-month recall, permanent restoration and resolution of api-
cal periodontitis, indicative of healing.
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kind,74 histologically 50% being described as granulomas, 35% 
as abscesses, and 15% as cysts. Of the cysts, approximately 40% 
were identified as pocket cysts, where the epithelial-lined cavity is 
connected to the root canal system through the apical foramen. 
These lesions are expected to heal after nonsurgical endodontic 
treatment.74 However, the remaining 60% are true cysts, which 
are more likely to heal only after extraction or surgical endodontic 
treatment, as they are disconnected from the root canal system 
and enclosed by epithelial lining in its entirety.74 It is currently 
not possible to differentiate clinically between periapical cysts and 
granulomas,	nor	between	periapical	pocket	and	true	cysts.	Never-
theless, larger lesions (radiographically 200 mm2 or greater) were 
shown more likely to be cysts.75,76 

Operative Causes
Many failures result from errors in operative procedure (see Chap-
ter 18). The thorough débridement and/or disinfection of the root 
canal system in its entirety together with a well sealing root fill-
ing and permanent restoration are the means during endodon-
tic treatment to prevent or eliminate apical periodontitis and to 
achieve success. Advancements in endodontic instruments and 
techniques have greatly improved the ease and completeness of 
chemomechanical cleaning. Rotary nickel-titanium file systems 
and new activation techniques for irrigation solutions have helped 
to clean more predictably. In comparison to stainless steel hand 
instrumentation rotary nickel-titanium files are more flexible and 
prepare root canals more centered and rounder. However, clini-
cians must follow proper protocols to avoid failure. A straight-line 
access cavity allowing for unobstructed approach to the canal ori-
fices provides for safer canal instrumentation and reduces the risk 
of missing canals. If pulp horns are not removed, pulpal tissues, 

bacteria, debris, and filling materials may remain in the coronal 
pulp space and may result in persistent infection or tooth discol-
oration. Underextended access preparations may limit instrument 
maneuverability, posing a risk of insufficient cleaning and instru-
ment fracture. However, overly large access cavities should also 
be avoided to reduce excessive loss of tooth structure, which may 
weaken the tooth, increase the risk of fracture and perforation, 
and complicate restoration.77-78

The difficulty level of the endodontic treatment may strongly 
affect the quality of the outcome. Significant deviations from the 
normal tooth or root form, extreme (>30°) or S-shaped curva-
tures, canal division in the middle or apical third, or very long 
roots (>25 mm) may increase the likelihood of perforations with 
subsequent leakage or mechanical irritation, and development 
of a lesion.79 Although perforations have had a better prognosis 
since	 repair	materials	 such	as	mineral	 trioxide	 aggregate	 (MTA)	
or bioceramics became available,80 some may require endodontic 
surgery.81 Other possible complications may be related to open 
apices (>1.5 mm in diameter), decreased canal visibility on radio-
graphs, calcified canals, internal and external resorptions, as well 
as history of trauma. 

Calcified and/or missed canals may be difficult to visualize on 
periapical	radiographs;	however,	the	use	of	CBCT	imaging	may	
allow for a clear detection. Clinically, the pulp floor should be 
carefully inspected after removal of decay and any existing restora-
tion to identify missed or calcified canals.

Sjögren et al. demonstrated a 94% periapical healing rate in teeth 
with apical periodontitis if the root filling was extended to within 
0 to 2 mm of the radiographic apex.11 Confining endodontic pro-
cedures and materials to within the canal space facilitates repair of 
periradicular tissues.46,82 However, if the apical area was underinstru-
mented more than 2 mm from the root-end, this outcome decreased 

A B

C D

• Fig. 22.6 Indicators of vertical root fracture. (A) Isolated bone loss on mesiobuccal root. (B) Clinical 
observation of fracture line. (C) Cone beam computed tomography (CBCT) confirmation of separated root 
fragments. (D) CBCT confirmation of J-shaped lesion. (CBCT acquisition for treatment planning of root 
resection; courtesy of Dr. Rami Elsabee.)
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to 68%.11,50 On the other hand, overinstrumentation with overfill-
ing of root canal filling materials may also promote foreign-body 
reactions,83 periradicular hemorrhage, and induce extraradicular 
infection by transferring microorganisms from the canal to the peri-
apical tissues, possibly compromising the outcome.84 

Postoperative Causes
The restoration of the tooth after root canal treatment should 
be with a high-quality, durable coronal restoration that perma-
nently protects and seals the tooth, preventing ingress and apical 
percolation of microorganisms and salivary contaminants (Fig. 
22.7).50-56,62-66,85-89

Coronal leakage at any time after the completion of the root 
canal treatment may pose the risk of recontamination and sub-
sequently failure of the endodontic procedure. The coronal seal 
must be guaranteed by a temporary restoration immediately after 
the completion of the root canal treatment and then for the life-
time of the tooth by a permanent restoration.

The permanent restoration may be placed immediately after 
the root filling is completed, or as early as possible thereafter. 
Rubber dam isolation in a saliva-free environment must be used 
whenever the actual root filling is exposed during the restora-
tion process. Orifice sealants or barrier materials may be useful 
to minimize any risk of recontamination during the restoration 
process.90 Any temporary restorations and cotton pellets must be 
completely removed before restoration.61 Gutta-percha and sealer 
should	be	removed	from	the	floor	of	the	access	cavity.	No	space	
should remain between the root filling and the buildup and/or 
restoration, as any such space provides a potential habitat for bac-
terial colonization and growth.

Errors throughout this restorative process may compromise 
success. This may include excessive dentin removal during instru-
mentation or for posts weakening the teeth and increasing its 

susceptibility to fracture (Fig. 22.8),77 or perforations occurring 
during placement of the post. Full coronal coverage (i.e., with a 
crown or an onlay) has been shown to improve the prognosis for 
posterior teeth by reducing the incidence of fracture. However, 
for anterior teeth with enough tooth structure remaining, full 
coronal coverage does not increase the longevity of the tooth. 
On the contrary, preparing anterior endodontically treated teeth 
for a crown may remove too much remaining tooth structure, 
weaken the tooth, and result in a less favorable prognosis. Com-
posite restorations and/or ceramic veneers are preferred for ante-
rior teeth. 

Outcomes of Treatments After Failure of 
Initial Nonsurgical Endodontics
For decades the primary goal of dentistry was to preserve the nat-
ural dentition, trying to save teeth with pulpal and/or periodontal 
diseases and, if hopeless teeth needed to be extracted, to replace 
them with fixed or removable prostheses. Although this may seem 
to lay out straight-forward decision making, treatment planning 
arguably has become more complex with the availability of dental 
implants. Both the preservation of endodontically treated teeth 
with appropriate permanent restoration as well as implant resto-
rations demonstrate excellent and predictable outcomes to main-
tain the patient’s oral health and dentition. The clear majority 
of teeth with endodontic treatment will heal without any fur-
ther intervention. In case of failure of primary endodontic treat-
ment, however, clinicians have the following treatment options: 
(1) nonsurgical retreatment, (2) surgical retreatment, (3) extrac-
tion and replacement with a single tooth implant, (4) extraction 
and replacement using a fixed dental prosthesis, (5) intentional 
replantation or autotransplantation, and (6) extraction without 
replacement.91

A B C

• Fig. 22.7 (A) Lack of coronal seal resulted in clinical symptoms and a periapical lesion in the maxillary 
right cuspid. (B) A clinical photograph shows lack of permanent restoration and coronal decay. (C) After 
retreatment of the previous root canal treatment and placement of a C-fiber post, the coronal access to 
the root canal treated tooth was sealed permanently. (Courtesy of Dr. D. Roland.)
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Nonsurgical Retreatment
Nonsurgical	endodontic	retreatment	is	the	first	treatment	choice	
for most failed endodontic cases. The success rate of nonsurgical 
retreatment ranged between 40% and 100% according to a sys-
tematic review that identified 31 clinical studies since 1970 (Fig. 
22.9).92	The	prospective	Toronto	 study	reported	a	“healed”	 rate	
of endodontic retreatment cases of 81%.93 A systematic review 
and meta-analysis of nonsurgical retreatment reported an overall 
weighted pooled success rate of 77.2% based on data from 17 
studies from 1961 to 2005.94 In teeth with apical periodontitis 
the overall success was reduced to 65%, and of those with lesions 
larger than 5 mm in diameter to 41%.94 However, it was men-
tioned that the follow-up periods for larger lesions might not have 
been long enough to demonstrate complete healing.94 The tech-
nical quality of the initial endodontic treatment may negatively 

affect the outcome of nonsurgical retreatment if the entire root 
canal system is not accessible for complete reinstrumentation and 
disinfection during retreatment caused by obstacles left behind 
from the initial root canal treatment.95 Unfortunately, to date, 
no higher level evidence outcome study on nonsurgical retreat-
ment exists that included today’s standard modern treatment 
techniques, such as nickel-titanium instrumentation, the dental 
operating	microscope,	or	modern	diagnostic	tools	such	as	CBCT	
imaging. Hence, it is unknown if there are changes in the success 
rates with recent endodontic technologies. 

Endodontic Surgery
A systematic review of studies investigating the outcome of surgi-
cal endodontics found success rates ranging from 37% to 91%, 
depending on the operator and the specific techniques used for 

A B

C D

• Fig. 22.8 (A) Overenlargement of the coronal thirds. Bone loss in furcation and along distal root. (B) Cone 
beam computed tomography (CBCT) confirmation of extent of vertical bone loss. (C) Clinical confirmation 
after flap elevation. (D) Extracted tooth. (Courtesy of Dr. Rami Elsabee.)

A B

• Fig. 22.9 (A) A preoperative periapical radiograph shows the first mandibular molar with inadequate root 
canal treatment. The patient presents with clinical symptoms. (B) Postoperative radiograph after nonsurgi-
cal retreatment; patient is asymptomatic.
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the surgical procedures.96 Unfortunately, many studies reporting 
the success and failure of periapical surgery were identified as case 
series or other studies with a low level of evidence.97	Torabinejad	
and colleagues performed a systematic review comparing the clini-
cal and radiographic outcomes of nonsurgical retreatment with 
those of surgical retreatment.98 The study concluded that non-
surgical retreatment provided more favorable long-term outcomes 
than endodontic surgery.98

A number of systematic reviews and meta-analyses have since 
then documented that the outcome of surgical retreatment very 
much	depends	 on	 the	 techniques	 used	 for	 the	 procedures.	Tra-
ditional, now obsolete techniques using a straight surgical hand-
piece, beveled root resection, and often a retrograde filling with 
amalgam demonstrated weighted pooled success rates of 59.0%.99 
On the other hand, the use of loupes, ultrasonic root-end prepara-
tion, and more biocompatible filling materials such as interme-
diate restorative material (IRM),	 SuperEBA,	 or	MTA	 increased	
this outcome to 86% of periapical healing.100 Endodontic micro-
surgery, which uses the same tools and techniques, but replaces 
loupes with a dental operating microscope capable of providing 
high magnification, demonstrated even higher success rates rang-
ing from 91.4% to 94.4% for true endodontic lesions based on 
several meta-analyses (Fig. 22.10).99,101-103 However, another sys-
tematic review and meta-analysis described lower outcome rates 
for teeth undergoing endodontic surgery compared with single 
unit implants.104 Moreover, if the tooth is also periodontally com-
promised, surgical outcome was also reported to be significantly 
lower.105

Endodontic surgery should be reserved for teeth with 
failed nonsurgical retreatment, or situations where nonsurgi-
cal retreatment may be precluded for technical reasons,98 as it 
appears that the success rate for a conventional retreatment is 
very high.106 

Single Tooth Implant
The introduction of dental implants into modern dentistry provided 
great benefits for patients and allowed for functional, durable, and 
esthetic tooth replacement, leading to significant changes in end-
odontic, periodontic, and prosthodontic treatment planning and 
decision-making.107 Implant-supported restorations have obviated 
the need for crown preparations on intact abutment teeth for fixed 
partial dentures (Fig. 22.11), and allowed fixed prosthodontic restora-
tions even in the absence of suitable natural teeth as abutments.108,109

Comparisons between the outcome of endodontically treated 
teeth and dental implants are challenging as a result of the mul-
tifactorial nature of both treatment modalities, short-term versus 
long-term outcome, and the differences in outcome assessment. 
The implant field lacks a singular definition of success. Guidelines 
of the Academy of Osseointegration described “the desired out-
come of successful implant therapy” as “not only the achievement 
of the therapeutic goal but the maintenance of a stable, functional 
and esthetically acceptable tooth replacement for the patient.”110 
As a substitute of defined outcome criteria, survival of the implant 
unit is used frequently.107

Success and survival rates for single tooth implants are now gen-
erally very high. The aforementioned systematic review and meta-
analysis by Iqbal and Kim included 55 studies investigating dental 
implants and 13 studies investigating endodontically treated teeth 
with various follow-up periods.32 At the earliest point of compari-
son at 1 year, implant survival was higher at 97.5% compared with 
tooth survival of 96.9%. This trend showed reversal at long-term 
after 6 years when implant survival had declined to 94.2% and 
endodontically treated teeth were retained at 97.2%. However, 
over all time periods, 95.0% of implants and 94.0% of endodonti-
cally treated teeth survived.32	Torabinejad	et al.	also	have	reported	
survival rate of 97% for both procedures.28

A B C

D E

• Fig. 22.10 (A) Insufficient root canal treatment of a first mandibular lower molar. (B) Cone beam com-
puted tomography (CBCT) for treatment planning. (C) Patient remains symptomatic 3 months after non-
surgical retreatment. (D) Postoperative radiograph after endodontic microsurgery. (E) A recall radiograph 
18 months later shows complete resolution of the periradicular lesion. The patient remained asymptomatic 
since the surgical procedure. (Courtesy of Dr. Tom Schloss.)
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In Doyle et al.’s study, 196 single implants were matched with 
196 endodontically treated teeth, followed-up for up to 10 years, 
and then compared based on the outcome variables ‘success’, ‘sur-
vival with intervention’, ‘survival without intervention’, as well as 
‘failure’.33 Results demonstrated identical failure rates at 6.1%. 
Tooth	 success	was	 reported	at	82.1%,	and	dental	 implants	 suc-
cess at 73.5%. The rate for survival with need for intervention 
was higher for dental implants (17.9%) than for natural teeth 
(2.6%), confirming high complication rates often observed for 
implant restorations. Although overall degrees of satisfaction with 
minimal pain and discomfort have been generally observed for 
both procedures,111 it is now agreed upon that restored natural 
teeth outlast dental implant restorations in comparable situations, 
Endodontic and implant success and survival rates are, however, 
substantially superior to those for fixed dental prostheses (Table	
22.1). Vahdati et al. recently compared the survival outcome of 
nonsurgical root canal treatment and single-tooth implants in 170 
patients who received both treatments.112 The study confirmed 
Doyle and coworkers, with both treatments demonstrating a 
95% survival rate with a mean 7.5-year follow-up, and a signifi-
cantly higher number of adjunct and additional treatments, num-
ber of appointments, elapsed time before the final restoration, 

number of prescribed medications, as well as cost of treatment 
for single-tooth implants compared with nonsurgical root canal 
treatment.112

Both options, the preservation of a natural tooth and implant 
(re-)placement, should be seen as complementary and not as com-
peting procedures.32

The decision to retain or to extract an individual tooth will 
be based on findings regarding the endodontic status, periodontal 
condition, remaining tooth structure, caries, root morphology, the 
condition of the adjacent teeth and the opposing arch, the occlu-
sion, and esthetic parameters.113 If in the long-term a tooth is 
potentially compromised in regard to prosthodontic, periodontal, 
or endodontic reasons, it needs to be taken into consideration that 
multiple risk factors may accumulate and that the risk of long-
term failure may increase.114 

Fixed Dental Prostheses
Before implant dentistry the preparation of teeth as abutments 
for fixed or removable partial dentures was common after the 
extraction of hopeless teeth. However, an increased incident 
rate for caries as well as pulpal and periodontal problems was 

A B
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• Fig. 22.11 (A) A periapical radiograph shows a maxillary right lateral incisor with extensive loss of coronal 
tooth structure, insufficient crown-to-root ratio, and unfavorable, tapered root form. (B) Corresponding clini-
cal image demonstrates tooth structure loss at soft tissue level. The tooth was deemed nonrestorable. Note 
narrow space between central incisor and canine. (C) Radiograph showing ideal implant positioning and 
transfer abutment alignment. (D) Clinical situation at 1-year recall. (Courtesy of Dr. Santiago Jané Ceballos.)
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reported, in addition to complications such as ceramic or root 
fractures (Fig. 22.12).115 Success and survival rates for fixed den-
tal prostheses have been reported as 48% to 95%. A meta-analy-
sis of the literature demonstrated a 10-year survival of 87% and a 
15-year survival rate of 69% for fixed dental prostheses.116 Other 
reports also demonstrated similar results.28,117,118 A systematic 
review comparing endodontically treated teeth with implant 
single crowns and fixed dental prostheses reported a success rate 
of only 82% at more than 6 years (see Table	22.1). As discussed 
previously, treatment planning in prosthodontics has changed 
significantly since the introduction of dental implants.119 
Implant-supported prostheses are now broadly preferred to 
tooth-supported prostheses. 

Replantation and Transplantation
Replantation is the reinsertion of a tooth into its alveolus after 
careful, deliberate extraction of the tooth for the purpose of extra-
oral surgical retreatment.120 Replantation is indicated when there 
is no other treatment alternative to maintain a strategic tooth, 
particularly in situations where the proximity of anatomic details, 
such as the infra-alveolar nerve or adjacent root structures prohibit 
direct endodontic surgery (Fig. 22.13). Replanted teeth are often 
successful long-term103,121-123 but require careful case selection 
(see Chapter 21).

Transplantation	 is	 the	 transfer	 of	 a	 tooth	 from	 one	 alveo-
lar socket to another in the same patient.120,124,125 The clini-
cal procedures involved include socket preparation, extraction, 
transplantation, and stabilization. When transplantation is 
appropriately indicated and performed, these teeth may have a 
good prognosis.91,126-129 Ankylosis and resorption are the most 
common failure modes of intentionally replanted and autotrans-
planted teeth. 

Extraction Without Replacement
Limited information is available about beneficial or harmful effects 
of extracting and not replacing individual teeth, including any 
potential psychosocial and/or economic effect. Few adverse effects 
were described for a shortened or even an interrupted dental arch. 

However, it is undebated that the loss of visible teeth without 
replacement has a tremendous adverse psychosocial effect.28 

Reasons for Extraction of Endodontically 
Treated Teeth
Only a small proportion of endodontically treated teeth are 
extracted. Of these, very few are extracted for endodontic rea-
sons.29-31 Common reasons for extraction are decay, periodontal 
disease, nonrestorability, prosthodontic failure, and tooth or root 
fracture.15,29-31,130 Added complexity of any additional adjunctive 
procedure may also result in further complications and higher asso-
ciated risks, which may increase treatment costs and compromise 
a patient’s willingness to accept endodontic treatment and tooth 
preservation.131 However, after the belief that dental implants pro-
vide for better long-term prognosis compared with natural teeth 
has now been rejected by various comparative studies, a renewed 
call to revisit the long history of successful tooth maintenance for 
the preservation of the natural dentition has emerged.132 After all, 
a missing tooth will be irreversibly gone, and extraction should be 
only considered after thorough deliberation.107 Thus it is critical 

• Fig. 22.12 Restored mandibular right molars have developed pulpal and 
periapical problems, in addition to caries under the margins of the crowns. 
Coronal leakage likely contributed to the development of the new periapi-
cal lesions.

 6.  Which one of the following factors WILL NOT complicate adequate 
disinfection of the root canal system?

 a.  Virulence of the microorganisms
 b.  Complexity of the root canal system
 c.  Choice of rotary file system
 d.  Separated instrument in the root canal system
 e.  Quality of the permanent restoration all play an important role in as 

potential reasons for treatment failure
 7.  Errors that can lead to persistent microbial presence and endodontic 

failure include all of the following EXCEPT one. Mark this EXCEPTION.
 a.  Inaccurate diagnosis
 b.  Presence of tertiary dentin
 c.  Missed canals
 d.  Inadequate débridement and/or disinfection of the root canal system
 e.  Inadequate temporary or permanent restorations
 8.  What is the most significant challenge posed by the presence of 

bacteria in a biofilm?
 a.  Reduced immune response from host
 b.  Increased bacterial load in apical area
 c.  File separation from torsional fatigue
 d.  Greater resistance to antimicrobial agents
 e.  Higher potential for type I allergic reaction
 9.  What is the LEAST common reason for extraction of endodontically 

treated teeth?
 a.  Inadequate endodontics
 b.  Periodontal disease
 c.  Prosthodontic failure
 d.  Root fracture
 e.  Higher success for implants compared with natural teeth
 10.  Vahdati et al. recently compared the survival outcome of nonsurgical 

root canal treatment and single-tooth implants in 170 patients who 
received both treatments. What was the significance noted with single-
tooth implants?

 a.  Higher number of adjunct and additional treatments
 b.  Longer elapsed time before the final restoration
 c.  Higher number of prescribed medications
 d.  Higher cost of treatment
 e.  All the above

Study Questions
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A B

C D

• Fig. 22.13 (A) A periapical radiograph shows a mandibular second left molar with periradicular radiolu-
cency. The previous root filling is overextended in both roots, the position of the post in the distal root and 
the extent of the bone loss are indicative of a post perforation. (B) Situation after intentional replantation 
using bioceramic putty as root-end filling and post perforation repair material during the extraoral pro-
cedure. (C) A radiograph 24 months later shows complete healing of the periradicular tissues. (D) Cone 
beam computed tomography (CBCT) confirmation of the periradicular healing.

A N S W E R S

Answer Box 22
 1 c.  Decrease of a radiolucency in size
 2 b.  Any apical periodontitis in the mandible will be detectable on  

radiographs if it exceeds 3 mm in diameter
 3 d.  Success of endodontic microsurgery: 55% to 65%
 4 a.  Type of root filling material
 5 e.  The PAI grades in 4 stages from healthy periapex (score 1) to a large 

periapical lesion (score 4)
 6 c.  Choice of rotary file system
 7 b.  Presence of tertiary dentin
 8 d.  Greater resistance to antimicrobial agents
 9 a.  Inadequate endodontics
 10 e.  All the above

that the current situation as well as all potential future risk fac-
tors are being carefully considered during comprehensive patient 
assessment and treatment planning.113,131,133
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Appendix 1
Summary Table of the Root Numbers of 
the Permanent Maxillary Teeth
Blaine Cleghorn, and Will iam Christie

Permanent Maxillary Teeth - Number of Roots

NUMBER OF ROOTS
No. of 
Studies References

No. 
of 
Teeth

Most Common 
Anomaly or 
Variation 
(Number of 
Case Reports in 
Brackets)

Most 
Common 1 2 3 4 Other

Central  
incisors

1 Root 100% 7 Rahimi, S et al 2009 (1), 
Weng, X-L et al 2009 
(2), Sert, S and Bayirli, 
GS 2004 (3), Çaliskan, 
MK et al 1995 (4), 
Vertucci, F 1984 (5), 
Pineda, F and Kuttler, 
Y 1972 (6), Barrett, MT 
1925 (7)

892 Dens evaginatus (17)
2 roots and 2 canals 

(14)
1 root and 2 canals 

(10)
Fusion (9)
Dens invaginatus (7)

Lateral  
incisors

1 Root 100% 7 Weng, X-L et al 2009 (2), 
Sert, S and Bayirli, GS 
2004 (3), Çaliskan, MK 
et al 1995 (4), Vertucci, 
F 1984 (5), Bjorndal, AM 
and Skidmore, AE 1983 
(8), Pineda, F and Kut-
tler, Y 1972 (6), Barrett 
MT 1925 (7)

827 Dens invaginatus 
(58)

Palatogingival groove 
(20)

Dens evaginatus 
(talon cusp) (17)

2 roots and 2 canals 
(10)

1 root and 2 canals 
(10)

Canines 1 Root 100% 7 Weng, X-L et al 2009 (2), 
Sert, S and Bayirli, GS 
2004 (3), Çaliskan, MK 
et al 1995 (4), Vertucci, 
F 1984 (5), Bjorndal, AM 
and Skidmore, AE 1983 
(8), Pineda, F and Kut-
tler, Y 1972 (6), Barrett 
MT 1925 (7)

842 Dens invaginatus (7)
1 root and 2 canals 

(2)
Dens evaginatus 

(talon cusp) (2)
2 roots (2)

Continued

See Appendix 4 for a list of references.
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First pre-
molar

3 roots and 3 canals 
(26)

Furcation groove 
(palatal of B root) 
(3)

Dens evaginatus (2)

Caucasian 
& others 
(exclud-
ing 
Asian 
& NA 
Native)*

2 Roots 37.7% 56.7% 1.9% 3.7% 17 Bürklein, S et al (2017) 
(9), Abella, F et al 2015 
(10), Bulut, DG et al 
2015 (11), Gupta, S et al 
(2015) (12), Dababneh, 
R and Rodan, R 2013 
(13), Ng’ang’a, RN et al 
2010 (14), Atieh, MA 
2008 (15), Awawdeh, 
L et al 2008 (16), 
Chaparro, AJ et al 1999 
(17), Kartal, N et al 1998 
(18), Zaatar, EI et al 
1997 (19), Pecora, JD 
et al 1992 (20), Vertucci, 
FJ and Gegauff, A 1979 
(21), Carns, EJ and 
Skidmore, AE 1973 (22), 
Green, D 1973 (23), 
Mueller, AH 1933 (24), 
Barrett MT 1925 (7)

4482

Asian & NA 
Native

1 Root 61.8% 37.6% 0.6% 5 Tian, Y-Y et al 2012 (25), 
Cheng, XL and Weng, 
YL 2008 (26), Loh, HS 
et al 1998 (27), Aoki, K 
1990 (28), Walker, RT 
1987 (29)

4981

All studies 50.4% 46.7% 1.2% 1.7% 22 Bürklein, S et al (2017) (9), 
Abella, F et al 2015 (10), 
Bulut, DG et al 2015 (11), 
Gupta, S et al (2015) (12), 
Dababneh, R and Rodan, 
R 2013 (13), Ng’ang’a, 
RN et al 2010 (14), Atieh, 
MA 2008 (15), Awawdeh, 
L et al 2008 (16), 
Chaparro, AJ et al 1999 
(17), Kartal, N et al 1998 
(18), Zaatar, EI et al 1997 
(19), Pecora, JD et al 
1992 (20), Vertucci, FJ 
and Gegauff, A 1979 (21), 
Carns, EJ and Skidmore, 
AE 1973 (22), Green, D 
1973 (23), Mueller, AH 
1933 (24), Barrett MT 
1925 (7), Tian, Y-Y et al 
2012 (25), Cheng, XL and 
Weng, YL 2008 (26), Loh, 
HS et al 1998 (27), Aoki, 
K 1990 (28), Walker, RT 
1987 (29)

9463

NUMBER OF ROOTS
No. of 
Studies References

No. 
of 
Teeth

Most Common 
Anomaly or 
Variation 
(Number of 
Case Reports in 
Brackets)

Most 
Common 1 2 3 4 Other
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473APPENDIX 1 Summary Table of the Root Numbers of the Permanent Maxillary Teeth

First molar 3 Roots 
(MB, DB 
and Li)*

1.8% 2.2% 95.5% 0.2% 1.4% 20 Ghobashy, AM et al 2017 
(35), Khademi, A et al 
2017 (36), Martins, JN 
et al 2016 (37), Naseri, 
M et al 2016 (38), Tian, 
X-M et al 2016 (39), 
Alrahabi, M and Zafar, 
MS 2015 (40), Nikolou-
daki GE et al 2015 (41), 
Singh, S and Pawar, M 
2015 (42), Bhuyan, AC 
et al 2014 (43), Guo, J 
et al 2014 (44), Rou-
hani, A et al 2014 (45), 
Silva, EJ et al 2014 
(46), Plotino, G et al 
2013 (47), Zhang, R 
et al 2011 (48), Zheng, 
Q-H et al 2010 (49), 
Pattanshetti, N et al 
2008 (50), Rwenyonyi, 
CM et al 2007 (51), 
al Shalabi, RM et al 
2000 (52), Thomas, RP, 
Moule, AJ and Bryant, 
R 1993 (53), Gray, R 
1983 (54), Barrett, MT 
1925 (7)

7237 3 roots (MB, DB and 
Palatal) and 4-5 
canals (1-2 MB, 
DB and 2 Palatal) 
(26)

3 roots (MB, DB and 
Palatal) and 5 
canals (2MB, 2DB 
and Palatal) (12)

Taurodontism (10)
Fused roots and 

C-shaped canal 
(10)

4 roots (MB, DB and 
2 Palatal) and 4 
canals (MB, DB 
and 2 Palatal) (9)

Second 
premo-
lar

1 Root 90.5% 8.9% 0.2% 0.4% 12 Elnour, M et al 2016 (30), 
Abella, F et al 2015 
(10), Bulut, DG et al 
2015 (11), Yang, L et al 
2014 (31), Zaatar, EI 
et al 1997 (19), Pecora, 
JD et al 1992 (32), 
Sikri, VK and Sikri, 
P 1991 (33), Aoki, K 
1990 (28), Gorlin, RJ 
and Goldman, HM 
1970 (34), Mueller, AH 
1933 (24), Barrett MT 
1925 (7)

9833 3 roots and 3 
canals (16)

Dens evaginatus 
(2)

NUMBER OF ROOTS
No. of 
Studies References

No. 
of 
Teeth

Most Common 
Anomaly or 
Variation 
(Number of 
Case Reports in 
Brackets)

Most 
Common 1 2 3 4 Other
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474 APPENDIX 1  Summary Table of the Root Numbers of the Permanent Maxillary Teeth

NUMBER OF ROOTS
No. of 
Studies References

No. 
of 
Teeth

Most Common 
Anomaly or 
Variation 
(Number of 
Case Reports in 
Brackets)

Most 
Common 1 2 3 4 Other

Second 
molar

3 Roots 
(MB, DB 
and Li)

5.9% 9.1% 77.6% 0.8% 17 Ghobashy, AM et al 2017 
(35), Khademi, A et al 
2017 (36), Martins, JN 
et al 2016 (37), Tian, 
X-M et al 2016 (39), 
Nikoloudaki GE et al 
2015 (41), Singh, S 
and Pawar, M 2015 
(42), Zhang, Q et al 
2014 (55), Rouhani, A 
et al 2014 (45), Silva, 
EJ et al 2014 (46), 
Plotino, G et al 2013 
(47), Kim, Y et al 2012 
(56), Zhang, R et al 
2011 (48), Rwenyonyi, 
CM et al 2007 (51), al 
Shalabi, RM et al 2000 
(52), Libfeld, H and 
Rotstein, I 1989 (57), 
Barrett, MT 1925 (7)

6699 4 roots (MB, DB and 
2 Palatal) and 4 
canals (MB, DB 
and 2 Palatal) (57)

3 roots and 4 canals 
(MB, DB and 2 
Palatal canals) (7)

3 roots and 5 canals 
(3 MB, DB and 
Palatal canals) (3)

Third 
molar

3 Roots 
(MB, DB 
and Li)

31.2% 24.1% 42.4% 2.2% 0.1% 8 Tomaszewska, IM et al 
2017 (58), Rawtiya, M 
et al 2016 (59), Singh, 
S and Pawar, M 2015 
(42), Sert, S et al 2011 
(60), Alavi, AM 2002 
(61), Sidow, SJ et al 
2000 (62), Guerisoli, 
DM et al 1998 (63), 
Barrett, MT 1925 (7)

1072 4 roots (3)
C-shaped canal (1)

*NA Native = North American Native

*MB = mesiobuccal, DB = distobuccal and Li = lingual.
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Appendix 2
Summary Table of the Root Canal  
Systems of the Permanent Maxillary 
Teeth

See Appendix 4 for a list of references.
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Perm
anent M

axillary Teeth: Num
ber of Canals

N
U

M
B

E
R

 O
F

 C
A

N
A

LS
No. of 
Studies

References
No. of 
Teeth

M
ost Com

m
on Anom

aly or 
Variation (Num

ber of Case 
Reports In Brackets)

M
ost 

Com
m

on
1

2
3

4
Other

Central  
incisors

*2 or  
m

ore canals

1 Canal
99.1%

0.9%
*

9
Da Silva, EJ et al 2016 (64), Altunsoy, M

 et al 2014 (65), Rahim
i, S et al 2009 (1), 

W
eng, X-L et al 2009 (2), Sert, S and Bayirli, GS 2004 (3), Çaliskan, M

K et al 1995 
(4), Vertucci, F 1984 (5), Pineda, F and Kuttler, Y 1972 (6), Barrett M

T 1925 (7)

2635
Dens evaginatus (17)
2 roots and 2 canals (14)
1 root and 2 canals (10)
Fusion (9)
Dens invaginatus (7)

Lateral  
incisors

*2 or  
m

ore canals

1 Canal
96.0%

4.0%
*

9
Da Silva, EJ et al 2016 (64), Altunsoy, M

 et al 2014 (65), W
eng, X-L et al 2009 (2), 

Sert, S and Bayirli, GS 2004 (3), Çaliskan, M
K et al 1995 (4), Vertucci, F 1984 (5), 

Bjorndal, AM
 and Skidm

ore, AE 1983 (8), Pineda, F and Kuttler, Y 1972 (6), Barrett 
M

T 1925 (7)

2531
Dens invaginatus (58)
Palatogingival groove (20)
Dens evaginatus (talon cusp) 

(17)
2 roots and 2 canals (10)
1 root and 2 canalsa(10)

Canines
*2 or  

m
ore canals

1 Canal
95.6%

4.4%
*

10
Da Silva, EJ et al 2016 (64), Altunsoy, M

 et al 2014 (65), Som
alinga, NS et al 2014 

(66), W
eng, X-L et al 2009 (2), Sert, S and Bayirli, GS 2004 (3), Çaliskan, M

K et al 
1995 (4), Vertucci, F 1984 (5), Bjorndal, AM

 and Skidm
ore, AE 1983 (8), Pineda, F 

and Kuttler, Y 1972 (6), Barrett M
T 1925 (7)

2815
Dens invaginatus (7)
1 root and 2 canals (2)
Dens evaginatus (talon cusp) (2)
2 roots (2)

First prem
olar

3 roots and 3 canals (20)
Furcation groove (palatal of B 

root) (3)
Dens evaginatus (2)

Caucasian & 
others (ex-
cluding Asian 
& NA Native)*

2 Canals
11.3%

85.7%
1.7%

1.4%
20

Bürklein, S et al (2017) (9), Abella, F et al 2015 (10), Gupta, S et al (2015) (12), Ok, E 
et al 2014 (67), Ng’ang’a, RN et al 2010 (14), W

eng, X-L et al 2009 (2), Ateih, M
 2008 

(15), Aw
aw

deh, L et al 2008 (16), Sert, S and Bayirli, GS 2004 (3), Kartal, N et al 1998 
(18), Zaatar, EI et al 1997 (19), Çaliskan, M

K et al 1995 (4), Pecora, JD et al 1991 
(20), Bellizzi, R and Hartw

ell, G 1985 (68), Vertucci, F and Gegauff, A 1979 (21), Carns, 
EJ and Skidm

ore, AE 1973 (22), Green, D 1973 (23), Pineda, F and Kuttler, Y 1972 (6), 
M

ueller, AH 1933 (24), Barrett, M
T 1925 (7), Hess, W

 1925 (69)

6368

Asian & NA 
Native

2 Canals
34.2%

63.2%
0.4%

2.4%
4

W
eng, X-L et al 2009 (2), Cheng, XL and W

eng, YL 2008 (26), Loh, HS et al 1998 (27), 
W

alker, RT 1987 (204)
1574

All studies
15.8%

81.2%
1.4%

1.6%
24

Bürklein, S et al (2017) (9), Abella, F et al 2015 (10), Gupta, S et al (2015) (12), Ok, E 
et al 2014 (67), Ng’ang’a, RN et al 2010 (14), W

eng, X-L et al 2009 (2), Ateih, M
 

2008 (15), Aw
aw

deh, L et al 2008 (16), Cheng, XL and W
eng, YL 2008 (26), Sert, S 

and Bayirli, GS 2004 (3), Kartal, N et al 1998 (18), Loh, HS et al 1998 (27), Zaatar, 
EI et al 1997 (19), Çaliskan, M

K et al 1995 (4), Pecora, JD et al 1991 (20), W
alker, 

RT 1987 (29), Bellizzi, R and Hartw
ell, G 1985 (68), Vertucci, F and Gegauff, A 1979 

(21), Carns, EJ and Skidm
ore, AE 1973 (22), Green, D 1973 (23), Pineda, F and Kut-

tler, Y 1972 (6), M
ueller, AH 1933 (24), Barrett, M

T 1925 (7), Hess, W
 1925 (69)

7942

Second prem
olar

1 or 2 
Canals

47.1%
50.8%

0.8%
1.3%

19
Bürklein, S et al (2017) (9), Elnour, M

 et al 2016 (30), Abella, F et al 2015 (10), Ok, E et al 
2014 (67), Yang, L et al 2014 (31), Jayam

isha Raj, UJ and Sum
itha, M

 2009 (70), 
W

eng, X-L et al 2009 (2), Sert, S and Bayirli, GS 2004 (3), Kartal, N et al 1998 (18), 
Zaatar, EI et al 1997 (19), Çaliskan, M

K et al 1995 (4), Pecora, JD et al 1992 (32), 
Sikri, VK and Sikri, P 1991 (33), Bellizzi, R and Hartw

ell, G 1985 (68), Vertucci, F 1984 
(5), Green, D 1973 (23), Pineda, F and Kuttler, Y 1972 (6), M

ueller, AH 1933 (24)

5815
3 roots and 3 canals (16)
Dens evaginatus (2)
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First m
olar  

(three roots)
*2 or m

ore canals

3 roots (M
B, DB and Palatal) 

and 4-5 canals (1-2 M
B, 

DB and 2 Palatal) (26)
3 roots (M

B, DB and Palatal) 
and 5 canals (2M

B, 2DB 
and Palatal) (12)

Taurodontism
 (10)

Fused roots and C-shaped 
canal (10)

4 roots (M
B, DB and 2 Pala-

tal) and 4 canals (M
B, DB 

and 2 Palatal) (9)

M
B

2 Canals
40.2%

59.8%
*

71
Alrahabi, M

 and Zafar, M
S 2015 (40), M

arroquin, B et al 2015 (71), Singh, S and Paw
ar, 

M
 2015 (42), Bhuyan, AC et al 2014 (43), Kim

, Y et al 2013 (72), Gu, Y et al 2011 
(73), Peeters, HH et al 2011 (74), Som

m
a, F et al 2009 (75), W

eng, X-L et al 2009 (2), 
Abiodun-Solanke, IM

 et al 2008 (76), Alacam
, T et al 2008 (77), Khraisat, A and Sm

adi, 
L 2007 (78), Rw

enyonyi, CM
 et al 2007 (51), Eder, A et al 2006 (79), Sm

adi, L and 
Khraisat, A 2006 (80), Jung, I-Y et al 2005 (81), Scott, AE and Apicella, M

J 2004 (82), 
Sert, S and Bayirli, GS 2004 (3), Alavi, AM

 et al 2002 (61), Schw
arze, T et al 2002 (83), 

W
asti, F et al 2001 (84), al Shalabi, RM

 et al 2000 (52), W
eine, FS et al 1999 (85), Im

ura, 
N et al 1998 (86), Çaliskan, M

K et al 1995 (4), Thom
as, RP, M

oule, AJ and Bryant, R 
1993 (53), Pecora, JD et al 1992 (87), Kulild, JC and Peters, DD 1990 (88), Gilles, J and 
Reader, A 1990 (89), Vertucci, F 1984 (5), Gray, R 1983 (54), Acosta Vigouroux SA and 
Trugeda Bosaans, SA 1978 (90), Seidberg, BH et al 1973 (91), Pineda, F and Kuttler, Y 
1972 (6), Sykaras, SN and Econom

ou, PN 1971 (92), W
eine, FS 1969 (93), Okam

ura, 
T 1927 (94), Hess, W

 1925 (69), Zürcher, E 1925 (95), M
oral, H 1914 (96), Ghobashy, 

AM
 et al 2017 (35), Khadem

i, A et al 2, M
S017 (36), Betancourt, P et al 2016 (97), 

Coelho, M
S et al 2016 (98), Naseri, M

 et al 2016 (38), Tian, X-M
 et al 2016 (39), Guo, 

J et al 2014 (44), Silva, EJ et al 2014 (46), Abuabara, A et al 2013 (99), Plotino, G et al 
2013 (47), Reis, AG et al 2013 (100), Kim

, Y et al 2012 (56), Lee, J-H et al 2011 (101), 
Zhang, R et al 2011 (48), Zheng, Q-H et al 2010 (49), Abiodun-Solanke, IM

 et al 2008 
(76), Pattanshetti, N et al 2008 (50), Hartw

ell, G et al 2007 (102), W
olcott, J et al 2002 

(103), Buhrley, LJ et al 2002 (104), Sem
pira, HN and Hartw

ell, GR 2000 (105), Stropko, 
JJ 1999 (106), Zaatar, EI et al 1997 (19), Fogel, HM

, Peikoff, M
D and Christie, W

H 1994 
(107), W

eller, RN and Hartw
ell, GR 1989 (108), Neaverth, EJ et al 1987 (109), Hartw

ell, 
G and Bellizzi, R 1982 (110), Pom

eranz, HH and, Fishelberg, G 1974 (111), Slow
ey, RR 

1974 (112), Nosonow
itz, DM

 and Brenner, M
R 1973 (113), Seidberg, BH et al 1973 (91)

18333

DB
1 Canal

98.6%
1.4%

*
33

Ghobashy, AM
 et al 2017 (35), Naseri, M

 et al 2016 (38), Tian, X-M
 et al 2016 (39), 

Alrahabi, M
 and Zafar, M

S 2015 (40), Briseno-M
arroquin, B et al 2015 (71), Singh, 

S and Paw
ar, M

 2015 (42), Bhuyan, AC et al 2014 (43), Guo, J et al 2014 (44), 
Silva, EJ et al 2014 (46), Plotino, G et al 2013 (47), Kim

, Y et al 2012 (56), Zhang, 
R et al 2011 (48), Zheng, Q-H et al 2010 (49), Abiodun-Solanke, IM

 et al 2008 (76), 
W

eng, X-L et al 2009 (2), Pattanshetti, N et al 2008 (50), Rw
enyonyi, CM

 et al 2007 
(51), Sert, S and Bayirli, GS 2004 (3), Alavi, AM

 et al 2002 (61), W
asti, F et al 2001 

(84), al Shalabi, RM
 et al 2000 (52), Zaatar, EI et al 1997 (19), Çaliskan, M

K et al 
1995 (4), Thom

as, RP, M
oule, AJ and Bryant, R 1993 (53), Pecora, JD et al 1992 

(87), Vertucci, F 1984 (5), Gray, R 1983 (54), Hartw
ell, G and Bellizzi, R 1982 (110), 

Acosta Vigouroux SA and Trugeda Bosaans, SA 1978 (90), Pineda, F and Kuttler, Y 
1972 (6), Hess, W

 1925 (69), Zürcher, E 1925 (95)

8635
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Palatal
1 Canal

99.3%
0.7%

*
34

Ghobashy, AM
 et al 2017 (35), Naseri, M

 et al 2016 (38), M
arceliano-Alves, M

 et al 
2016, Tian, X-M

 et al 2016 (39), Alrahabi, M
 and Zafar, M

S 2015 (40), Briseno-M
arro-

quin, B et al 2015 (71), Singh, S and Paw
ar, M

 2015 (42), Bhuyan, AC et al 2014 (43), 
Guo, J et al 2014 (44), Silva, EJ et al 2014 (46), Plotino, G et al 2013 (47), Kim

, Y et al 
2012 (56), Zhang, R et al 2011 (48), Zheng, Q-H et al 2010 (49), Abiodun-Solanke, IM

 
et al 2008 (76), W

eng, X-L et al 2009 (2), Pattanshetti, N et al 2008 (50), Rw
enyonyi, 

CM
 et al 2007 (51), Sert, S and Bayirli, GS 2004 (3), Alavi, AM

 et al 2002 (61), W
asti, 

F et al 2001 (84), al Shalabi, RM
 et al 2000 (52), Zaatar, EI et al 1997 (19), Çaliskan, 

M
K et al 1995 (4), Thom

as, RP, M
oule, AJ and Bryant, R 1993 (53), Pecora, JD et al 

1992 (87), Vertucci, F 1984 (5), Gray, R 1983 (54), Hartw
ell, G and Bellizzi, R 1982 

(110), Acosta Vigouroux SA and Trugeda Bosaans, SA 1978 (90), Pineda, F and Kuttler, 
Y 1972 (6), Hess, W

 1925 (69), Zürcher, E 1925 (95)

8804

Second m
olar 

(three roots)
*2 or m

ore 
canals

4 roots (M
B, DB and 2 Pala-

tal) and 4 canals (M
B, DB 

and 2 Palatal) (57)
3 roots and 4 canals (M

B, DB 
and 2 Palatal canals) (7)

3 roots and 5 canals (3 M
B, 

DB and Palatal canals) (3)

M
B

1 Canal
56.5%

43.5%
*

35
Ghobashy, AM

 et al 2017 (35), Khadem
i, A et al 2017 (36), W

olf, TG et al 2017 (114), 
Betancourt, P et al 2016 (97), Coelho, M

S et al 2016 (98), Tian, X-M
 et al 2016 (39), 

Singh, S and Paw
ar, M

 2015 (42), Silva, EJ et al 2014 (46), Plotino, G et al 2013 (47), 
Reis, AG et al 2013 (100), Han, X et al 2012 (115), Kim

, Y et al 2012 (56), Zhang, R 
et al 2011 (48), W

eng, X-L et al 2009 (2), Rw
enyonyi, CM

 et al 2007 (51), Sert, S and 
Bayirli, GS 2004 (3), Alavi, AM

 et al 2002 (61), Schw
arze, T et al 2002 (83), al Shalabi, 

RM
 et al 2000 (52), Stropko, JJ 1999 (106), Im

ura, N et al 1998 (86), Zaatar, EI et al 
1997 (19), Çaliskan, M

K et al 1995 (4), Eskoz, N and W
eine, FS 1995 (116), Singh, 

C et al 1994 (117), Pecora, JD et al 1992 (87), Kulild, JC and Peters, DD 1990 (88), 
Gilles, J and Reader, A 1990 (89), Vertucci, F 1984 (5), Hartw

ell, G and Bellizzi, R 1982 
(110), Pom

eranz, HH and Fishelberg, G 1974 (111), Nosonow
itz, DM

 and Brenner, M
R 

1973 (113), Pineda, F and Kuttler, Y 1972 (6), Hess, W
 1925 (69)

8059

DB
1 Canal

99.5%
0.5%

*
21

Ghobashy, AM
 et al 2017 (35), W

olf, TG et al 2017 (114), Tian, X-M
 et al 2016 (39), 

Singh, S and Paw
ar, M

 2015 (42), Silva, EJ et al 2014 (46), Plotino, G et al 2013 
(47), Kim

, Y et al 2012 (56), Zhang, R et al 2011 (48), W
eng, X-L et al 2009 (2), 

Rw
enyonyi, CM

 et al 2007 (51), Sert, S and Bayirli, GS 2004 (3), Alavi, AM
 et al 

2002 (61), al Shalabi, RM
 et al 2000 (52), Zaatar, EI et al 1997 (19), Çaliskan, M

K 
et al 1995 (4), Singh, C et al 1994 (117), Pecora, JD et al 1992 (87), Vertucci, F 
1984 (5), Hartw

ell, G and Bellizzi, R 1982 (110), Pineda, F and Kuttler, Y 1972 (6), 
Hess, W

 1925 (69)

5053

Palatal
1 Canal

99.8%
0.2%

*
20

Ghobashy, AM
 et al 2017 (35), W

olf, TG et al 2017 (114), Tian, X-M
 et al 2016 (39), 

Singh, S and Paw
ar, M

 2015 (42), Silva, EJ et al 2014 (46), Plotino, G et al 2013 
(47), Kim

, Y et al 2012 (56), Zhang, R et al 2011 (48), W
eng, X-L et al 2009 (2), 

Rw
enyonyi, CM

 et al 2007 (51), Sert, S and Bayirli, GS 2004 (3), Alavi, AM
 et al 

2002 (61), al Shalabi, RM
 et al 2000 (52), Zaatar, EI et al 1997 (19), Çaliskan, M

K 
et al 1995 (4), Pecora, JD et al 1992 (87), Vertucci, F 1984 (5), Hartw

ell, G and Bel-
lizzi, R 1982 (110), Pineda, F and Kuttler, Y 1972 (6), Hess, W

 1925 (69)

5003

Third m
olar

3 canals
9.8%

13.4%
51.5%

20.4%
2.2%

6
Raw

tiya, M
 et al 2016 (59), Singh, S and Paw

ar, M
 2015 (42), W

eng, X-L et al 2009 
(2), Alavi, AM

 2002 (61), Sidow, SJ et al 2000 (62), Guerisoli, DM
 et al 1998 (63)

715
4 roots (3)
C-shaped canal (1)

* N
A N

ative = N
orth Am

erican N
ative
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Appendix 3
Summary Table of the Root Numbers of 
the Permanent Mandibular Teeth

Permanent Mandibular Teeth: Number of Roots

NUMBER OF ROOTS

Most 
Common 1 2 3 4 Other

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or Variation 
(Number of  
Case Reports  
In Brackets)

Central 
 incisors

1 Root 100% 13 Verna, GR et al 2017 (118), 
Kamtane, S and Ghodke, M 
2016 (119), Zhengyan, Y et al 
2016 (120), Kayaoglu, G et al 
2015 (121), Han, T et al 2014 
(122), Lin, Z et al 2014 (123), 
Aminsobhani, M et al 2013 (124), 
Sert, S and Bayirli, GS 2004 
(3), Çaliskan, MK et al 1995 (4), 
Vertucci FJ 1974 (125), Madiera 
MC and Hetem S 1973 (126), 
Pineda F and Kuttler Y 1972 (6), 
Barrett MT 1925 (7)

9728 Dens invaginatus (6)
Dens evaginatus (talon 

cusp) (6)
2 canals (6)

Lateral 
 incisors

1 Root 100% 13 Verna, GR et al 2017 (118), Kamtane, 
S and Ghodke, M 2016 (119), 
Zhengyan, Y et al 2016 (120), 
Kayaoglu, G et al 2015 (121), 
Han, T et al 2014 (122), Lin, Z 
et al 2014 (123), Aminsobhani, 
M et al 2013 (124), Sert, S and 
Bayirli, GS 2004 (3), Çaliskan, MK 
et al 1995 (4), Vertucci, FJ 1974 
(125), Vertucci, FJ 1974 (125), 
Madiera, MC and Hetem, S 1973 
(126), Pineda, F and Kuttler, Y 
1972 (6), Barrett, MT 1925 (7)

9664 2 canals (5)
Dens invaginatus (4)

Canines 1 Root 96.7% 3.3% 10 Soleymani, A et al 2017 (127), 
Shemesh, A et al 2016 (128), 
Zhengyan, Y et al 2016 (120), 
Kayaoglu, G et al 2015 (121), 
Han, T et al 2014 (122), Amin-
sobhani, M et al 2013 (124), 
Ouellet, R 1995 (129), Pecora, JD 
et al 1993 (130), Alexandersen, V 
1963 (131), Barrett, MT 1925 (7)

16452 2 roots and 2 canals (8)
2 roots and 3 canals (3)
1 root and 2 canals (3)

Continued

See Appendix 4 for a list of references.
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480 APPENDIX 3  Summary Table of the Root Numbers of the Permanent Mandibular Teeth

NUMBER OF ROOTS

Most 
Common 1 2 3 4 Other

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or Variation 
(Number of  
Case Reports  
In Brackets)

First   
premolar

1 Root 94.3% 4.8% 0.1% 0.1% 26 Alkaabi, W et al 2017 (132), 
Bürklein, S et al (2017) (9), Dou, 
L et al 2017 (133), Abraham, 
SB and Gopinath, VK 2015 
(134), Bulut, DG et al 2015 (11), 
Huang, Y-D et al 2015 (135), 
Kazemipoor, M et al 2015 (136), 
Kazemipoor, M et al 2015 (137), 
Kong, L-j et al 2015 (138), Llena, 
C et al 2014 (139), Singh, S and 
Pawar, M 2014 (140), Alhadainy, 
HA 2013 (141), Yang, H et al, 
2013 (142), Yu, X et al 2012 
(143), Jain, A and Bahuguna, 
R 2011 (144), Kheddmat, S 
et al 2010 (145) , Awawdeh, LA 
and Al-Qudah, AA 2008 (146), 
Rahimi, S et al 2007 (147), Iyer, 
VH et al 2006 (148), Sert, S and 
Bayirli, GS 2004 (3), Zaatar, EI 
et al 1997 (19), Çaliskan, MK 
et al 1995 (4), Geider, P et al 
1989 (149), Vertucci, F 1978 
(150), Schulze, C 1970 (151), 
Barrett, MT 1925 (7)

14137 3 roots and 3 canals (5)
1 root and 2 canals (5)
1 root and 3 canals (5)
Dens evaginatus (4)
2 roots and 2 canals (3)
3 canals (3)
C-shaped canal (4)

Second 
premolar

1 Root 98.4% 1.4% 0.1% 20 Bürklein, S et al (2017) (9), Bulut, 
DG et al 2015 (11), Kazemipoor, 
M et al 2015 (136), Kazemipoor, 
M et al 2015 (137), lena, C 
et al 2014 (139), Singh, S and 
Pawar, M 2014 (140), Bolhari, 
B et al 2013 (152), Yu, X et al 
2012 (143), Parekh, V et al 2011 
(153), Rahimi, S et al 2009 (1), 
Awawdeh, LA and Al-Qudah, 
AA 2008 (146), Rahimi, S et al 
2007 (147), Sert, S and Bayirli, 
GS 2004 (3), Zaatar, EI et al 1997 
(19), Çalişkan, MK et al 1995 
(4), Geider, P et al 1989 (149), 
Vertucci, F 1978 (150), Zillich, 
R and Dowson, J 1973 (154), 
Visser, JB 1948 (155), Barrett, 
MT 1925 (7)

8002 3 canals (12)
2 roots and 2 canals 

(11)
C-shaped canal (7)
Dens evaginatus (6)
3 roots and 3 canals (6)
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481APPENDIX 3 Summary Table of the Root Numbers of the Permanent Mandibular Teeth

NUMBER OF ROOTS

Most 
Common 1 2 3 4 Other

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or Variation 
(Number of  
Case Reports  
In Brackets)

First molar Radix entomolaris (32)
2 roots and 5 canals 

(3M and 2D) (20)
2 roots and 4 canals 

(3M and D) (10)
2 roots and 5 canals 

(2M and 3D) (8)
2 roots and 6 canals 

(3M and 3D) (7)

Caucasian 
& others 
(excluding 
Asian & 
NA Native)

2 Roots 
(M&D)

0.2% 96.3% 3.5% 28 Madani, ZS et al 2017 (156), 
Mohammadzadeh Akhlaghi, N 
et al 2017 (157), Celikten, B et al 
2016 (158), Martins, JN et al 
2016 (37), Rodrigues, CT et al 
2016 (159), Peiris, R et al 2015 
(160), Chourasia, HR et al 2012 
(161), Colak, H et al 2012 (162), 
Chandra, SS et al 2011 (163), 
Al-Qudah, AA and Awawdeh, LA 
2009 (164), Schafer, E et al 2009 
(165), Pattanshetti, N et al 2008 
(50), Reuben, J et al 2008 (166), 
Shahi, s et al 2008 (167), Ahmed, 
HA et al 2007 (168), Peiris, R et al 
2007 (169), Al-Nazhan, S 1999 
(170), Sperber, GH and Moreau, 
JL 1998 (171), Zaatar, EI et al 
1998 (172), Zaatar, EI et al 1997 
(19), Rocha, LF et al 1996 (173), 
Younes et al 1990 (174), Curzon, 
MEJ 1974 (175), Curzon, MEJ 
1973 (176), de Souza-Freitas, 
JA et al 1971 (177), Skidmore, 
AE and Bjorndal, AM 1971 (178), 
Barrett, MT 1925 (7)

9639

Asian & NA 
Native

2 Roots 
(M&D)

0.4% 77.5% 22.1% 17 Zhang, X et al 2015, Jang, J-K et al 
2013 (179), Kim, S-Y et al 2013 
(180), Zhang, R et al 2011 (181), 
Huang, CC et al 2010 (182), 
Wang, Y et al 2010 (183), Chen, 
G et al 2009 (184) Gulabivala, 
K et al 2002 (185), Gulabivala, 
K et al 2001 (186), Yew, S and 
Chan, K 1993 (187), Morita, M 
1990 (188), Harada, Y et al 1989 
(189), Onda, S et al 1989 (190), 
Walker, R 1988 (191), Reichart, 
PA and Metah, D 1981 (192), 
Curzon, MEJ 1974 (175), de 
Souza-Freitas, JA et al 1971 
(177)

11632
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482 APPENDIX 3  Summary Table of the Root Numbers of the Permanent Mandibular Teeth

NUMBER OF ROOTS

Most 
Common 1 2 3 4 Other

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or Variation 
(Number of  
Case Reports  
In Brackets)

All studies 2 Roots 
(M&D)

0.3% 86.0% 13.7% 45 Madani, ZS et al 2017 (156), 
Mohammadzadeh Akhlaghi, N 
et al 2017 (157), Celikten, B et al 
2016 (158), Martins, JN et al 
2016 (37), Rodrigues, CT et al 
2016 (159), Peiris, R et al 2015 
(160), Chourasia, HR et al 2012 
(161), Colak, H et al 2012 (162), 
Chandra, SS et al 2011 (163), 
Al-Qudah, AA and Awawdeh, LA 
2009 (164), Schafer, E et al 2009 
(165), Pattanshetti, N et al 2008 
(50), Reuben, J et al 2008 (166), 
Shahi, s et al 2008 (167), Ahmed, 
HA et al 2007 (168), Peiris, R 
et al 2007 (169), Al-Nazhan, S 
1999 (170), Sperber, GH and 
Moreau, JL 1998 (171), Zaatar, EI 
et al 1998 (172), Zaatar, EI et al 
1997 (19), Rocha, LF et al 1996 
(173), Younes et al 1990 (174), 
Curzon, MEJ 1974 (175), Curzon, 
MEJ 1973 (176), de Souza-
Freitas, JA et al 1971 (177), 
Skidmore, AE and Bjorndal, AM 
1971 (178), Barrett, MT 1925 
(7), Zhang, X et al 2015, Jang, 
J-K et al 2013 (179), Kim, S-Y 
et al 2013 (180), Zhang, R et al 
2011 (181), Huang, CC et al 
2010 (182), Wang, Y et al 2010 
(183), Chen, G et al 2009 (184) 
Gulabivala, K et al 2002 (185), 
Gulabivala, K et al 2001 (186), 
Yew, S and Chan, K 1993 (187), 
Morita, M 1990 (188), Harada, 
Y et al 1989 (189), Onda, S et al 
1989 (190), Walker, R 1988 
(191), Reichart, PA and Metah, D 
1981 (192), Curzon, MEJ 1974 
(175), de Souza-Freitas, JA et al 
1971 (177)

21271
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483APPENDIX 3 Summary Table of the Root Numbers of the Permanent Mandibular Teeth

NUMBER OF ROOTS

Most 
Common 1 2 3 4 Other

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or Variation 
(Number of  
Case Reports  
In Brackets)

Second  
molar

2 Roots 
(M&D)

23.2% 53.7% 1.8% 0.1% 27 Madani, ZS et al 2017 (156), Pawar, 
AM et al 2017 (193), Akhaghi, 
NM et al 2016 (194), Celikten, 
B et al 2016 (158), Kim, SY et al 
2016 (195), Martins, JN et al 
2016 (37), Shemesh, A et al 
2015 (196), Silva, EJNL et al 
2013 (197), Zare Jahromi, M 
et al 2013 (198), Zhang, R et al 
2011 (181), Zheng, Q et al 2011 
(199), Neelakantan, P et al 2010 
(200), Al-Qudah, AA and Awaw-
deh, LA 2009 (164), Rahimi, S 
et al 2008 (201), Ahmed, HA 
et al 2007 (168), Peiris, R et al 
2007 (169), Cheung, LHM et al 
2006 (202), Gulabivala, K et al 
2002 (185), Gulabivala, K et al 
2001 (186), Zaatar, EI et al 1997 
(19), Rocha, LF da Costa et al 
1996 (173), Manning, SA 1990a 
(203), Onda, S et al 1989 (190), 
Walker, RT 1988 (204), Weine, FS 
et al 1988 (205), Kotoku, K 1985 
(206), Barrett, MT 1925 (7)

13932 C-shaped canal (19)
Taurodontism (18)
Fusion with a paramolar 

(7)
3 roots (MB, MLi, and D) 

and 3 canals (6)
1 root and 1 canal (6)

Third molar 2 Roots 
(M&D)

42.8% 53.3% 3.7% 0.1% 0% 10 Somasundaram, P et al 2017 (207), 
Park, J-B et al 2013 (208), Kuze-
kanani, M et al 2012 (209), Sert, 
S et al 2011 (60), Gulabivala, K 
et al 2002 (185), Gulabivala, K 
et al 2001 (186), Sidow, SJ et al 
2000 (62), Guerisoli, DM et al 
1998 (63), Ogiwara, I et al 1981 
(210), Barrett, MT 1925 (7)

14001 Highly variable; varia-
tion is the norm
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Permanent Mandibular Teeth: Number of Canals

NUMBER OF CANALS

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or 
Variation (Number 
of Case Reports 
In Brackets)

Most 
Common 1 2 3 4 Other

Central  
incisors

1 Canal 84.3% 15.6% 0.1% 23 Verna, GR et al 2017 (118), Da Silva, EJ 
et al 2016 (64), Zhengyan, Y et al 2016 
(120), Kayaoglu, G et al 2015 (121), 
Altunsoy, M et al 2014 (65), Han, T et al 
2014 (122), Lin, Z et al 2014 (123), Liu, 
J et al 2014 (211), Aminsobhani, M 
et al 2013 (124), Sert, S and Bayirli, GS 
2004 (3), Gomes, BP et al 1996 (212), 
Çaliskan, MK et al 1995 (4), Karagöz-
Kücükay, I 1994 (213), Walker RT 1988 
(214), Kaffee I et al 1985 (215), Bellizzi 
R and Hartwell G 1983 (216), Warren, 
EM and Laws, AJ 1981 (217), Miyoshi 
S et al 1977 (218), Vertucci FJ 1974 
(125), Madiera MC and Hetem S 1973 
(126), Pineda F and Kuttler Y 1972 
(6), Laws AJ 1971 (219), Barrett MT 
1925 (7)

14045 Dens invaginatus 
(6)

Dens evaginatus 
(talon cusp) (6)

2 canals (6)

Lateral 
 incisors

1 Canal 79.1% 20.8% 0.1% 23 Verna, GR et al 2017 (118), Da Silva, EJ 
et al 2016 (64), Zhengyan, Y et al 2016 
(120), Kayaoglu, G et al 2015 (121), 
Altunsoy, M et al 2014 (65), Han, T et al 
2014 (122), Lin, Z et al 2014 (123), Liu, 
J et al 2014 (211), Aminsobhani, M et al 
2013 (124), Sert, S and Bayirli, GS 2004 
(3), Gomes, BP et al 1996 (212), Çalis-
kan, MK et al 1995 (4), Walker, RT 1988 
(214), Karagöz-Kücükay, I 1994 (213), 
Kaffe, I et al 1985 (215), Warren, EM 
and Laws, AJ 1981 (217), Bellizzi, R and 
Hartwell, G 1983 (216), Miyoshi, S et al 
1977 (218), Vertucci, FJ 1974 (125), 
Madiera, MC and Hetem, S 1973 (126), 
Pineda, F and Kuttler, Y 1972 (6), Laws, 
AJ 1971 (219), Barrett, MT 1925 (7)

13748 2 canals (5)
Dens invaginatus 

(4)

Appendix 4
Summary Table of the Root Canal  
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485APPENDIX 4 Summary Table of the Root Canal Systems of the Permanent Mandibular Teeth

NUMBER OF CANALS

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or 
Variation (Number 
of Case Reports 
In Brackets)

Most 
Common 1 2 3 4 Other

Canines
* 2 or more 

canals

1 Canal 91.2% 8.8%* 20 Soleymani, A et al 2017 (127), Da Silva, 
EJ et al 2016 (64), Shemesh, A et al 
2016 (128), Zhengyan, Y et al 2016 
(120), Kayaoglu, G et al 2015 (121), 
Altunsoy, M et al 2014 (65), Han, 
T et al 2014 (122), Somalinga, NS 
et al 2014 (66), Aminsobhani, M et al 
2013 (124), Vaziri, P et al 2008 (220), 
Sert, S and Bayirli, GS 2004 (3), Cal-
iskan, MK et al 1995 (4), Pecora, JD 
et al 1993 (130), Kaffee I et al 1985 
(215), Vertucci, F 1984 (5), Bellizzi, R 
and Hartwell, G 1983 (216), Miyoshi, 
S et al 1977 (218), Green, D 1973 
(23), Pineda, F and Kuttler, Y 1972 
(6), Barrett, MT 1925 (7)

14377 2 roots and 2 
canals (8)

2 roots and 3 
canals (3)

1 root and 2 
canals (3)

First 
 premolar

* 2 or more 
canals

1 Canal 72.2% 28.9%* 40 Alkaabi, W et al 2017 (132), Bürklein, 
S et al (2017) (9), Dou, L et al 
2017 (133), Zhang, D et al 2017 
(221), Abraham, SB and Gopinath, 
VK 2015 (134), Chen, J et al 2015 
(222), Huang, Y-D et al 2015 (135), 
Kazemipoor, M et al 2015 (136), 
Kazemipoor, M et al 2015 (137), 
Llena, C et al 2014 (139), Ok, E et al 
2014 (67), Shetty, A et al 2014 (223), 
Singh, S and Pawar, M 2014 (140), 
Alhadainy, HA 2013 (141), Liu, N 
et al 2013 (224), Yang, H et al, 2013 
(142), Baroudi, K et al 2012 (225), 
Yu, X et al 2012 (143), Jain, A and, 
Bahuguna, R 2011 (144), Parekh, V 
et al 2011 (153), Rahimi, S et al 2007 
(147), Kheddmat, S et al 2010 (145) , 
Velmurugan, N and Sandhya, R 2009 
(226), Awawdeh, LA and Al-Qudah, 
AA 2008 (146), Lu, T-Y et al 2006 
(227), Sert, S and Bayirli, GS 2004 
(3), Yoshioka, T et al 2004 (228), 
Zaatar, EI et al 1997 (19), Çaliskan, 
MK et al 1995 (4), Sabala, CL et al 
1994 (229), Baisden, MK et al 1992 
(230), Geider, P et al 1989 (149), 
Walker, RT 1988 (231), Miyoshi, S 
et al 1977 (218), Vertucci, F 1978 
(150), Green, D 1973 (23), Zillich, R 
and Dowson, J 1973 (154), Pineda, 
F and Kuttler, Y 1972 (6), Mueller, AH 
1933 (24), Barrett, MT 1925 (7)

13086 3 roots and  
3 canals (5)

1 root and  
2 canals (5)

1 root and  
3 canals (5)

Dens evaginatus 
(4)

2 roots and  
2 canals (3)

3 canals (3)
C-shaped canal 

(4)
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486 APPENDIX 4  Summary Table of the Root Canal Systems of the Permanent Mandibular Teeth

NUMBER OF CANALS

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or 
Variation (Number 
of Case Reports 
In Brackets)

Most 
Common 1 2 3 4 Other

Second 
premolar

* 2 or more 
canals

1 Canal 84.2% 15.8%* 25 Bürklein, S et al (2017) (9), Kazemipoor, M 
et al 2015 (136), Kazemipoor, M et al 
2015 (137), Llena, C et al 2014 (139), 
Shetty, A et al 2014 (223), Singh, S 
and Pawar, M 2014 (140), Ok, E et al 
2014 (67), Bolhari, B et al 2013 (152), 
Baroudi, K et al 2012 (225), Yu, X et al 
2012 (143), Parekh, V et al 2011 (153), 
Rahimi, S et al 2009 (1), Awawdeh, LA 
and Al-Qudah, AA 2008 (146), Rahimi, 
S et al 2007 (147), Hasheminia, M and 
Hashemi, A 2005 (232), Sert, S and 
Bayirli, GS 2004 (3), Zaatar, EI et al 
1997 (19), Çalişkan, MK et al 1995 (4), 
Geider, P et al 1989 (149), Miyoshi, S 
et al 1977 (218), Vertucci, F 1978 (150), 
Green, D 1973 (23), Zillich, R and Dow-
son, J 1973 (154), Pineda, F and Kuttler, 
Y 1972 (6), Barrett, MT 1925 (7)

8733 3 canals (12)
2 roots and 2 

canals (11)
C-shaped canal 

(7)
Dens evaginatus 

(6)
3 roots and 3 

canals (6)

First molar 
(Two 
Roots)

* 2 or more 
canals

Radix entomolaris 
(32)

2 roots and 5 
canals (3M and 
2D) (20)

2 roots and 4 
canals (3M and 
D) (10)

2 roots and 5 
canals (2M and 
3D) (8)

2 roots and 6 
canals (3M and 
3D) (7)

Mesial 2 Canals 3.1% 95.7% 1.1% 0.2% 23 Mohammadzadeh Akhlaghi, N et al 2017 
(157)Ja, ng, J-K et al 2013 (179), Kim, 
S-Y et al 2013 (180), Wang, Y et al 2010 
(183), Al-Qudah, AA and Awawdeh, 
LA 2009 (164), Reuben, J et al 2008 
(166), Jung, I-Y et al 2005 (81), Sert, 
S and Bayirli, GS 2004 (3), Gulabivala, 
K et al 2002 (185), Gulabivala, K et al 
2001 (186), Wasti, F et al 2001 (84), 
Al-Nazhan, S 1999 (170), Zaatar, EI et al 
1998 (172), Zaatar, EI et al 1997 (19), 
Rocha, LF et al 1996 (173), Çaliskan, 
MK et al 1995 (4), Yew, S and Chan, K 
1993 (187), Goel, NK et al 1990 (233), 
Fabra-Campos, H 1985 (234), Vertucci, 
F 1984 (5), Hartwell, G and Bellizzi, R 
1982 (110), Pineda, F and Kuttler, Y 
1972 (6), Skidmore, AE and Bjorndal, 
AM 1971 (178)

6428
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487APPENDIX 4 Summary Table of the Root Canal Systems of the Permanent Mandibular Teeth

NUMBER OF CANALS

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or 
Variation (Number 
of Case Reports 
In Brackets)

Most 
Common 1 2 3 4 Other

Distal 1 Canal 68.7% 31.3%* 24 Mohammadzadeh Akhlaghi, N et al 
2017 (157), Wang, Y et al 2010 (183), 
Filpo-Perez, C et al 2015 in press (235), 
Jang, J-K et al 2013 (179), Kim, S-Y 
et al 2013 (180), Al-Qudah, AA and 
Awawdeh, LA 2009 (164), Pattanshetti, 
N et al 2008 (50), Reuben, J et al 2008 
(166), Sert, S and Bayirli, GS 2004 (3), 
Gulabivala, K et al 2002 (185), Gula-
bivala, K et al 2001 (186), Wasti, F et al 
2001 (84), Al-Nazhan, S 1999 (170), 
Zaatar, EI et al 1998 (172), Zaatar, EI 
et al 1997 (19), Rocha, LF et al 1996 
(173), Çaliskan, MK et al 1995 (4), 
Yew, S and Chan, K 1993 (187), Goel, 
NK et al 1990 (233), Fabra-Campos, 
H 1985 (234), Vertucci, F 1984 (5), 
Hartwell, G and Bellizzi, R 1982 (110), 
Pineda, F and Kuttler, Y 1972 (6), Skid-
more, AE and Bjorndal, AM 1971 (178)

6569

First molar 
(Three 
Roots)

* 2 or more 
canals

Mesial 2 Canals 2.8% 97.2%* 8 Mohammadzadeh Akhlaghi, N et al 2017 
(157), Rodrigues, CT et al 2016 (159), 
Kim, S-Y et al 2013 (180), Wang, Y et al 
2010 (183), Al-Qudah, AA and Awaw-
deh, LA 2009 (164), Gulabivala, K et al 
2002 (185), Gulabivala, K et al 2001 
(186), Yew, S and Chan, K 1993 (187)

928

Distobuccal 1 Canal 98.3% 1.7%* 8 Mohammadzadeh Akhlaghi, N et al 2017 
(157), Rodrigues, CT et al 2016 (159), 
Kim, S-Y et al 2013 (180), Wang, Y et al 
2010 (183), Al-Qudah, AA and Awaw-
deh, LA 2009 (164), Gulabivala, K et al 
2002 (185), Gulabivala, K et al 2001 
(186), Yew, S and Chan, K 1993 (187)

928

Distolingual 1 Canal 100% 9 Mohammadzadeh Akhlaghi, N et al 2017 
(157), Rodrigues, CT et al 2016 (159), 
Kim, S-Y et al 2013 (180), Chourasia, 
HR et al 2012 (161), Wang, Y et al 
2010 (183), Al-Qudah, AA and Awaw-
deh, LA 2009 (164), Gulabivala, K et al 
2002 (185), Gulabivala, K et al 2001 
(186), Yew, S and Chan, K 1993 (187)

936

Second 
molar (two 
roots)

* 2 or more 
canals

C-shaped canal (19)
Taurodontism (18)
Fusion with a 

paramolar (7)
3 roots (MB, MLi, 

and D) and 3 
canals (6)

1 root and 1 canal 
(6)
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488 APPENDIX 4  Summary Table of the Root Canal Systems of the Permanent Mandibular Teeth

NUMBER OF CANALS

No. of 
Studies References

No. of 
Teeth

Most Common 
Anomaly or 
Variation (Number 
of Case Reports 
In Brackets)

Most 
Common 1 2 3 4 Other

Mesial 2 Canals 16.5% 84.0%* 14 Akhaghi, NM et al 2016 (194), Kim, SY 
et al 2016 (195), Silva, EJNL et al 
2013 (197), Neelakantan, P et al 2010 
(200), Al-Qudah, AA and Awawdeh, 
LA 2009 (164), Sert, S and Bayirli, 
GS 2004 (3), Gulabivala, K et al 2002 
(185), Gulabivala, K et al 2001 (186), 
Zaatar, EI et al 1997 (19), Rocha, LF da 
Costa et al 1996 (173), Çaliskan, MK 
et al 1995 (4), Weine, FS et al 1988 
(236), Vertucci, F 1984 (5), Hartwell, G 
and Bellizzi, R 1982 (110)

3293

Distal 1 Canal 88.2% 11.8% 14 Akhaghi, NM et al 2016 (194), Kim, SY 
et al 2016 (195), Silva, EJNL et al 
2013 (197), Neelakantan, P et al 2010 
(200), Al-Qudah, AA and Awawdeh, 
LA 2009 (164), Sert, S and Bayirli, 
GS 2004 (3), Gulabivala, K et al 2002 
(185), Gulabivala, K et al 2001 (186), 
Zaatar, EI et al 1997 (19), Rocha, LF 
et al 1996 (173), Çaliskan, MK et al 
1995 (4), Weine, FS et al 1988 (205), 
Vertucci, F 1984 (5), Hartwell, G and 
Bellizzi, R 1982 (110)

3293

Third molar 2-3 Canals 6.9% 32.9% 51.0% 9.3% 2.2% 3 Somasundaram, P et al 2017 (207), 
Sidow, SJ et al 2000 (62), Guerisoli, 
DM et al 1998 (63)

420 Highly variable; 
variation is the 
norm
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