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Foreword

It is a pleasure for me to write the Foreword to the first edition of Complications in
Endodontics: Prevention and Management.

This is a fine collaboration of internationally renowned authors that summarizes
every clinical aspect of how to avoid procedural errors that might occur and how to
correct these errors if they should occur.

The twenty-first-century style of this textbook reflects the most current ways of
imparting information and acquiring knowledge in this digital era.

The multitude of well-documented case presentations, including outstanding
photographs, illustrations, and radiographs, helps to reinforce, in a step-by-step
approach, the concepts discussed in each chapter.

The flawless continuity between the following chapters and the coordination of
topics is a real tribute to the authors and editors to inform and educate the
clinician.

The clinically based “how to” style in which each of these chapters is written will
be a great help for the clinician. The superb organization and comprehensive nature
of Complications in Endodontics: Prevention and Management makes it a valuable
addition for all clinician’s libraries.

Stephen Cohen, M.A., D.D.S., E1.C.D., FA.C.D.
Diplomate, American Board of Endodontics

San Francisco
CA, USA



Preface

The common problems clinicians encounter during practice continue to stem from
the areas of diagnosis and cleaning and shaping techniques. Successful endodontics
requires a thorough diagnosis, a complete knowledge of the anatomy of the canal
systems being treated along with their complete debridement, and careful shaping
techniques, thus providing for complete obturation and a coronal seal provided by a
final permanent restoration. Assessment of the risks associated with any treatment
procedure is aimed to prevent, identify, and manage any potential complication. A
clinician should always be prepared to manage any undesirable results.

Complications can occur during many dental procedures. The clinician responds
by either correcting the problem during treatment or, ideally, preventing the prob-
lem from occurring in the first place.

A decision on how or whether to treat or not cannot be made without a proper
diagnosis. Endodontic treatment is not a diagnosis but is a treatment plan arrived at
after a thorough and careful assessment. A radiolucency on a radiograph alone can-
not provide a diagnosis. Separate pulpal and periapical diagnoses must be reached.
Careful examination along with a detailed history is of prime importance. It must be
kept in mind that the findings can change between appointments.

The importance of correct radiographic interpretation cannot be emphasized
enough. It is a common understanding that both large and small lesions and ana-
tomical entities can be routinely missed in radiographic interpretation both by the
operator and the limitations of the technology when encountering differences in
anatomic variation. Digital imaging of dental structures has become a common
diagnostic modality in the last decade in dental offices around the world. New radio-
graphic imaging systems have recently become available for use in the dental field
and have completely transformed the way we diagnose and treat problems. Among
these are cone beam computed tomography (CBCT), which allows for precise and
accurate visualization and evaluation of teeth and their surrounding structures.
CBCT has become an essential diagnostic tool in the modern endodontic practice.
But we need to carefully evaluate the potential risk and maximize the benefit to the
patient.

Although an emphasis is placed in the literature on instrumentation and obtura-
tion techniques, we cannot forget that a basic aspect of providing care is doing the
treatment painlessly. True anesthesia failures (i.e., primary, secondary, and adjunct
forms of anesthesia delivered skillfully that fail to anesthetize the pulp) are rare

vii
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occurrences. Adequate anesthesia can be achieved despite initial failure through
patience, skillful delivery of the anesthetic, and understanding of the original cause
of failure. Factors that contribute to anesthesia failure are discussed, and recom-
mendations to overcome them are proposed and discussed in Chap. 3.

Paresthesia due to over-obturation as well as other neural complications must be
considered as a serious problem. These injuries require a thoughtful strategy for
prevention during endodontic procedures as well as a careful systematic approach
toward its management, should the endodontic procedure result in such injury.

The next section talks about the various mishaps encountered during the proce-
dural phase of endodontic therapy. Procedural errors may be defined as improper
action or inaction of the practitioner either before or after the procedure. These may
not have any effect or may, in some cases, result in a complication.

The cause of perforations during access is mainly due to lack of axial inclination
and failure to hold the bur parallel to the tooth. Inadequate access can also lead to
misdirection and unnecessary gouging. Prevention is the key to success and includes
a thorough understanding of the tooth morphology, having multiple radiographs to
reference, and patience.

In endodontic treatment separated rotary Ni-Ti files are a common procedural
problem. Through understanding that the main causes of file breakage are cyclic
fatigue and torsional stress, a dentist can best prevent this occurrence by using hand
files before rotary files, creating a straight-line access into a canal, and pre-flaring
the coronal portion before using rotary files in the apical third of the canal. A case
does not necessarily fail if the separated file cannot be removed. The prognosis in
these cases can still be favorable, if care is taken to reduce the concentration of canal
debris with hand instrumentation and chemical irrigation prior to rotary file
insertion.

Wouldn’t it be nice and simple if all canals were straight? Since they aren’t, we
must understand how curved canal cleaning and shaping can be achieved without
creating ledges. The most common canals that are “prone to ledging are small,
curved, and long.” Prevention of ledging can be minimized with accurate preopera-
tive and working radiographs, copious irrigation, pre-curved files, and incremental
instrumentation. The prognosis of teeth that have ledges in them varies and surgical
endodontics may be needed.

The next chapter discusses the obturation complications. These are best pre-
vented by giving proper attention to the working length and attaining a smooth and
even taper and flare during the cleaning and shaping process.

In the dental literature, several mishaps during root canal irrigation have been
described, from damage to the patient’s clothing, splashing of the irrigant into the
patient’s or operator’s eye, to injection through the apical foramen or air emphy-
sema and allergic reactions to the irrigant. Forcibly injecting sodium hypochlorite
(or other types of irrigants) into the radicular tissues can cause tissue damage, par-
esthesia, muscle weakness, and extreme discomfort. The author discusses various
management measures should such a complication occur in Chap. 7. Measures that
can prevent and/or minimize such accidents, which can occur during the course of
endodontic therapy, are also discussed.
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Chapter 8 describes the way to maximize disinfection and avoid reinfection via
case preselection, antimicrobial strategy, and reinfection prevention. Occasionally,
a nonsurgical root canal procedure alone cannot save the tooth and a surgical
approach may be needed. Surgical endodontics and the common risks/complica-
tions such as wound healing impairment, infection, and bleeding are discussed
under this chapter.

An endo-perio lesion can have a varied pathogenesis ranging from simple to a
relatively complex one. Having proper knowledge of these disease processes is
essential in coming to the correct diagnosis. It is important to remember that the
recognition of pulp vitality is essential for a differential diagnosis and for the selec-
tion of primary measures for treatment of inflammatory lesions in the marginal and
apical periodontium.

Endodontic needs of today’s and tomorrow’s growing older adult population
present increasing challenges for clinicians. Biologic and anatomic differences in
the dental pulpal tissues between older and younger patients must be carefully
understood and considered in treatment planning and performance for appropriate
endodontic procedures. These differences generally do not contraindicate treatment,
which, when performed correctly, will be successful in the elderly patient.

When the endodontic procedure is carried out in patients with systemic illness or
who are under medical management, it is important to avoid the potential medical
emergencies. Hence, clinicians must be aware of common diseases and drugs that
have an impact in endodontic treatment and the management options in such cases.
The last chapter aims to highlight the most commonly occurring clinical conditions
that require special endodontic attention.

This book presents up-to-date recommendations for the prevention, diagnosis,
and management of complications in endodontic procedures, based on the best
available scientific evidence. It is ideal for both endodontists and general dentists, as
the text combines the precision of quality endodontic care with achievable and pain-
free outcomes for the patient. Each chapter has been carefully written from a clini-
cal viewpoint to help the clinician and accompanied by an extensive bibliography,
allowing the reader to explore the topic further, should they desire.

The aim is to provide the readers with in-depth knowledge and tools to incorpo-
rate an evidence-based approach to prevent, identify, and manage complications
that occur during the endodontic procedure. Every attempt has been made to discuss
the common procedural complications in depth and detail. The text presents the
material in a reader-friendly manner with helpful flowcharts, tables, and figures.

Enjoy the book and we welcome your feedback at any time.

Dubai, UAE Priyanka Jain
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Clinical Diagnosis and Treatment
Planning

Priyanka Jain

1.1 Introduction

Establishing an accurate diagnosis (both pulpal and periapical) is the most impor-
tant step in determining the appropriate treatment [1, 2]. If an incorrect diagnosis/
assessment of the clinical findings is made, improper management may result often
leading to confusion, for example, performing endodontic treatment when it is not
needed or providing some other treatment when root canal treatment is indicated.
Tooth pain is usually considered the worst and least tolerable kind of pain. It usually
originates in dentine, pulp, or periapical tissue and is thus considered of endodontic
origin. Therefore, 90% of all patients with orofacial pain require a thorough end-
odontic assessment and diagnosis, and 60% of them may require endodontic treat-
ment. A proper diagnosis is only possible following the subjective description of
complaints by the patient coupled with objective clinical findings. Identification of
a coronal or radicular fracture is also important. Although this is not specifically a
pulpal or periradicular diagnosis, but it is important to note that fractures may
change the proposed treatment plan. Temporomandibular joint (TMJ) dysfunctions
may also present as dental pain, so we should keep in mind the clinical presentation
of patients with those symptoms as well.

Following a definitive diagnosis of the need for root canal treatment, the treat-
ment planning stage should be straightforward. The goal of endodontic treatment is
to preserve the tooth as a functional unit within a functioning dentition. Therefore,
the endodontic treatment must be integrated into a comprehensive treatment plan
that includes both restorative and periodontal management.

This chapter will talk about the various endodontic diagnosis and describe each
condition typical of clinical and radiographic characteristics supported by clinical

P. Jain, M.Sc., M.D.S., B.D.S.
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cases. But we as clinicians have to recognize the fact that diseases of the pulp and
periapical tissues are dynamic and their signs and symptoms may vary between
patients. A simple and practical system which uses terms related to clinical findings
is essential and will help clinicians understand the progressive nature of pulpal and
periapical disease, directing them to the most appropriate treatment approach for
each condition. The proposed endodontic treatment should be part of an agreed, com-
prehensive treatment plan that includes the patient’s participation in the treatment
decisions. The author will also discuss the various treatment planning considerations
to be kept in mind. Pulpal obliteration and its management are also discussed in brief.

In 2008, the American Association of Endodontists proposed universal recom-
mendations regarding endodontic diagnoses and developed a standardized defini-
tion of key diagnostic terms that will be generally accepted by endodontists,
educators, test construction experts, third parties, generalists and other specialists,
and students [3]. This will help in the interpretation of results and determine the
radiographic criteria and clinical criteria needed to validate these.

1.2 Examination

Endodontic diagnosis cannot be made from a single complaint. The clinician must
gather all the data presented to him to be able to make a probable diagnosis
(Table 1.1).

1.2.1 History of Chief Complaint

The initial step for an exact endodontic diagnosis involves taking the patient’s past
and present medical history and any current medication. The relationship between
the medical conditions and endodontic treatment are discussed later in the book.
The medical case history is followed by a dental history, with particular emphasis
on the current history. This should be clearly structured and suggestive questions
must always be avoided.

Table 1.1 Examination procedures required to make an endodontic diagnosis

Medical/Dental history Past/recent treatment, drugs

Chief complaint (if any) How long, symptoms, duration of pain, location, onset, stimuli,
relief, referred, medications

Clinical exam Facial symmetry, sinus tract, soft tissue, periodontal status
(probing, mobility), caries, restorations (defective, newly placed?)

Clinical testing:

Pulp tests Cold, electric pulp test, heat
Periapical tests Percussion, palpation, tooth sloth (biting)
Radiographic analysis New periapicals (at least 2), bitewing, cone beam computed
tomography

Additional tests Transillumination, selective anesthesia, test cavity
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Possible questions for a detailed dental history:

1. Reason for consultation of dentist?
If the patient indicates pain as a reason, a differentiated history of pain is
required.
(a) When did the pain start?
(b) Kind of pain: spontaneous, constant, intermittent, continuously worsening,
or improving periodically?
(c) Does the pain radiate?
(d) Can you localize it?
(e) Pain during the night? Is it worse in the morning?
(f) Any aggravating or relieving factors like heat/cold?
(g) How long does it last?
(h) Quality of the pain: dragging, stabbing, and throbbing?
2. Is there any swelling, and if so, where?
. Is there a sensitivity to temperature? If so, describe the nature of it.
4. Has there been a need to take pain medication for this tooth? Does it help in
controlling the pain?
. Has there been any sinus problem lately?
. Is the tooth sensitive to chewing or pressure?
7. Have you had any recent dental work?

(O8]

AN

It is important to recreate the patient’s chief complaint during the clinical exami-
nation. This reduces the chance that you will miss an important piece of evidence.
Also note that antibiotics and pain medications can make the diagnostic process
more challenging and less reliable.

The clinical and radiographic examinations must be always combined with a
thorough periodontal evaluation and clinical testing (pulp and periapical tests)
before arriving at a preliminary diagnosis. In case the findings are inconclusive and
a definitive pulpal and periapical diagnoses cannot be made, it is better that treat-
ment should not be rendered at this stage. The patient may have to wait and be reas-
sessed at a later date.

Endodontic diagnosis is composed of two parts: pulpal diagnosis and the periapical
diagnosis. Pulpal diagnosis indicates the status of the pulp (nerve and connective tissue
inside the tooth) and can be accomplished by using thermal and electric pulp tests. The
periapical diagnosis indicates the status of the periapex (tissues around the root of the
tooth) and, according to the American Association of Endodontists, is based upon pain
and swelling. Diagnostic terminology used in this chapter is approved by the American
Association of Endodontists and the American Board of Endodontics [4-6].

For clarification, the acute classifications refer to recent symptomatology. The
chronic classifications refer to a situation that is long standing and can be viewed on
a radiograph. Suppurative periradicular periodontitis is used when a sinus tract or
drainage area is present. An acute periradicular abscess occurs when there is acute
swelling, pus formation, tenderness, and eventual swelling with or without radio-
graphic pathology.
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1.2.2 Pulpal Diagnosis [7-12]

1.2.2.1 Normal Pulp

In this case, the pulp is symptom-free and usually responsive to pulp testing nor-
mally. A “clinically” normal pulp results in a mild or transient response to thermal
and cold testing, lasting for few seconds after the stimulus is removed. The response
should always be compared with adjacent and contralateral teeth.

1.2.2.2 Reversible Pulpitis

This is based upon both subjective and objective findings indicating that the pulp
will return to normal following appropriate management of the cause. Pain is expe-
rienced when a stimulus such as cold or sweet is applied but goes away quickly
(within a couple of seconds) following the removal of the stimulus. Etiological fac-
tors may include exposed dentin (dentinal sensitivity), caries, or deep restorations.
There are no significant radiographic changes in the periapical area of the affected
tooth. Pain elicited is not spontaneous but is usually hypersensitive. After the man-
agement of the etiology, the tooth requires further evaluation to determine whether
the “reversible pulpitis” has returned to a normal status. Symptoms of dentinal sen-
sitivity mimic those of a reversible pulpitis.

1.2.2.3 Symptomatic Irreversible Pulpitis (SIP)

This scenario is based on subjective and objective findings that the vital inflamed
pulp is incapable of healing (returning to normal status) and that root canal treat-
ment is indicated. Characteristics may include sharp pain upon thermal stimulus
which lingers (often 30 seconds or longer after stimulus removal), spontaneous pain
(unprovoked pain), and referred pain. At times, the pain may be accentuated by
postural changes such as lying down or bending over, and over-the-counter analge-
sics are typically ineffective. Common factors include deep caries, extensive resto-
rations, or fractures exposing the pulpal tissues. Such teeth may be difficult to
diagnose because the inflammation has not yet reached the periapical tissues, thus
resulting in no pain or discomfort to percussion. In such cases, detailed dental his-
tory and careful examination in conjunction with thermal testing are the primary
tools for assessing pulpal status (Fig. 1.1).

1.2.2.4 Asymptomatic Irreversible Pulpitis

This is a clinical diagnosis also based on subjective and objective findings and root
canal treatment is indicated. These cases have no clinical symptoms and usually
respond normally to thermal testing but may have deep caries that would likely
result in exposure during removal.

1.2.2.5 Pulp Necrosis

This is a clinical diagnostic category indicating death of the dental pulp, necessitating
root canal treatment. The pulp is nonresponsive to pulp testing and is asymptomatic.
Pulp necrosis by itself does not cause apical periodontitis (pain to percussion or any
radiographic changes) unless the canal is infected. Some teeth may be nonresponsive
to pulp testing due of calcification, or recent history of trauma. Therefore, vitality test-
ing must be comparative in nature with the adjacent teeth (Fig. 1.2).
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Fig. 1.1 (a, b) Symptomatic irreversible pulpitis. (c) Irreversible pulpitis on tooth 24, 25. (d)
Irreversible pulpitis and widening of PDL on tooth 45, 46

Fig. 1.2 (a) Partial pulp necrosis with root resorption (tooth 46). (b) Pulpal necrosis with uncer-
tain periapical status

If the pulp necrosis is asymptomatic, there:

1. May or may not be an observable radiographic lesion. If there is no observable
lesion radiographically, caution is advised. If the tooth requires a new crown and
there is evidence that the pulp is necrotic, it is optimal to perform endodontic
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therapy before placing the crown. If the tooth was once symptomatic with clear
signs of irreversible pulpitis (especially spontaneous pain) and later became
asymptomatic with or without a lesion, the tooth should be treated.

2. May be a lack of response to thermal pulp testing.

1.2.3 Apical Diagnoses [7-12]

1.2.3.1 Normal Apical Tissues

In teeth which are not sensitive to percussion or palpation during testing and radio-
graphically, the lamina dura surrounding the root is intact with the periodontal liga-
ment space as uniform. As with pulp testing, comparative testing for percussion and
palpation should always begin with normal teeth as a baseline for the patient.

1.2.3.2 Symptomatic Apical Periodontitis (SAP)

This represents inflammation, usually of the apical periodontium. Clinical symp-
toms include a painful response to biting and/or percussion or palpation. This may
or may not be accompanied by radiographic changes (i.e., depending upon the stage
of the disease, there may be normal width of the periodontal ligament or there may
be a periapical radiolucency). Severe pain to percussion and/or palpation is highly
indicative of a degenerating pulp, and root canal treatment is needed (Table 1.2)
(Fig. 1.3a, b).

1.2.3.3 Asymptomatic Apical Periodontitis

In this case, inflammation of the apical periodontium is of pulpal origin. It manifests
as an apical radiolucency and does not present clinical symptoms (no pain on
percussion or palpation) (Fig. 1.4a—c).

1.2.3.4 Chronic Apical Abscess

This is an inflammatory reaction to pulpal infection and necrosis characterized by
gradual onset, little or no discomfort, and an intermittent discharge of pus through
an associated sinus tract. Radiographically, there are signs of a radiolucency.

1.2.3.5 Acute Apical Abscess (AAA)

This is necrosis characterized by rapid onset, spontaneous pain, and extreme tender-
ness of the tooth to pressure, pus formation, and swelling of associated tissues.
There may be no radiographic changes, and the patient often experiences malaise,
fever, and lymphadenopathy (Fig. 1.5).

Table 1.2 Clinical findings used to differentiate between SIP and SAP

Symptomatic Symptomatic apical
Criteria irreversible pulpitis (SIP)  periodontitis (SAP)
Sensitivity to cold (carbon dioxide snow)  + -
Radiographically widened ligament space  + +

Swelling or sinus tract - -
Periapical radiolucency - e
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Fig. 1.3 (a, b) Pulpal necrosis symptomatic apical periodontitis

Fig. 1.4 (a) Posttreatment asymptomatic apical periodontitis on lower left first molar. (b) History
of trauma 15 years ago—pulp necrosis with asymptomatic apical periodontitis with grade 2
mobility and pocket depth of 8 mm. (¢) Asymptomatic apical periodontitis and root resorption
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Fig. 1.5 Pulp necrosis
with acute apical abscess

1.2.4 Condensing Osteitis

This is a diffuse radiopaque lesion representing a localized bony reaction to a low-
grade inflammatory stimulus usually seen at the apex of the tooth.

Symptomatic clinical conditions such as symptomatic irreversible pulpitis (SIP),
symptomatic apical periodontitis (SAP), and acute apical abscess (AAA) can be
extremely painful [13, 14]. Unfortunately, the current diagnostic nomenclature of the
American Association of Endodontists (AAE; [15]) does not differentiate between
teeth that cause significant enough pain to require the patient to seek emergency care
from those that merely show an increased reaction to diagnostic tests [16].

Due to the obvious clinical symptom of edema (swelling) associated with the
diagnosis of AAA, this diagnosis poses no challenge. In contrast, clear-cut symp-
toms have not been identified to differentiate between SAP and SIP. While SIP is
merely painful, SAP is the beginning of the spread of infection with a possibility of
untoward systemic consequences [17]. The emergency treatment for SIP and SAP
differs [18, 19]. With SIP, simply removing the coronal pulp is sufficient for relief
[20], while with SAP the disinfection of the entire root canal system is needed.

1.3 Clinical Evaluation

The clinical evaluation consists of several tests including but not limited to palpa-
tion, percussion, periodontal probing, thermal/electrical testing, biting and release
(Tables 1.3 and 1.4). For a comparative result to help in establishing a diagnosis, all
tests should be performed on the tooth in question and the contralateral/adjacent
teeth as well.

1.3.1 Palpation, Percussion, and Periodontal Probing

The first step in the examination is to do a visual evaluation by looking at the patient
straight on to check if there is any visible swelling or asymmetry. Both extraoral and
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1 Clinical Diagnosis and Treatment Planning 13

intraoral digital palpation should be performed, including palpating the lymph
nodes on the affected side. Make sure to palpate the buccal and lingual/palatal sur-
faces of the affected tooth and ask the patient if the areas are sensitive.

Percussion testing is a short and indirect mechanical irritation of the tooth or the
periodontium in order to obtain information about the condition of pulp or peri-
odontium from the patient’s reaction. It is a very reliable means for diagnosing
irreversible pulpitis or apical periodontitis. Percussion should be performed care-
fully, especially in patients who have the chief complaint of biting, chewing, or
pressure sensitivity. A finger, “Tooth Slooth,” or the blunt end of any plastic instru-
ment may be used to elicit symptoms. Start gently and increase the intensity slowly.
Testing the adjacent teeth first is a good way to gauge the patient’s reaction. If he
responds strongly with a healthy tooth, be extra gentle when testing the tooth in
question.

Periodontal probing is important, especially in diagnosis of suspected root frac-
tures or combined periodontic-endodontic problems. Always examine the gingiva
for inflammation and exudate. Documentation of all relevant periodontal findings
such as pocket probing depth, probing for furcation involvement, and tooth mobility
should be done.

If a sinus tract is present, always trace it by inserting the tip of a small gutta-
percha point into the sinus tract and taking a radiograph with the point in place. It
acts like an arrow directing you to the root of the problem.

1.3.2 Sensitivity Testing

Sensitivity testing is required prior to any kind of root canal treatment and the result
must be documented. The pulpal diagnosis is obtained by using thermal or electrical
tests. Thermal tests may be hot or cold, depending on the chief complaint. Sensitivity
testing will only determine the ability of pulpal tissue for nervous conduction but
will not give any information on the vascular supply of the pulp. Therefore, the tests
used are referred to as sensitivity tests and not vitality tests. As stated before, any
thermal or electrical sensitivity testing should always be compared with the adjacent
teeth or its counterpart in the other quadrant.

1.3.2.1 Thermal Tests

Cold Test
The pulpal diagnosis is obtained by using thermal or electrical tests. Thermal tests
may be hot or cold, depending on the chief complaint.

There are several ways to reproduce the sensation of cold. These include a skin
refrigerant (such as Endo Ice®), ice pellets, or a CO, stick. The simplest thermal test
is the cold test which is performed using ethyl chloride spray (Fig. 1.6), dichlorodi-
fluoromethane (CCI12F2—Frigen®, Freon®, Arcton®), a propane-butane mixture, or
carbon dioxide snow. A cold test is usually a very reliable means for diagnosis of a
pulpless (devitalized) tooth (the reason for majority of negative cold tests is pulpal
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Fig. 1.6 Refrigerant spray
for cold vitality testing

necrosis), but a lack of response to a cold test does not always necessarily mean a
pulpal necrosis. In this case, additional electrical sensitivity testing is required.
Reversible pulpitis can also be diagnosed using the cold test.

Heat Test

Heat test can be very helpful to establish a provisional diagnosis of suppurative
pulpitis. This kind of pulpitis reacts with a clear sensation of pain even at slight
temperature increase of only 2-3 °C. The most effective way to heat test the teeth is
to isolate each tooth using a rubber dam and flood the area with water with similar
temperature to that of a warm or hot beverage. Warn the patient that there will be
some pressure/sensation. Heat testing should never be performed with a melted
stick of wax or an electrically or flame-heated instrument. This type of heat is dif-
ficult to control and may cause pulpal damage in healthy teeth. As soon as the
patient feels any type of sensation, remove the stimulus and ask him to report his
feelings: Is the sensation painful? Does it linger? Is this what he feels when he
drinks or eats something hot or cold?

Suppurative pulpitis, however, will cause a feeling of pain described by the
patient. Heat test must never be used for routine testing—in order to obtain any
reaction from healthy pulp, the temperature within the pulp cavity would have to be
raised such that this would result in denaturation of pulpal tissue protein.

Electrical Sensitivity Test

The electrical pulp test is helpful when natural tooth structure is available and the
results of the thermal tests are inconclusive. It is not suitable, however, for the con-
trol of teeth with metallic or ceramic crowns or dental bridges and is not reliable
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Fig. 1.7 Electric pulp
testing

when placed too close to the gingiva. Electrical pulp testing devices should not be
used on patients with cardiac pacemakers. Ideally, the area should be isolated and
the tooth dry. Conducting medium, such as topical anesthetic or toothpaste, should
be used. Testing a normal tooth first is good to give the patient a baseline of what the
test feels like, even if it is not an adjacent tooth (Fig. 1.7a, b).

Although the results are given numerically, usually from a scale of 1 to 80, it is
impossible to know how “alive” the tooth is. A response before the scale is at its
maximum means that there is some vital tissue inside the tooth; no response at the
maximum number means that there is not.

1.3.3 Biting and Release

This test is useful for the diagnosis of a coronal fracture. It is best to have a Tooth
Slooth for testing cusps individually. When using the Slooth, ask the patient to bite
down on his teeth together and open quickly. Instruct him to note if the pain is upon
biting or release. Pain upon release from biting with the absence of any other symp-
toms and normal responses to the other diagnostic tests is frequently correlated to a
coronal fracture. This is usually effectively treated with a full-coverage restoration.
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1.4  Radiographic Evaluation and Diagnosis

Radiological diagnosis is a valuable additional method in clinical examination. It
will not inform about the condition of the pulp or different types of pulpitis but can
give various other bits of information such as carious lesions not identified in clini-
cal examination, root resorption, internal resorption, width of the periodontal liga-
ment space, condition of the periapical tissue, and root fractures. Radiological
diagnosis of the affected tooth is important prior to any root canal treatment.

The clinical evaluation is the most important part of the diagnostic process because
there is often a lack of radiographic pathology associated with an endodontic problem.
To view radiographic bone destruction, there must be erosion of one of the cortical plates.
There can be extensive loss of cancellous bone without any radiographic pathology.

1.5 Treatment Planning and Considerations

Endodontic diagnosis can be challenging. Understanding both the pulpal and periradicular
diagnoses and how to obtain them is crucial. Although it can be frustrating for the patient
and the provider, sometimes no treatment until the symptoms localize is the best option.

An ideal treatment plan should address the chief complaints of the patient, provide
long-lasting and cost-effective treatment, and at the same time meet the patient’s
expectations. Treatment should always be patient centered and based on scientific and
clinical evidence and should preserve the biological environment while maintaining
comfort and function. The selection of cases for endodontic therapy should take into
consideration the prognosis of the endodontic, restorative, and periodontal procedures
[21, 22]. Although certain teeth are endodontically treatable, the amount of tooth
structure remaining may not be readily restorable, and a durable coronal restoration is
not achievable [23]. The periodontal condition of the tooth must be assessed prior to
endodontic therapy because optimal periodontal health is critical to the long-term suc-
cess of teeth that are endodontically treated [24]. At the same time, it is essential to
consider the patient’s needs, attitude, and willingness to accept treatment [25].

Factors which help in deciding whether the tooth concerned has a good or poor
prognosis include:

. Strategic value of the tooth

. Periodontal factors

. Patient factors (systemic and oral health)
. Restorability of the tooth

AW N —

The clinician should also take into account the patient’s medical condition and
motivation to maintain oral health [26]. The above considerations will aid the dentist
in determining whether a tooth can be preserved via endodontic therapy or whether
it is in the best interests of the patient to consider extraction and possibly a prosthetic
replacement [27]. Both the dentist and patient must agree on the definitive plan. The
dentist should consider whether he or she possesses the necessary skills and knowl-
edge to perform endodontic treatment for this particular tooth to a high standard.
The components of the treatment planning are summarized in Flow chart 1.1.
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Establish and Confirm the
Pulpal/ Peri-radicular
Diagnosis

Treatment Considerations
. Startegic Value of the tooth in the area
. Periodontal factors
. Patient Factors
. Restorabulity of the Tooth

Poor Prognosis Good Prognosis
(unrestorable and (Restorable with sound
periodontally involved) periodontal health

Routine Case Complex and Difficult
(within the scope of a Case

general dental (includes retreatment
practitioner) cases)

Procedural Errors
encountered during
treatment

Root Canal Treatment
Completed

Consider Replacement
Options:

1. Removale Denture

2. Fixed Prosthetics

3. Implants

Refer to Endodontist

1.5.1 Strategic Value of the Tooth

The primary concern is the long-term preservation of a healthy functional dentition.
The dentist should consider the strategic value of the tooth to be endodontically
treated in relation to the overall function of the dentition. For example, a second or
third molar is generally considered to be of little strategic value, unless it is required
to support a prosthesis. This is because a denture is more stable if it has a posterior
abutment tooth to retain and support it [28].

Other strategic considerations may include the structural integrity, remaining
sound tooth structure, morphology and dimensions of the root, the level of sur-
rounding bone, amount of periodontal support, and whether the tooth is in the
esthetic zone [27]. Endodontic treatment is contraindicated when there is limited
remaining tooth structure, and the definitive crown will not be able to engage at least
1.5-2.0 mm of tooth structure with a cervical ferrule [29, 30]. Retaining a tooth with
a poor long-term prognosis via endodontic treatment, particularly a cracked tooth,
can lead to substantial bone loss by the time the tooth is eventually removed. The
resulting bone defect can substantially affect the esthetic result.

Endodontic treatment is associated with procedural accidents occasionally. These
mishaps can occur during access preparation, cleaning and shaping, and obturation (dis-
cussed later in the book), as well as during preparation of the post space [31]. Some of
these errors can have a negative effect on the outcomes and subsequent prognosis of
endodontic treatment [32-34].
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A number of adjunctive procedures affect the comparison of complicated and/or
high-risk endodontic treatment with tooth extraction and placement of an implant
and a crown. For instance, retaining some teeth via endodontic therapy may require
treatment for periodontal disease, crown lengthening through surgery or orthodon-
tic extrusion, a core buildup or a post and core, or a crown. Each of these procedures
adds complexity to the treatment plan and can present additional complications and
risks. It also increases the overall cost of treatment and makes it more difficult for
patients to comprehend and accept a treatment plan.

1.5.2 Periodontal Factors

The health of the periodontium needs to be assessed because in a compromised
dentition, the long-term prognosis for retaining a single tooth may be poor [35].
Approximately one-third of endodontically treated teeth requiring extraction are
lost because of periodontal problems [36]. Periodontal management of patients is
important to the long-term success of any treatment plan.

1.5.3 Patient Factors

The dentist should be aware and prepared that some patients will opt to have an
extraction of a tooth on the grounds of time involved in treatment, fear of treatment,
or the financial cost [28]. A patient’s previous positive or negative experiences with
either treatment may also affect his or her decision as to which treatment modality
should be pursued.

Although medical conditions (e.g., diabetes or habitual tobacco smoking) may
complicate or delay healing, but in general, medical reasons are not a contraindica-
tion to root canal therapy. Endodontic considerations in patients with underlying
medical condition are discussed later in the book. However, conditions which limit
a patient’s ability to lie supine (e.g., spinal arthritis), to open the mouth wide for a
prolonged period (e.g., rheumatoid arthritis), or to have anxiety disorders [35] may
make endodontic treatment more difficult but not impossible. Things to consider
before starting a root canal treatment are [28].

¢ Is endodontic treatment in the patient’s best interest?
e What are the patient’s expectations?
e Will the patient be able to afford the treatment planned?

1.5.4 Restorability of the Tooth in the Arch

Extraction of the tooth is a viable treatment if endodontic therapy is not applicable
or where successful completion of the treatment plan is impossible because of peri-
odontal or restorative concerns [24]. The tooth in question must be assessed for any
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restorative challenges before the start of the treatment that would compromise the
restorability following root canal treatment.

The prognosis for endodontic treatment of the tooth or teeth in question must
take into account the treatment planning. Although we, as dentists, would like to
give the patient as accurate a prognosis as possible before the start of an endodontic
treatment, a less than ideal technical standard provided or procedural errors and/or
an inadequate coronal restoration will lead to a reduced prognosis for the tooth.

1.5.5 Other Considerations

1.5.5.1 When to Refer and When to Perform Endodontic Retreatment
Dentists should be able to assess when the difficulty of the treatment exceeds their
skill and be able to refer the patient to an endodontist as necessary [27]. Sometimes,
the technical difficulty of the case dictates that the patient be referred to a specialist
for treatment and management [26]. Other factors that may complicate and increase
the difficulty of an endodontic case include [23]:

e Calcifications

 Inability to isolate the tooth with a rubber dam
e Resorptive defects

e Extra roots and canals

e Retreatment cases

e Presence of a post

e Ledges and perforations

Referring the patient before commencement of endodontic treatment is better
than after the problem has been created because the error will compromise the prog-
nosis of the tooth [26]. Retreatment is acceptable only after an acceptable observa-
tion period with no signs of radiographic improvement. In some cases where the
extra-radicular infection is the source of ongoing disease, apical surgery is consid-
ered the treatment of choice [37]. Dentists must be aware of their level of clinical
skill, knowledge, and experience.

The treatment plan should be divided into various stages such as

* Initial relief of pain, e.g., emergency pulp extirpation
* Corrective treatments, e.g., complete root canal treatment and restorative treatment
e Maintenance, e.g., measures to prevent the disease recurrence [35].

Treatment plans can also be divided into “simple” and “complex.” A plan may be
considered simple if only one tooth is involved and the overall status of the dentition is
acceptable [26]. A complex treatment plan is required for patients who have not attended
for some time or where there is a need for a major reassessment of the entire dentition.
In such a case, it is important to manage the acute pain and swelling associated with a
tooth that requires root canal treatment before offering a definitive treatment plan.
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1.5.5.2 Post-endodontic Restoration

The choice of the final coronal restoration will influence the outcome of endodontic
treatment. It should provide adequate coverage to protect the endodontically treated
tooth against fracture [26]. Other potential problems associated with the final resto-
ration playing a role in the breakdown of root canal treatment include a permanent
restoration with marginal breakdown, or bacterial penetration due to restorative pro-
cedures such as post space preparation [38].

Research has suggested that both root canal filling and the coronal restoration
serve as a barrier against fluid and bacterial penetration into the periapical area [39].
In reality, there are no available materials or obturation techniques that can confi-
dently assure an impervious seal of the complex root canal system [40]. Fractures of
endodontically treated teeth could lead to infection of the root canal system or
extraction of the tooth.

The difficulty of a case should be balanced with the skill and experience of the
dentist in deciding whether to manage the case in general practice or to refer the
patient to an endodontist [26]. The overall treatment planning in endodontics should
be in agreement with the overall dental management of the patient.

1.6  Pulp Canal Obliteration

Pulp canal obliteration, also known as calcific metamorphosis, is defined as a pulpal
response to trauma that is characterized by the loss of root canal space due to the
deposition of hard tissue along the root canal walls and the pulp space proper [5]
(Fig. 1.8). It is also referred to as dystrophic calcification, diffuse calcification, and
calcific degeneration. Calcified canals may pose diagnostic challenge. In spite of
improved magnification methods like the dental operating microscope, it may still
be difficult to locate and negotiate them. In the process, excessive tooth structure
may be removed, and the tooth or a root may be at risk of untoward sequelae of
perforation. The new imaging technologies such as cone beam computed

Fig. 1.8 Pulp canal
obliteration
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tomography (CBCT) are very useful and can help to ascertain if the root canal
lumen is present in a tooth that appears calcified on periapical radiograph and if the
tooth is amenable to conventional endodontic treatment [41].

Teeth with calcification provide an endodontic treatment challenge. Traumatized
teeth frequently develop partial or total pulpal obliteration characterized evidently
by loss of the pulp space radiographically and a yellow discoloration of the clinical
crown. Since only a small percentage of such teeth develop pulp necrosis with
radiographic signs of apical periodontitis, it is difficult to decide whether to treat
these teeth immediately upon detection of the pulpal obliteration or to wait until
signs and symptoms of pulp and/or apical periodontitis occur.

1.6.1 Clinical Picture

The calcification of the pulp chamber results in a darker hue than the adjacent and
the loss of translucency due to a greater thickness of dentin under the enamel. Some
teeth also have a gray/yellowish appearance of the crown of the tooth [42]. The
affected teeth do not always react to sensibility tests, and generally there is no sen-
sitivity to percussion [43]. Pulp necrosis is most frequently a complication with
ranges varying from 1% to 16% [44, 45].

Research shows that tooth discoloration has no diagnostic value. Not all teeth
with radiographic signs of pulpal obliteration undergo a color change [46].
Furthermore, more than two-thirds of teeth with pulpal obliteration are asymptom-
atic. These teeth are often an incidental finding following clinical or radiographic
investigations. As the pulp calcification becomes more pronounced, there is a pro-
gressive decrease in the response to thermal and electrical pulp testing. But, par-
tially obliterated teeth can give positive results; hence, in the presence of pulpal
obliteration, it is generally accepted that sensibility tests are unreliable [46].

1.6.2 Radiographic Appearance

The radiographic appearance is partial or total obliteration of the pulp canal space
with a normal periodontal ligament space and intact lamina dura. A thickening of
the periodontal ligament space or periapical radiolucency may sometimes be
observed with or without subjective symptoms. Complete radiographic obliteration
of the root canal space does not necessarily mean the absence of the pulp or canal
space; in the majority of these cases, there is a pulp canal space with pulpal tissue.

1.6.3 Management
Most authors believe that endodontic treatment should only be initiated following

the development of periapical disease radiographically. Research shows that pulpal
necrosis and periapical disease are not a common complication of pulpal
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obliteration. Teeth demonstrating pulpal obliteration but no periapical disease
should be managed conservatively through clinical observation and periodic radio-
graphic examination. They should only be treated if an area of rarefaction or clinical
symptoms develop. Teeth with pulpal obliteration requiring root canal treatment fall
into the high difficulty category of the American Association of Endodontists Case
Assessment criteria [47].

It is essential to remember that the pulp chamber is always located in the center
of the tooth at the level of the CEJ [44, 48] and, also, that the CEJ is the most con-
sistent repeatable landmark for locating the pulp chamber [48].

Thus, if the access preparation remains well centered, aligned to the long axis of
the tooth, and limited initially to the level of the CEJ, the root canal system is nor-
mally easy to locate. Selden (1989) emphasized on the role of the dental operating
microscope in treating calcified canals and improving the treatment outcome [49].
Modified burs and ultrasonic tips have been designed for performing the deep
troughing required to locate and enter calcified pulp chambers and canals. Dyes
such as methylene blue may assist in locating the canal system under the micro-
scope. Sodium hypochlorite may also prove to be useful in the identification of a
calcified canal using the “bubble” or “champagne” test. The test involving placing
5% sodium hypochlorite into the pulp chamber over a calcified canal containing
remnants of pulp tissue will result in a stream of bubbles emerging from the oxygen-
ation of the tissue. This can be seen under the microscope and used to identify the
canal orifice [50].

It is essential to take radiographic images at different angles to maintain the
alignment and direction. Combining orthoradial and angulated radiographs pro-
vides an impression of a three-dimensional anatomical space. If both centered and
angulated radiograph images show the file in the same position relative to the root
canal or centered in the long axis of the root, then the scouter instrument can be
safely apically advanced. Conversely, if a deviation is noted, the file position must
be corrected.

The endodontic treatment performed under these circumstances poses the risk
complications such as instrument fracture and perforating the root, which can seri-
ously affect the long-term prognosis of the tooth.

Ideally, smaller-sized instruments are required for initial pathfinding; however,
these files lack the rigidity required to transverse restricted spaces and often fracture
when used with vertical watch-winding forces. One method is to alternate between
size 8 and 10 K-files with a gentle watch-winding motion with minimal vertical
pressure with regular replacement of the instruments before fatigue occurs. However,
a variety of “pathfinding” instruments are available with this objective in mind.
Instruments with reduced flute, such as a Canal Pathfinder (JS Dental, Ridgefield.
Conn.) or instruments with greater shaft strength such as the Pathfinder CS (Kerr
Manufacturing Co.), may be used as they are more likely to penetrate even highly
calcified canals.

Chelating agents such as EDTA are of limited value except as a lubricant or to
assist instrumentation after the canal has been negotiated [44, 51]. A “crown-down”
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approach is highly recommended as it improves tactile sensation and ensures better
apical penetration [44]. As a general rule, the calcification process as seen in pulpal
obliteration occurs in a corono-apical direction, so once the initial canal has been
captured, an instrument tends to progress more easily as it advances toward the

canal terminus.

Treatment recommendations are given in Flow chart 1.2.

Pulp Canal Obliteration

Symptomatic with/without
Radiographic Changes

| Root Canal Treatment |

| Discoloured Tooth |

|

Asymptomatic

Radiographically Sound

No Change in
Colour

Discoloured Tooth

Monitor

Non-Vital Partial Coverage
Bleaching Restoration
Resultis

Satisfactory

Elective Root
Canal Treatment

Vital Bleaching

\

Not Good Result

Good Result

Elective RCT

Partial Coverage
Restoration

1. Non Vital Bleaching
L—2. Resultis Satisfactory|

3. Monitor

Monitor

Conclusion

To conclude, when a patient presents to the dental office with a complaint of a
toothache, it is important to do appropriate investigations with sensibility testing.
If testing results are inconclusive or don’t add up, consider either seeing the
patient on a different day to repeat testing or refer for a second opinion. No treat-
ment should be rendered without a diagnosis. The diagnosis will dictate which,
if any, treatment needs to be done.

The dentist must determine whether the needs are best served by providing
endodontic treatment or advising extraction. The overall treatment planning in
endodontics should always be in agreement with the overall dental management

of the patient.
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2.1 Introduction

Radiographic examination is an indispensable adjunct in endodontics, especially for
diagnosis, treatment, and follow-up after endodontic therapy. Currently, periapical
radiography is the first choice of imaging method in endodontics clinical practice
and a valuable tool to diagnose and to follow up patients (Fig. 2.1). Furthermore, the
practice of radiography is traditionally used in various stages of root canal therapy,
such as for determination of work length. Digital intraoral radiography systems are
being used increasingly for these purposes, with having similar accuracy as film
radiography [1-3]. Currently, a variety of digital intraoral systems are commercially
available.

2.2 Digital Radiography

Digital intraoral receptors have several advantages compared to conventional film-
based imaging, for example, the lower dose per exposure, the ability to perform
image quality enhancements, task-specific image processing, an almost instanta-
neous availability of images, and a greater reduction in working time. An additional
environmental advantage is the elimination of processing chemicals [4].
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Fig.2.1 Periapical radiographic images obtained by intraoral solid-state sensors, used for diagno-
sis, odontometry, and follow-up

Table 2.1 Some commonly used terms

Pixel It is the foundation block of digital imaging and is the smallest complete
sample of an image. It is a unit of digital resolution
Bit depth This indicates the shades of gray used to define each pixel. It is commonly

measured as “number of bits”
Spatial resolution This refers to the ability of the imaging modality to differentiate two objects

Digital images are fundamentally composed of numeric information that can be
differentiated from each other based on two characteristics: pixel spatial distribution
and gray values attributed to them. The pixel size and the bit depth are important
features, which determine the spatial and contrast resolutions for the acquisition of
digital radiographs (Table 2.1). Presently, the pixel size is about 19-50 pm in intra-
oral digital radiographic systems, similar to conventional films, which allows a
theoretical maximum spatial resolution of about 25 line pairs per mm [4, 5]. High
image resolution appears to improve the accuracy for the diagnosis of root fractures
and the determination of file lengths [6, 7].

With respect to the contrast resolution, image acquisition software offers various bit
depths, allowing 8, 10, 12, and 16 bits, the last generating images with 65,536 different
shades of gray per pixel. It is important to note that the higher the bit depth, the greater
the contrast resolution will be. Thus, it enables a more detailed visualization of subtle
differences which may increase the diagnostic accuracy, such as for the determination of
file lengths, in which high contrast resolution is recommended [6, 8]. Regarding the
detection of subtle radiographic density differences, 12-bit image or higher is needed for
accurate determination of endodontic file position [8]. However, it is important to
remember that the human is capable to perceive a limited number of shades of gray.

2.3 Digital Image Acquisition and Receptors

Digital image acquisition can be performed by two distinct ways: (1) indirect acqui-
sition by means of digitizing films using flatbed scanners with a transparency
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adapter, slide scanners, or digital cameras to convert an existing analog radiograph
into a digital image and (2) direct acquisition. In direct acquisition, the conventional
film could be replaced by a solid-state sensor with/without a cord (charged coupled
devices or complementary metal-oxide semiconductors) or by a photostimulable
storage phosphor (PSP) plate.

Intraoral solid-state sensors (CCD and CMOS) are composed by silicon chips
wrapped in a rectangular, rigid, 5-10.5 mm thick plastic pack [9]. Most intraoral
solid-state sensors are connected to the computer by a cable, and the image is
displayed almost immediately on a computer monitor after exposure [9, 10].
Usually, the cable is 0.40-3 m long, which can be extended on some digital sys-
tems. There are few direct digital systems that use wireless technologies for data
transmission. Wireless digital systems can either use common radiofrequency
waves or Bluetooth data transmission [9]. Intraoral solid-state sensor systems
could be efficient aids in endodontic procedures, in which an additional image
effortlessly can be acquired from a different angle with the sensor in the same
position. This might make these sensors the elected digital receptor in endodontic
practice [10].

The intraoral solid-state sensor’s disadvantages include (1) smaller active areas
of image receptors when compared to films and phosphor plate—which limits the
visualized structures and increases the number of radiographic exams needed; (2)
the reduced dynamic scale resulting in overexposed images and requiring several
repeats; and (3) solid-state image receptors which are rigid and thicker than others,
causing discomfort to the patient and difficulty in the placement of the sensor for
intraoral radiographs for posterior teeth. The cable used to connect the sensor to the
computer also brings discomfort to the patient.

PSP plate systems use plates covered with phosphor crystals. A wide variety
of intraoral imaging plate’s sizes are available, with dimensions compatible to
conventional film sizes 0, 1, 2, 3, and 4. The PSP plates are as comfortable as
radiography film [10]. The substantial dose reduction compared with film is one
of the advantages of PSP plates, and no repeats are required when overexposing
phosphor plates [11]. The main disadvantage of PSP-based digital systems is the
need of phosphor plate continual reposition, since they can present image arti-
facts as small or big scratches and stains with a related deterioration of image
quality as time progresses and by usage. Handling the plates with gloves and
wiping the soiled plates with a soft cloth should increase the reusability of
plates. Vigorous rubbing is not recommended as it produces scratches on the
plates [12].

In contrast with the conventional film, an intraoral digital radiographic recep-
tor is projected to be used for several patients. However, they should not be
sterilized by the methods commonly available in dental practice. Thus, the most
viable method to prevent the transfer of microorganisms to the digital receptor
is to use barrier envelopes as the plastic covers. When phosphor storage plates
are used, the use of a second plastic barrier is recommended to minimize con-
tamination by microorganisms from the oral microbiota. Also, the barrier should
then be disinfected before the plate is removed from the barrier and placed in the
scanner [12].
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24 Limitations of Bidimensional Radiography

As mentioned previously, the periapical radiographs are currently used for manage-
ment of endodontic problems, from diagnosis until follow-up assessment. Although
these images present high detail and the image receptors show high spatial resolu-
tion, some limitations are evident, such as the compression of three-dimensional
anatomy (Fig. 2.2), geometry distortion, and anatomical noise, which may impair
the diagnosis. Additionally, it must be emphasized that all radiographs taken during
diagnosis, treatment, posttreatment, and follow-up should be standardized with
respect to alignment between the X-ray beam, tooth, and the receptor, avoiding
under- or overestimation of the disease and the healing process [13].

2,5 Cone Beam Computed Tomography in Endodontics

Cone beam computed tomography (CBCT) is a diagnostic imaging modality that
provides an accurate three-dimensional image of dento-maxillofacial structures.
This imaging technology has been growing rapidly in recent years in the field of
dentistry, replacing medical computed tomography (CT), due to its superior image

Fig.2.2 Limitation of the periapical radiograph. (a) Nonvisualization of the root canal bifurcation
on the third apical of the orthoradial incidence. (b) A variation of the horizontal angulation. (¢) The
presence of the filling material allowed its precise identification
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quality of dental hard tissue and bone, in addition to low radiation dose. While CT
images present anisotropic voxels, CBCT data are isotropic, which allows geometri-
cally accurate measurements [13, 14]. Other advantages include faster scan time
and low economic cost. The main disadvantage of CBCT is its inability to assess
soft tissue lesions.

Several CBCT systems are available, with different parameters of exposure, scan
volume, spatial resolution, and image quality. Among them, the size of the field of
view (FOV) can vary from 3 x 4 cm (limited) to up to 20 cm (large) and the voxel
size from 0.076 to 0.4 mm. Some equipments were developed specifically to scan
limited volumes, such as a particular tooth, and it’s desired that the optimal resolu-
tion does not exceed 0.2 mm for endodontic evaluations [14]. In general, the smaller
the scan volume, the smaller the radiation dose and higher is the spatial resolution
[14], which is essential for endodontic purposes. The choice for dose-reduced pro-
tocols should be preferable, considering the ALARA (as low as reasonably achiev-
able) principle, whenever possible.

The criteria for referring patients to CBCT endodontics exams should be pru-
dently selected, due to the higher radiation dose employed, in comparison with two-
dimensional dental radiographs. Three-dimensional images are not recommended
as a usual method for diagnosis [15]. A request for CBCT images should consider
the impact both on the diagnosis and on its ability to change the treatment planning.
Thus, after a careful clinical examination, only complex diagnosis tasks must be
referred [16].

There are many indications of CBCT in endodontics, such as canal morphology
evaluation, periapical lesions, dental trauma, identification of broken instrument,
extent of extruded root canal material, root resorptions, vertical root fracture, non-
healing root canals, etc., among others. Each case should be individually assessed,
keeping in mind the radiation risk and the high economic cost involved in CBCT
exams.

2,5.1 Canal Morphology

The success of an endodontic treatment depends on the precise identification of root
canal morphology. Periapical radiography is the usual diagnostic tool to evaluate the
morphology of the root canals. Intentional variation in X-ray beam angulation may
provide additional information not readily available from the orthoradial images.
The horizontal beam angulation for number identification and morphology of the
root canals depends on the separation and divergence between the canals, and a
horizontal beam angulation between 20 and 40° is recommended. Although radiog-
raphy may reveal the characteristics, it is unlikely to show the complexities of the
canal’s anatomy.

Three-dimensional imaging allows a better identification of accessory canals,
root curvatures, and root canal anomalies in teeth with complex morphology when
intraoral conventional radiograph fails to demonstrate the real anatomy (Fig. 2.3).
A superior performance is notable, especially in multi-rooted teeth and in the



32 C.C. dos Santos Accioly Lins et al.

Fig. 2.3 Axial views. Right maxillary second molar with buccal root in “C” with the absence of
endodontic material, verified after a CBCT exam to investigate possible cause of apical lesion

identification of second mesiobuccal canal in upper first molars [17]. However,
CBCT should be avoided as a standard method for the screening of root canal
anatomy.

2.5.2 Periapical Pathosis

The periapical inflammatory lesion is one of the most common diseases affecting
the jaws. The diagnosis is performed based on clinical signs and symptoms and
complemented by radiographic exams.

Frequently, the graduation of the periapical lesion is underestimated by periapi-
cal radiography. However, it usually shows healthy periapical conditions. To
increase the possibility of a correct diagnosis, the patient could be submitted to an
intraoral radiographic examination using different projections.

As stated earlier, high-resolution CBCT images allow earlier diagnosis with bet-
ter accuracy than periapical radiographs [18, 19], especially in small lesions. When
evaluating the impact of three-dimensional imaging on planning decisions, consid-
ering the size of lesion, some evidences point out no differences between periapical
radiographs and volumetric acquisitions [20], whereas for preoperative assessment,
additional informations provided by CBCT directly influence the treatment plan in
approximately 62% compared to periapical conventional radiographs [18]. In fact,
limited high-resolution CBCT scans should be indicated in selected cases, particu-
larly in those with positive clinical signs and symptoms and negative finding in
bidimensional radiographs [16] (Figs. 2.4 and 2.5).

2.5.3 Root Resorption

Pathological root resorption is characterized by a loss of mineralized tissue, involv-
ing dentin and/or cementum, and can be idiopathic or caused by dental trauma, pulp
infections, bone lesions, orthodontic movements, and impacted teeth, among others.
According to the teeth surface involved, root resorption can be classified as internal
or external (Figs. 2.6 and 2.7). An early and precise diagnosis is mandatory because
it is an irreversible process, which presents rapid progression [21]. Periapical



2 Importance of Radiographic Interpretation 33

Fig. 2.4 Hypodense image, unilocular, of defined and corticalized limits suggests granuloma or
radicular cyst and radicular resorption on the apical region

Fig. 2.5 Sagittal reconstructions, showing apical and endo-perio lesions on right mandibular first
molar (a) and left mandibular second molar (b-arrow), respectively

Fig. 2.6 Sagittal view of the CBCT exam shows internal and external resorption on the roots of
the left maxillary central incisor (a) and left maxillary canine (b), respectively
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Fig. 2.7 CBCT. Sagittal views External root resorption on right maxillary second premolar (a)
right maxillary first premolar (b) and left maxillary first premolar (d) teeth Internal root resorption
on left maxillary central incisor tooth (¢) in a patient, during orthodontic treatment

radiographs and CBCT are diagnostic tools commonly used for root resorption
assessment. Each case should be individually evaluated based on the professional
clinical experience and the stage the tissue is demineralized in.

There are some evidences that a periapical radiograph is not sufficiently accu-
rate, especially in small lesions and in those located in buccal and lingual root sur-
faces [22]. On the other hand, CBCT presents high sensitivity and superior accuracy
in diagnosing. Its capability to alter the management or prognosis of the tooth is one
of the main reasons for referring patients [16]. As recommended for all endodontic
complications, a three-dimensional scanner with high resolution and limited vol-
ume must be employed.

2.5.4 Vertical Root Fractures

The precise identification of root fractures is a major challenge for dentists, mainly
in cases of lack of signals and symptoms, such as pain, swelling, fistula, and osseous
resorptions surrounding teeth. For diagnosing such problems using periapical radio-
graphs, it is necessary that central X-ray beam passes parallel to the fracture line.
Otherwise, it will not be visible, especially if there is no fragment displacement.
Radiographs taken using parallax technique may help for correct visualization.

On the other hand, high-resolution scanners offer images with high accuracy
when compared with periapical radiographs [23]. The presence of root fillings and
metallic posts presents a negative impact on diagnosis, reducing significantly the
correct identification, due to high incidence of beam-hardening artifact formation
[23-25] (Figs. 2.8 and 2.9).

2.6 Artifacts in CBCT

Knowledge about artifacts is important in day-to-day clinical practice. Artifact can
be defined as a distortion or error in the reconstructed data that is not present in the
object investigated [26, 27]. Artifacts cause the degradation of the quality of CBCT
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Fig. 2.8 CBCT images. (a—c) Oblique root fracture in left maxillary canine. (d—f) Vertical frac-
ture of the crown and root of right maxillary first premolar, with fragment separation

images. Consequently, it may obscure or simulate pathology like root fractures,
making them diagnostically unusable.

Interestingly enough, there seems to be a misconception among dental profes-
sionals that artifacts are reduced in CBCT volumes when compared with classic
CT. It may be attributed to the cone beam geometry or lower energetic spectra that
these artifacts appear differently in the CBCT data.

Based on their etiology, the artifacts can be categorized into several groups.
There are many different types, including noise, scatter, cupping, ring, and
streaks. The knowledge of these different types and the understanding of their
causative factors are important to avoid diagnostic errors and to improve the
image quality.

The most common is the beam-hardening artifacts [26]. They are often visible in
CBCT images of teeth filled with dense material such as gutta-percha and metallic
posts and are also observed when implants, metal crowns, and other restorations are
present [26, 28]. The polychromatic X-rays lower the energy of CBCT and suffer
significant absorption when passing through these materials [29]. Beam hardening
also causes different artifact patterns such as cupping artifact, hypodense halo, and
dark streaks. They are more numerous in axial than in the coronal sections [29].
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Fig. 2.9 (a) Radiographic periapical digital image for the diagnosis for visualization of right
maxillary first premolar. (b) Variation in horizontal angulation to locate displaced radicular frag-
ment. (¢) CBCT. Sagittal views show radicular fragment of the palatal root, superiorly, displaced
on the hypodense lesion

Additionally, other artifacts can also occur due to the patient motion, the image
capture, and reconstruction process (Fig. 2.10).

2.6.1 Hypodense Halo

Hypodense halo is the name given to the dark area adjacent to gutta-percha caused
by corrupted data also due to beam hardening. It represents 35% of CBCT images
of roots with gutta-percha and root canal sealers [26].

2.6.2 Streak Artifacts

The streak artifacts can also be caused by the beam-hardening phenomenon and by
those photons that are diffracted from their original path after interaction with mat-
ter [26, 27]. They correspond to 16% of CBCT images of roots with gutta-percha
and root canal sealers [26] and are more visible in the axial views. In the reconstruc-
tion of image, they are seen as dark streaks. Thus, it reduces soft tissue contrast, and
it also affects the density values of all other tissues.
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Fig.2.10 (a) Coronal
reconstruction, the small
arrow points to the cupping
artifact and the big arrow
points to streaks. (b)
Sagittal reconstruction, the
arrow points to the
hypodense halo. (¢) Axial
reconstruction, the small
arrow points to cupping
and the bigger arrows point
to streak artifacts

2.6.3 Cupping Effect Artifact

The cupping effect artifact is demonstrated when a uniform cylindrical object is
imaged. X-rays passing through the center portion of a uniform aluminum cylindri-
cal phantom are hardened more than those passing through the edges because they
are passing through more material. As the beam becomes harder, the rate at which it
is attenuated decreases. The gray levels decrease in value in the center of the phan-
tom owing to the increase in transmitted intensity to the sensor from the presence of
beam hardening and scatter radiation occurring during image acquisition. Therefore,
the resultant attenuation profile differs from the ideal profile that would be obtained
without beam hardening and displays a characteristic cupped shape artifact.

In endodontics, cupping artifact in the CBCT images of roots with gutta-percha
and root canal sealers corresponds to 70% of artifacts [26].

2.7 Root Fracture Detection in Endodontically
Treated Teeth

The correct identification of vertical root fractures (VRF) in endodontically treated
teeth is one of the most challenging tasks in dentistry. Despite CBCT having higher
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accuracy for detection of root fractures than periapical radiographs, the presence of
metal artifacts caused by high-density material, such as gutta-percha and metallic
posts, impairs the diagnosis. In these situations, it is possible to observe an obscura-
tion of anatomical structure, reducing the contrast between adjacent objects, thus
leading to false-positive diagnosis.

An increase in contrast-to-noise ratio is needed to improve the diagnosis. This
could be obtained by using a smaller field of view (FOV), which is routinely
employed for endodontic purposes. A smaller FOV results in an enhanced contrast-
to-noise ratio, allowing better visibility of the external surfaces of the teeth.
Additionally, a modification of the patient’s head position or separate dental arches
to avoid scanning of the areas susceptible to beam hardening (i.e., metal restora-
tions, metal posts, and dental implants) are also good alternatives. A lower mA
should also be preferably used for detection of VRFs in teeth with intracanal posts
[30]. To overcome this unwanted artifact phenomenon, some CBCT manufactures
have incorporated software in their systems to reduce their appearance in the image
[26, 30]. In addition, post-processing image filters can also help to correct raw data
in areas of low photon count, identify portions of the raw projection data where
there is a disproportionate loss in X-ray signal, and apply a local 3D filter with
smoothing effect.

Therefore, CBCT provides valuable information. However, it is important to
interpret the images accurately and recognize artifacts to avoid false-positive diag-
nosis. Whenever is possible, the professional can use resources to improve image
quality for diagnosis and to an endodontic treatment of excellence.

Conclusion

Imaging technology is important in the diagnosis of endodontic pathosis, canal
morphology, assessing root and alveolar fractures, identification of the pathosis
of non-endodontic origin, and presurgical assessment before root-end surgery.
CBCT has increased accuracy, higher resolution and also eliminates the superim-
position of the surrounding structures, providing clinically relevant information.
But at the same time, CBCT has limited availability and requires significant capi-
tal investment. As accurate diagnostic information leads to better clinical out-
comes, CBCT might prove to be an invaluable tool in the modern dental
practice.
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Complications of Local Anaesthesia 3
in Endodontics

Unni Krishnan, Alex Moule, and Tara Renton

3.1 Introduction

Problems resulting from local anaesthesia during endodontic treatment can result
from many causes. They can be restricted to a local area or result in systemic signs
and symptoms. Problems can arise from a direct (primary) cause involving the
injection process or as a reaction to this (secondary cause). Symptoms can be tran-
sient or permanent and can be mild to severe in intensity. There are many textbooks
that deal with technical aspects of local anaesthesia used in dentistry and complica-
tions resulting from its use. There is also excellent visual material available on vari-
ous internet sites giving detailed explanations of dental anaesthetic techniques. This
chapter will deal with complications arising during/after the administration of local
anaesthesia with particular reference to its use in endodontics.

Pain management of the patient during endodontic treatment is critical. The cli-
nician and their team must use different resources to holistically manage the patients
(and their family or escort) to ensure that they feel well cared for, are in control of
the situation, understand fully what is happening to them and realise the risks and
benefits of the intended treatment. Research has shown that fear of pain associated
with the delivery of local anaesthesia is a common cause of anxiety, and this alone
can prevent many from obtaining dental treatment. Dental phobia is the most com-
mon phobia reported, and over 80% of patients are anxious about dental treatment,
which of course lowers their pain threshold. Most patients with endodontic
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emergencies no longer have a choice regarding attendance or the need for anaesthe-
sia. They require profound anaesthesia. Needle fear and also the patient’s fear of
numbness are issues to consider. Many patients arrive at the operatory anxious, tired
and in pain, requiring immediate diagnosis and treatment. Anxiety can be com-
pounded by fear of dental injections. It also influences perception of pain. Thus it is
important in endodontic treatment to reduce the anxiety and pain associated with
delivery of effective anaesthesia. This delivery should be an almost pain-free pro-
cess if care is taken with the use of an empathetic gentle patient management and
slow delivery of the local anaesthetic. By avoiding block anaesthesia where possi-
ble, by adopting an infiltration technique and routinely using aspiration effectively
during block anaesthesia, the majority of complications can be avoided.

3.2 Failure to Deliver Pain-Free Local Anaesthesia

Explanation for the need of the injection and reassurance of the patient are impor-
tant in patient care. Distraction using visual aids, music or any patient preferred
media is advised. Pain and burning during anaesthesia can also be minimised by
careful anaesthetic technique. Tissues at the injection site should be dried, and a
small amount of topical anaesthetic should be applied exactly to the site of the injec-
tion. Sixty seconds is a long time when treating an emergency in a busy dental
practice. Nevertheless, to be effective, topical anaesthetic should be left in place for
at least this long, preferably longer. It is not effective if used for a shorter period of
time. To obviate any pH changes in old local anaesthetic solution, ensure solutions
are in date before use. The anaesthetic should be kept at and administered at room
temperature. Expression of a few drops of anaesthetic from the cartridge before the
injection will ensure that the bung is moving freely. If possible tissues at the injec-
tion site should be stretched taut at the time of needle insertion. Slow advancement
of the needle tip through tissues and slow deposition of solution once the target area
is reached are helpful to prevent pain during injection procedures. Positive commu-
nication with the patient and keeping the syringe out of sight are important habits
along with the technical process itself. Distraction techniques, e.g. involving tug-
ging the tissues over the needle tip or asking a patient ‘to see if they can try opening
even wider than they are’, ‘wiggling their toes’ are essential parts of the local anaes-
thetic process. Prewarning the patient of a possible electric-like feeling when
administering an inferior alveolar nerve block (IANB) injection can be helpful in
patient management.

Disposable anaesthetic needles are invariably sharp on first use. Nevertheless if
direct contact is made though with bone, the tip can become damaged. Any tiny barb
produced at the tip on the needle can cause needle insertion to become painful if a
second delivery is made, or result in bleeding and possibly contribute to nerve injury
when the barbed needle is withdrawn from tissues. If contact is made with bone, the
needle should be inspected before a second injection is made and replaced if neces-
sary. Block injections should be preferred where local tissues are inflamed or
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swollen. Palatal infiltrations should be given in areas where the tissues are not
tightly attached to the palate.

3.3 Failure to Obtain Adequate Pulpal Anaesthesia
in Mandibular Teeth

Failure to obtain adequate pulpal anaesthesia is the most frequent untoward out-
come of local anaesthesia in endodontics and is often associated with delivery of an
IANB injections. Though it goes without saying that lack of lip numbness is a clear
sign of lack of pulpal anaesthesia, lack of pulpal anaesthesia can occur despite the
presence of lip numbness, especially in mandibular posterior teeth with symptom-
atic irreversible pulpitis. Lack of pulpal anaesthesia is often objectively tested as an
inability to obtain two consecutive reading of 80 with electric pulp tester (EPT) or
after prolonged application of a cold stimulus. However, every endodontist is aware
that pulps can be sensitive even when this test appears to confirm complete anaes-
thesia. Many studies have highlighted the inadequacy of IANB providing sufficient
pulpal anaesthesia to allow for restorative treatments with less than 50% of healthy
anterior teeth that are likely to be anaesthetised by an IANB. The pulpal anaesthesia
rate will further decline with pulpitis and other local factors.

Lack of lip numbness is a sign of a misdirected block and is reported to occur
from 5% up to 23% of the time [1, 2]. While lip numbness usually occurs in
4-6 minutes after an IANB, pulpal anaesthesia in a mandibular first molar regularly
takes longer (up to 9 min). Lower central incisors may take longer still (up to
19 min) [3]. In addition, 12-20% of patients can have slow onset of pulpal anaesthe-
sia, defined as an 80 EPT reading occurring after 15 min [3]. Thus sufficient time
should be allowed for pulpal anaesthesia to develop before endodontic therapy is
initiated. The slower onset in anterior teeth should be considered when treating
these teeth, though the latter could be mitigated with a buccal infiltration.

Incorrect techniques, failure to identify landmarks, insufficient dosage and ana-
tomical variations such as bifid IAN canals are often cited as the many reasons for
lack of lip numbness. An inability to identify the three critical landmarks, namely, the
coronoid notch, the pterygomandibular raphe and the occlusal plane of mandibular
teeth, are the most common causes for failure of IANB injections. Many anxious
patients half open their mouth and posture the jaw forwards. Anecdotally one of the
major reasons for missing an IANB injection is identifying injection landmarks while
the mouth is not completely open. Injections given in this jaw position often result in
the solution being deposited ineffectively distal and below the TAN. Perhaps the single
most important adjunct to the delivery of an IANB is to ensure that the patients open
their mouth, ‘as wide as they can’, before the injection is placed. Asking the patient if
they can open ‘even wider’ just before injection ensures that landmarks can be seen
and also provides useful distraction at the time of delivery.

The loss of multiple mandibular posterior teeth can result in confusion regard-
ing the orientation of the cranio-caudal plane of injection site. An unusually larger
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buccal pad of fat and a larger than usual tongue can also obscure vision, prevent-
ing accurate location of the site of insertion. It is worthwhile, especially in these
cases, to let the assistant retract the tongue with a mouth mirror to the non-oper-
ating side and to identify the cranial end of the pterygomandibular raphe rather
than the caudal end. The latter is more difficult to identify when mandibular
molars are absent. Simultaneously, the face of the mouth mirror can be used to
compress the buccal pad of fat against the medial surface of the ramus of mandi-
ble, and this will surprisingly often reveal an otherwise obscured pterygoman-
dibular raphe. While repeating of IANB will often fix problems with anaesthesia,
it increases the risk of nerve injury as the usual protective reflexes will no longer
be operating effectively.

Popular theories and their drawbacks on causes of failure of an IANB in symp-
tomatic irreversible pulpitis in mandibular teeth are discussed.

Obtaining profound pulpal anaesthesia in mandibular molars with symptomatic
irreversible pulpitis is one of the most common problems facing clinicians. Success
rates have been reported to be as low as 14-33%. [2]. Before embarking on strate-
gies to manage failed IANB injections in symptomatic irreversible pulpitis, it is
important to dispel some of the popular misconceptions:

1. Misdirected injection: While a misdirected block injection can lead to lack of
anaesthesia, lack of pulpal anaesthesia following an IANB in the presence of
lip numbness is not necessarily due to an inaccurate injection site [1]. IANBs
performed using an ultrasound or peripheral nerve stimulator to accurately
locate the neurovascular bundle have not always increased the success rate of
mandibular first molar pulp anaesthesia when compared to conventional tech-
niques [4, 5].

2. Accessory innervation: The two sources of accessory innervation to the mandible
that are considered to be associated with failed pulpal anaesthesia are the mylohy-
oid nerve and the cutaneous branches of the cervical plexus. Contrary to popular
belief, accessory innervation from mylohyoid nerve is unlikely to be the cause of
failure of an IANB in symptomatic irreversible pulpitis or even in healthy subjects.
Blocking of the mylohyoid nerve has not been associated with increased success
of an IANB in healthy subjects [6, 7] or in patients with irreversible pulpitis [8]. A
recent systematic review concluded that additional lingual infiltrations of man-
dibular teeth did not improve the anaesthetic success of pulpal anaesthesia in man-
dibular molars, premolars and canines irrespective of whether 2% lignocaine or
4% articaine was used [9]. However, it did increase success rates for mandibular
incisors [9]. Accessory innervation from the cervical plexus has been shown to
play a role in pulpal anaesthesia, but in a recent study, only 60% of subjects with
symptomatic irreversible pulpitis were shown to have gained pulpal anaesthesia
with an IANB coupled with intraoral cervical plexus anaesthesia [10]. Anaesthesia
of the cervical plexus is made by depositing the solution by infiltration distal and
below the apex of the mandibular first molar.

3. lon trapping hypothesis: Diffusibility and binding are two critical factors in the
clinical effectiveness of local anaesthesia [11].The lipid soluble, uncharged
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base form (RN) of the local anaesthetics is responsible for the diffusion of the
solution into a nerve sheath. The amount of base form in the solution is deter-
mined by the pKa (dissociation constant) of the solution and the pH of extra-
cellular environment. The ion trapping hypothesis states that the lower pH
associated with infection reduces the amount of active RN of the local anaes-
thetic. This does not in itself explain why IANB can fail in infected teeth, as
the site of infection is away from the injection site and often only limited to the
tooth apex [1].

The use of buffered lignocaine, which should theoretically result in signifi-
cantly higher amount of available RN, has not been shown to increase the suc-
cess rate of JANBs in symptomatic irreversible pulpitis using either 2 or 4%
lignocaine formulations [12, 13]. The lack of sufficient RN of local anaesthesia
due to low pH within or around the tooth is unlikely to be the reason for a failed
IANB. This may nevertheless be of significant in infiltrations where the site of
injection and location of abscess may be in close proximity.

4. Central core theory: This is based on the anatomy of IAN, where central fibres
have been shown to supply the molars and peripheral fibres, supplying the ante-
rior teeth. Additionally, the lip is supplied by the external and myelinated A f
fibres of the AN, which are relatively easily anaesthetised as compared to the
core fibres and the unmyelinated C fibres, and the unregulated nociceptive ele-
ments in symptomatic irreversible pulpitis. While the inability of a solution to
diffuse through the entire nerve bundle, particularly if the block is misdirected or
if there is insufficient solution deposited at the site, may seem a plausible expla-
nation why TANB anaesthesia may fail, it does not explain failure to anaesthetise
inflamed pulps in molar teeth [14].

5. Difference in susceptibility of different category of nerve fibres to anaesthesia: A
negative response to an EPT does not correspond with pain-free treatment. In
one study over 40% of pulps in patients with irreversible pulpitis were not com-
pletely anaesthetised, even though teeth did not react to an EPT [15]. This may
be because local anaesthetic solutions are four times more effective in blocking
the myelinated Ad fibres, which are stimulated by EPT, than the unmyelinated C
fibres, which are often involved in the dull, boring, radiating pain associated with
symptomatic irreversible pulpitis [16, 17]. This difference in susceptibility to
local anaesthetic of a nerve fibre group might be a contributing factor in lack of
pulpal anaesthesia in symptomatic irreversible pulpitis.

Most likely explanation for failure of TANB in symptomatic irreversible
pulpitis:

1. Flow of anaesthetic to path of least resistance: Considering the failure to
obtain profound pulpal anaesthesia in up to 23% of healthy mandibular
molars anaesthesia, it is important to recognise that a single factor is unlikely
to cause anaesthetic failure in irreversible pulpitis [3]. Hence some of the
factors which may play a role in failure to achieve anaesthesia in healthy
molars, such as the flow of anaesthetic along the path of least resistance away
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from the pterygomandibular space, may contribute to failure in symptomatic
molar teeth [3].

. Neurogenic inflammation and susceptibility to local anaesthetic: There is evi-

dence to suggest that nerves arising from the inflamed tissue have altered resting
potentials and lower thresholds for excitability and that they release neuropep-
tides capable of maintaining neurogenic inflammation [18]. A plausible explana-
tion of anaesthetic failure in inflamed pulps is that local anaesthetic administration
may thus not prevent evocation of central cortical action potentials in such situ-
ations [19-21]. There is also enhanced expression of Nav 1.8 tetrodotoxin-resis-
tant Na + (TTX-R) voltage-gated sodium channels (VGSCs) in inflamed pulps
[22, 23]. TTX-R Na + channels have been shown to be four times less sensitive
to lignocaine [24]. Hyperalgesic agents such as prostaglandin E2 are also able to
increase the activation-inactivation rate, decrease the threshold and increase
maximal conductance of TTX-R Na + channels [25]. Injury to peripheral nerves
which occurs in pulpitis may in addition result in a dramatic shift in transcription
of neuropeptides, thus resulting in neuroplasticity (axon sprouting) to a variable
length along the inflamed nerve [18].

. Demyelination and susceptibility to local anaesthesia: Recently, pulp tissue

extracted from human subjects with severe spontaneous pulpal pain has been
shown to exhibit increased accumulations of multiple isoforms of sodium chan-
nels at atypical nodal sites with evidence of demyelination [26, 27]. These sites
of demyelination could theoretically change the axon excitability characteristics
with spontaneous nerve activity and pain paroxysms, which may not be blocked
by local anaesthetic agents [17, 27].

. Central sensitisation: Increased excitability of central neurons caused by a bar-

rage of impulses sent to the trigeminal nucleus and brain from a tooth with
severe pulpitis could result in exaggerated CNS responses to minimal periph-
eral stimuli and widening of the sensory receptive field [17]. Local anaesthet-
ics are unable to block these signals transmitted from the brain and are
considered by some to contribute to anaesthetic failure [17, 19]. Central
changes such as increased c-fos expression in brain have been used as precise
indicator of acute and persistent central neuronal reaction to peripheral nerve
injury, inflammation and neuropathy [28]. It has been shown that c-fos expres-
sion is upregulated with pulpal inflammation. The role of central sensitisation
in teeth with symptomatic irreversible pulpitis is well documented [18, 29].
Local anaesthesia can produce only partial and slow reversal of expansion in
receptive fields and hyperexcitability associated with post-injury central sensi-
tisation [30, 31].

From a practical perspective, it is unlikely that any of these processes act inde-

pendently, in isolation to one another. It is more likely that multiple factors contrib-
ute to failure to achieve pulpal anaesthesia. Hence the strategies to manage should

also be multipronged.

Strategies to manage failure of pulpal anaesthesia with an IANB in symptomatic

irreversible pulpitis:
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1. Premedication: Antibiotics have no role in the treatment of symptomatic irre-
versible pulpitis [32]. However, oral non-steroidal anti-inflammatory agents,
particularly 600 mg ibuprofen administered 1 hour before an injection, have con-
sistently been shown to be effective in improving the efficacy of an IANB in
painful teeth [33, 34]. This technique should be employed whenever practically
possible.

Supplementary injections:

2. Several supplemental injections can be considered when block injections fail to
provide sufficient anaesthesia. Options include:

(a)

(b)

()

(d)

Block reinjection: Where there is a suspicion that a block has been
unsuccessful after a reasonable length of time, reinjection is warranted.
However, if a patient has profound lip numbness, but still experiences pain
with the endodontic treatment, reinjection is usually an unsuccessful
procedure. Alternative block techniques, including a Gow-Gates block, can
be sometimes helpful.

Buccal infiltration: Supplementing an IANB with a buccal infiltration of
articaine has been shown to be more successful than using an TANB alone in
difficult cases [35]. Two recent systematic reviews have confirmed that the
odds of getting successful pulpal anaesthesia with supplemental buccal infil-
tration with 4% articaine are higher compared to buccal infiltration with 2%
lignocaine [33, 36]. However, with inflamed pulps there are still around 20%
of patients who still experience operative pain even after premedication and
using a buccal infiltration with articaine.

Intraligimentary injection: This involves firm administration of an anaes-
thetic solution into the periodontal ligament adjacent to the symptomatic
tooth, either with a standard syringe, with a proprietary intraligimentary
injection devices or with computer controlled devices, e.g. The Wand® or
CompuDent® (CompuDent®, Milestone Scientific Inc., Deerfield, IL).
Intraligimentary injections can provide immediate but short-term anaesthe-
sia of a painful pulp.

An intraligimentary injection is the most common supplementary injec-

tion used by endodontists when block anaesthesia does not provide suffi-
cient anaesthesia.
Intraosseous injection: Correctly given, an intraosseous injection deliv-
ers a solution directly into the cancellous bone immediately adjacent to a
painful tooth. An intraosseous injection given in the region of the first
molar, after an IANB, will usually provide effective anaesthesia suffi-
cient for pulp extirpation [37]. While this technique is not without prob-
lems, is cumbersome, requires special armamentarium and can increase
the heart rate when administered with adrenaline-containing anaesthetic,
it is nevertheless a very effective supplemental injection technique for
anaesthetising a symptomatic tooth when IANB injections have proved
to be unsuccessful. Anatomical considerations prevent its use in all parts
of the mouth. A number of proprietary devices are available, e.g.
Stabident and X-tip intraosseous systems.
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(e)

()

(2)

(h)

3.3.1

Intra-pulpal injection: This technique, which involves the administration of
local anaesthesia directly into a pulp, with sufficient back pressure, results in
100% success, but the duration of action is only short lived (10-20 min)
[38]. While used as last resort, when properly administered, it is an extremely
useful anaesthetic technique, particularly where the pulp is large and the
exposure point is small. The patient must be prewarned that ‘they will expe-
rience sharp pain’ for just an instant. The jaw should be the firmly stabilised
with firm finger rests. When the pulp is not exposed and all reasonable
attempts have been made to anesthetise the pulp, access to the pulp can be
obtained relatively atraumatically with a small thin bur. Once this drops into
the chamber, it can be withdrawn and the local anaesthetic administered
through this, using as much force as the syringe allows. Anaesthesia is
obtained by the pressure applied to the pulp and not by the solution used.
The success rate depends on whether adequate back pressure is maintained
[1]. If the operator does not notice any back pressure, then it is unlikely that
the procedure will be effective. Anecdotally the use of this technique is far
less stressful to the patient than multiple attempts at anaesthesia, testing each
time whether the tooth is ‘completely numb now’.

Intracanal injection: On occasions, removal of the coronal pulp can be com-
pleted, but the patient continues to experience sensitivity in one or other root
canal. Anaesthesia can be obtained usually without pain in the same way
making sure sufficient back pressure is developed.

Combination techniques: Intraligimentary and intraosseous injections can
provide pulpal anaesthesia but sometimes for only a short duration of time.
Where it has been possible to gain sufficient anaesthesia to access the pulp
through one of these techniques, it is still advantageous to immediately pro-
ceed to an intra-pulpal injection to ensure complete anaesthesia for pulp
removal.

Sedation: Managing a very nervous or uncooperative patient with a very
painful molar can be stressful for both the operator and the patient, particu-
larly when local anaesthesia has initially proved unsuccessful. Where oral
and intravenous sedation or similar facilities are available, the use of these at
least during the initial stages of treatment is a good adjunct to treatment ease
and patient management.

Achieving Anaesthesia in Maxillary Teeth

Failure to gain satisfactory anaesthesia with maxillary teeth with acute pulpitis
is not as common as with mandibular teeth. This is primarily due to the ease of
access to the neural system via infiltrations. Nevertheless, problems still occur
and supplemental anaesthesia may be required. There is no evidence to support
the use of both buccal and palatal injections, although there is also no reason not
to do so in difficult cases, provided the palatal injections are given slowly and
not into tissues that are firmly attached to the tissues. Sloughing can occur
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Fig. 3.1 Indirect view of
palate where 4% articaine
with 1:80,000 adrenaline
was administered.
Sloughing following
vasoconstrictor induced
ischemia is a more likely
reason than the anesthetic
per se

Fig.3.2 Diagrammatic
representation of nerve
supply to apices of apices
of maxillary teeth http://
www.merckmanuals.com/
professional/dental-
disorders/symptoms-of-
dental-and-oral-disorders/
toothache-and-infection

(Fig. 3.1) due to prolonged ischemia, especially with use of higher concentra-
tion of adrenaline (1:50,000). The management is symptomatic and it resolves
in a few days.

When anaesthetising symptomatic maxillary teeth, it is important to appreciate
that the nerves to the teeth pass postero-anteriorly and that infiltrations for a first
molar must be given both mesially and distally to anaesthetise all buccal roots
(Fig. 3.2). Where pulpal anaesthesia is difficult for a molar, the injection should be
given more distally and apically to the tooth.

Of note also that with long maxillary teeth, e.g., some canines, failure to achieve
anaesthesia may be due the fact that the anaesthetic has not been delivered suffi-
ciently close enough to the apex of the tooth.

With many maxillary teeth, infection and inflammation are in the area where an
injection would normally be made. Effectiveness of a local anaesthetic solution is
pH dependant. For a local anaesthetic solution to work effectively, the pH should be
closer to physiological levels. Infected tissues usually have a lower pH. Thus, if
local anaesthesia is delivered to a site that is inflamed or infected, its effectiveness
may be severely diminished. The use of block injections, particularly an infraorbital
block, is often necessary in these events.

Ophthalmic complications of maxillary injections and inferior alveolar nerve
block can occur. Most of the reported cases are from single injections and due to
inadvertent intravascular injections. If these do occur, it is important to reassure the
patient about the transient nature of the problem and cover the eye until the corneal
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reflex returns. The patient should be escorted home and not drive until vision returns
completely to normal. Ophthalmic advice should be sought if symptoms persist for
more than 6 hours.

3.4 Complications of Local Anaesthesia and Endodontic
Treatment

3.4.1 Possible Mechanism of LA Nerve Injury

Nerve injury due to LA is complex. The nerve injury may be physical (needle,
compression due to epineural or perineural haemorrhage) or chemical (haemor-
rhage or LA contents). Thus the resultant nerve injury may be a combination of
peri-, epi- and intraneural trauma causing subsequent haemorrhage, inflamma-
tion and scarring resulting in demyelination (loss of nerve lining (Fig. 3.3) [39].
Local anaesthesia practice can cause injury to nerves in many ways. The loca-
tion of nerve injury may also be important as well as mechanism. Factors that
need to be considered are that only 1.3-8.6% of patients get an ‘electric shock’
type sensation on application of an IAN block and 57% of patients who suffer
from prolonged neuropathy have not experienced the discomfort on injection,
thus this is not a specific sign [78].

Types of tissue damage + possible mechani

Extraneural Mechanism of trauma
Intra neural Mechanical Direct needle/ indirect scarring
Intra fascicular Pressure ischaemia from bleed or LA

Neuyral axonal
Neukal schwann cell

Chemical LA ggent,buffer, préservative, carrier

{myelin)
Blood vessel
Fat ;

Fig. 3.3 Diagrammatic representation of mechanisms of nerve injury from IJANB
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3.4.2 Damage to the IANB

3.4.2.1 Neuropathy

Any damage to sensory nerve tissue may cause a mixture of anaesthesia (numbness),
paraesthesia (altered sensation which is not painful), dysaesthesia (altered sensation
which is uncomfortable/painful) and neuropathic pain. Neuropathy in the orofacial
region must be taken seriously and the cause established, as there are some serious
conditions that need to be eliminated if a cause is not obvious [42]. Often there is a
history that helps determine the origin. Sensory deficits should be mapped on the face
so that an estimate can be made of resolution or expansion of the deficit. Any patient
with an expanding area of paraesthesia for which a cause has not been established
should be referred for specialist evaluation. Amongst other things, paraesthesia can
result from trauma, nerve injury, surgery, infections and prolonged reactions to local
anaesthesia, viruses, malignancy or serious pathoses. If a dental cause is suspected,
patients require reassurance, careful documentation and follow-up.

Unilateral paraesthesia and facial paralysis can occur in a misdirected block
where local anaesthetic solution is deposited in the parotid gland. It usually occurs
when the depth of needle penetration is nearly to the hub of a long needle. It is more
likely to happen when the ramus of the mandible is flared laterally making it diffi-
cult for the operator to ‘hit the bone’. The unilateral paralysis of facial muscles is
reversible. This resolves over hours. The patient needs to be reassured, and the eye
has to be protected until the blink reflex returns, as corneal reflex is often lost.

3.4.2.2 Neurological Injuries Resulting from Untreated Periapical
Infections

It is not uncommon in endodontic practice to encounter patients with apical peri-
odontitis of endodontic origin leading to sensory impairment of the inferior alveolar
or mental nerve. This invariably resolves with the reduction in inflammation and
local swelling. A number of authors have reviewed and documented clinical cases
of neurological disorder with paraesthesia and hypaesthesia of the mental nerve
resulting as a sequel of apical periodontitis of a mandibular second premolar and
second molar teeth [40—42].

3.4.2.3 Motor Nerve Palsy Due to Endodontic Treatment
There are reports of facial motor nerve deficit as a result of endodontic treatment due
to extrusion of endodontic irrigants, hydrogen peroxide and ethanol rinses [43, 44].

3.4.2.4 Paraesthesia and Pain Associated with Endodontically
Related Nerve Injuries

Endodontic treatment of premolar and mandibular teeth has the potential to damage
the inferior alveolar nerve via direct trauma, pressure or neurotoxicity. Trigeminal
nerve injury is the most problematic consequence of dental surgical procedures with
major medicolegal implications [44]. While incidence of lingual nerve injury has
remained static over many years, the incidence of inferior alveolar nerve injury has
increased; the latter likely being due to implant surgery and endodontic therapy [45].
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Fig. 3.4 CBCT imaging of a tooth that shows extrusion of endodontic sealant into the inferior
alveolar canal causing pain and paraesthesia

Iatrogenic injuries to the third division of the trigeminal nerve remain a common
and complex clinical problem (Fig. 3.4). Altered sensation and pain in region may
interfere with speaking, eating, kissing, shaving, applying make-up, tooth brushing
and drinking, in fact just about every social interaction we take for granted [46, 78].
Thus these injuries have a significant negative effect on the patient’s quality of life,
and the iatrogenesis of these injuries lead to significant psychological effects [47].

Persistence of any peripheral sensory nerve injury depends on the mechanisms,
the severity of the injury, the increased age of the patient, the time elapsed since the
injury and the proximity of the injury to the cell body (the more proximal lesions are
having a worse prognosis). Most sensory nerve injuries related to dentistry are per-
manent. LA-induced nerve injuries have nearly 80% likelihood of recovery. Many
authors recommend referral of injuries before 4 months [50], but this may be too
late for many endodontically related peripheral sensory nerve injuries. Inferior alve-
olar nerve injuries related to endodontic treatment, particularly where there is extru-
sion of filling material, require immediate attention with permanency likely after
24-30 h [50]. After 3 months, permanent central and peripheral changes occur
within the nervous system subsequent to such injury, and they are unlikely to
respond to surgical intervention [48].

The TAN is at risk from a variety of endodontic procedures. The IAN is contained
within a bony canal, predisposing it to ischemia, trauma and subsequent injury in
relation to dental procedures. This may explain the higher incidence of permanent
damage for inferior alveolar nerve injuries compared with lingual nerve injuries
[45]. Inferior alveolar nerve injury during endodontic treatment can result from
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local anaesthetic accidents, from irrigant extrusion and from over instrumentation
or overfilling, in all cases resulting in one or a combination of mechanical injury,
haemorrhagic, ischaemic or chemical injury to the nerve.

There are relatively few detailed reports on nerve injuries resulting from end-
odontic treatment [42]. The largest series of endodontic-related trigeminal nerve
injuries included 61 patients reviewed over an 8-year period [9], with most of these
patients presenting with persistent pain. There are relatively few reports of persis-
tent pain subsequent to endodontic procedures [49]. In a recent study of 216 patients
with trigeminal nerve injuries related to dentistry, 70% are reported to have chronic
neuropathic post-traumatic pain [50].

Neuropathic pain (NP) syndromes are chronic pain disorders that develop
after a lesion involving the peripheral or central nervous structures that are nor-
mally involved in signalling pain. The characteristics of NP differ substantially
from those of other chronic pain states, i.e. chronic nociceptive pain, which
develops while the nervous system that is involved in pain processing is intact.
Apart from the existence of negative somatosensory signs (deficit in function),
there are other features that are characteristic of neuropathic conditions (allo-
dynia, hyperalgesia and hyperpathia) [51]. Paraesthesia is typically described
by patients as bothersome but not painful. Furthermore, NP states require differ-
ent therapeutic approaches such as anticonvulsants, which are not effective in
nociceptive pain [52].

Thus symptoms experienced by patients with post-traumatic neuropathy of the
trigeminal nerve can range from next to no symptoms, such as minimal anaesthesia
in a small area to devastating effects on the patient’s quality of life [53].

3.4.2.5 Local Anaesthesia-Related Neuropathy During Endo
Procedures

As stated earlier, local anaesthesia is often complex in endodontics as the patients
often experience difficulty in achieving analgesia. Patients undergoing endodontic
treatment often have multiple injections and may be more at risk of local anaes-
thetic-related nerve injuries [54]. More recently the incidence of nerve injury in
relation to TANBs has been calculated as 1:609,000 but with a reported increase in
injury rate when 4% anaesthetic agents are used [55]. These LA injuries are associ-
ated with a 34-70% incidence of neuropathic pain, which is lower when compared
with endodontic-related nerve injuries. Recovery is reported to take place at 8 weeks
for 85-94% of cases [56].

LA injuries may have a better prognosis than nerve injuries resulting from end-
odontic treatment. In both cases, the nerve injury may be physical (compression due
to epineural or perineural haemorrhage or extruded material) or chemical (haemor-
rhage or local anaesthetic or endodontic compound contents). There may be ele-
ments of direct mechanical trauma, which generally would be worse in endodontically
caused nerve injuries.

Intraoperatively all clinicians should document unusual patient reactions occur-
ring during application of local analgesic blocks (such as sharp pain or an electrical
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shock-like sensation), and multiple blocks should be avoided if possible as they may
also increase the risk of local anaesthetic-related nerve injuries.

3.4.3 Assessment of Trigeminal Nerve Injuries

The emphasis in trigeminal neuro-functional studies has been on using conventional
mechanical tests, which are subjective. Due to the variability in methodology and
reporting, they are of limited value for inter-study comparisons and little clinical
significance in relation to a patient’s pain and functionality. Recently several inves-
tigators have recommended the use of the patient’s report alone [53], in combination
with subjective and objective neurosensory tests [50] or utilising quality of life
questionnaires (OHIP 14-31) for a more holistic approach for the assessment of
patients with trigeminal nerve injury [57]. In this way hopefully to make studies
easier to compare.

3.4.4 Management of Neuropathy Related to Endodontics

Differentiation between the possible causes of nerve injury, whether it is of local
anaesthetic, periapical inflammation [50] or endodontically origin, is difficult. An
accurate diagnosis is dependent on a thorough history and specific identification of
the neuropathic area distribution. On occasions the use of adjunctive antibiotics or
NSAIDS and paracetamol may enable the clinician to exclude inflammatory or
infection-related pain as against post-traumatic NP.

3.4.4.1 Management

There is limited evidence base for managing dental LA-related nerve injuries.
Unfortunately, a quarter of the cases are permanent and never recover. There is no
‘magic bullet’ to fix them; we have to wait and reassure the patient. In order to maxi-
mise resolution of any sensory neuropathy, it has been recommended to institute
early medical intervention. The general medical practitioner should be involved and
should prescribe the medication:

e Steroids: Step-down 5-day course of prednisolone, oral 50 mg, 40 mg, 30 mg,
20 mg and10 mg for 5 days

e NSAIDs: Ibuprofen oral 400-600 mg 6 hourly

e Vitamin B complex

Patients who report severe electric-like pain (though it is not a definite sign) fol-
lowing the administration of an IANB should be followed up [63]. What is impor-
tant, however, is to inform all patients of the risks of problems that may result from
TIANB, however slight the risk, beforehand and do everything in your power to mini-
mise the risks. Such as minimising repeat blocks and using supplementary
techniques.
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Some factors to consider in planning procedures which may influence the safety
of the procedures include:

e Block anaesthesia: Consider first whether block anaesthesia is really
required. By avoiding IANBs there is less risk of injury to the lingual and infe-
rior alveolar nerves, which though rare, is debilitating to the patients and has no
cure. Infiltrations provide more localised and shorter lasting anaesthesia which is
of benefit to the patients. This technique requires less skill and less discomfort
for the patient during the injection and avoids unnecessary lingual anaesthesia
after dental treatment. Recent studies [9, 59-62] have suggested that infiltration
of 4% articaine in the mandibular molar region can result in anaesthesia of the
lower first molar that is in most cases as effective as an inferior dental block.

e Concentration of LA:  Any increased concentration of any agent leads to
increased neural neurotoxicity [64].

e Volume of LA: There is no evidence to support the suggestion that increased vol-
umes of solution result in more nerve damage, but as all chemicals are neuro-
toxic, it is dependent upon the proximity to the nerve, concentration, neural
damage and additional volumes that add to potential neurotoxicity.

e Multiple injections: Second or subsequent injections that impede directly on or in
neural tissue may not be associated with the usual ‘funny bone’ neuralgic pain.
Thus the patient does not self-protect as effectively possibly rendering the nerves
more at risk of direct damage. Alternatives to block injections may be indicated.

e Type of LA agent: Bupivacaine is the most neurotoxic of all LA agents.

e Type of vasoconstrictor: The role of vasoconstrictor in nerve damage is unknown.

e Sedated or anaesthetised patients: There is no evidence to support unresponsive
patients are prone to nerve injury as they are less likely to protect themselves
when the IDB needle encroaches too close to the nerve.

e Lack of LA aspiration: There is no evidence to support that aspiration during an
TANB results in lower persistent neuropathies though it is always advisable.

e Patient factors: Patient factors include age (>50 years of age), migraines, patients
with existing neuropathic pain conditions (fibromyalgia) and those predisposed
to developing peripheral neuropathy.

Acute Management

Should endodontically induced nerve injuries be suspected, acute management involves
urgent referral. Some patients may require surgery. The largest series reported to date is
by Pogrel [65], who described the management of 61 patients with endodontically
induced nerve injuries over an 8-year period. Eight patients were asymptomatic and
received no treatment. Forty-two patients exhibited only mild symptoms or were seen
more than 3 months after undergoing root canal therapy. They received no surgical treat-
ment. Only 10% of these patients experienced any resolution of symptoms. Eleven
patients underwent surgical exploration. Five of these patients underwent exploration
and received treatment within 48 h, and all recovered completely. The remaining six
patients underwent surgical exploration and received treatment between 10 days and 3
months after receiving endodontic therapy. Of these six patients, four experienced
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Fig.3.5 Panoramic
radiograph showing
extruded sealer material in
the left inferior alveolar
canal resulting from
endodontic treatment

partial recovery and two experienced no recovery at all. Thus Pogrel [65] concludes that
early surgical exploration and débridement may reverse the side effects (pain and par-
aesthesia) of endodontic treatment on the inferior alveolar nerve. If the patient has con-
tinued symptoms of paraesthesia or pain once the local anaesthetic has worn off and the
radiograph obtained after endodontic therapy shows sealant in the inferior alveolar canal
(Fig. 3.5), then immediate referral to an oral and maxillofacial surgeon is indicated.
Immediate surgical exploration and débridement may provide satisfactory results.
Escoda-Francoli et al. [66] described a case of endodontic treatment of a perma-
nent right mandibular first molar in which the sealer cement overextended in large
amounts and damaged the right inferior alveolar nerve. The condition reverted a few
months after the surgical removal of the material. There are several reports of nerve
injury in relation to over instrumentation and overfilling [67, 68]. Endodontic retreat-
ment for inferior alveolar nerve injury was also reported by Yatsuhashi et al. [67].
Gatot and Tovi [68] recommended steroid therapy for early postoperative neuritis.
More recently Grotz et al. [69] described the management of 11 patients with end-
odontic-associated neuropathy. They similarly reported that the neurological findings
were dominated by hypaesthesia and dysaesthesia with 50% of patients reporting
pain. Initial X-rays showed root filling material in the area of the mandibular canal.
Nine cases were treated with apicectomy and decompression of the nerve; in two
cases, extraction of the tooth was necessary. Only one patient reported persistent pain
after surgery. Both Scolozzi et al. [70] and Brkic et al. [71] describe a limited series of
patients successfully treated with surgical decompression (removal of material within
the canal or apicecting the tooth) resulting in resolution of the endodontically related
nerve injury. As stated earlier, patients must be assessed on a case-by-case basis, but
immediate surgical exploration and débridement may provide satisfactory results.

Delayed Management

If the neuropathy is longer standing and the patient has chronic pain, then post-
traumatic neuropathy must be diagnosed and appropriate treatment prescribed.
Most patients accept a full explanation and reassurance for their symptoms. Many
patients can find the explanation for their neuropathic pain symptoms very helpful.
Antibiotics may be prescribed to exclude apical infection. NSAIDs and paracetamol
will also exclude inflammatory pain, but neuropathic pain due to post-traumatic
nerve injury will not respond to these medications.

Oshima et al. [72] reported that 16 patients of 271 patients presenting with
chronic orofacial pain were diagnosed with chronic neuropathic tooth pain subse-
quent to endodontic retreatment. Most of these patients were treated for maxillary
teeth, and 70% of the patients responded to tricyclic antidepressant therapy which
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highlights the importance of establishing whether the patient has neuropathic pain
to start with. A recent Cochrane review highlights the lack of robust evidence in
managing trigeminal nerve injuries [73]. Recommendations for treatment of tri-
geminal neuropathic pain are also well described by Truelove [52].

3.4.5 Recommendations Based on the Current Evidence

Before undertaking endodontic care, practitioners should:

1.

2.

Fig. 3.6 Clinical picture
of traditional approach for
decorticating buccal aspect
of mandible to gain access
to inferior dental canal and
IAN. This technique was
recommended for AN
injuries presenting late, but
some authors prefers
access via the socket for
recent injuries

Preoperatively, identify teeth proximal to the IAN and take special care in pre-
venting over instrumentation or extrusion of irritants.

Intraoperatively, recognise and record certain events that may be indicative of
nerve injury, e.g. extreme patient discomfort during treatment including:

e Intraoperative pain during irrigation
¢ Intraoperative pain during preparation and filling
 Inferior alveolar vessel bleed during preparation and delay filling

. Postoperatively, continue to support and reassure your patient and advise

them to visit websites designed to assist by post-traumatic neuropathy related
to dentistry. Always undertake a Homecheck and arrange to contact your
patients postsurgically the following morning. Neuropathy related to end-
odontics can be delayed, and the patient must be encouraged to report any
change in sensation up to 3—4 days post-treatment (Renton et al. unpub-
lished). If nerve injury is suspected, due to over instrumentation or deposi-
tion of endodontic material into the canal, the apex and/or tooth must be
removed within 48 hours of placement in order to maximise recovery from
nerve injury [65].

. If the patient is insistent on keeping the tooth, urgent referral of the patient may

be indicated for mandibular decompression and saline irrigation of the nerve and
canal (Fig. 3.6) [65].
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Pain following root filling a tooth is a common occurrence, and this usually
responds well to occlusal adjustment and the prescription of anti-inflammatory
medication. If there is no evidence of overfill present, then pain may be due to:

e Apical inflammation (neuritis) confirmed by prescription of anti-inflammatories
e Chemical nerve injury from irrigants or filling material
e Thermal damage

However in the any event once neuropathy is identified, the clinician must reas-
sure the patient, prescribe steroids (prednisolone step down such as 15 mg 5 days,
10 mg 5 days, 5 mg 5 days and high-dose NSAIDs and 600 mg ibuprofen) and make
a timely referral to an appropriately trained micro-neurosurgeon if necessary; the
clinical evidence is poor but despite this remains recommended practice; however,
in vitro studies have demonstrated the possible benefit of these regimes [74].

3.4.6 Incidence of LA Nerve Injuries

Nerve injuries related to local anaesthetic injections are thankfully rare. Incident reports
vary considerably. The incidence of IANB nerve injuries was first comprehensively
reported by a retrospective examination of voluntary reported nonsurgical paraesthesia
cases in Ontario, Canada, during the period from 1973 to 1993 [55]. Based on the num-
ber of cartridges used, these authors reported an incidence to be between 1.2 and 2.27
per 1 million injections depending on the type of anaesthetic used. The frequency of
paraesthesia with articaine being twice that observed with other agents. Sambrook and
Goss [64] estimated the incidence to be 1 in 27,415 cases of prolonged neuropathy
related to IAN blocks per year in Australia. On the other hand, Haas and Lennon [55]
found the incidence to be 1 in 785,000 injections, while Garisto et al. reported a rate of
IANB paraesthesias to be 1 in 13,800,970. Renton et al. [75] reported a much higher
incidence based upon surveys of dentists and specialists.

Two studies examining reports of paraesthesia from 1994 to 1998 and 1999 to 2008
have reported similar findings, implicating the local anaesthetics 4% articaine and 4%
prilocaine with paraesthesia [76]. Other studies have corroborated these findings [56,
58,76, 77]. All of the above studies found that the lingual nerve was most often affected
during mandibular anaesthesia as compared to the inferior alveolar nerve.

3.4.6.1 Significance of IANB Nerve Injuries
The long-term significant problems seen in patients are severe. There is no ‘fix’ for
these injuries, only prevention. Thus we can only wait for resolution, while manag-
ing the patient therapeutically, using medical and psychological interventions.
Eighty-one percent of the IAN block nerve injuries resolve in 2 weeks [78]. Those
with permanent injury often result in high levels of dysaesthesia and pain, mainly
affecting the tongue with attendant social and psychological impacts [78].

While with consent, a patient may be aware of these rare but possible injuries, as
no one else has ever heard of them or understands their nature; the resultant isola-
tion for the patient is severe. There is significant stress to both dentist and patients.
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3.5 Needle Breakage and Equipment Failures

With modern delivery systems, needle breakage is now a very rare complication. If
breakage occurs, it invariably does so where the needle meets the hub. The needle
may break if there is forceful contact made with bone or if the patient moves sud-
denly. Almost all needle breakages reported in the literature involve using 30 gauge
needles used in block injections or in posterior superior nerve blocks. Long needles
should therefore be used for block injections. Needles should not be inserted to the
hub or bent at the hub prior to the injection in order to gain a better anaesthetic
result. Both these procedures invite needle breakage if the patient moves suddenly.
Treating stressful patients with painful pulps is stressful, and care should not to rush
any procedure, including anaesthetic procedures, as this may lead to problems
including needle breakage and nerve injury.

Should needle breakage occur during a block injection, it is imperative to keep
the patient’s mouth opening wide (mouth prop). If a long needle has been used and
if the needle is visible, it can be grasped with a needle holder and removed. If the
needle is not visible, then immediate referral is mandatory.

Conclusion

In this chapter, complications with dental anaesthesia in endodontics have been
discussed. By far the greatest complication is failure to obtain good anaesthesia,
particularly in mandibular molars with symptomatic irreversible. The causes and
management of anaesthetic failure have been discussed. Complications relating
to paraesthesia including that due to nerve injury from the delivery of local
anaesthesia and endodontic treatment have been discussed in detail. These are
often serious injuries. Guidelines are given for the prevention and management
of these.
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Access-Related Complications 4

Bradford R. Johnson

4.1 Introduction

Endodontic access is the first mechanical step of root canal therapy, and its importance
is often underestimated, that is, until something goes wrong. With proper case selection
and risk assessment, it should be possible to minimize the risk of access-related compli-
cations. Recognition of the variables associated with complications, both tooth related
and patient related, during the history and diagnosis phase is a critical element of pre-
vention and successful treatment. The purpose of this chapter is to present some useful
tools for risk assessment and describe strategies for successful endodontic access.

4.2 Case Selection and Risk Assessment
for Endodontic Access

Prevention of complications during endodontic access starts with proper diagnosis
and case selection. The AAE Endodontic Case Difficulty Assessment Form and
Guidelines [1] is a useful reference for preoperative case evaluation and determining
potential risk for complications during endodontic access. Each of the following find-
ings increases the degree of difficulty for endodontic access: limitation in mouth
opening, position of the tooth in the arch (e.g., second and third molars), full coverage
or large pin-retained restoration (Fig. 4.1), bridge abutment, rotation or tipping of the
tooth (Fig. 4.2), receded pulp chamber (Fig. 4.3), calcified canal space(s) or canals not
visible on radiograph (Figs. 4.4 and 4.5), pulp stones or calcifications, internal or
external resorption, and atypical coronal anatomy (e.g., dens evaginatus, taurodont, or
“C”-shaped canal anatomy) (Fig. 4.6). Figure 4.7 demonstrates a three-rooted
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Fig.4.1 Large MODB
pin-retained amalgam
restoration. The loss of
original occlusal anatomy
landmarks and pulp canal
space calcification will
make this a more
challenging tooth to access
for root canal therapy

Fig. 4.2 Maxillary second molar fixed
partial prosthesis abutment that is mesi-
ally inclined. Endodontic access for this
tooth will require careful attention to the
inclination of the tooth. It may be help-
ful to draw a line on the facial surface of
the tooth for reference during access
since a typical access preparation made
perpendicular to the occlusal plane
would almost certainly result in a perfo-
ration through the mesial surface of the
tooth

Fig. 4.3 Mandibular right
first molar with necrotic
pulp and asymptomatic
apical periodontitis. Canals
are faintly visible, but the
vertical height of the pulp
chamber has receded. In
this situation, the normal
tactile sense of a bur
“dropping” into the pulp
chamber is not expected

maxillary second premolar. Although it is not possible to visualize all three canals on
a standard periapical radiograph, close inspection of the image suggests the possibility
of atypical anatomy, which could then be confirmed by limited field of view cone

beam computed tomography (CBCT) imaging prior to access.

In addition, a tooth that has been previously accessed, with or without complete
treatment, presents the risk of preexisting perforation, canal blockage, or loss of
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Fig. 4.4 Mandibular right
first molar with full
occlusal coverage
restoration and diagnosis
of pulpal necrosis and
acute apical abscess. The
pulp chamber and coronal
portion of the canal space
in the mesial root are not
visible on the radiograph

Fig. 4.5 Both maxillary
central incisors have
undergone calcific
metamorphosis (pulp canal
obliteration) secondary to
trauma many years ago.
The left maxillary central
incisor has evidence of a
widened PDL space and
has recently become
symptomatic. Root canal
therapy should be possible,
but use of a dental
operating microscope is
essential
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Fig. 4.6 Mandibular second molar
that is an abutment for a fixed
partial prosthesis. The diagnosis is
necrotic pulp and asymptomatic
apical periodontitis. Unusual canal
space anatomy is obvious from the
initial periapical radiograph, and
CBCT imaging is recommended
prior to initiating endodontic access

Fig. 4.7 Maxillary second
premolar with three canals
(two facial and one
palatal). Even though the
anatomy is not obvious on
the periapical image (top),
close inspection should
alert the clinician to the
probability of unusual
canal anatomy. The
presence and location of
the canals can be
determined with a
preoperative CBCT scan
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normal pulpal floor anatomical landmarks. Gouging of the floor and walls of the
pulp chamber during access can obliterate normal internal anatomy that could oth-
erwise be used to help locate canal orifices.

4.3 Goals of Endodontic Access

4.3.1 Traditional Access Preparation Compared to Minimally
Invasive Access

In the traditional approach to endodontic access, there are three primary goals: con-
servation of tooth structure, complete unroofing of the pulp chamber, and straight-
line access to the apical third of the canal [2]. While all three of these goals are
reasonable and supported by decades of clinical practice, new technology in end-
odontics, such as super flexible nickel-titanium (NiTi) instruments and dental
microscopes, has resulted in a shift in the primary focus of access to preservation of
coronal tooth structure to avoid possible predisposition to future root fracture. It is
still important to completely remove any remnants of pulp tissue from the pulp
horns and to have an access opening large enough to locate all canals. Failure to
remove all pulp tissue can cause discoloration of the coronal tooth structure and, in
addition, provide a potential source of nutrition for any remaining microorganisms.
Examples of a traditional molar access are shown in Figs. 4.8 and 4.9.

The concept of minimally invasive access and focus on preservation of coronal tooth
structure, also referred to as directed dentin conservation [3] and conservative endodon-
tic cavity [4], is a relatively new idea, and there are no long-term clinical studies to either
support or reject this approach. However, anecdotally, there is a growing concern among
many endodontists that root fracture of endodontically treated teeth, often occurring
years after initial root canal treatment, is a significant cause of treatment failure and
should be addressed to improve the probability of long-term survival of endodontically
treated teeth. Some preliminary in vitro research suggests that a conservative endodontic

Fig. 4.8 Example of a
traditional endodontic
access preparation in a
mandibular molar. All canal
orifices are visible and
straight-line access is
provided. The distal canal
(left on image) is centered
between the two mesial
canals and on an imaginary
mesiodistal midline drawn
through the occlusal surface
of the tooth. If the distal
canal was not centered, the
presence of a second distal
canal should be considered
likely
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Fig. 4.9 Example of a
traditional endodontic
access preparation in a
maxillary first molar. Note
the thomboid shape with
an explorer in the often
elusive MB2 canal orifice.
The occlusal outline of the
access is skewed to the
mesial of the tooth to
parallel the cross section of
the tooth at the CEJ (also
refer to Fig. 4.13)

Fig.4.10 A minimally
invasive access on a
maxillary first molar.
Although the canal orifices
cannot be directly
visualized, the
magnification and
illumination provided by a
dental operating
microscope, along with the
use of super flexible
nickel-titanium
instruments, would allow
for safe completion of root
canal therapy on this tooth

cavity approach is probably worthy of additional study and consideration [4, 5]. Without
the enhanced magnification and illumination offered by a dental operating microscope,
a conservative endodontic access presents greater risk of perforation and missed anat-
omy than a traditional access preparation. Figures 4.10, 4.11, and 4.12a—c demonstrate

variations of a minimally invasive endodontic access preparation.

4.3.2 General Rules for Establishing the Outline and Depth

of an Endodontic Access Cavity

Krasner and Rankow [6] proposed three rules derived from the sectioning and

observation of the pulp chambers of 500 extracted teeth:

e Law of centrality
e Law of concentricity
e Law of the CEJ
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Fig. 4.11 Use of CBCT to plan a minimally invasive access. (a) Sagittal view showing vertical
approach. (b) Axial view to determine the mesial-distal and facial-lingual dimensions. (c¢)
Periapical radiograph of completed root canal with composite resin restoration (Case courtesy of
Dr. William Nudera)

Fig.4.12 (a) Preoperative periapical radiograph of mandibular left first molar. A minimally inva-
sive access was planned (Case courtesy of Dr. Jon Ee). (b) A variation of a minimally invasive
access that preserves a section of solid dentin connecting the facial and lingual aspects of the tooth
(sometimes referred to as a “truss” access), with two smaller occlusal access preparations, one to
access each of the two roots. (¢) Final completion periapical radiograph demonstrating gutta-per-
cha fill and bonded composite resin filling the pulp chamber. Note how a dentin “beam” was pre-
served in the middle of the tooth and the pulp chamber was not completely unroofed by the occlusal
access (although all pulp tissue was removed from the pulp chamber using special ultrasonic
instruments)
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Fig.4.13 Cross section at
the CEJ of a maxillary first
molar demonstrating
Krasner and Rankow’s law
of concentricity

The law of centrality states that the floor of the pulp chamber is located in the center
of the tooth at the CEJ. This often varies from the center of the occlusal surface of the
tooth, so it is important to be able to visualize the cross section of the tooth at the
CEJ. The law of concentricity states that the walls of the pulp chamber are concentric
with the external surface of the tooth at the CEJ (Fig. 4.13). That is, the occlusal outline
of the access cavity should mimic the general shape, on a smaller scale, of a cross-
sectional slice through the tooth at the CEJ. For example, a tooth that is wider in the
facial-lingual/palatal dimension than mesial-distal at the CEJ (such as a mandibular
incisor or maxillary premolar) should have a similar occlusal outline to assist in locat-
ing all canals. Krasner and Rankow [5] noted that canals were typically located at the
angle formed by the junction of two canal walls in a multi-rooted tooth. Finally, the law
of the CEJ states that the CEJ is the most predictable landmark for determining the
depth of the pulp chamber (Fig. 4.14). Even in teeth with calcified and/or receded pulp
chambers, the roof of the pulp chamber can be found at the level of the CEJ [7]. This
finding applies primarily to molars since the roof of the pulp chamber for anterior teeth
and premolars often extends coronal to the CEJ in younger patients and can recede api-
cal to the CEJ with increasing age and restorative treatment. The CEJ landmark can
serve as an excellent guide to help prevent perforation through the pulpal floor or lateral
surface of the tooth. If the pulp chamber has not been located after bur penetration to
the estimated depth of the CEJ, it is appropriate to stop and expose a radiograph (a
bitewing image is often the most useful) to determine the actual location of the pulp
space in relation to the initial access cavity (Fig. 4.15). Another general rule to help
prevent a pulpal floor perforation is to recognize that the dentin on the floor of the pulp
chamber is usually darker in color than the more coronal dentin. It may be difficult to
precisely determine the location of the CEJ in teeth with full occlusal coverage restora-
tions. These teeth often present a greater risk for pulpal floor perforation (Fig. 4.16) and
should be approached with caution. The enhanced magnification and illumination pro-
vided by a dental operating microscope is particularly important when performing end-
odontic access on teeth with full occlusal coverage restorations.
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Fig.4.14 Periapical
radiograph of mandibular
left first molar demonstrat-
ing the finding that the CEJ
is a predictable landmark
for determination of the
roof of the pulp chamber in
molars, even after the pulp
chamber becomes
constricted in a vertical
dimension (the level of the
CE]J can be seen on the
mesial of this tooth and
would also be apparent—
and measurable—on
clinical exam)

Fig.4.15 During
endodontic access of the
mandibular right central
incisor, the clinician
stopped, removed the
rubber dam, and exposed a
radiograph to help confirm
location of the canal in
relation to the access
cavity. In this case, a
perforation was avoided,
and the canal was easily
located after reviewing the
radiograph

Fig.4.16 The patient presented on an
emergency basis for evaluation and
treatment of left mandibular pain. A
diagnosis of symptomatic irreversible
pulpitis, mandibular first molar, was
established. The clinician was unable to
achieve adequate anesthesia and attempted
to rapidly enter the pulp chamber to allow
for an intrapulpal injection. Unfortunately,
visibility was impaired by bleeding from a
hyperemic pulp, and appropriate depth of
bur penetration was not determined prior to
initiating access. A furcal floor perforation
occurred. Although an attempt can be made
to repair this perforation, the prognosis is
questionable due to size and location



76 B.R.Johnson

Limited field of view cone beam computed tomography (CBCT) can also be useful
to assist in the location of calcified or receded canals, both for preoperative evaluation
and intra-treatment use [8]. Figures 4.11 and 4.17a, b demonstrate the use of preopera-
tive CBCT to assist in treatment planning and access design and location of extra canals.

Fig. 4.17 (a), (b) A CBCT was taken for both of these teeth prior to initiated access to assess
suspected complex anatomy. (a) A complex “C-shaped” canal configuration was confirmed. (b)
The presence of five canals (three in the mesial root) was detected
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4.3.3 When Not to Use a Rubber Dam

Although use of a rubber dam during root canal therapy is considered the standard
of care [9], there are special situations that justify initial access of a tooth prior to
placement of the rubber dam. However, placement of the rubber dam should always
occur prior to use of endodontic files or any other instruments or materials that
could potentially be swallowed or aspirated. The rubber dam is also essential to
assure treatment in an aseptic environment, but this is secondary to patient safety.

It may be beneficial to start access on teeth that are heavily restored, rotated, or
tipped without the initial use of a rubber dam. When the pulp chamber is located,
place the rubber dam and confirm that the pulp chamber and/or canal has been
located by tactile sense and with a small stainless steel file connected to an elec-
tronic apex locator (EAL). The EAL is an excellent tool to determine if the pre-
sumed canal space has been located or, alternatively, if a perforation was created.
Small perforations are easier to repair and have a better prognosis than large perfo-
rations. A tooth that could be easily confused with a similar adjacent tooth should
either be marked prior to access or accessed without a rubber dam to prevent treat-
ment of the wrong tooth—one of the most obvious and preventable access compli-
cations. It is often safer to access a mandibular incisor prior to placement of the
rubber dam due to the narrow mesial-distal dimension and facial inclination of these
teeth.

4.4 Selection of Burs and Instruments for Initial Access

No single bur is the best choice for all circumstances; rather, specific conditions and
tooth type can help determine the most appropriate bur for endodontic access cavity
preparation. Figures 4.18 and 4.19 show some of the many burs available, most of
which were designed specifically for access preparation. Selection will depend in
part on the presence and type of dental restoration present. Access through porcelain
or ceramic-type materials can be particularly challenging, and diamond-coated burs
are typically most appropriate. Copious water spray during access will help prevent
fracture of the ceramic material, although this is also a risk when accessing through
porcelain fused to metal or all ceramic restorations. The patient should always be
warned that a replacement crown may be necessary. Zirconia has recently become a
more popular all-ceramic material for single crowns and relatively short-span fixed
prostheses. The material is very strong and esthetic and also a very hard material to
penetrate with most burs if endodontic access is needed [10]. Special burs have been
specifically designed for use on zirconia.

After initial penetration through the roof of the pulp chamber, switching to a
non-end-cutting bur is often the best choice for refining the access while minimizing
risk of pulpal floor perforation. The Endo-Z bur (Fig. 4.18) and LA Axxess bur
(Kerr) are two examples of non-end-cutting burs that are useful for refining an end-
odontic access. Long shank burs with relatively narrow shafts and a small, cone-
shaped cutting tip provide greater visibility and precision when accessing small
teeth such as mandibular incisors (Fig. 4.20). These burs are also useful when
searching for calcified or receded canals.
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Fig. 4.18 Examples of
high-speed burs that may
be used for endodontic
access. From L to R: round
diamond, tapered diamond
with round head,
Transmetal bur, Multi-
Purpose bur, Endo-Z bur
(Dentsply Maillefer,
Johnson City, TN)

Fig.4.19 Special long
shank burs with cone-
shaped cutting tips can be
very useful for accessing
small teeth and troughing
for hidden canals (SS
White). Burs are available
in a variety of lengths and
for both high-speed and
low-speed handpieces

Fig.4.20 The extra length
of this high-speed bur
(EG1; SS White) allows
for much greater visibility
when preparing an access
opening in a small or
narrow tooth or searching
for calcified canals. The
EG1 bur has a 3.0 mm
cutting tip and the shaft
extends 17.0 mm beyond
the head of the high-speed
handpiece
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4,5 Locating Calcified Canals
4.5.1 Value of Magnification and Illumination

4.5.1.1 Loupes and Microscopes

It is difficult to overestimate the value of enhanced magnification and illumination
for the safe preparation of an endodontic access and location of small canals [11,
12]. Although the use of magnifying loupes with a dedicated light source is a defi-
nite improvement over unaided vision and standard dental operatory light, the den-
tal operating microscope provides even greater utility for the prevention of iatrogenic
mishaps, creation of an ideal access form, location of all canals, and visualization of
aberrant anatomy and cracks.

4.5.1.2 Fiber Optics

Transillumination with a fiber-optic light source directed through the facial or lin-
gual/palatal aspect of a tooth at the level of the CEJ can be used to highlight differ-
ences in dentin color and therefore assist in canal location. This is similar in principle
to transillumination with a fiber-optic light source to help in the visualization of
incomplete coronal fractures (Fig. 4.21).

4.5.2 Intra-treatment Supplemental Radiographs and Cone
Beam Computed Tomography

Even with enhanced magnification and illumination, some canals will remain elusive.
Additional intra-treatment radiographs are often useful to assist in the location of all
canals (Figs. 4.22a—d and 4.23). Since the rubber dam clamp may obscure the area in
question, it may be necessary to remove the clamp prior to exposing a radiograph
(Fig. 4.15). The potential value of CBCT is illustrated in Figs. 4.11, 4.17, and 4.24a, b.

4.,5.3 Ultrasonics and Special Burs

As mentioned in the previous section, narrow long shank burs, both low speed and high
speed, can be very useful for assisting in the location of calcified canals (Fig. 4.19).

Fig.4.21 Fiber-optic
transillumination of a
mandibular second molar
to determine the extent of a
fracture. A similar
approach can be readily
adapted to highlight
differences in dentin
density when looking for a
receded or calcified pulp
canal space
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Fig. 4.22 (a) Preoperative radiograph of a mandibular right first molar. The tooth has a pin-
retained foundation core buildup and full occlusal coverage restoration. Canals are not visible. (b)
An intraoperative radiograph was exposed to evaluate depth and direction of access to help assist
in location of the canals. (¢) An additional intraoperative radiograph was exposed when the first
canal was located. (d) Radiograph showing that three canals have been located. An electronic apex
locator was also used when each suspected canal was found to confirm that a true canal had been
found and not a perforation

Fig.4.23 Intraoperative
radiograph with small
round bur in place to assist
in orientation while
searching for calcified
canals

Ultrasonic tips are specifically designed to assist with endodontic access by dislodging
calcific deposits and pulp stones, as well as troughing for calcified canals.
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Fig. 4.24 (a) Preoperative
radiograph of a mandibular
right first molar on a
10-year-old Hispanic male.
The diagnosis was pulp
necrosis and chronic apical
abscess. A CBCT scan was
obtained mid-treatment
due to suspected unusual
anatomy. In an axial
section, three canals are
visible in the mesial root,
and a fused distolingual
root (white material in this
canal is calcium
hydroxide) is present and
two possible canals in the
main distal root

\

4.6 Managing Teeth that Are Rotated, Crowded, Tilted,
or Heavily Restored

Teeth that are not heavily restored and in normal position in the dental arch can
also present challenges if attention is not paid to usual tooth inclination and
anatomy. The most common perforation sites by tooth type are listed in Table 4.1.

If a crown is present, removal prior to endodontic treatment is sometimes indi-
cated and can greatly facilitate caries excavation, evaluation of restorability, proper
isolation of the tooth, and location of calcified canals. Figure 4.2 shows a maxillary
second molar with moderate mesial inclination and full occlusal coverage restora-
tion. If the fixed partial prosthesis is treatment planned for replacement, safe and
efficient endodontic therapy is best assured by removal and temporization prior to
root canal treatment. If replacement is not planned, then access through the bridge
abutment should proceed carefully, with constant attention to proper angulation of
the bur and depth of penetration. As in many cases, intraoperative radiographs can
be useful although it will not be possible to determine the precise location of the bur
until the tip of the bur is apical to the crown margin.
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Table 4.1 Common perforation sites

Common
Tooth type perforation site Reason
Maxillary incisors Facial Inclination of the tooth
Mandibular incisors Mesial or distal Narrow mesial-distal width, inclination of the
most common, tooth
facial also
possible
Maxillary premolars Mesial or distal ~ Narrow mesial-distal width and natural mesial
concavity on first premolars
Mandibular premolars ~ Facial Lingual inclination of crown with relatively
vertical alignment of the root in the alveolus;
therefore, an access perpendicular to the lingually
inclined occlusal surface can perforate on the
facial surface before reaching the canal space
Mandibular molars Lingual Lingual inclination of the entire tooth in relation
to the occlusal plane
Maxillary and Furcation Failure to identify floor of the pulp chamber
mandibular molars with during access

receded pulp chambers
and calcified canals

4.7 Management of Complications During Access

Bur separation during access is a fairly uncommon complication unless excessive
pressure is applied during access and/or the bur is dull from multiple previous uses.
If this happens prior to reaching the pulp chamber, the rubber dam and high-speed
suction should prevent possible aspiration or ingestion of the separated fragment.
Obviously, the potential for aspiration or ingestion is greater if the initial access is
being performed prior to placement of the rubber dam. In this situation, the main
consideration is location of the separated piece or confidence that it was removed
from the oral cavity by the high-speed suction. Once the pulp chamber is unroofed,
a separated bur can drop into the pulp canal space and may be challenging to remove.
Figure 4.25 shows a nickel-titanium orifice opener that separated during refinement
of the molar access and coronal shaping and was subsequently pushed deeper into
the mesiobuccal canal during an attempt to remove it (note another separated nickel-
titanium rotary file is present in the mesiolingual canal).

Excessive bleeding from the pulp during access can be disconcerting and greatly
diminishes the ability to visualize all internal aspects of the preparation. It is impor-
tant to be able to recognize whether the bleeding is due to a highly inflamed pulp or
a pulpal floor perforation. This is one of the many reasons why a pulpal diagnosis
must be established prior to access. In teeth with highly inflamed pulps, the bleeding
often observed during initial access is normal. The solution is to remove all coronal
pulp tissue with a non-end-cutting high-speed bur, a low-speed large round bur, or a
sharp spoon excavator. If bleeding still persists, it may be necessary to remove the
bulk of the coronal pulp tissue from the canal(s). This can be safely accomplished
with rotary nickel-titanium orifice opener instruments, carefully advanced
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Fig. 4.25 Mandibular
right first molar with
separated nickel-titanium
access opener file in the
mesiobuccal canal and a
smaller separated
instrument in the
mesiolingual canal

Fig. 4.26 Maxillary left
first molar with a large
perforation in the furcal
floor of the pulp chamber.
Although repair could, and
probably should, be
attempted, the prognosis is
unfavorable due to size and
location

approximately one-third to one-half the estimated canal length. If done properly, the
bulk of the pulp tissue will be removed, bleeding will be controlled to allow for
refinement of the access, and the risk of creating a ledge in the canal is minimal. A
greater concern is bleeding due to a perforation. This should always be suspected if
sudden bleeding is observed in a tooth with a diagnosis of pulp necrosis. The amount
of bleeding from a perforation is usually less than that seen from highly inflamed
pulp and can be controlled by applying direct pressure with a small cotton pellet
soaked in local anesthetic solution containing 1:100,000 epinephrine. If a perfora-
tion is confirmed, referral to a specialist for evaluation and management is
recommended.

Perhaps the most serious complication during endodontic access is creating an
unintended communication (perforation) through the pulpal floor (Fig. 4.26) or an
external surface of a tooth at or below the level of the periodontal attachment. The
three primary variables for predicting outcome of a repaired perforation are location,
size, and timeliness of repair (decreasing the risk of microbial contamination). That is,
a better outcome can be expected if the perforation is small, located apically and dis-
tant from potential communication with the oral cavity, and repaired as soon as pos-
sible after occurrence. A perforation coronal to the periodontal attachment can often
be adequately sealed by the final coronal restoration. As the perforation site moves
apically, into or just apical to the periodontal attachment, options include surgical flap
reflection and external repair with a resin-modified glass ionomer restorative material,
orthodontic extrusion to expose the perforation area prior to repair (assuming
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Fig.4.27 (a) Preoperative radiograph of maxillary right second premolar with full occlusal cov-
erage ceramic restoration. The diagnosis was necrotic pulp and asymptomatic apical periodontitis.
(b) A perforation on the distal aspect of the tooth occurred during access. This radiograph shows a
file in place confirming the perforation. Strategies to prevent this iatrogenic mishap include initial
access without the rubber dam and careful attention to the long axis of the tooth. (¢) The perfora-
tion was immediately repaired via an orthograde approach using a dental operating microscope for
visualization of the perforation and placement of EndoSequence® BC RRM™ (root repair mate-
rial) (Brasseler, USA). Note that a small piece of gutta-percha was temporarily placed in the main
canal to prevent inadvertent blockage of the canal. The gutta-percha was removed after perforation
repair and instrumentation of the canal space continued. (d) Immediate postoperative image of
repaired perforation and calcium hydroxide placed in main canal

adequate crown/root ratio), or a surgical crown-lengthening procedure to allow for
access to the perforation site. If the perforation is in the furcation or apical to the peri-
odontal attachment, an internal repair through an orthograde approach should be the
first choice (Figs. 4.27a—d). Fortunately, several highly biocompatible materials are
currently available for perforation repair (e.g., mineral trioxide aggregate [MTA], BC
putty, and Biodentine). All of these are calcium silicate-based bioceramic materials
and actually encourage bony healing. Internal perforation repair is best performed
under a dental operating microscope for optimum visualization of the area and mate-
rial placement. If the perforation extends beyond the root surface into the bone, pack-
ing a resorbable collagen material (e.g., CollaCote) beyond the external root surface
to form a matrix is often recommended. This matrix allows for adequate condensation
of the repair material without excessive extrusion into the PDL and bone.
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Instrumentation-Related Complications 5

Obadah H. Attar, Sami M. Chogle, and Tun-Yi Hsu

5.1 Introduction

Similar to other disciplines of advanced dentistry, a clinician may encounter
complications or unforeseen circumstances during endodontic therapy. Every clini-
cian performing endodontic procedures would have experienced a range of out-
comes ranging from a case well done to an unfavorable prognosis related to a
procedural accident. Examples of complications during the root canal procedure
include ledge formation, separated instruments, and over-instrumentation. However,
fear of procedural accidents should not deter a practitioner from performing root
canal treatment. An experienced clinician uses knowledge, clinical skill and acu-
men, experience, and awareness of his or her own limitations to minimize these
accidents.

It is important to adhere to the biological and mechanical objectives for shaping
canals and cleaning root canal systems [1, 2] to minimize needless complications
such as blocks, ledges, over-instrumentation, and periapical tissue damage.
Regrettably, these events are clinically encountered and can drastically reduce the
prognosis of the treatment. Although prevention is the key (due to their irreversible
nature), in the presence of such complications, the role of perseverance and patience
cannot be overemphasized. With the aid of magnification, illumination, advanced
techniques, and appropriate instruments, the experienced clinician can negotiate
most blocks and ledges within the root canal system. However, over-instrumenta-
tion and the ensuing damage to apical tissues require additional corrective measures
and an assessment of the prognosis before continuing the treatment.

During root canal preparation, another risk included is that of instrument break-
age or fracture. Although most clinicians associate a “broken instrument” with a
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separated file, this may even include a silver point segment, a broken Lentulo instru-
ment, a Gates-Glidden drill (GG drill), or a portion of a carrier-based obturator
[3, 4]. In terms of frequency, the addition of rotary NiTi files to almost every clean-
ing and shaping technique has contributed to a higher number of fractured NiTi
instruments [5, 6]. Over the years a variety of approaches for managing broken
instruments have been presented. Specifically, the increasing utilization of the dental
operating microscope and ultrasonic devices into clinical practice has allowed for
visualization and manipulation of the fractured instrument, favorably affecting the
probability of instrument segment removal and the prognosis of such teeth [7, 8].

Treating similar teeth in patients with comparable medical and dental histories
does not ensure similar outcomes. Some patients may experience postoperative dis-
comfort after initiation or recent completion of an endodontic procedure while others
may not. The contrasting clinical outcomes may lead to false conclusions about the
cause-effect relationship of endodontic procedures to the “flare-up.” The development
of inter-appointment pain, with or without swelling, is an infrequent but challenging
problem. Multiple complex factors may be involved including mechanical, microbial,
chemical, immunological, gender, and psychological components [9, 10]. Prospective
studies show an overall incidence of 1.8-3.2% [11, 12]. Even though the overall
occurrence is low, flare-ups represent such a significantly stressful situation to the
patient that it demands concern and attention to its resolution and possible prevention.
It is especially distressing for a previously asymptomatic or minimally symptomatic
patient to experience moderate to severe pain and swelling after treatment.

This chapter outlines the causes, prevention, treatment, and prognosis of various
types of procedural accidents that may occur in root canal instrumentation. The role
of factors including proper case selection, treatment planning, and attainment of
advanced skills in the prevention of complications will be addressed. When an inci-
dent does occur during root canal instrumentation, the importance of communica-
tion with the patient regarding the incident, the procedures necessary for correction,
the alternative treatment modalities, and the effect of this accident on prognosis, all
of these, will also be discussed.

5.2 Reversible Errors

Tatrogenic errors discussed in this section are referred to as “reversible” because
most often complete or partial recovery from the problem can be successfully estab-
lished. The ability to recover from iatrogenic misadventures and render them
“reversible” depends largely on the timing of identification of the problem during
root canal therapy. If errors undergo unrecognized, this may lead not only to inabil-
ity to correct the error but also to creating other errors that may or may not be cor-
rectable in a “domino effect.” Clinical expertise plays an important role in
recognizing and recovering from errors as they happen. Expert clinicians are not
only able to correct errors but most importantly identify potential challenges and try
to avoid them, which happens during the diagnostic phase of the root canal therapy.
Such errors are discussed below.
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5.2.1 Blockage

Blockage of the root canal system occurs when the original working length is lost,
leading to an “immature” stop within the root canal system short of the anatomical
canal length. This can be recognized clinically by using the electronic apex locator,
which will show loss of canal potency and ability to establish the working length to
the minor constriction zone, or radiographically by showing the initial file short of
the working length. Clinically, iatrogenic blockage happens after a glide path has
been established to the working length. Blockage can happen because of:

1. Pushing dentinal shavings and other root canal debris such as pulp stones api-
cally and creating a blockage at any level of the root canal system

2. Introducing foreign materials within the root canal system such as separated
files, ultrasonic tips, restorative materials from the access cavity, etc.

Blockage of the root canal system can be avoided by taking proactive measures
starting at access cavity preparation and removing any weak or undermined restor-
ative material that can be dislodged and introduced deep within the root canal
system. Amalgam or other restorative materials such as composite or glass iono-
mer can break down during instrumentation phase of root canal therapy and can be
dislodged within the canals, with greater risk after coronal preferring of the canals
and when the orifices are at a larger size. Complete removal of any suspicious
restorative material or pulp stones that may get dislodged from the access walls is
essential to avoid disintegration of the restorative materials and establishment of a
straight line access that is free from contact with access cavity walls. All access
cavity refinement is advised to be completed before coronal preflaring of the root
canal system to minimize the possibility of foreign materials to fall into the canal
space. Preflaring with rotary instruments such as Gates-Glidden burs for orifice
shapers should be done to a length short of the length established with hand files.
Rotary instruments should not be taken further than what hand instruments have
already achieved. Early introduction of rotary instruments without establishing a
glide path or exploring the canal anatomy with hand files may lead to blockage or
loss of canal anatomy continuity, which renders finding and negotiating narrow
canals difficult.

Maintaining enough canal lubrication and copious irrigation during hand and
rotary instrumentation is essential to avoid iatrogenic errors such as file separation
and blockage. Several instrumentation techniques have been introduced to mini-
mize packing debris apically as the root canal systems are being instrumented, espe-
cially when canal size closely approximates the file size. For example, crown-down
technique with coronal preflaring facilitates irrigation of the coronal portion of the
canal early during instrumentation and removes pulp tissue debris from the coronal
portion of the canal, which often packs the most significant amount of the pulp tis-
sue and debris. It facilitates working length establishment by removal of canal irreg-
ularities and allows proper gauging of the apical foramen by elimination of coronal
constriction that may provide a false gauging of the apical area [13].
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Blockage can also be avoided during instrumentation by frequent recapitulation
of the canal to the working length using potency files. Goldberg et al. define a
potency file as a small K-type file which can be passively introduced through the
apical constriction without actively widening it [ 14]. This will prevent accumulation
of dentinal shavings at the apical area and help clean any potential blockage as it
happens. If dentinal blockage is identified, it should be carefully negotiated with
smaller hand files that can gently “bind” at the blockage level and instrumented
until bypassed.

Other types of canal blockage can happen when rotary instruments and ultra-
sonic tips separate within the root canal system. Prevention, management, and out-
comes will be discussed in the following section.

5.2.2 Separated Instruments

Modern rotary instruments and instrumentation technique minimized instrument
separation significantly that nowadays it’s considered a safe and predictable way to
clean and shape the root canal system predictably. Instrument separation can be
prevented by following manufacturer’s recommendation for operational speed,
torque, and sequence of usage. Two types of fatigue result in rotary file separation,
cyclic and torsional. Cyclic fatigue happens when the rotary file is kept around the
curve for too long. Torsional fatigue happens when the file tip at any length is par-
tially or completely locked within the canal while the shaft continues to move at the
set torque and speed. This can happen if excessive pressure is applied to the file,
leading to increased friction to canal walls, or if the operator skips files resulting in
increased stresses to files. Canal instrumentation without proper irrigation increases
the amount of stress on the file by blocking the flutes.
How to prevent:

1. If using rotary instruments:
(a) Follow manufacturer’s recommendation (speed, torque, use, etc.).
(b) Never keep rotating files in canals for too long (especially in curved canals).
(c) Don’t push the file into the canal or exert pressure. Let the file guide you.
(d) Never skip file sizes.
(e) Use copious irrigation in between instrumenting.
(f) Dispose used files.
(g) Adequate access preparation to achieve straight line access is very
important.
(h) Manually instrument root canal systems first to create a glide path for rotary
instruments.
(i) Keep in mind that larger files are more susceptible to fatigue failure.
(G) 0.06 has less resistance to fracture than 0.04 tapered instruments.
2. If using hand instruments:
(a) Use copious irrigation/lubrication.
(b) Do not force or wedge instruments into a canal. Instead, they should be
teased gently into place.
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()

(d)
(e)
()

(2)

(h)

®

Sequential instrumentation—using the quarter-turn technique and increas-
ing file size only after the current working file fits loosely into the canal
without binding.

Gradual increase in file sizes.

Flutes should be cleaned regularly.

Use alternative instrumentation techniques such as balanced force
technique.

An instrument that cannot be inserted to the desired depth should be removed
and the tip modified to slightly bend before resuming the pathfinding
process.

Inspect rotary and hand instruments before use. Unwinding or overwinding
of hand instruments should be identified, and files should not be inserted into
the canal. Remember that rotary files may not show early signs of fatigue
like stainless steel hand files.

The degree of rotation of hand files within the root canal system is the major
factor in file separation. Overturning a hand file is what usually breaks the
file, not the pull strokes.

3. If using ultrasonics:

(a)
(b)

Use manufacturer’s recommendation (power setting, use, etc.).
Inspect ultrasonic tips: if the diamond coating is gone, dispose the instru-
ment to avoid applying more pressure on the instrument to make it cut.

Management of separated instruments depends on the size, type, stage of

cleaning and shaping during which the instrument was separated, and the clinical
ability to retrieve or bypass the separated instrument (Table 5.1). Instruments
separated before the completion of the biomechanics preparation of the canal can
impact the success of the treatment [15]. Cases with pulp necrosis, periapical
lesions, and instruments separated short of the working length are expected to
have lower success rate than vital cases with no periapical lesions at the working
length [16].

Several techniques have been introduced to retrieve separated instruments. Files

can be loosened using ultrasonic instruments especially those that break at the coro-
nal or middle third of the canal and can be visualized under the surgical operating

Table 5.1 Protocol for fractured instruments

Fractured instrument (can it be bypassed?)
Yes
Continue biomechanical preparation. Apical third Middle/coronal third
Do not attempt to remove the

fractured part of the instrument

No (consider the location)

Removal is Is straight line access possible?
not advisable
Yes No
Consider attempt at Do not
removal keeping in attempt
mind the risks vs. removal

benefits
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Fig. 5.1 Separated rotary endodontic file. Separated
rotary file in tooth #9 that was retrieved using ultrasonics
to loosen the file coronally

microscope (Fig. 5.1). Other systems are designed specifically for that purpose,
such as Instrument Removal System or “IRS,” Masseran system, Terauchi File
Retrieval Kit, etc. Cone beam volumetric tomography analysis can help to deter-
mine the exact location of the separated instrument and certain anatomical chal-
lenges that can be encountered during instrument retrieval such as root curvature
and concavities. Proper understanding of the limitations and indications for each
technique is essential for the success of the procedure and to avoid introducing
additional problems to the endodontic treatment rendered.

5.3 Irreversible Errors

Irreversible errors often are the product of reversible errors that were ignored or
unidentified, compromising the endodontic treatment outcomes. Some of these
errors can have greater impact than others depending on the magnitude, location,
and stage at which they were introduced into the procedure. Errors discussed in this
section include ledging, zipping, transportation, gouging, over-instrumentation,
damage to the periapical tissues, and flare-ups.

5.3.1 Transportation

Transportation of the canal can be defined as “the initial deviation of the original root
canal pathway by the removal of dentinal wall on the outer curve and may result in
creation of a new canal pathway” (Fig. 5.2). Rotary files vary in the cutting efficiency
at their tip. The more aggressive the tip is, the more likely it is to start creating its own
path or “transport” the canal. Excessive pressure during rotary instrumentation of
introducing larger files in smaller canals can result in aggressive cutting at the tip and
loss of the flexibility of the file to be able to follow the original path of the canal. Files
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canal
Mam canal
space
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Fig.5.2 Transportation/ledge formation: tooth #19 with ledge formation at the distal canal that
was bypassed. Note the external transportation of the mesial root canal system. (a) Internal
transportation: internally transported canal deviating from the natural canal curvature. (b)
External transportation: external transportation beyond the working length compromising the
minor/major constriction zone. Note elbow area above the transported area

with a radial land behind the cutting edge are referred to as “landed files” and that
geometric feature can help in keeping the file centered within the root canal system
and preventing the file from deviating from the canal curvature to some degree.
Holding rotary files at rotation short of the working length results in excessive grind-
ing on the outer walls as the file tries to resolve to its original linear shape, especially
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files with less flexibility. If undetected, transportation may lead to hedging, zipping,
gouging, or even perforation of the root canal wall.

5.3.2 Ledge

Canal ledge can be defined as “an iatrogenic error created during instrumentation of the
root canal system resulting in an irregularity in the surface of the root canal system—
often times the outer wall of the curvature - that result in the creation of an artificial step
within the root canal wall that prevents file placement beyond the irregularity”
(Fig. 5.3). Continuous instrumentation short of the working length can force the file tip
to start deviating from the original canal anatomy and start creating its own path, which
starts with a ledge. This will create a “step” within the root canal system which makes
it difficult to bypass into the remainder of the canal especially with rotary files that can-
not be precurved to bypass the ledge (Fig. 5.4). A ledge can be removed by successive
enlargement of the canal to eliminate irregularities, but it depends largely on the size of
the ledge. Ledges usually occur on the outer curvature of the canal walls where the file
tip tends to straighten the canal and may result in the file abruptly stopping short of the
working length since it’s hitting the step created every time the file glides through the
canal. If unidentified, ledges can proceed into a larger gouging or elbow and eventually
into apical perforation into the outer canal wall.

Ledge formation

ummmmmml Debris blockage

Ledge

Fig. 5.3 Ledge formation: canal blockage results in ledge formation
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Fig. 5.4 Ledge: tooth #30
with ledged distal canal
that was bypassed

5.3.3 Zipping

A zip can be defined as an “iatrogenic error created during instrumentation of the
root canal system resulting in a tear-drop irregularity in the outer wall of the apical
third of a curved root canal system, it’s basically a transportation of the outer wall
that results in a reverse-taper at the apical third.” The term “apical zip” was first
introduced by Weine and Kelly in 1975 [17]. Zipping can result from introducing
large size files to the working length and keeping the rotary file rotating around the
curve close to or at the apex resulting in excessive grinding into the outer canal
walls. Over-instrumentation of a curved canal beyond the apical foramen can also
result in zipping since the file tip has no guidance within the inner walls of the
canals, creating its own path by straightening the canal. Zipping the canal poses a
challenge in establishing an apical stop at the working length and preventing extru-
sion of the materials beyond the apex. Precautions should be taken to prevent push-
ing obturation materials beyond the apex, and sometimes apexification with the
creation of an artificial stop at the apical third of the canal should be considered to
avoid overextension of obturation materials, especially if thermo-plasticized obtura-
tion techniques are to be used.

5.3.4 Gouging/Elbow

Gouging the root canal walls can happen at any level beyond the orifice and can be
the result of forcing rotary instruments such as Gates-Glidden burs beyond the resis-
tance level. Canal elbows are “the area of the root canal system immediately coronal
to the transported or zipped irregular area.” The curved canal morphology shows an
hourglass appearance.
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5.3.5 Damage to the Periapical Tissues/Flare-ups

Defined by American Association of Endodontists [18], flare-up is the acute exacer-
bation of an asymptomatic pulpal and/or periradicular pathosis after the initiation or
continuation of root canal treatment. The term has been generously used for situa-
tions not only limited to the abovementioned but also any significant additional
development of symptoms or signs after procedure, whether it was initially symp-
tomatic or asymptomatic and whether the treatment was still in progress or
completed.

Flare-up complicates the treatment course. It is an undesired situation that makes
the patient suffer both physically and psychologically. Although mostly minor to
moderate [11], flare-up may turn into more severe and systemic complication, such
as acute alveolar abscess and cellulitis. With the positive expectation after treat-
ment, patient usually is frustrated and anxious when they experience flare-up.
Patient may question the validity of the treatment and the competency of the practi-
tioner. Practitioner, on the other hand, needs to arrange the unscheduled emergency,
to repair the potentially undermined patient-doctor relationship and to manage the
adverse clinical situation.

The frequency of flare-up varies from as low as 1.58% [12] to an average 8.4%
by meta-analysis between 1966 and 2007 [19]. The older studies tend to have higher
incidence, while the more recent ones generally have lower number with modern
approach. The unclear definition of flare-up and different inclusion/exclusion crite-
ria explain part of the variation. Risk factors such as sex, age, systemic diseases,
preoperative pulp and periapical conditions, treatment modalities, inter-appoint-
ment medicament, and one- or multiple-visit treatment were widely investigated
[11]. Among those, patient factors, such as necrotic pulp, symptomatic apical peri-
odontitis, and acute apical abscess [20], and treatment factors, such as retreatment,
over-instrumentation, and hyper-occlusion, have been associated with higher inci-
dence of flare-up.

The etiologies of flare-up can be categorized into mechanical, chemical, and
microbial [10]. A flare-up incident can be contributed to any one or a combination
of any other two reasons. If not performed in a controlled manner, the mechanically
insulted tissue would have increased but not reduced inflammation after procedure.
The direct injury to the periapical tissue by extending instrumentation beyond api-
cal foramen is a common reason for the development of postoperative pain. Once
the inflammation is initiated, it takes 24—48 h before it subsides if without sustain-
ing factors. In vital cases, the incidence of postoperative flare-up is similar between
pulpotomy and incomplete/complete cleaning and shaping [11]. Hyper-occlusion
directly challenges the periapical area and worsens the existing condition. Chemical
agents including irrigation solutions, inter-appointment medicament, and obturation
material bring significant inflammation to the periapical tissue if overextended.
Both the mechanical and chemical insults usually result in immediate development
of postoperative pain and/or swelling. The lack of continuing sustaining factors usu-
ally renders this situation self-limiting.
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Microbial cause, however, requires close attention as it has greater association
with flare-ups that develop into abscess and more. The microbial cause includes both
the microorganisms and their by-products [21]. The changes of both the quality and
quantity of microbial composition in root canal system and the periapical tissue after
procedure, the increase of microbial loading by extruded infected debris, and the
introduction of secondary infection from procedure or coronal leakage all account
for flare-ups of microbial cause. Once active infection is established, it triggers a
complex immune/inflammatory cascade locally and/or systemically, which turns into
pain, swelling, abscess, or cellulitis depending upon host susceptibility [22].

The preventive measures should focus on minimizing mechanical, chemical, and
microbial factors. Preoperative radiographs need to be of diagnostic quality with
distinct contrast and correct proportion at different angles for anatomy assessment.
Working length verification requires both radiographs and electronic apex locator
for better accuracy [23]. Within the confine of root canal system and being passive,
effective irrigation needs working concentration above threshold and sufficient vol-
ume, frequency, and adjunct effort such as mechanical or ultrasonic agitation to
ensure and enhance its efficiency and efficacy [24, 25]. Early introduction and con-
stant irrigation into root canal system, along with coronally directed instrumenta-
tion, minimize debris buildup and extrusion [26]. The dispensing of inter-appointment
medicament prefers to have maximal contact area reaching full working length but
not to be extruded to damage apical tissue [27]. The choice and design of the tem-
porary restoration are based on the clinical situation for the protection of the integ-
rity of the tooth structure and the prevention of secondary coronal infection before
the tooth is permanently restored.

Contrary to the common practice [28], antibiotic prophylaxis has been shown to
have no value to decrease the incidence of flare-ups [29]. However, pretreatment
30 minutes to 1 h before procedure and posttreatment for 24-48 h of NSAID (nonste-
roidal anti-inflammatory drugs) or acetaminophen have been proven to reduce the
incidence and intensity of postoperative pain significantly [30-32]. Long-lasting
anesthesia such as bupivacaine block anesthesia also showed significant relief from
central sensitization and decreased incidence and intensity of postoperative pain [33].
Occlusion reduction only helps if there were preexisting periapical symptoms [34].

As all the treatment risk and options, the best moment to inform and communicate
with the patient is before the procedure. The potential incident of flare-up and its
management should always be an essential part of postoperative instruction. Patient
can therefore make an informed decision with full disclosure and mentally be pre-
pared in the infrequent event of a flare-up. Once occurred, being suffered from the
discomfort and distressed from the disruption of the recovery course, it is important
to reassure the patient with genuine empathy, availability of timely care, reiteration
of etiology and treatment outcome, and adequate effective management.

It is critical that whenever there is persistent, worsening, or additional symptom
and/or sign, a differential diagnosis needs to be reestablished to rule out other
offending source. A major part of the management has to do with the identification
of infection in addition to inflammation. In the case of vital pulps, whether debrided
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completely or not, it is mostly inflammation by nature at least initially. Strategy to
reduce inflammation is the goal. Pharmacological management such as the use of
NSAID or intra-canal/systemic steroid has shown significant results [35, 36]. If
incompletely debrided at the first place, a thorough pulpectomy should be consid-
ered to remove the remaining inflamed tissue. If completely debrided already, reen-
tering the root canal system may not address the periapical inflammation unless
there is drainage needed. Other identifiable factors such as history of overextended
irrigants, inter-appointment medicament, and obturation materials share similar
approach. Hyper-occlusion of the temporary restoration is another common irritat-
ing factor.

Cases that are initially vital when treated but without follow-up treatments or
challenged by secondary infection because of inappropriate or overdue temporary
restorations are susceptible to apical infection as in the necrotic cases. The clinical
presentation includes typical signs of infection which include locally with signifi-
cant exudation, swelling, abscess, and cellulitis or systemically with fever, chill,
malaise, etc. This may require incision and drainage, drainage through the tooth,
and antibiotic treatment.

Conclusion

Complications related to instrumentation may arise from different iatrogenic
errors and may progress in terms of difficulty to recover and implications of the
success of the root canal treatment. It is important to note that complications dur-
ing instrumentation may result in challenges and complications during irrigation
and obturation of the root canal systems. Patient should be informed before treat-
ment of the possible problems that may arise during treatment, and proper docu-
mentation is necessary to prevent legal and ethical dilemmas. Prevention, early
identification, and proper management may improve the overall success rate of
the root canal treatment, and proper follow-up intervals relevant to the complex-
ity of the error improve the overall quality of care provided to the patient.
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Complications due to Root Canal 6
Filling Procedures

Gianluca Plotino, Mauro Venturi, and Nicola Maria Grande

6.1 Introduction

Microorganisms and their by-products are the major cause of pulpal and periapical
disease [1]. The purpose of root canal treatment is either to maintain asepsis of the
root canal system or to disinfect it adequately, in order to preserve normal periradicu-
lar tissues or when apical periodontitis has occurred to restore them to health [2].

These objectives are pursued by removing remaining pulp tissue and by eliminating
debris and microorganisms through instrumentation and irrigation [2]. However, it is
often impossible to achieve the complete elimination of bacteria from infected root
canal systems [3]. For this reason, the proper placement of an adequate tight root canal
filling has been recognized as an important aspect for a successful outcome in endodon-
tic treatments [4—7] aiming to prevent recolonization of the root canal system by oral
microbiota [8, 9] and to block the portal of exit to the periapex for organisms that, even
after instrumentation and disinfection, have survived in the pulp cavity, thus preventing
the coronal and apical penetration of tissue fluids into the canal space that may serve as
a source of substrate for persistent bacteria [10, 11] (Figs. 6.1 and 6.2).

Unfortunately, root canal filling does not invariably provide a complete seal of root
canals [12], although it may entomb many microorganisms remained within them.
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Fig.6.1 (a) Micro-computed tomography axial section of a tooth with the root canals filled. The mate-
rial appears in black color and shows a good filling of the root canals. (b) Micro-computed tomography
axial section of the same tooth showing a lack of flow of the filling material in the apical isthmus
between the root canals and the presence of some voids (in white). (¢) Microcomputed tomography
cross section of the same tooth within the two root canals in the apical third, showing a good filling of
the prepared root canals. (d) Micro-computed tomography cross section of the same tooth within the
two root canals and the isthmus in the coronal third showing a good filling of the endodontic space

Nevertheless, the combined effects of both host immune responses and operating pro-
cedures allow to obtain high percentages of success of endodontic treatment [13—15].
However, in relation to the endodontic treatment, complications may occur, some of
which may also be caused by the filling techniques and the materials used.

Some complications of endodontic treatment depend on the difficulties with
tools and materials that dental practitioners have to use within complex spaces [16—
19]. A correct diagnosis, a treatment plan, and the knowledge of anatomical varia-
tions of the root canal system are necessary to obtain a favorable outcome of the
endodontic treatment [20, 21].



6 Complications due to Root Canal Filling Procedures 103

Fig. 6.2 A second left lower molar has been treated showing a root canal filling flush to the apex
and obtaining a good seal without any filling material extrusion

Many studies have demonstrated that mechanical instrumentation and intra-
canal irrigation during root canal therapy result in a reduction of bacterial counts
[22-24]. Indeed, most of the studies fail to adequately report clinically important
and potentially patient-relevant outcomes [25], and there is currently insufficient
reliable evidence showing the superiority of any one individual irrigant [25].
Moreover, there are no studies showing that the use of irrigants currently available,
as well of any instrumentation technique, allows for a root canal space free of bac-
teria [25-28]. During mechanical instrumentation, an amorphous layer of tissue
remnants is deposited on the surface of the root canal. This “smear layer,” consisting
of organic and inorganic materials as well of bacteria and their by-products, may
prevent adhesion of sealers to the canal wall and seems to serve as a substrate for
bacterial growth. The current opinion is that removing the smear layer is useful and
that the removal should be carried out before root canal filling [25-27, 29-32].
White et al. [33] observed that plastic filling materials and sealers penetrated den-
tinal tubules after removal of smear layer. Oksan et al. [34] also found that smear
layer prevented the penetration of sealers into dentinal tubules. Tubular penetration
increases the interface between the filling and the dentinal structures, which may
improve the ability of a filling material to prevent leakage [35].

6.2  Root Canal Filling Materials
6.2.1 Characteristics of Ideal Root Canal Filling Materials

The quality guidelines for endodontic treatment of the European Society of
Endodontology state that materials used to fill the root canal system should be
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biocompatible, dimensionally stable, able to seal, unaffected by tissue fluids, insol-
uble, nonsupportive of bacterial growth, radiopaque, and easily removed from the
canal if retreatment is needed [2, 36].

Grossman [37] listed the characteristics of an ideal root canal filling material as
follows:
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It should be easily introduced into the root canal.

It should seal the canal laterally as well as apically.

It should not shrink after being inserted.

It should be impervious to moisture.

It should be bacteriostatic or at least not encourage bacterial growth.
It should be radiopaque.

It should not stain tooth structure.

It should not irritate periradicular tissues.

It should be sterile, or easily and quickly sterilized, immediately before
insertion.

It should be removed easily from the root canal, if necessary.

Historical Background

The Beginning of the Use of the Gutta-Percha

Information about the use of the gutta-percha as root canal filling material
before the beginning of the twentieth century are scarce and vague.

In the 1800s and before, materials such as medicated cotton pellets, tin

foil, oxychloride of zinc, lead foil, plaster of Paris, gold foil, wood, spunk,
oxyphosphate of zinc, zinc oxide, paraffin, copper points, and various others
were used to fill root canals.

In 1847, Hill developed the first root canal filling material containing

gutta-percha, called “Hill’s stopping”. The compound, which mainly con-
tained bleached gutta-percha, calcium carbonate, and quartz, was patented in

1848 and then made available for dental use [38, 39].

In 1867, Bowman was credited with using gutta-percha points to fill root

canals by the St. Louis Dental Society [38, 39].

In 1883, Perry declared that he had used a point of gold wire coated with

softened gutta-percha, a sort of anticipation of modern techniques for the use
of the gutta-percha delivered by a carrier. He also softened strips of gutta-
percha with a lamp and rolled them, thus preparing gutta-percha points. Then
the points were heated and compacted into the canals in which it introduced
alcohol, realizing something similar to a chemical softening technique [40].

In 1887, the S.S. White Company began to produce gutta-percha points

[41]. In 1893, Rollins introduced gutta-percha to which was added vermilion,

which contains mercury. However, the use of this material was not considered
acceptable [42].

Callahan in 1914 introduced the use of resin to soften and dissolve gutta-

percha so that it could be used as a cementing agent [43].
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The Silver Points

In 1933, Jasper introduced the silver points [44] that were widely used to fill
the root canals in the 1930s to the 1960s, particularly in smaller canals. They
had the same size as instruments used in the preparation of the canal. Silver
points could be inserted easily and allow for easy working length control. The
main disadvantage of silver points is that they do not seal laterally or apically
due to their lack of plasticity. They left too much space to be filled by sealer,
thus leading to leakage, that caused corrosion of the silver points and forma-
tion of cytotoxic silver salts [45—47].

Silver points used in smaller canals could be successful, but their use in
larger canals was inappropriate and gave rise to failures. The silver point use
declined because of their inherent disadvantages, and currently there are no
indications for their use.

The Medicated Materials

The use of X-rays progressively is made possible to better evaluate the root
canal fillings, and it was evident that other materials suitable to fill the observed
gaps should be used. At first zinc oxide- and eugenol-based cements, which
were able to harden in the root canals, were used, but the results obtained with
these materials were unsatisfactory. So it was thought appropriate to propose
the use of fillings with antiseptics and medicated cements, and pastes were pro-
posed, containing phenol, formaldehyde, antibiotics, and endomethasone.

In 1965, Sargenti introduced a paste originally marketed as N-2, contain-
ing 6.5% paraformaldehyde, lead, and mercury [48-50]. Lead has subse-
quently been reported in distant organ systems when N-2 is placed within the
radicular space [51]. In another study, the investigators reported the same
results regarding systemic distribution of the paraformaldehyde component of
N-2 [51, 52]. Removal of the heavy metals from N-2 resulted in a new formu-
lation: RC2B. Other paraformaldehyde sealers include endomethasone,
SPAD, and Reibler’s paste.

In general, the toxic and adverse in vivo effects of these materials on the
pulp and periapical tissues have been demonstrated over time [53, 54]. In
addition to the toxic nature of these materials, clinicians placed them with a
lentulo spiral. Overextension often resulted in osteomyelitis and paresthesia.
One clinician reported irreversible neurotoxicity, manifested as dysesthesia,
in cases where paraformaldehyde pastes were forced through the apical fora-
men into the periapical tissues [55].

6.2.2 Characteristics of an Ideal Root Canal Filling

An ideal root canal filling three-dimensionally fills the entire root canal system as
close to the cemento-dentinal junction as possible. Indeed, on the basis of micro-
scopic analysis and clinical tests, it has been reported that optimum filling is
achieved when canals are instrumented and filled O to 2.0 mm short of the root apex
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[56, 57]. Root canal sealers, most of which have been shown to be biocompatible or
tolerated by the tissues in their set state, are used in conjunction with a core filling
material to establish an adequate seal. Radiographically, the root canal filling should
have the appearance of a dense, three-dimensional filling that extends up to 0-2 mm
from the radiographic root apex [2] and should be extended to the terminus of the
root canal system without extruding materials into the surrounding tissues [14]. In
fact, complete periradicular healing after endodontic treatment may be influenced
by not only the effectiveness of the microbial control procedures but also the apical
extent of the root filling materials, the composition, the biocompatibility, and the
performance of these materials [58, 59].

6.2.3 Contemporary Filling Materials

At the present time, gutta-percha is the most popular core material used for obturation.
Gutta-percha is utilized in combination with a root canal sealer that fills the minor
irregularities [60] and acts as a lute between gutta-percha and the canal wall [61].

6.2.3.1 Endodontic Sealers

Sealers are used between dentin surfaces and core materials to fill spaces that are
created due to the physical inability of the core materials to fill all areas of the canal.
Traditionally, desirable characteristics were to adhere to dentin and the core mate-
rial as well as to have adequate cohesive strength. Various types of sealers have been
proposed, including zinc oxide-eugenol, as well as polymer resins, silicon-based
materials, calcium hydroxide, glass ionomer, bioglass, and calcium silicate [36].
Newer generation of sealers is being engineered to improve the ability to penetrate
into dentinal tubules and bond to, instead of just adhering to, both the dentin and
core material surfaces. Various types of delivery systems such as auto-mix syringes
have improved not only the efficiency of mixing but also the quality of the mix and
ultimately the properties of the set material.

Zinc Oxide-Eugenol Sealers

Zinc oxide-eugenol sealers have a history of successful use in root canal obturation
for over 100 years. They are widely used root canal sealers because of their plasticity,
slow setting time in the absence of moisture, and small volumetric change on setting.
They get resorbed if extruded into the periapical tissue. The zinc oxide-eugenol seal-
ers have antimicrobial activity and popularity among clinicians, especially when
used with thermoplasticized obturation technique [62]. However, eugenol is found to
leak and is known to induce toxic effect and decrease the transmission in nerve cells.
The effect is persistent even after setting. Localized inflammation with zinc oxide-
eugenol sealers has been seen, both in soft tissue and in the bone [63].

Polymer Resin Sealers
Epoxy resin sealer exhibits reduced solubility [64] and disintegration [65] and
microretention to root dentine with higher bond strength than other root canal
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sealers [66, 67] as well as adequate dimensional stability [68]. However, these seal-
ers have shown no bioactive properties [69] or osteogenic potential [70]. Some stud-
ies reported that epoxy resin-based sealers showed toxicity and mutagenicity before
setting and decreasing with time [71], but other authors [72-74] found no cytotoxic
effect and moreover aged specimens appeared to induce cellular proliferation. New
resin sealers have been designed to improve the adhesion of the sealer to dentine,
both in combination with a dentine primer and without it [72-74]. For these new
resin sealers, various studies reported toxic effects that did not decrease with time
[65, 73,75, 76].

Silicon-Based Sealers

These materials have been developed as root canal sealers, and laboratory and clini-
cal data are promising [65, 73, 75-78]. Some of them contain gutta-percha powder.
In different studies, silicone-based sealers, both fresh and aged, demonstrated slight
cytotoxic effects [75, 79, 80].

Calcium Hydroxide-Based Sealers
They promote hard tissue formation but tend to dissolve over time and may thus
compromise the endodontic seal [75, 79-82].

Glass-lonomer Sealers

They might exhibit long-term adhesion to dentin, which would be an obvious advan-
tage over zinc oxide-eugenol-type or epoxy resin-type sealer cements [83, 84].
However, it has been reported that pretreatment with phosphoric acid or citric acid
should be used in association with glass-ionomer root canal sealers to achieve the
most effective removal of the smear layer and to provide better adhesion [83—85].

Bioglass-Based Sealers

In contrast to calcium hydroxide, bioactive glasses not only have antibacterial but
also bioactive/remineralizing effects [86]. One most promising field for the applica-
tion of composite dental materials containing alkaline bioactive glass powders is
endodontology. Adding particles of bioactive glasses to endodontic sealers could be
a valuable add-on because of Ca/P deposition, bioactivity, and pH increase induc-
tion, mainly responsible for the antimicrobial effect of bioactive glasses [87].

Calcium Silicate-Based Sealers
In addition to antibacterial activity [87—89], they show cytocompatibility [90], good
sealing ability [91], and good bonding to root canal dentin even under various con-
ditions of dentin moisture [92, 93]. Bioceramic sealers have been recently devel-
oped for orthograde root canal obturation as a consequence of the success of some
basic calcium silicate materials such as mineral trioxide aggregate (MTA), being
today the material of choice for perforation repair, root-end fillings, pulp caps, pulp-
otomies, and obturation of immature teeth with open apices [94, 95].

These materials have been specifically designed as a nontoxic calcium silicate
cement that is easy to use as an endodontic sealer while simultaneously taking
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advantage of its bioactive characteristics. In addition to its excellent physical and
mechanical properties, some of the advantages are the following: they increase the
pH value (up to 12.8) during the initial 24 h of the setting process (which is strongly
antibacterial); they are hydrophilic, not hydrophobic; they have enhanced biocom-
patibility; they do not shrink or resorb (which is critical for a sealer-based tech-
nique); they are radiopaque; they have excellent sealing ability; they set quickly
(3—4 h); they have good handling properties and are easy to use (particle size is so
small; it can be used in a syringe to improve the convenience and delivery method).
Additionally, and this is very important in endodontics, bioceramics will not
result in a significant inflammatory response if an overfill occurs during the obtura-
tion process or in a root repair. A further advantage of the material itself is its ability
(during the setting process) to form hydroxyapatite and ultimately create a bond
between dentin and the filling material. A significant component of improving this
adaptation to the canal wall is the hydrophilic nature of the material [96-98].
Bioceramics are biocompatible, nontoxic, non-shrinking, and usually chemically
stable within the biological environment [99]. A further advantage of these materi-
als is their ability to form hydroxyapatite and ultimately create a bond between
dentin and the material [100]. The majority of papers show favorable properties for
bioceramic materials including biocompatibility, bioactivity, and antimicrobial
properties, and they have sealing properties similar to MTA. While in vitro studies
are promising, it is not clear if any of these results influence clinical success. Only
well-designed, prospective outcome studies can answer this question [96, 98].

6.2.3.2 Core Materials

Gutta-Percha

Gutta-percha is a hydrocarbon polymer, i.e., a trans-1,4-polyisoprene, and is an
isomer of natural rubber [101]. It is obtained from the coagulation of latex produced
by trees of the Sapotaceae family and mainly derived from Palaquium gutta bail
[102]. An important characteristic of gutta-percha and of clinical importance is the
fact that when it is exposed to air and light over time, it becomes more brittle [103,
104]. Storage of gutta-percha in a refrigerator extends the shelf life of the material.

Brittleness, stiffness, tensile strength, and radiopacity have been shown to depend
primarily on the proportions of organic (gutta-percha polymer and wax/resins) and
inorganic (zinc oxide and metal sulfates) components [102]. Zinc oxide is also
responsible for the antibacterial activity of gutta-percha points [105]. The particular
percentages of components vary according to the manufacturer. It is evident that
since the cones differ in their composition, they may differ in their physical proper-
ties and even in their biological effect [106].

Gutta-percha is a thermoplastic polymer material within which segments of the
polymer molecules may be sufficiently aligned and associated to form crystalline
segments randomly dispersed among the rest of the disordered, amorphous vol-
ume [107, 108]. The crystalline phase appears in two forms: (1) the alpha phase
and (2) the beta phase. The forms differ only in the molecular repeat distance and
single carbon-bond configuration [8, 109]. Employing X-ray methods, the degree
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of crystallinity of gutta-percha was reported to be 55-60% [110]. The crystal
structure of pure gutta-percha has been reported in detail [107, 108], and it is
known that the application of heat or mechanical energy will increase the mobility
of the long molecules, perhaps increasing the size of some of the ordered, crystal-
line segments but, in general, increasing the proportion of the disordered, amor-
phous volume [111].

Thus, gutta-percha is rigid at room temperature, becomes pliable at 25-30 °C,
softens at 60 °C, and melts at 100 °C with partial decomposition [112]. Gutta-percha
undergoes phase transitions when heated from beta to alpha phase at around
46 °C. At a range between 54° and 64 °C, the softening point of gutta-percha, an
amorphous phase is reached (Goodman 1981). When cooled at an extremely slow
rate, the material will recrystallize to the alpha phase. However, this is difficult to
achieve, and under normal conditions, the material returns to the beta phase. The
phase transformation is important in thermoplastic obturation techniques. Gutta-
percha is soluble in chloroform, eucalyptol, halothane, carbon disulfide, benzene,
and xylem and less soluble in turpentine. This property of gutta-percha allows it to
be removed for post preparation and in the retreatment of non-healing cases.

Any method manipulating gutta-percha using heat or solvent will result in some
shrinkage (1-2%) of the material. Shrinkage of the core material is not desirable
when attempting to seal a canal. Dental gutta-percha is not in its pure form or even
mostly gutta-percha. Its major component is zinc oxide (50-79%), heavy metal salts
(1-17%), wax or resin (1-4%), and only 19-22% actual gutta-percha [113]. The
variations in content are because of different manufacturers and distributors desiring
different handling properties. Some formulations are softer than others. Some clini-
cians choose the brand of gutta-percha depending on the technique being used.
Compaction with spreaders, condensers, or carriers is usually the means used to
attempt to compensate for this shrinkage of the core material [114]. In any case,
some means of compensation for this shrinkage must be incorporated into the tech-
nique being used. Schilder et al. [113] postulated that vertical pressure must be
applied in all warm gutta-percha techniques to compensate the volume changes.
However, it has to be underlined that this assumption has never been demonstrated.
Meyer et al. [115] suggested that methods for the compensation of shrinkage in root
canal obturation should be evaluated.

Resilon

Resilon, a synthetic methacrylate-based resin polycaprolactone polymer, has been
developed as a gutta-percha substitute to be used with Epiphany (Pentron Clinical
Technologies, Wallingford, CT, USA) [116], a new methacrylate-based sealer, in an
attempt to form an adhesive bond between the sealer, the core material, and the
canal dentin walls. Advocates of this technique propose that the bond to the canal
wall and to the core material creates a “monoblock™ [117]. It is capable of being
supplied in standardized ISO sizes and shapes, conforms to the configuration of the
various nickel-titanium rotary instruments, and is available in pellet form for injec-
tion devices. The manufacturer states that its handling properties are similar to those
of gutta-percha, and therefore it can be used with any obturation technique. Resilon
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contains polymers of polyester, bioactive glass, and radiopaque fillers (bismuth
oxychloride and barium sulfate) with a filler content of approximately 65% [116]. It
can be softened with heat or dissolved with solvents like chloroform. This charac-
teristic allows the use of various current treatment techniques. Being a resin-based
system makes it compatible with current restorative techniques in which cores and
posts are being placed with resin-bonding agents [7, 118]. Some studies reported
that Resilon may be degraded by pathogenic bacteria [119—-121]. These findings
suggest that the seal and integrity of root canal fillings obturated with Resilon may
be impaired by a microbial insult.

6.2.3.3 Coated Gutta-Percha Points

This process has been developed in an attempt to achieve similar results as those
claimed by Resilon, a bond between the canal wall, the core, and the sealer. Two
versions of coating gutta-percha are available. In the first one, the surface of gutta-
percha cones is coated with a resin (Ultradent, South Jordan, Utah, USA) [119,
121-124]. A bond is formed when the resin sealer contacts the resin-coated gutta-
percha cone, and the manufacturer claims that this will inhibit leakage between the
solid core and sealer; with this new coated solid core material, the technique calls
for the use of EndoRez sealer (Ultradent, South Jordan, Utah), a methacrylate-based
material in two components, dual-cure, whose hydrophilic characteristics allow the
penetration into the dentin tubules [125]. Another manufacturer has coated gutta-
percha cones with glass ionomer (Brasseler USA, Savannah, GA). This system is
called Active GP Plus, and cones are designed for use with their glass-ionomer
sealer [126].

To date, manufacturers of bioceramic sealers used for orthograde root canal fill-
ing are also producing their proprietary coated gutta-percha cones to bond with the
correspondent bioceramic sealer in an attempt to achieve a bond between the core
and the sealer [96]. Bioceramic sealer when combined with coated cones offers a
new obturation technique (Synchronized Hydraulic Condensation) [97, 98]. Some
experimental gutta-percha containing bioactive phosphate glasses have been
recently developed with significant improvements, particularly in self-adhesiveness
to root dentine and the release of alkaline species in an aqueous environment
[127-130].

Injectable Materials

The GuttaFlow (Colténe/Whaledent, Altstitten, Switzerland) is an injectable sili-
cone cement. It consists of a matrix of polydimethylsiloxane highly filled with fine
powder of gutta-percha (size less than 30 p). The GuttaFlow and GuttaFlow2,
respectively, incorporate nano- and microparticles of Ag (silver) with antibacterial
properties. It is applied in the root canal before inserting the cone of gutta-percha,
but can be also injected without any core material. The manufacturer emphasizes
the insolubility, the biocompatibility, the slight expansion consequent to the setting,
the great fluidity, and the ability to be disposed in thin layer [131, 132]. The last
version of this material, the GuttaFlow bioseal, is claimed to be a bioactive material
that may provide natural repair constituents such as calcium and silicates.
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Mineral Trioxide Aggregate (MTA)

MTA is composed of tricalcium silicate, dicalcium silicate, tricalcium aluminate,
tetracalcium aluminoferrite, and bismuth oxide [133]. MTA has a proven track
record in clinical and laboratory research. Its biocompatibility [73, 134—137] and
bioactive properties are recognized [94]. In addition, MTA is a relatively nontoxic
material with a high pH, is insoluble in tissue fluids [94, 138], and is capable of
depositing a hydroxyapatite-like layer upon exposure to physiologic tissue fluids
[139, 140]. Continuous leaching of calcium, phosphate, and hydroxyl ions not only
allows MTA to participate in the process of regeneration and remineralization of
hard tissues but may also enhance the sealability of MTA apical plugs by deposition
of hydroxyapatite crystals into voids and potential spaces between the dentin and
root filling material [141].

Many studies have reported successful long-term clinical outcomes associated
with MTA apexification procedures [136, 142, 143]. Even if MTA has been already
proposed as the material of choice for orthograde root canal filling owing to its
advantageous properties [144], disadvantages of traditional MTA for this applica-
tion include its long setting time [145-147], difficulty in handling due to its sandy
consistency [148], potential to discolor teeth and soft tissues, and the presence of
potentially toxic elements in its compositions [94].

6.3  Filling the Root Canal System in Three Dimensions

Successful filling of root canals requires the use of materials and techniques
capable of densely filling the entire root canal system and providing a fluid tight
seal from the apical segment of the canal to the cavosurface margin in order to
prevent reinfection. This also implies that an adequate coronal filling or restora-
tion be placed to prevent oral bacterial microleakage. When preparing the root
canals to allow for a three-dimensional obturation and an effective sealing of the
root canal space to its proper apical extent, the clinician’s inability to maintain the
original anatomy in terms of working length, shape, and position of the apical
foramen and to create an optimal canal geometry with a continuous, progressive,
and uniform conical shape with a circular base within the canal can result in pro-
cedural errors. These may include a lack of compaction and adaptation of the
filling materials and excessive apical extrusion of these materials into the periapi-
cal tissue [94, 149, 150].

6.3.1 Techniques for Filling the Root Canal System

6.3.1.1 Single Cone

The single-cone technique consists of matching a master point to the prepared root
canal. For this technique, a type of canal preparation is advocated so that the size of
the cone and the shape of the preparation are closely matched. The cone is cemented
in place with a root canal sealer, which is advocated to fill the spaces. This technique
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is simple, but does not fill completely root canals that are seldom round throughout
their length [36].

6.3.1.2 Chemoplasticized Gutta-Percha

Especially in the past, solvents such as chloroform, eucalyptol, and xylene have
been used to chemically soften gutta-percha. Solvents were used to soften the
outer surface of the custom cone as if making an impression of the apical portion
of the canal. Indeed, chemical solvent use implies many problems. The techniques
that make use of solvents have been criticized because they cause the contraction
of the material after evaporation of the solvent itself [151]. The techniques using
solvents are also inadvisable for the poor stock control and the related risk of
extrusion [151-154]. Chloroform was found carcinogenic [152, 154, 155], and
although its use has never been surely correlated with the onset of cancer, in the
USA it has been deleted from the list of solvents used in dentistry in 1979 [153].
Chloroform has been widely used in the past for the removal of the gutta-percha
from the root canals. For this use, in its replacement, alternative solvents are cur-
rently preferred [156, 157], i.e., halothane, which compared to chloroform is more
volatile and showed equally effective solvent properties [157, 158]. The eucalyp-
tol shows slower action but provides less damage to the tissues [159, 160].

6.3.1.3 Cold Lateral Compaction

Lateral compaction provides for the cold compaction of gutta-percha: a master cone
corresponding to the final instrumentation size and length of the canal is coated with
sealer, inserted into the canal, and is laterally compacted with a spreader. Additional
accessory cones are placed against it and are laterally compacted as well by means
of a spreader. This technique provides a good control of the working length. On the
other side, the cold compacted gutta-percha shows poor plastic deformability, a
modest degree of elastic deformation, which acts negatively, and no ability to flow.
The filling obtained is a mass of leaning cones, with a large amount of interposed
spaces which are filled by root canal cement. The poor cold formability would
require the compression of the material very close to the apical limit, according to
Allison et al. [161]. The lateral compaction requires that relatively high forces are
applied by the spreader with some risks of root fracture [162].

6.3.1.4 Warm Lateral Compaction

A master cone corresponding to the final instrument size of the canal is coated with
sealer, inserted into the canal, heated with a warm spreader, laterally compacted
with spreaders, and filled with additional accessory cones. Some devices use vibra-
tion in addition to the warm spreader [163].

6.3.1.5 Warm Vertical Compaction

A master cone corresponding to the final instrument size and length of the canal is
fitted, coated with sealer, heated, and compacted vertically with pluggers until the
apical 4-5 mm segment of the canal is filled. Then the remaining root canal is back-
filled using warm pieces of core material or by injection systems.
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The warm vertical compaction technique as described by Schilder [8] provides
for the introduction in the root canal of a gutta-percha cone coated by a thin layer of
endodontic sealer. The gutta-percha is warmed by means of a heat spreader and
compacted vertically by pluggers with multiple waves of condensations from the
crown to the apex. This technique has the aim to provide a three-dimensional filling
of the root canal system with all its complexities. The compaction of the material is
important not only to allow its adaptation to the endodontic space, but also, it is
claimed by Schilder et al. [113], to compensate for changes in volume of the gutta-
percha that always corresponds to a certain degree of contraction.

6.3.1.6 Continuous Wave of Condensation

Continuous wave [164] is essentially a vertical compaction (down-packing) of core
material and sealer in the apical portion of the root canal using commercially avail-
able heating devices that use pluggers as heat carrier and then backfill the remaining
portion of the root canal with thermoplasticized core material using injection
devices. The main difference with the classic Schilder technique is that this tech-
nique performs the compaction in only one continuous wave of compaction from
crown to the apex. A good apical stop is necessary for both these techniques to
prevent apical extrusion of the filling.

6.3.1.7 Injection Technique

It provides that preheated, thermoplasticized, injectable core material is injected
directly into the root canal, using specific injection devices [165-167]. Sealer is
placed in the canal before injection. As a master cone is not used, it is difficult to
control the apical extent of the filling with high risk of under- or overfilled root
canal obturations. A cold, flowable matrix that is triturated, GuttaFlow® (Coltene
Whaledent, Cuyahoga Falls, OH), consists of gutta-percha added to a resin sealer,
RoekoSeal. The material is provided in capsules for trituration. The technique
involves injection of the material into the canal and placing a single master
cone [168].

6.3.1.8 Thermomechanical Compaction

A cone coated with sealer is placed in the root canal, engaged with a rotary instru-
ment mounted on contra-angle handpiece that frictionally warms, plasticizes, and
compacts it into the root canal [169]. The compactors are similar to the
Hedstrom files but have spirals oriented in the opposite direction, and the gutta-
percha is heated and simultaneously pushed both apically and laterally. This tech-
nique can easily cause extrusion. On the other hand, it can be a good backfilling
technique [170].

An alternative technique (MicroSeal) uses thermoplasticized softened core mate-
rial delivered directly by the mechanically activated condenser into the space cre-
ated on the side of a master point laterally condensed with a mechanical spreader. It
will unify the advantages of the apical control of filling material related to the use
of a master point and of the effective filling of the lateral space with a thermoplasti-
cized core material forced into the canal [170-172].
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6.3.1.9 Carrier-Based

Carrier-based thermoplasticized warm gutta-percha on a plastic or gutta-percha car-
rier, heated in an oven, is delivered directly into the canal as a root canal filling [173,
174]. Even if root canal walls are only painted with sealer before the insertion of the
obturator, the apical control of the filling material is difficult and extrusions com-
mon. Furthermore, plastic carriers are not so easy to be removed in the case of
retreatment or post-space preparation.

In the carrier-based sectional technique, a sized and fitted section of gutta-
percha with sealer is inserted into the apical 4 mm of the root canal. The remaining
portion of the root canal is filled with injectable, thermoplasticized gutta-percha
using an injection gun. An example is SimpliFill (Discus Dental, Culver City, CA)
[116, 175].

6.3.1.10 Apical Barrier

Apical barriers are important for the obturation of canals with immature roots
with open apices, whose endodontic management is challenging for the clini-
cian because of the lack of resistance and retention form associated with a blun-
derbuss apex. A blunderbuss configuration of the apex makes delivery of root
filling materials difficult, potentially leading to overextension and/or overfilling
of the root canal. Historically, nonsurgical treatment of immature teeth was
achieved by calcium hydroxide apexification to induce physiologic formation of
a hard tissue barrier before obturation. However, significant improvements to
endodontic biomaterials, placed using proper carriers, have allowed for more
convenient and efficacious treatment of these teeth in a single-visit procedure
[142, 143, 176]. At this time mineral trioxide aggregate (MTA) is generally
considered the material of choice for the obturation of canals with immature
roots with open apices because of its ability to act as an osteoconductive apical
barrier [138, 140].

6.4 Complications Due to Obturation Procedures

Obturation errors often are a result of inadequate cleaning and shaping or prepara-
tion errors. Ledges, blockages, perforations, separated instruments, debris present
apically, apical or canal transportation, inaccurate working lengths, and underpre-
pared or overprepared canals are frequent errors encountered during root canal
instrumentation that create an unpredictable shape of the root canals and that conse-
quently may negatively influence the quality of root canal obturation. These have all
been already discussed in detail in the previous chapter.

Complications during or after the endodontic treatment might be prevented by
careful preoperative examination, good-quality radiographs, good instrumentation,
irrigation, and obturation techniques. In fact, obturation-related complications may
be mainly due to the chemical or physical negative consequence of a gross extrusion
of filling materials beyond the apex into the periapical tissues.
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6.4.1 Prevention of Extrusion of Filling Materials

Prior to the obturation phase, the clinician must establish the proper shape and size
of the root canal. Proper canal shaping should create a continuous tapered shape
from the apex to the coronal opening to obtain an apical resistance or retention
form. The consequences of compression of gutta-percha within a root canal will
differ with the physical composition of the gutta-percha, the temperature, the taper
of the canal, and the point of application of the compacting force.

The available commercial [103, 177-179] gutta-percha products vary greatly in
their composition [177, 178], although not all have been chemically or physically
analyzed [103, 178, 179]. These properties affect the adaptation of the gutta-percha
to the endodontic space. Schilder [8] declared that a tapered root canal allows the
compaction of the gutta-percha cone and its close fitting to the canal walls, mini-
mizing the risk of producing extrusion. With lateral condensation, cold gutta-percha
is used. If gutta-percha is compacted at body temperature, only very small elastic
and plastic deformation may occur, and the probability that it would flow into irreg-
ular spaces is unrealistic. Alternative techniques described above use warm gutta-
percha in different ways, applied [8] or frictional heat plasticizes gutta-percha [169],
allowing for better adaptation to canal walls and a higher degree of homogeneity
[109, 179, 180]. The compacting of heated amorphous gutta-percha is difficult to
control, especially close to the apex [181], both because of the frequent lack of api-
cal constriction [182] and the need to enlarge the apical portion of the canal to
obtain mechanical debridement [183].

The main difficulty for the practitioner is to adjust the compaction procedure to
the softening of the gutta-percha. A plastic mass of gutta-percha forced to flow will
deform on contact with the internal surface of the root canal. Thus, when compacting
heated amorphous gutta-percha, the major force is directed toward the apex, and the
flowing gutta-percha may extrude, if apical patency has been maintained during
instrumentation. Extrusion has been reported to be a complication of thermo-softened
techniques [181, 184].

Warm vertical compaction [8] and the “continuous wave technique” [164] offer
techniques that use the apical control of the internal placement of a cold point while
providing the homogeneous, three-dimensional filling advantages of the thermo-
softened techniques. Marlin and Schilder stated [151] that heating and compaction
may be performed to a distance of 5-7 mm from the endpoint of the gutta-percha.
When using the warm vertical condensation technique, a temperature increase to
4042 °C usually occurs in the apical gutta-percha, and it should not exceed 45 °C to
avoid the volume variations dependent on phase changes [185]. In this condition, from
a rheological viewpoint, despite the apical patency being maintained, the compacted
gutta-percha has no or reduced risk to extrude. In fact, at the interface between gutta-
percha and canal wall, reaction forces can be distinguished: normal reaction forces act
perpendicular, and shear reaction forces act parallel (friction) to surfaces in contact.
When the applied force exceeds the maximum static friction force, surfaces move
relative to each other and dynamic friction force occurs [186]. Dynamic friction
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depends on force squeezing objects together, and on the nature of materials in contact,
and has a direction opposite to the motion or the impending motion. However, these
frictional phenomena can develop only if the gutta-percha is not too deformable, i.e.,
in crystalline state [186]. Only if the cone is in crystalline state, the vertical compac-
tion can force it to fit more apically. Thus, a reversible elastic strain may occur, able to
increase the force normal to the canal wall, to compress the gutta-percha against the
canal walls and squeeze the endodontic cement, and to fill the lateral canals [186].

An increase of friction also occurs that counteracts the cone motion and thus its
extrusion [186]. The apical gutta-percha, at the temperatures recorded and advo-
cated by Marlin and Schilder [151], maintains its more crystalline state and shows
low plasticity. If gutta-percha is compacted at those temperatures, only very small
elastic and plastic deformation may occur, and the probability that it would flow and
extrude is less. Obviously, if plasticized gutta-percha is compacted close to the
apex, the probability that it would flow and extrude is very high. In contrast, when
using carrier-based obturators, thermomechanical compaction [169], and the injec-
tion techniques close to the patent apical foramen, gutta-percha is heated to higher
temperatures, increasing the proportion of the amorphous phase as happens with all
semicrystalline thermopolymers [111] and thus increasing the risk of extrusion of
the softened gutta-percha. Furthermore, attention must be paid when placing the
sealer in the canal. Placing the sealer with a lentulo spiral or a syringe or activating
it with sonic or ultrasonic instruments may promote extrusion of the material
because this technique lacks apical control. Placing the sealer with a file and spin-
ning it counterclockwise do not seem to provide an ideal distribution of the sealer
on the root canal walls. Placing the sealer with a master cone and pumping it up and
down in the canal seem to be the most predictable technique for the application of
sealers in root canals, if a filling technique using a master point will be performed.
When placing sealer in general, the clinicians should use particular care if the canal
presents an open apex, to avoid extrusion of material.

6.4.2 Complications Due to Extrusion of Filling Materials

Numerous reports and reviews in the literature have described complications caused
by overextension of root filling materials into the periapical tissues, the mandibular
canal, and the maxillary sinuses. A meta-analysis has shown that warm gutta-percha
obturation shows a high rate of overextension, more than cold lateral condensation
[56]. Gross overextension of obturation materials usually indicates faulty technique
(Fig. 6.3). However, as long as the overextension is not in contact with vital struc-
tures, such as the inferior alveolar nerve or sinuses, and the apical terminus is well
filled in three dimensions, permanent harm is potentially small, unless the obtura-
tion materials contain paraformaldehyde (Fig. 6.4). On the other hand, overexten-
sion of the root canal filling material risks serious and possibly permanent
consequences, should the maxillary sinus or underlying inferior alveolar nerve be
adjacent to the root terminus. It is generally considered that four possible types of
factor can cause tissue damage [187, 188]: (a) chemical factors because of the neu-
rotoxic effect from the products used to clean (irrigating solutions, intracanal
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Fig. 6.3 Clinical image (a) and radiograph (b) of a gross overfilling appearing under the subcuta-
neous tissues, probably due to the lack of the buccal cortical bone plate. Despite the big amount of
filling material extruded, the patient did not complain any pain or discomfort

Fig. 6.4 A first left mandibular molar has been endodontically treated due to chronic apical peri-
odontitis (a). Despite the overfilling in the mesial root (b), complete healing has been obtained at
the 2-year control (c)

medications, etc.) or fill root canals, (b) mechanical trauma from over-instrumenta-
tion, (c) a pressure phenomenon from the presence of core filling material or sealer
within the inferior alveolar canal, and (d) tissue overheating because of incorrect
warm condensation techniques [189] (Fig. 6.5).
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Fig. 6.5 On left, CBCT examination of an upper lateral incisor endodontically treated. It is
possible to appreciate the filling material extruded in the periapical bone. At the baseline the
patient had no symptoms related with this tooth. On the right, after 20 months the patient
presented an acute apical abscess symptom of pain and swelling. A possible association
between extrusion of infected material and development of pathology can be hypothesized

6.4.2.1 Anatomical Areas Involved

Maxillary Sinus Damage

The extrusion of root filling materials into the periapical tissues and/or the maxillary
sinus has been reported on many occasions in the endodontic literature (Fig. 6.6).
The performance of endodontic therapy involving maxillary molars, premolars, and,
infrequently, canines has sometimes led to the inadvertent placement of an array of
dental materials and instruments into the maxillary sinus. Extrusion of root canal
obturation materials into the antrum has been reported with silver points [190],
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D: 2,0mm

Fig. 6.6 CBCT evaluation of an upper second right molar with extrusion of filling material from
the apex of the mesiobuccal root into the maxillary sinus that caused a fibrotic reaction that encap-
sulated the material

thermoplasticized gutta-percha [190, 191] and gutta-percha points [190-193].
Various root canal pastes and cements, including calcium hydroxide and N2, have
been extruded into the sinus [190-198]. Deposition of foreign substances within the
maxillary antrum can promote an array of clinical presentations such as sinus pain
and pressure, acute and chronic sinusitis, pain on mastication, and tenderness to pal-
pation. However some patients will remain asymptomatic for years after the acciden-
tal breaching of the sinus with endodontic obturation substances [199]. The
introduction of cone beam computed tomography (CBCT) has provided enhanced
endodontic diagnostic utility in such accidents and can be helpful with management
of endodontic problems [200], even though few case reports have documented the
use of three-dimensional (3D) CBCT for the visualization of extensive thermoplasti-
cized gutta-percha within the maxillary sinus [191]. Extruded gutta-percha has even
been reported to have entered into the maxillary sinus and subsequently migrated
into the ethmoid sinus, causing sinus tenderness and nasal stuffiness [191, 201, 202].
Using obturators with a core carrier, one challenge is just to control the apical extru-
sion of material [203, 204] (Fig. 6.7). Bjgrndal et al. [202] reported a clinical case of
an endodontic overfilling of the palatal root of a maxillary right first molar with a
core carrier; the core carrier was impacted in the maxillary sinus for more than
5 years after endodontic treatment, and surgical technique was used for the palatal
removal of the core carrier; concomitant with the displacement of the core carrier, the
patient developed marked unilateral irritation and blocking of the right nostril; over
the years, the patient had undergone several hospitalized treatments targeting the
nose region but with no satisfying result.
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Fig. 6.7 A cleared root of an extracted upper canine
showing a possible clinical complication with carrier-
based filling techniques: the extrusion of the plastic carrier
in the periapical tissues

A case report of extreme overextension of gutta-percha within the maxillary
sinus after endodontic retreatment on tooth #14 was provided by Brooks and
Kleinman [205]; the mesiobuccal canal had only been filled with thermoplasticized
injectable warm gutta-percha, the origin of the extrusion; imaging with three-
dimensional cone beam computed tomography was performed for localization of
the gutta-percha, the patient underwent a Caldwell-Luc approach for removal of the
extruded material, the gutta-percha was successfully removed intact, and the patient
had an unremarkable postoperative course; however, the patient continues to have
mild tenderness in the sinus region. Several root canal sealers containing zinc have
also been implicated with the development of an aspergillosis infection and fungus
ball formation within the maxillary sinus [205-208].

Neurological Damage

Endodontic-related paresthesia and anesthesia may result from periapical lesions
that inhibit the normal function of nerve as a result of direct mechanical compres-
sion, diffusion of toxic metabolic products, and bacterial activity [209]. Overfilling
may cause the passage of endodontic materials into the vicinity of the inferior alve-
olar nerve or its branches, inducing mechanical compression and toxic effects
(Fig. 6.8). When the filling materials are either close to or in intimate contact with
nerve structures, anesthesia, hypoesthesia, paresthesia, or dysesthesia may occur
[210]. Paresthesia is a permanent or episodic sensation of ticking, prickling, or tin-
gling of the lower lip [211]. Numerous case reports have described the occurrence
of paresthesia during and after root canal treatment [212].

In mandibular teeth posterior to the mental foramen, extrusion of filling material
can be responsible for damage to the inferior alveolar nerve, and labiomandibular
paresthesia is the most frequent complication that can occur [187, 188]. Most cases
have been reported in connection with mandibular second molars, but cases related
to first molars and premolars have also been described [213]. In fact, because of the
proximity of the mental foramen, the mental nerve is usually affected by endodontic-
related complications in mandibular premolars [214]. Endodontic materials can
spread to the periradicular tissues theoretically in four different ways. These include
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Fig. 6.8 (a) A panoramic radiograph, following endodontic treatment of 3.4 and 3.7. (b) CBCT
exam (coronal slices/cuts) of the 37 revealing filling material extruded in the mandibular canal. (c)
CBCT sagittal slice/cut through the filling material present into the mandibular canal. (Reprinted
with permission by: G. Gambarini, G. Plotino, N. M. Grande, L. Testarelli, M. Prencipe,
D. Messineo, L. Fratini, F. D’ Ambrosio. Differential diagnosis of endodontic-related inferior alve-
olar nerve paraesthesia with cone beam computed tomography: a case report. Int Endod J
2011;44:176-181)

migration toward the mandibular nerve bundle, drainage through lymphatic vessels,
systemic diffusion within a periapical vein, and progression between the bone and
mucosal membrane toward soft tissues [215]. Anatomy of the mandible favors the
introduction of endodontic materials into the mandibular canal area and thus the
paresthesia to occur. Especially in the posterior area of mandible, the trabecular,
vacuole-rich cancellous bone facilitates the diffusion of different materials into the
surrounding tissues [188]. This alone is sufficient to cause paresthesia in case of
overfill. Periapical infection weakens further the loose trabecular pattern of the
bone, which raises the probability of diffusion of endodontic materials and results
in paresthesia together with widened apical foramen [216].

Attention should also be paid to the distance between the apices and the man-
dibular canal. According to one study, this distance varies between 1 and 4 mm in
the case of the first mandibular molar; it is less than 1 mm with the second and third
mandibular molars [188]. With mandibular premolars, the proximity of mental fora-
men should always be taken into consideration [214]. Toxic root canal filling mate-
rials include sealers and paraformaldehyde-containing pastes [217], but almost all
of the endodontic materials are neurotoxic at some level [218]. Neurotoxic
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materials are able to initiate a host-dependent inflammatory process, which causes
damage to cells, ulceration, and hemolysis when in contact with vital tissue [216].
This process might culminate in necrosis of the tissue [217]. Free eugenol, a disso-
Iution product of zinc eugenol, hydrolyzes cell membrane and inhibits cellular res-
piration [215, 217, 219]. Because of the potential for chemical degeneration of the
nerve axons, the use of eugenol-containing pastes is not recommended for endodon-
tic obturation at all [215, 217, 219]. This applies especially when forces are directly
connected to the inferior alveolar nerve bundle [220]. In cases of paraformaldehyde
paste overfill and introduction to the periradicular tissues, the risk of permanent tis-
sue damage is high. These cases are widely reported in literature. In addition,
endodontic-related paresthesia can result from mechanical pressure and ischemia or
bacterial toxins involved in periapical pathosis of a nonvital tooth [220-222].

The recovery potential of the nerve depends on the extent of the damage (both
mechanical and chemical) and rapidity of cause removal [164, 218, 223]. In some
cases a clear overfill with sealer within the mandibular canal can be observed on a
radiograph, but the patient is nevertheless free of symptoms [218]. Gutta-percha is
traditionally considered as an inert root filling material, and the paresthesia cases
involving gutta-percha usually result from overfill of thermoplastic gutta-percha
[215]. In these circumstances the resulting paresthesia is of a mechanical or thermal
nature. Clinically, the response is often seen as sudden onset of excruciating pain,
swelling, and numbness of the affected region. The teeth might be tender to percus-
sion or on palpation, and the opening of the mouth might be limited [216, 217]. It is
difficult to ascertain the etiology for paresthesia after treatment with overfill into
neurovascular tissue. The clinician must also consider the neurotoxicity of the mate-
rials, the possibility of direct mechanical damage due to instrumentation [216, 217,
224, 225], the compression of core materials such as gutta-percha [225, 226], and
the possibility of epineural fibrosis resulting in neuroma [227].

In the case of paresthesia or anesthesia in which apical extrusion of endodontic
materials is observed, however, because the paresthesia can be of both mechanical
and chemical nature, removal of the excess material might not be sufficient if the
nerve fibers have already undergone degeneration in a chemical manner. Paresthesia
caused by a brief irritation of the nerve, for instance, on overinstrumentation, usu-
ally subsides within days. If no signs of healing are seen within 6 months, the
chances of healing are considered much lower, although normal sensory function
might still return after this [188, 212, 227]. The majority of tissue damage cases are
treated by nonsurgical methods such as analgesics, cold packs, corticosteroids, and
antibiotics to inhibit secondary infections [228, 229]. Dexamethasone is a cortico-
steroid that has been widely used in dentistry, and it seems to decrease periapical
inflammation caused by a foreign body [220]. Even though care should be taken
with the use of corticosteroids, with the correct indications and adequate dosage, the
adverse effects seem to be rare [230]. Paresthesia can sometimes result from post-
operative infection, in which case antibiotics are the treatment of choice. If the
facial nerve has been damaged, physiotherapy might provide additional help [217].

Paresthesia resulting from local infection usually subsides through elimination
of infection by root canal treatment, extraction, antibiotics, and/or periapical sur-
gery [231]. The patient must be informed of the nature and possible duration of
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paresthesia as well as the importance of regular control visits [232]. In some cases
surgical exploration is required to remove the foreign material from the periapical
area as soon as possible, preferably within 48 h [218]. Surgery is indicated when
neurotoxic material migrates along the mandibular nerve bundle, and the nerve must
be exposed for debridement [218, 232, 233].

Other possible invasive methods of treatment are extraction of the tooth or
incision and drainage [228]. The clinical examination that results in a diagnosis
of anesthesia or increasing painful dysesthesia unresponsive to nonsurgical
therapy should help guide this decision [234, 235]. It is suggested that the deci-
sion to intervene surgically should include the high suspicion of injury resulting
in the loss of conduction within the nerve because of suspected chemical toxic-
ity and mechanical compression. The favorable results for long-term spontane-
ous recovery require thoughtful considerations for taking a “wait-and-observe”
approach. When a peripheral nerve is injured, a nonsurgical management that
supports spontaneous neurosensory recovery and promotes patient tolerance of
the sensory loss is a viable option [234-236]. The most compelling reason to
wait is that a majority of injuries are known to recover spontaneously to some
degree. Higher levels of recovery can also be expected when the patient is young
and healthy. @rstavik et al. [237] reported that out of 24 patients with paresthe-
sia affecting the mandibular nerve, 14 showed no healing from 3 months to
18 years after the injury; all of the reported cases were lower molars or second
premolars. Radiographs are often useful in monitoring the area of tissue damage
in relation to hard tissues (e.g., the size and location of lesion or the location of
the extruded material in relation to mandibular canal) [188, 189, 212]. It is not
always possible to make a precise diagnosis of extrusion into the nerve by show-
ing the contact of the filling material with the alveolar nerves using traditional
endodontic radiographs.

One of the major problems is that intraoral radiographs only reveal limited infor-
mation. The amount of information gained from analogue and digital periapical
radiographs is incomplete because the three-dimensional anatomy of the area being
radiographed is compressed into a two-dimensional image or shadowgraph [238].
Patel et al. [239] demonstrated CBCT’s superior diagnostic accuracy compared with
intraoral radiographs [238]. Cone beam computed tomography can be considered
an effective radiographic diagnostic device when endodontic-related inferior alveo-
lar nerve or mental foramen paresthesia is suspected, and it is especially useful in
the planning of surgical procedures [240-243].

6.4.3 The Management of the Extrusion of Filling Materials
and Its Complications

In cases of overextension with the lateral compaction technique or of a thermoplas-
tic core carrier, the filling material can often be teased back through the foramen,
provided the sealer has not hardened. If the sealer has hardened, it may still be pos-
sible to retrieve the gutta-percha. In cases of overextension, when retraction of the
filling material through the apical foramen is difficult, the routine and immediate
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use of surgical intervention is neither indicated nor justified. In most cases, the peri-
radicular tissues will heal, and the patient will be symptom-free. If, however, the
patient exhibits signs or symptoms of periradicular inflammation, surgery may be
indicated. Treatment of endodontically related paresthesia remains controversial,
varying from a wait-and-see approach [237] to early [244], if not immediate [245],
surgical debridement of the inferior alveolar nerve via a number of possible
approaches. These include extraction of the tooth and approaching the nerve through
the socket [244], decortication of the mandible achieved laterally [245] from an
intraoral [246] and extraoral [227] approach, and sagittal splitting of the mandible
to expose the nerve within the split [233]. The use of biocompatible materials did
not suggest an immediate surgical approach, but rather a wait-and-see approach,
even when the maxillary sinus may be involved. It is well known that toxicity tends
to reduce and the extruded filling material undergoes resorption over time. In any
case, the dangers of any extruded materials during root canal treatment should be
highlighted, even if only a limited overfilling occurs, especially in proximity to
important anatomical areas.

In conclusion, although proper techniques have been followed, occasionally
gutta-percha, resin-bonded filling materials, or root canal sealer may be uninten-
tionally pushed beyond the confines of the root canal system. However, the perira-
dicular tissues generally tolerate these materials. Although sealers may provoke an
initial inflammatory response to a greater or lesser degree over a short period, the
macrophage scavenger system eliminates the excessive material from the perira-
dicular tissues. In any case, the mere placement of filling material outside the canal
system is not a major cause for alarm if the canal space is three-dimensionally obtu-
rated. If excessive amounts of materials are extruded, the patient should be informed,
and periodic reexaminations are indicated.

6.4.4 Complications Due to Chemical Effects

6.4.4.1 Toxic Effects of Root Canal Filling Materials

Since they are classified as medical devices, root canal sealers and core materials
need to meet biocompatibility requirements, which include the evaluation of cyto-
toxicity potential, in addition to exhibiting proper chemical, physical, and mechani-
cal properties.

During the last three decades, biological properties, or biocompatibility, of a
dental material have become increasingly important. Currently, there are mandatory
regulatory requirements as well as voluntary standards at national and international
levels [247-249]. The European Society of Endodontology guidelines for endodon-
tic therapy state that “the objective of any (endodontic) technique used should be to
apply a biocompatible hermetically sealing canal filling that obturates the prepared
canal space from pulp chamber just to its apical termination” [250]. An ideal root
canal filling material, in addition to have suitable chemical and physical properties,
should be biologically compatible and well tolerated by the periapical tissues,
avoiding any possible modification and delay of the healing process [251].
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The biocompatibility of root canal filling materials has been of concern to den-
tistry for many decades now because they can come into contact with the connective
periapical tissue [252], and the components released from these materials could
produce irritation or even degeneration of the surrounding tissues [253]. The peri-
apical tissues can react to the presence of a sealer and a GP point in several ways. It
can cause an inflammatory reaction, it can be regarded as a foreign body and encap-
sulated, and it can be present without causing inflammatory reactions and is not
encapsulated, and the sealer can be resorbed over time, with or without an inflam-
matory reaction.

It has been reported that the extrusion of root filling substances can cause a
foreign body reaction leading to the development of periapical lesions that may be
refractory to endodontic therapy [229, 254]. Large quantities of excess filling
materials in the periapical tissues caused necrosis of bone followed by bone resorp-
tion and absorption of the filling materials, despite gutta-percha having a low
degree of toxicity when compared with other components used in endodontic obtu-
ration [229]. In fact, gutta-percha is the most common component used in root
canal filling materials because it is well tolerated from host tissues [255], but other
compounds such as zinc oxide-eugenol are capable of inducing cytotoxic effects
[178, 256]. On the other side, sealers and components of sealers are recognized by
the scientific literature as toxic or highly irritating, especially in their freshly mixed
states, and produces an initial acute inflammatory reaction in the connective tissues
[178, 257].

However, after setting or curing, some sealers become relatively inert, and it has
to be underlined that pastes and sealers will be absorbed more rapidly than solid
core materials [258]. If over a relatively short period of time (up to 30 days) a mild
inflammation is present and it has diminished over time, a material with otherwise
favorable properties can be considered acceptable [259].

Elution of components has been recognized [260], and the inflammatory process
as a result of this is the body’s response to irritation. Fibrous encapsulation is the
body’s response to isolate an otherwise biocompatible material. Furthermore, a
material, usually small-size particles, can be present in periapical tissues, cause no
inflammation, and be present without encapsulation.

Calcium hydroxide sealers. Some studies in rats [261] and dogs reported neuro-
toxic effects of hydroxide, with partial recovery after various periods of time [262,
263]. A study on human fibroblasts showed early severity cytotoxic effects of cal-
cium hydroxide in the first 48 h with significant reduction in toxicity between the
third and fifth day [264].

Paraformaldehyde pastes. Paraformaldehyde paste materials cause mummifica-
tion and fixation of pulp tissue [265]. In 1959, Sargenti and Richter introduced N2
and subsequently other paraformaldehyde paste formulations, because of their con-
sistent antimicrobial activity when used as root canal filling materials [266]. Thus
N2, RC2B, endomethosone, and other paraformaldehyde paste formulations were
recommended as the sole filling material. Unfortunately, absorbability and toxicity
are serious considerations with paraformaldehyde pastes. A large number of studies
reported paresthesia and other complications of the inferior alveolar nerve due to
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the neurotoxicity of these paraformaldehyde compounds [55, 224, 237, 246,
266-270].

Others have demonstrated the systemic distribution of paraformaldehyde and
disintegration products in periapical and periodontal tissues, as well in the blood,
regional lymph nodes, kidney, and liver [271]. Moreover several clinical reports of
extreme complications have been published [55, 227, 237, 272]. At the present time,
the use of N2 or similar type pastes is contraindicated, because of the higher risks
associated with these paraformaldehyde-containing endodontic materials.

Polymer and resin sealers. The most commonly known sealers within this cate-
gory are AH26 and AH26 Plus (Caulk/Dentsply, Milford, DE, USA). The sealer has
been reported to be very toxic upon initial mixing [229, 273], due mainly to the
formation of a very small amount of formaldehyde as a result of the chemical setting
process [229, 273]. However toxicity resolves rapidly within 24 h during the setting
process [229]. Diaket (ESPE, Seefeld, Germany) is a polyketone compound adhe-
sive sealer. It has been demonstrated that it is relatively toxic during setting and
these effects are persistent [273]. Resorcinol-formalin resin is a paste filling mate-
rial that is commonly used in Russia, China, and India for the treatment of pulpitis.
Although there are many variations of the resin pastes that are used, the main ingre-
dients are resorcinol and formaldehyde [274]. When set, this material creates an
almost impenetrable barrier, with loss of the retreatment option [275]. If the paste
material is extruded beyond the apical foramen, severe toxic effects may arise. In
the event of an overfill into the sinus or neurovascular bundle, irreversible damage
may also occur [274].

6.4.4.2 Discoloration

Almost all materials used in modern endodontics may stain teeth. However, for a
wide range of materials currently available on the market, there is only scarce or no
evidence available on their staining ability.

Endodontic sealers. Parsons et al. [276] assessed coronal discolorations pro-
duced by four different sealers (Sealapex, Roth’s 801, AH26, and Kerr Pulp Canal
Sealer) and reported that all of the experimental teeth revealed coronal discolor-
ation; this effect was attributed to the silver ions that were part of the composition
of both materials. A follow-up study published by the same group assessed the pen-
etration depth of the same four sealers into the dentin [277]. All four sealers showed
only minimal sealer penetration and no evidence of discoloration of the exposed
dentinal surfaces. The findings were assumed to be a result of the smear layer not
having been removed, which may prevent the materials from diffusing into the den-
tin. However, the 2-year set sealers in the endodontic cavity showed marked levels
of discoloration compared to fresh mixes.

A recent study assessed the degree of staining in tooth crowns caused by com-
monly used endodontic sealers via a computer analysis method [278]. Discoloration
induced by the root canal sealers AH26, Endofill, Tubuli Seal, zinc oxide-eugenol
(ZnOE), Apatite Root Canal Sealer III, gutta-percha, and Cavizol (a filling material
containing ZnOE) was assessed on extracted human premolars. After 3, 6, and
9 months, the order of severity of tooth discoloration (from the highest to lowest
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values) was as follows: amalgam = Endofill > ZOE > Tubli Seal > AH26 > gutta-
percha > Apatite Root Sealer III > Cavizol > distilled water. For all groups, the
discoloration was most evident in the cervical third of the crown and on the cervical
root surface. Elkhazin investigated the discoloration effects of AH Plus, EndoRez,
Sealapex, and Kerr Pulp Canal. The teeth were root-filled with gutta-percha with
one of the four materials. After 6 and 8 weeks, all four sealers showed significant
coronal discoloration, which increased with time [279].

Portland cement-based materials. Mineral trioxide aggregate (MTA) is based on
portland cement and was introduced to the field of endodontics in 1993. Owing to
its high level of biocompatibility and its good sealing properties, it is regarded as the
material of choice in cases of vital pulp therapy (pulp capping, partial pulpotomy)
or to seal pathways of communication between the root canal system and the exter-
nal root surface (perforation, apexification, or retrograde filling) [95, 280]. One of
the main drawbacks of MTA is its discoloration potential [94]. The gray-colored
formula, which was first introduced to the market, led to visible color changes on
the outer surface. When it was used as a pulpotomy agent in primary molars, discol-
oration occurred in 60% of all cases [281].

To reduce the discoloration potential, the chemical composition of MTA was
changed and an improved formulation was later introduced as white MTA. The
most significant difference between the two types of MTA is the lack of iron ions in
white MTA [282, 283]. However, it has been reported that white MTA may cause
discoloration as well [282, 283]. Some authors state that the discoloration induced
by MTA may be attributed to bismuth oxide, which is added to improve the radi-
opacity in both gray and white formulations [282, 283]. Mineral trioxide aggregate
(MTA) has been successfully used in perforations of the root canal. Bortoluzzi et al.
[284] reported a clinical case of a root perforation sealed with gray MTA that
resulted in discoloration of the marginal gingiva. Treatment consisted of replacing
gray MTA with white MTA with the aid of a dental operating microscope, produc-
ing satisfactory esthetic results.

Resorcinol-formalin resin materials. A deep brownish to red discoloration of the
tooth structure given by resorcinol-formalin resin material when set has been clearly
reported [275] (Fig. 6.9).

6.4.5 Complications Due to Heat

One of the drawbacks of warm gutta-percha techniques is the elevated temperature
on the external root surface. Among possible types of factors that can cause tissue
damage, tissue overheating because of incorrect warm condensation techniques
should be also considered [188, 218]. In a series of in vitro [285] and in vivo studies
on dogs [286], the heat of thermoplasticized gutta-percha was evaluated for its
potential injurious effects. Eriksson and Albrektsson [287] concluded that exposure
to a temperature of 47° C caused fat cell necrosis and irreversible bone damage in
rabbit tibia. Therefore, dental procedures that increase the outer root surface tem-
perature above the accepted critical level (10° C) may result in periodontal tissue
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Fig. 6.9 Retreatment of a lower premolar filled with resorcinol-formalin resin “Russian red”
material (a) which created an important discoloration of the tooth ((b), (¢)). (d) Two-years control
radiograph

destruction. In particular, the surface temperature of roots with a thin dentinal wall
was reported to be increased over this threshold when the canals were filled with
thermoplastic gutta-percha techniques [288]. The use of heat and the potential for
injurious heat transfer to the dentin and bone has been investigated for several dif-
ferent devices used in endodontics and associated restorative procedures [287, 289—
292]. McCullagh et al. [293] studied the pattern of temperature rise on the root
surface associated with thermomechanical obturation using the Gutta Condensor.
The maximum temperatures recorded would place demands on the surrounding tis-
sues and blood supply to dissipate this heat.

Floren et al. [294] reported that any temperature setting of the System B
HeatSource at or above 250° C has the potential to cause the root surface tempera-
ture to rise 10 °C. Whether this occurs in vivo or if it is maintained long enough
to cause any tissue damage, remains to be determined. On the other side, Romero
et al. [295] using the System B measured the temperatures transferred to the outer
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surface of the root during obturation. The average temperature increase was
approximately 1° C at the apex and approximately 2° at the 5 mm mark. The
resulting temperature increase appear not to allow for the heat disseminating
effect of the PDL. Using the Thermafil Plus system, Behnia and McDonald [296]
found temperatures well below the critical level of 10 °C that cause damage to the
attachment apparatus. Clinical case reports reporting overfill with heat-softened
gutta-percha are increasing in the literature [246, 297]. Lipsky [165] obturated
maxillary and mandibular central incisors with the injected gutta-percha heated to
160 °C (Obtura II): temperature changes on the mesial outer surface of the roots
resulted in the rises of the root surface temperature by 8.5 °C (no damage) and
22.1 °C (dangerous), respectively.

Only a few investigators and authors have cautioned that ultrasonic energy can
be harmful through heat generation [163, 290]. In clinical situations, Bailey et al.
[163] using ultrasonic condensation of gutta-percha found that the combination of a
high-power setting and a 15 s application of energy induced a temperature rise on
the root surface beyond the recognized deleterious threshold of 10° centigrade.
Ulusoy et al. [298] reported that the use of System B and Obtura II for filling canals
with internal resorptive cavities resulted in surface temperature rise over the critical
threshold; however, Soft-Core root filling did not increase the temperature
over 10 °C.

6.4.6 Complications Due to Mechanical Damage

Another obturation-related complication may be linked to the use of metal spread-
ers and pluggers during the lateral and vertical compaction of gutta-percha. These
rigid instruments may create root distortions and sometimes dentinal defects, tooth
cracks, or fracture, if the elastic coefficient of the root dentin is exceeded, especially
when used in curved root canals [299] (Fig. 6.10).

Lateral compaction is commonly used to fill the root canal system, and its use
may be associated with increased VRF (vertical root fracture) risk [300, 301],
from the spreader design and forces applied during the lateral compaction pro-
cedure [302-307]. While doing lateral compaction obturation technique, a metal
spreader that reaches the working length or within 0.5 mm should be chosen and
fitted in the canal to compact the master cone apically and laterally and subse-
quently to compact the accessory cones more coronally. The main risk of this
technique is to exert excessive apical force or to inadvertently perform oblique
lateral movement with the metal spreader that may cause root fracture or den-
tinal cracks [303, 308] (Fig. 6.11). Recent research suggests that decreased
stress on root structure when compacting with NiTi finger spreaders exists, thus
potentially decreasing the chance of vertical root fracture [300, 309]. For the
same reason, fitting of the root canal pluggers is of importance when a warm
vertical or continuous wave of condensation technique is performed. Pluggers
must be prefitted to ensure depth of penetration into the apical third of the canal



130 G. Plotino et al.

Fig.6.10 A buccolingual longitudinal vertical root
fracture due to excessive vertical forces of
condensation to the root canal walls that lead to
extraction of an upper first premolar tooth

Fig.6.11 A drawing explaining the possible
mechanism of root fracture caused by the
incorrect use of spreaders during lateral
compaction of gutta-percha technique
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Fig.6.12 A drawing explaining the possible
mechanism of root crack caused by the
incorrect use of pluggers during vertical
compaction of gutta-percha

without binding on the canal walls (Fig. 6.12). In fact, if binding should occur,
there is a chance for tooth fracture by exerting excessive pressures on the root
canal walls (Fig. 6.13).

To decrease such damage, certain filling techniques use no compaction force
while creating apical sealing similar to that of lateral compaction [300, 310, 311].
The use of NiTi finger spreader during lateral condensation can lead clinicians to
reduce the axial force of condensation and consequently the risk of mechanical
damage to the root [309, 312-314]. VRFs are a particularly significant clinical prob-
lem because they are associated with a poor prognosis for the affected tooth [275,
315] and often lead to tooth extraction [301, 316]. Root fractures may originate
from preexisting dentinal defects (e.g., craze lines or incomplete cracks). Diagnosing
and locating crack lines are difficult in clinical trials [317], even though cone beam
computed tomography has improved VRF diagnosis [194, 250, 318, 319]. Thus, a
cautious and rigorous clinical approach to the diagnosis and follow-up of suspected
VREFs should be performed [250, 318].
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Fig. 6.13 An upper first molar has been retreated due to persistent apical periodontitis in the
mesiobuccal root (a). A vertical root fracture has been detected after the filling procedures (b)
causing persistent pain to pressure and probably due to a preexisting dentinal crack (c). One-year
radiographic control after extraction of the mesiobuccal root and prosthetic restorations (d, e)
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Complications Due to Medicaments 7

Zuhair Alkhatib and Rashid El Abed

7.1 Introduction

Medicament uses in root canal system are of so many varieties and have effects on
both pulpal tissues and microbial flora not just inside the root canal system but the
periodontium as well. That is why when choosing any medicament, the clinician
must make the right choice. Choose a medicament which has an effect on the micro-
organisms, as this is the most important factor in root canal failures and it should
have the least effect on the tissues surrounding the root. The medicament should be
confined in the root canal system during its use, and care should be taken not to expel
it beyond the root apex into the periapical tissues. In case this happens, damage to the
periapical tissues ensues leading to inflammation, swelling and probably tooth loss.

In this chapter we will discuss the most common intracanal irrigation solutions
and interim medicament use by endodontist referring to literature and case reports
of those with scientifically based evidence.

7.2  Sodium Hypochlorite (NaOCI)

Successful root canal therapy can be achieved by using mechanical instrumentation in
combination with chemical irrigation and intracanal medication. One technique by itself
cannot achieve the cleaning and shaping of the complexed root canal system [1, 2].
The practice of irrigants in root canal therapy (RCT) is imperative to its success,
with the emphasis on cleaning and over shaping of the root canal system [3].
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The ideal irrigating solution should have the ability to dissolve organic and inor-
ganic tissues, as well as have an antimicrobial action, zero toxicity, low surface
tension and lubricating action. Nevertheless, till date, no irrigating solution fulfils
all the above-mentioned requirements [4]. Sodium hypochlorite is the most com-
mon irrigant used in modern endodontics. It was first recognized as an antibacterial
agent in 1843 when hand washing with hypochlorite solution between patients pro-
duced unusually low rates of infection transmission between patients. It was first
recorded as an endodontic irrigant in 1920 and is now used routinely worldwide [5].
Its beneficial properties are:

. Antimicrobial activity

. Ability to dissolve organic matter
. Bleaching

. Lubricating action

. Low surface tension

[ OSSR

The concentration of the irrigants is still a matter of debate and remains
controversial; many authors recommend a 5.25% concentration of sodium hypo-
chlorite; others prefer a lower concentration of 3% or even 0.5%. Until now, no
other irrigating solution has matched the efficacy of NaOCI. Although it confers
many advantageous properties, care must be taken when using and handling
NaOCl as it is caustic to the vital tissues and related injuries are a recognized risk

[6, 7].

7.2.1 Complications

Literature has shown that potential complications can occur with sodium hypochlo-
rite in clinical practice. They are described below [3-5]:

7.2.1.1 Due to Accidental Spillage

1. Damage to clothing: Probably, most common complication during root canal
irrigation. Even spillage of minute quantities of this agent on clothing will lead
to rapid, irreparable bleaching.

2. Damage to the eye: Contact between the patient’s/operator’s eyes and irrigant
solution results in immediate pain, profuse watering, intense burning and ery-
thema. Loss of epithelial cells in the outer layer of the cornea may occur.

3. Damage to skin: NaOCl may cause hypersensitivity or dermatitis when in con-
tact with unprotected skin.

4. Damage to oral mucosa: When in contact with the oral mucosa, due to its caustic
action, the patient develops discomfort (bad taste), a burning sensation and/or
wounds (whenever the reaction is prolonged). If it is swallowed, NaOCI might
cause a feeling of suffocation and gagging in addition to seriously affecting the
tissues and causing necrosis, swelling, haemorrhagic congestion, erosion and/or
ulceration.
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7.2.1.2 Arising from Hypochlorite Extrusion Beyond the Root Apex
Sodium hypochlorite extrusion beyond the apex, also known as ‘a hypochlorite
accident’, is a well-known complication that seldom occurs during the biomechani-
cal preparation phase of the root canal therapy. The cytotoxic activity is a well-
known shortcoming of NaOCI that may cause acute injurious effects when/if it
reaches the periapical tissues. Once in contact with the vital tissues, NaOCI quickly
oxidizes surrounding tissues leading to rapid haemolysis and ulceration, inhibition
of neutrophil migration and destruction of endothelial and fibroblast cells [7].
Such phenomena may cause the following:

1. Chemical burns and tissue necrosis: Given the widespread use of hypochlorite, this
complication is fortunately very rare indeed. Chemical burn with a localized or
extensive tissue necrosis may happen due to a severe acute inflammatory reaction of
the tissues. This leads to rapid tissue swelling both intra-orally (within the surround-
ing mucosa) and extra-orally (within the skin and subcutaneous tissues). The swell-
ing may be oedematous, haemorrhagic or both and may extend beyond the region
that might be expected with an acute infection of the affected tooth. Involvement of
the maxillary sinus will lead to acute sinusitis. Associated bleeding into the intersti-
tial tissues may result in bruising and ecchymosis of the surrounding mucosa and
possibly the facial skin and may include the formation of a haematoma (Fig. 7.1).

Fig. 7.1 NaOCl extrusion (Courtesy of Dr.
Daniel OTT)
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2. Neurological complications: Paraesthesia and anaesthesia affecting the mental,
inferior dental and infraorbital branches of the trigeminal nerve following inad-
vertent extrusion of sodium hypochlorite beyond the root canal system have
been described in the literature. However, further research is required in this
area.

3. Upper airway obstruction: The use of sodium hypochlorite for root canal irriga-
tion without adequate isolation of the tooth can lead to leakage of the solution
into the oral cavity and ingestion or inhalation by the patient. This could result in
throat irritation, and in severe cases, the upper airway could be compromised. In
a systematic review done by Guivarc’h et al. (2017) [8], two patients presented
with life-threatening airway obstruction caused by massive swelling in the sub-
mental and sublingual spaces with elevation of the floor of the mouth after extru-
sion of the solution through the root canals of mandibular teeth [9, 10]. Indicators
of the severity of these extrusions included difficulties in swallowing followed
by respiratory distress. Emergency hospitalization in an intensive care unit was
required in these situations.

7.2.2 Probable Aetiological Factors

1. Wide apical foramina

2. If the apical constriction is destroyed probably during root canal instrumentation

or by resorption

Extreme pressure during irrigation

4. Binding of the irrigation needle tip in the root canal with no release for the irrig-
ant to leave the root canal coronally may result in contact of large volumes of the
irrigant to the apical tissues

5. Perforations

(O8]

7.2.3 Signs and Symptoms of NaOCl Complications

1. Strong taste of chlorine.

2. Burning sensation: When these extrusions involved the maxillary sinus, the first

sign noticed is the irrigant flowing from the nostrils along with the taste of

NaOCl in the throat. A burning sensation in the maxillary sinus rather than severe

pain was usually present, with little or no bleeding from the canal and no evi-

dence of immediate swelling [8].

Severe pain.

4. Tissue necrosis: Mucosal and bone necrosis as a result of the chemical burn
caused by NaOCl, sometimes accompanied by a purulent discharge.

5. Paraesthesia: Contact with NaOCI is highly toxic to vital tissues, including
nerves. Consequently, neurologic signs such as sensory and/or motor defects
after extrusion can be expected [5].

6. Haematoma.

7. Ulcer and haemorrhage (Fig. 7.2).

(O8]
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Fig. 7.2 NaOClI accident showing haemorrhage (Courtesy of Dr. Frank Diemer)

8. Swelling: Occurs very commonly with sodium hypochlorite extrusion, it appears
within a few minutes up to a few hours after the accident. Swelling is usually
large and diffuse (similar to cellulitis), extending intra- and extra-orally well
beyond the site of the affected tooth. It may sometimes result in difficulties open-
ing the ipsilateral eye [11-13, 108].

9. Ophthalmologic symptoms: It may present as eye pain, blurring of vision, diplo-
pia or right corneal patchy colouration. These constellations of signs/symptoms
have been described in the literature as emanating from a maxillary central inci-
sor [12] and canine [13].

7.2.4 Management of NaOCI Extrusion

Despite careful consideration during RCT, if faced with a suspected NaOCl-related
extrusion injury, a thorough clinical and radiological assessment is recommended to
determine the degree and extent of the injury. This information should assist the
clinician to instigate the appropriate management plan to minimize any detrimental
effects and to improve the final outcome [14, 109].

Guidelines for the management of NaOCl extrusions [14]:

The guidelines presented have been developed through clinical experience in the
management of such injuries in a secondary care environment, as well as through
reviewing relevant literature. Researchers have proposed to categorize extrusion
injuries as mild, moderate and severe according to a patient’s signs and symptoms.
Each category has been subdivided into immediate, early and late management to
optimize the care provided. Although the patients are initially categorized as mild,
moderate or severe according to their degree of the injury, they can be recategorized
if their signs and symptoms do change.
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Table 7.1 Factors to be assessed during  'Extra-oral examination  Intra-oral examination

examination Facial symmetry Ecchymosis/haematoma
Ecchymosis/haematoma Oedema/swelling
Oedema/swelling Ulceration
Neurovascular deficit Necrosis
Sensory Neurovascular deficit
Motor Sensory
Dysphagia Teeth
Dyspnoea

Table 7.2 Summary of findings from history and examination and their associated grading

Symptoms Grade of injury
Pain (visual pain score) Mild Moderate Severe
0-3 4-6 T+
Swelling <30% 30-50% >50%
Ecchymosis Localized Diffuse Diffuse
Other No ulceration Intraoral ulceration Intraoral ulceration
No necrosis Intraoral necrosis
Airway compromised
Neurovascular deficit
Pathway GDP/endodontist OMFS OMFS

According to the guidelines, a clear and concise history would identify patients
with a high possibility of extrusion injury. Recent history of root canal therapy and
rapid onset of signs and symptoms have been recognized as cardinal features of
extrusion injury [15]. Systematic approach is recommended to assess extra-oral and
intra-oral tissues (Table 7.1).

The importance of a comprehensive history and examination is vital when seek-
ing advice or when referring to secondary care in order to assess the severity of
sodium hypochlorite extrusion injury. This information will allow the severity of the
injury at presentation to be categorized by assessing these factors as mild, moderate
and severe. Although there are many factors a patient may present with, an emphasis
on the degree of pain, swelling and ecchymosis are the main factors which are used
to determine the grading of such injuries (Table 7.2) [14].

7.2.5 Treatment
The treatment is recommended in two modalities:

1. Relative to severity of injury
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7.3  Relative to the Time of Injury and Includes Immediate,
Early and Late Treatment (Appendix 7.1)

7.3.1 Prevention

The best treatment of a NaOCl accident is to prevent it from happening. Patient
safety is paramount when considering intracanal fluid dynamics, including irrigant
delivery rate, agitation and exchange, and needle design; pressure gradient manage-
ment, wall shear stress and cleaning efficacy; and, ultimately, treatment outcome.
Different preventive measures have been recommended in the literature to minimize
potential complications associated with the use of NaOCl [5, 15]. These include:

(a) Replacing NaOCI with another irrigant

(b) Using a lower concentration of NaOCl

(c) Placing the needle passively and avoiding wedging of the needle into the root
canal

(d) Irrigation needle placed 1-3 mm short of working length.

(e) Using a side-vented needle for root canal irrigation (Fig. 7.3)

(f) Avoiding the use of excessive pressure during irrigation

(g) Plastic bib to protect patient’s clothing

(h) Provision of protective eyewear for patient, operator and dental assistant

(i) The use of a sealed rubber dam for isolation of the tooth under treatment

Sodium hypochlorite (NaOCl), the widely used irrigant in endodontics, has
many complications following its inadvertent use. However, NaOCl accidents are
rare in endodontic practice. Nevertheless, the patient should be notified of potential

Open-ended needles Side-vented needles

| ; )
|
“ “

Fig. 7.3 Open-end needles vs. side-vent needles (Boutsioukis C et al. Journal of Endodontics
2010)
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accidents and the evolution of the case, with appropriate follow-up and, whenever
necessary, hospital care.

The extrusion of NaOCI during root canal therapy into the periradicular tissues
is a rare occurrence; nevertheless, the consequence of which can be potentially seri-
ous and can cause significant morbidity to the patient. Prior to root canal treatment,
the assessment of teeth is important to identify any factors which may predispose
extrusion injuries, so that adequate preventive measures can be undertaken. As there
is currently little in the way of protocols or guidelines to manage such injuries, the
clear guidelines to manage hypochlorite extrusion injuries presented in Appendix
7.1 aim to assist practitioners in the assessment of patients following hypochlorite
injuries, with the aim to grade the severity of these injuries into mild, moderate and
severe. The presented guidelines also aim to help develop standards for future man-
agement of sodium hypochlorite extrusion injuries [14].

7.4  AirEmphysema

Emphysema is derived from a Greek word whick which means to ‘blow in’. This condi-
tion refers to trapped air and may occur when the root canal is dried with compressed air,
which may be expressed through the apical constriction into the periapical tissues. Air
emphysema is usually uncommon but may lead to subcutaneous emphysema, also known
as tissue emphysema of the head, neck and thorax due to the introduction of air into the
fascial planes of the connective tissue. Using compressed air in endodontics [16], peri-
odontics [17], oral surgery [18] and operative procedures [19] can cause emphysema. It
is a possible complication of both nonsurgical and surgical endodontic treatments [20].
When the condition is caused by surgery, it is called surgical emphysema [21]. Surgical
emphysema may occur during root treatment, and reports in the literature [22] indicate
that the complication occurs most commonly as a result of overzealous irrigation with
hydrogen peroxide or drying root canals with compressed air blasts.

Sometimes, spread of larger amounts of air into deeper fascia may cause more
serious complications, including accumulation of air in the retropharyngeal space,
pneumomediastinum and pneumopericardium [23]. Its occurrence with a dental
procedure was first reported more than 100 years ago when Turnbull extracted the
premolar of a musician who blew his bugle immediately after extraction. Air enters
into anatomical spaces through the root canal space [5]. But it can sometimes pass
through the dentoalveolar membrane [24]. Following its introduction into the soft
tissues, air remains in the subcutaneous connective tissue and does not spread to
deep anatomic spaces in the majority of the cases [25].

However, emphysema can also involve deeper structures as the tissue planes
commonly connect [26]. The potential avenues of travel for compressed air involve
the superficial area, parotid area, submandibular, sublingual, tonsillar, masticatory
and the parapharyngeal region [20].

The apices of the first, second and third molars directly communicate with the
sublingual and submandibular spaces. These spaces, in turn, communicate with the
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parapharyngeal and retropharyngeal spaces, where accumulation of air may lead to
airway compromise [27]. The retropharyngeal space (‘danger space’) is the main
route of communication from the mouth to the mediastinum.

Secondarily, it can escape along the path of introduction, such as a patent root
canal, and be released into the dental operatory air, causing no damage [28]. From
Rickle’s [29] post-mortem study, it is obvious that one definite risk of air emphy-
sema during endodontic treatment is introduction of air into the cardiovascular sys-
tem. In large volume, this can cause heart failure [30].

Air emphysema during endodontic treatment may also be misdiagnosed as infec-
tion because of similar location and size of swelling. In fact, such accidents may
develop into an infection from microbes forced into the spaces created by the air
blast [30].

7.4.1 Hydrogen Peroxide as Endodontic Irrigant Causing
Air Emphysema

Hydrogen peroxide (H,0O,) has been widely used for irrigation of the root canal
system, although it is less effective in killing microorganisms. Hydrogen peroxide
is a colourless liquid and has been used in dentistry in concentrations varying from
1 to 30%. H,0, degrades to form water and oxygen.

Hydrogen peroxide has been implicated, along with compressed air, in the
aetiology of subcutaneous emphysema [31, 32]. It has been used as a canal irrig-
ant and disinfectant during routine root canal therapy [33]. When hydrogen per-
oxide comes into contact with blood or tissue proteins, it very rapidly undergoes
effervescence and liberates oxygen [34]. This gaseous expansion may drive
debris or simply gas through the apical foramen or into the adjacent bone if an
inadvertent perforation of the canal wall were present [20]. Kaufman et al. [31]
presented a case of delayed onset of emphysema subsequent to hydrogen
peroxide irrigation.

It is active against viruses, bacteria, bacterial spores and yeasts [35] via the pro-
duction of hydroxyl free radicals which attack proteins and DNA [36].

It has been shown that sodium hypochlorite (NaOCI) combined with H,O, is no
more effective against E. faecalis than NaOCI alone [31]; however, chlorhexidine
(CHX) combined with H,O, was a better antimicrobial agent than either one on
their own [37]. The current evidence does not support the use of H,O, over other
irrigants, and it has not been shown to reduce bacterial load in canals significantly
[38]. There is the rare but potential danger of effervescence with H,O,, and seepage
into the tissues may lead to air emphysema [39].

Probable aetiological factors

1. Using compressed air to dry the root canal system instead of paper points.
2. Exhaust of air from a high-speed drill directed towards the tissue and not evacu-
ated to the rear of the handpiece during apical surgery [40].
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While opening the access cavity for endodontic treatment, subcutaneous
emphysema can be caused by the use of an air-driven high-speed handpiece and
compressed air syringe [41].

Injection of hydrogen peroxide beyond the apex [31, 32].

Wedging of irrigation needle in the canal [20].

Excessive pressure of syringe used during irrigation.

Technical errors, such as the enlargement of the perforation which increases the
chances of injuring the periodontal tissues and entering air into the tissue spaces.
Iatrogenic widening of the apical constriction.

It can be caused by invasion of compressed air into soft tissues through the
disrupted intraoral barrier (dentoalveolar membrane or root canal) during tooth
extraction (particularly of the third mandibular molars) [42], restorative den-
tistry, dental implant surgery and root canal or periodontal treatment [23].
Many cases of air entering tissues are complicated by inflammation and infection,
perhaps from canal debris and/or microorganisms or perhaps from opportunist
microbes from other sources within the body that find the inflated space [30].

7.4.2 Signs and Symptoms

The typical symptoms of sudden, severe pain are accompanied by a rapid swelling
and erythema in the region of the treated tooth [20]. The area will rapidly swell and
examination of the swelling will reveal a mild tenderness [43] (Fig. 7.4). Crepitus
[28] is evident along with oedema, erythema and lymphadenopathy [23]. Patient

Fig.7.4 Courtesy of Dr. Tara McMahon
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may experience mild fever and local discomfort. Radiographic findings such as dark
area of air and bubble accumulation are visible on CT scan and MRI images [44].

If the air pocket breaks through into the neck region, there is a sudden swelling
of the neck, the voice sounds brassy and the patient has difficulty breathing and
swallowing (dyspnoea) [25]. If it breaks through into the mediastinum, a crunching
noise is heard on auscultation.

7.4.3 Management

No standard therapy for further management of the complication has been described
in the literature. Few recommendations are:

1. Intervention depends on the nature and severity of the incident. In many cases,
no intervention or only a minimal amount is necessary.

2. In mild to moderate cases, the treatment consists of observation and reassurance
of the patient [45]. The patient should be informed that healing will take some
days, or even weeks, and that symptoms in most cases will resolve completely.

3. To reduce the acute pain, local anaesthesia may be helpful along with the pre-
scription of analgesics.

4. Initially, the swelling should be treated by cold compresses. After 24 h, these
should be replaced by warm compresses and warm mouth rinses to stimulate
local microcirculation [46].

5. Antibiotics are recommended only in cases where there is a high risk of infec-
tion spread; they are not necessary in minor cases.

6. When the acute symptoms have resolved or diminished, endodontic treatment
may be completed. The use of a mild no irritating irrigation solution (sterile
saline, chlorhexidine gluconate) is recommended in such cases.

7. In the majority of cases, there is no need or indication for extraction or surgical

treatment of the involved tooth.

Dental extraction may be necessary depending on severity of the case.

9. Ithas also been reported that administration of 100% oxygen via a non-breather
mask can hasten resolution of the emphysema, because oxygen, which replaces
the air, is more readily absorbed [27].
10. In cases where the emphysema extends towards the neck or the mediastinum,
hospitalization of the patient is necessary for a more complete control and con-
tinuous follow-up [25].

*®

7.4.4 Prevention

A well-fitted rubber dam should be used [25]. Perforations may cause seepage of
the irrigant into the tissues. Therefore, care must be taken to avoid that. Avoid wedg-
ing the irrigating needle into the root canal [46] by using a side-vented irrigation
needle (Fig. 7.5). During irrigation, a low and constant pressure should be used and
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Fig. 7.5 Side-vented irrigation needle

the clinician must ensure that excess irrigant leaves the root canal coronally via the
access cavity. However, it has been shown that contact between the periapical tis-
sues and the irrigant cannot be avoided completely.

It is not recommended to use compressed air to dry the root canal system. Use a
handpiece that exhausts the spent air out at the back of the handpiece rather than
into the operating field. This can be achieved by using remote exhaust handpieces or
electric motor-driven handpieces [41].

Use paper points to dry the canal [20], or a vacuum system, and avoid the use of
hydrogen peroxide while irrigating canals [23]. Ultrasonic or sonic instruments
should be used for root-end cavity preparations. Early recognition may be of
extreme importance to prevent possible secondary infections and cardiopulmonary
complications [47].

Air emphysema is usually an uncommon complication occurring during a rou-
tine endodontic treatment but occurring most commonly due to iatrogenic error by
the clinician. Thus, concentration at all times could avoid emergency dental situa-
tions like this. The irrigating and local anaesthetic needles should be colour-coded
to avoid confusion and mishaps.

7.5  Sodium Hypochlorite Mix with Chlorohexidine

Bacteria in the root canal system provokes and causes periapical inflammatory
lesions [48]. The main aim of root canal treatment is to eliminate bacteria from the
infected root canal and to prevent reinfection. Biomechanical cleaning and shaping
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of the root canal greatly decreases the number of bacteria [49]. Nevertheless,
because of the anatomical complexity of the root canal system, organic/inorganic
residues and bacteria cannot be completely removed and often persist [50]. Various
irrigants have been used during the canal preparation to minimize the residual
debris, necrotic tissue and bacteria, as well as to remove smear layer formed by the
mechanical preparation of the dentin [49, 51, 52].

7.5.1 Concern with Sodium Hypochlorite (NaOCI)

As mentioned before, due to its broad-spectrum antimicrobial action and tissue-
dissolving properties, sodium hypochlorite (NaOCI) at various concentrations is the
most common endodontic irrigant used [53-55].

Despite its germicidal abilities, NaOCl in high concentration is cytotoxic and can
cause necrosis of periapical tissues [54, 56, 57]. NaOCl is not a substantive micro-
bial agent [58]. These troubles have led clinicians and researchers to explore alter-
native irrigants.

7.5.2 Concern with Chlorhexidine Gluconate (CHX)

Chlorhexidine gluconate (CHX) is a broad-spectrum antimicrobial agent that has
been advocated as an effective medication in endodontic treatment [59, 60, 110].
When used as an endodontic irrigant, CHX has an antimicrobial efficacy compara-
ble to that of NaOCI but lacks the cytotoxic effects [59, 61]. CHX has also been
shown to have antimicrobial substantivity in root dentin [61-63, 110].

A drawback of CHX is that it lacks the ability to dissolve organic matter. For this
reason, CHX is often used in conjunction with NaOCI [54].

7.5.3 NaOCl and CHX Interaction

A combination of NaOCl and CHX has been advocated to enhance their antimi-
crobial properties. Kuruvilla [54] suggested that the antimicrobial effect of 2.5%
NaOCl and 0.2% CHX used in combination was better than that of either compo-
nent. Zehnder [2] proposed an irrigation regimen in which NaOCI is used
throughout instrumentation followed by EDTA, while CHX would be used as a
final irrigant. If hypochlorite is still present in the canal, a precipitate was
observed when the medications interacted [2, 64] (Fig. 7.6). This precipitate con-
tains the cytotoxin para-chloroaniline (PCA) which can coat the canal surface
and significantly occludes the dentinal tubules in the coronal and middle thirds
of the canal [65, 66]. The obliteration of dentinal tubules was not found to be
significant at the apical third. This might be due to the fact that the apical third is
more difficult to irrigate [65].
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Fig.7.6 NaOCL and
CHX precipitate

Table 7.3 Endodontic irrigation timeline

NaOCl 2%
NaOCl 17% EDTA rinse Rinse out CHX

During endodontic instrumentation 2 min Saline or water

7.5.4 PCA Toxicity

It is known that PCA and its degradation product are toxic and carcinogenic, so
potential leaching of PCA into the surrounding tissues is a concern [65]. Short-term
exposure of humans to PCA results in cyanosis, which is a manifestation of methae-
moglobin formation [67]. In 1991, it was reported that PCA to be carcinogenic in rats
due to increased sarcomas in the spleen. Furthermore in male mice, there was an
increase in hepatocellular carcinomas and haemangiosarcomas of the spleen [67].

7.6 Prevention

The interaction between NaOCI and CHX can be minimized or prevented using
saline or distilled water as intermediate flushes [68]. Also using EDTA alone
would be convenient; however, EDTA also produces a precipitate in the presence
of CHX [65].

A sequence of irrigation to avoid any interaction between all these chemicals can
be seen in Table 7.3.
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7.7  Calcium Hydroxide

Calcium hydroxide [Ca(OH),] has been used in dentistry for many years. Its use in
root canal therapy as an intracanal medication has been associated with periradicu-
lar healing [69], and thus, the routine use of Ca(OH), as an interim intracanal medi-
cament became widespread. Ca(OH), is an effective intracanal antibacterial
dressing, mainly as a result of its high pH and its destructive effect on bacterial cell
walls and protein structures [70]. It has been demonstrated that treatment with
Ca(OH), as an interim dressing in the presence of large and chronic periapical
lesions can create an environment more favourable to healing and encourage osse-
ous repair [71]. Ca(OH), is a formless, thin, granular powder with strong basic
properties and a density of 2.1. It can dissolve only slightly in water and is insoluble
in alcohol. Due to its lack of radiopacity, it is not easily seen radiographically. This
is the main reason that radiopaque materials (barium sulphate [BaSO4] and bismuth
and other compounds containing iodine and bromine) are added to the paste, thereby
allowing identification of lateral and accessory canals, resorptive defects, fractures
and other structures [72, 73]. Nevertheless, in apexification cases, it has been rec-
ommended that a Ca(OH), mixture without the addition of a radiopaque be used
because Ca(OH), washout is evaluated by its relative radiodensity in the canal in
follow-up appointments [74].

7.7.1 Aetiological Factors

During root canal treatment, temporary dressing material may unintentionally
escape through the apex of the tooth, resulting in a series of complications includ-
ing hypaesthesia or paraesthesia of the inferior alveolar nerve [75, 76]. Such com-
plications occur mainly by excess filling material causing direct pressure or by
exerting a neurotoxic effect on the neurovascular bundle [75]. The material causes
changes in the surrounding bone and affects the inferior alveolar nerve. Extrusion
is also evident in case of wide apex of an immature permanent tooth [77].
Complications can occur due to binding of the Ca(OH), syringe in the root canal
deep enough to create pressure higher than arterial blood pressure, thereby allow-
ing the paste to travel upstream. It should be mentioned that the Ca(OH), paste
particles are small enough to permeate into capillaries [78] and subsequently
obstruct the capillaries mechanically or induce crystallization in the blood, block-
ing circulation. The extruded medicament may also obstruct the blood circulation
by producing thrombi.
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7.7.2 Signs and Symptoms

Although it has been considered as a safe agent [78], calcium hydroxide has a very
low solubility at body temperature and will remain in the tissue for some time.
Calcium hydroxide has been shown to cause irreversible damage to nerve tissue
when exposed for less than 1 h in several experimental models [79-81] leading to
reduction in nerve activity. The effect is possibly caused by the excess of calcium
and hydroxide ions leading to a destabilization of the nerve membrane potential
[79]. Some previous studies have indicated that no or only mild problems occur if
calcium hydroxide is displaced through the apical foramen providing there is no
contact with soft tissue [82-84].

A few reports dealt with the negative side effects of Ca(OH), including bone
necrosis and continuing inflammatory response in repaired mechanical perfora-
tions, the neurotoxic effect of root canal sealers, cytotoxicity on cell cultures, dam-
aged epithelium with or without a cellular atypia when applied on hamster cheek
pouches and cellular damage following early Ca(OH), dressing of avulsed teeth
[84]. Few authors have also reported the deleterious effects if the material is extruded
under high pressure during endodontic treatment [78, 85, 86]. Calcium hydroxide
paste can result in necrosis and degenerative changes in animal models by intense
inflammatory responses [87, 88]. Its pH is around 12 [85], and it has very low solu-
bility at body temperature and will remain in the tissue for considerable time [86]
and therefore cannot be considered biocompatible [85] (Fig. 7.7).

De Bruyne et al. [84] reported gingival necrosis after extrusion of Ca(OH), paste
through a root perforation of maxillary central incisor. They treated the necrotic
gingival zone with rinses of hydrogen peroxide 3% and chlorhexidine 2% and daily
application (twice daily) of chlorhexidine digluconate 10 mg/g gel and concluded
that as long as Ca(OH), does not come into direct contact with surrounding soft tis-
sues, problems either do not occur or are of a mild transient nature. Sharma et al.
[89] described two severe cases of iatrogenic extrusion of Ca(OH), on upper and
lower molar teeth. They observed extensive necrosis in the scalp, skin and mucosa
in the first case and infraorbital nerve paraesthesia and palatal mucosal necrosis in
the second case. Both patients reported severe pain immediately after Ca(OH),
injection. A computerized tomography (CT) scan with three-dimensional (3-D)
reconstruction in second case confirmed the intravascular distribution of the mate-
rial. Authors explained that an exposure of Ca(OH), to blood resulted in crystalline
precipitation and the consequent ischaemic tissue necrosis. The patient underwent
thrombolytic, steroid and antibiotic therapies to maintain tissue reperfusion, limit
inflammatory responses and prevent infections, respectively [89]. A case of lower
molar with extrusion of Ca(OH), was described by some authors [78]. Patient had
severe local pain and paleness, and later during 90 min, the right half of the face and
palate became increasingly painful. Facial nerve paralysis and trigeminal paraesthe-
sia developed in all branches of the right side. Vision in the right eye became blurry,
cyanotic part of the palate became necrotic [78, 90], and the underlying bone was
sequestered. Angiography showed a number of vascular occlusions of vessels of the
right external carotid artery while laser Doppler showed severe ischaemia. Case was
treated by tissue plasminogen activator and prostacyclin analogue for 4 weeks.
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Fig. 7.7 (a) Ca(OH), beyond the apex. (b) After 1 month patient was symptomless. (¢) 3 months
follow-up

Ca(OH), if extruded beyond the apex may cause inflammatory resorption and
necrotize the buccal mucosa while discharging the material from the site [91] This
is presented without pain and can be treated by careful curettage of the lesion [91].
Patient may present with diffuse swelling at the lower buccal mandibular border in
case Ca(OH), ;s extruded from a lower premolar tooth, and the offending tooth will
be tender to percussion [86, 90] and mobile. It may also show manifestation of par-
aesthesia in the lower lip [86]. This can be treated with nonsteroidal anti-inflamma-
tory drugs [90] and antibiotic clindamycin [86] and surgical removal of the displaced
material [89, 91, 92].

7.7.3 Prevention

Careful application of calcium hydroxide paste into root canals can help avoid the
complications. It is important to remove any displaced material early when symp-
toms develop [86].

Possible complications with premixed calcium hydroxide dressings applied with
pressure insertion systems (lentulo spiral or applicator tips) in root canals should be
reconsidered especially in paediatric dentistry [92]. Caution should be taken when
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using premixed, pressure syringe Ca(OH), system in root canal therapy, especially
if there is no apical stop in the root apex. We would recommend alternative tech-
niques for applying calcium hydroxide to prevent harmful side effects [90].

Instrumentation may develop a traumatic communication facilitating the passage
of fluids into the artery. Preparing the canal atraumatically will reduce the likeli-
hood of extruded endodontic material into the periradicular region. The lentulo spi-
ral is the most effective device in delivering Ca(OH), paste to working length.
Syringe systems are considered less exact for carrying the filling material [93].
Moreover, there is greater risk of calcium hydroxide extrusion when using pressure
syringe systems.

7.7.4 Treatment

Treatment modalities differ from case to case. There is no standardized method of
treatment in the literature. The most important is to relief the patient’s anxiety, reas-
sure him and treat the case according to the signs and symptoms at that specific
time. It is important to remove any displaced material before the symptoms progress
[86]. If the case is severe, it is always recommended to refer to hospital or oral max-
illofacial surgeon. Follow-up by taking periapical radiograph every 3 months is rec-
ommended. In most cases after approximately 6 months later, clinical and
radiographic evaluations reveal no signs and symptoms and no lesions in periapical
radiograph [86, 90, 92].

7.8 Gutta-Percha Solvents

Dental materials are frequently placed in direct contact with live tissues and end-
odontic materials are not an exception [94]. Endodontic retreatment is often the
preferred course of action for failed root canal therapy [95-99]. Gutta-percha (GP)
has been the most frequent root canal obturation material for more than 100 years
[96, 97, 99] which is simple enough to remove in case of endodontic failure.
There are several methods for GP removal: thermal, mechanical and chemical sol-
vent [97, 99]. Chloroform is one of these inorganic solvents widely used for GP
softening or dissolving [97]. With less solving ability, xylol is another GP solvent
followed by essential oils such as eucalyptol and orange oil [100, 101].

The efficiency, safety and benefit of chloroform as a solvent for softening GP
during endodontic treatment have already been proven [98]. In an attempt to assess
the antimicrobial effect of chloroform on Enterococcus faecalis, Edgar et al.
assumed that chloroform reduced bacteria to non-cultivable levels [98]. However,
side effects from exposure to chloroform have also been recorded [94]. Furthermore,
studies have addressed that chloroform is possibly carcinogenic to humans [99,
102]. Chloroform is classified as a group 2B carcinogen by the International Agency
for Research on Cancer, which points out the materials that lack adequate evidence
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of carcinogenicity in humans, but there is sufficient evidence of their carcinogenic-
ity in animals [97].

7.8.1 Toxicity

Chloroform is able to bind to cell membrane and readily penetrate the cells leading
to lethal cell injury [102]. Vajrabhaya et al. found that the percentage of cells viabil-
ity after contact with chloroform was around 5-6% [97]. Their results provided
enough information to dentists to warn of any GP solvent discharge through apical
foramen [97].

7.8.2 Prevention

The best way to prevent is not to use. Chloroform is hardly used now in developed
countries and is banned in others. Some researchers suggest removing the GP in two
steps, first to remove the upper part with the solvent then the rest to be removed with
files [103]. Use in this way prevents overflow of chloroform out of the canal. By
dissolving rather than softening, chloroform leaves residues on the canal and pulp
chamber walls and due to fast evaporative action, it needs to be refreshed. On the
other hand, xylol proves to be a more efficient and biologically safer solvent [104,
105] in controlling and removing softened rather than the liquefied GP. Cytotoxicity
data have shown that chloroform was able to produce cellular death in dose-related
fashion, the strongest effect being observed at higher concentrations [102].

Using the available root canal retreatment NiTi rotary systems, which make the
retreatment procedure easier and faster, enough heat is generated by the rotating
which melts the gutta-percha and, subsequently, then can be washed out. Various
nickel titanium rotary instruments have been developed to facilitate cleaning and
shaping of root canals and removing gutta-percha remnants from the root canal
wall. They also maintain the canal shape, do not cause any canal deformation and
have a shorter working time [106, 107].

7.9 latrogenic Injury of Oral Mucosa Due to Formaldehyde-
Containing Medications

Formaldehyde-containing medications have been used for root canal treatment for
many years [111]. Various compounds containing arsenic and paraformaldehyde
were used in the past when effective anaesthesia could not be obtained [112].

It was introduced to treat nonvital permanent teeth in the USA by Buckley in
1904 [113]. In 1930, Sweet introduced the formocresol pulpotomy technique.
Formocresol has subsequently become a popular pulpotomy medicament for pri-
mary teeth.
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Formocresol acts through the aldehyde group of formaldehyde, forming bonds
with the side groups of the amino acids of both the bacterial proteins and those of
the remaining pulp tissue. It is therefore both a bactericidal and devitalizing agent.
It kills off and converts bacteria and pulp tissue into inert compounds [114].
Improper use of formocresol can cause necrosis of soft and hard tissues in the oral
cavity and swelling.

7.9.1 Formocresol Toxicity

Concerns about the safety of formocresol have been appearing in the literature for
more than 20 years. Formaldehyde, a primary component in formocresol, is a
hazardous substance [113]. The National Institute for Occupational Safety and
Health in the USA states if formaldehyde exposure occurs at a concentration of
20 ppb (parts per billion) or higher, it is instantly dangerous to health and life
[115], [116].

Numerous researchers have supported the mutagenicity (genotoxicity), carcino-
genicity and toxicity of formaldehyde [117-119]. Clinicians are advised that using
formocresol is not recommended by the American Association of Endodontists and
the American Academy of Pediatric Dentistry. Improper handling of formocresol
without proper isolation measures (rubber dam) or the use of excess mount of
formocresol in cotton pellet can damage the oral tissue which is considered as an
iatrogenic error.

Wesley et al. [120] recommended that formocresol be applied to a sterile cotton
pellet and squeezed dry in sterile gauze before being placed into the pulp chamber.
Improper handling of materials can also be a harmful event for the dentist and dental
assistant. Accidental use of formocresol as eye drops may create irreversible dam-
age to the conjunctiva [121].

7.9.2 Signs and Symptoms

The clinical presentation depends on the nature, duration of exposure and its chemi-
cal nature. Chemically induced oral ulcerations can affect any site inside the oral
cavity, but most commonly affects the labial and buccal mucosa [122].

The typical clinical feature of such chemical injury usually manifests as, super-
ficial white, wrinkled appearance. As the duration of exposure increases, the necro-
sis proceeds, and the affected epithelium becomes separated from the underlying
tissue and appears as desquamated [123]. Removal of the necrotic epithelium
reveals red bleeding connective tissue that subsequently gets covered by a yellowish
fibrinopurulent membrane. Histopathological examination of such tissue shows fea-
tures of coagulative necrosis [124]. The diagnosis of a chemical burn depends on the
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correlation of presenting clinical history, signs, the chronological events related to
the suspected agent and onset of ulceration [122]. Histopathological investigations
should be considered only in case of failure in establishing the cause.

Cambruzzi and Greenfield [125] described a case in which overmedication of a
canal system with formocresol resulted in crystal bone loss. They postulated that the
formocresol vapour may have penetrated a dentinal wall that was excessively
thinned.

Murdoch-Kinch et al. [126] reported a case where chemical injury to the oral
mucosa resulted in obstructive sialadenitis of the submandibular glands.

7.9.3 Management

Treatment of oral ulcerations due to chemical injury primarily requires identifica-
tion and removal of the responsible agent. No standard therapy for further manage-
ment of the complication has been described in the literature. Ulcers in the oral
cavity usually heal up within 2 weeks without scarring; only palliative and symp-
tomatic treatment should be considered.

Avoidance of plaque accumulation with gentle oral hygiene measures along with
anaesthetic mouth wash helps in these cases [122]. A soft diet and avoiding spicy or
hot foods is also recommended. The application of topical corticosteroid such as
Orabase (triamcinolone—Kenalog Orabase) provides provisional relief due to its
well-known action of anti-inflammatory, antipruritic and antiallergic actions. The
Orabase form also provides a protective covering which may serve to temporarily
reduce the pain associated with oral irritation.

Antibiotic therapy should be considered only in very extensive cases [121].

Extensive injury involving supporting bone loss might result in the extraction of
the offending tooth. If the injury involves the salivary gland duct, patient may expe-
rience transient obstructive sialadenitis [126], and the scarring of salivary gland
duct may result in permanent obstruction and chronic sialadenitis which will then
require surgical intervention.

7.9.4 Prevention

The importance of a well-fitted rubber dam cannot be emphasized enough.
Formocresol solution should be applied to a sterile cotton pellet and squeezed dry in
a sterile gauze before being placed into the pulp chamber. Any poor or defective
restorations/perforation may cause seepage of the formocresol into the tissues.
Therefore, care must be taken to avoid that to occur. Dentist, dental assistant and
patient should wear eye protection at all time to prevent accidental contact of the
material with the eye.
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Conclusion

To conclude, all the medicaments and irrigating solutions discussed in the chap-
ter are effective antibacterial agents, but, when in contact with vital tissues, they
become a potential irritant causing tissue destruction. Therefore, to prevent this,
injudicious use should be avoided, sealed rubber dam isolation during treatment
should be practised, Luer lock needle for irrigation should be used, wedging of
needle into the canal should be avoided and most importantly excessive pressure
during irrigation should be avoided.
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Appendix 7.1

Mild

Mix by GDP/endodontist
e Pain 0-3

* Swelling <30%

e Bruising localized

e No ulceration/necrosis

Immediate Mx

» [rrigation with saline/
sterile water

e Analgesia (OTC)

Nonsteroidal

anti-inflammatory

e Cold compress

* Investigations to identify
perforation or root
pathology

* Radiographs
- IOLCPA
- EODPT

Early Mx

*  Warm towel compress

* Regular review

Moderate

Refer to OMFS/hospital
¢ Pain 4-6

e Swelling 30-5%

e Bruising diffuse

¢ Intra-oral ulceration

Immediate Mx

e Treatment as for
mild injury

* Analgesia (opioids)

e Ref to OMFS

* Investigations to
identify perforation
or root pathology

* Radiographs
- IOLCPA
- EODPT

* CBCT

Early Mx
e Treatment as for
mild injury

¢ Antibiotics if there is

any evidence of
infection

Severe
Refer to OMFS/ hospital
e Pain 7+
e Swelling >50%
e Bruising diffuse oral
e Ulcerations/necrosis
* Airway obstruction
* Neurovascular deficit
Immediate Mx
e Treatment as for moderate injury
e IV antibiotics
e [V steroids
e Investigations

— MRI

- CT

Early Mx

e Treatment as for moderate injury

Incision and drainage of any
collection
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Mild Moderate Severe
Mix by GDP/endodontist Refer to OMFS/hospital Refer to OMFS/ hospital
Extraction of tooth (if * Debridement of e Definitive airway (tracheostomy) if
required) necrotic tissue airway is compromised
(emergency case)
Late Mx Late Mx Late Mx
Complete RCT with a * Complete RCT with ¢ Lipodystrophy
different irrigant a different irrigant — Fillers
* Lipodystrophy — Implants
— Fillers e Coleman fat transfer
— Implants e Medical management of
— Coleman fat neuropathic pain
transfer * Damage to motor nerves requiring

* Reviewed by OMFS advice from speech and language
therapy, physiotherapy due to lip
incompetence and poor oral seal

* Surgery
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Strategies to Reduce the Risk
of Reinfection in Endodontics

Federico Foschi

8.1 Endodontic Microbiology

The aetiological role of bacteria in endodontic disease is preponderant [1], although
reports of a minor contribution of viruses is surfacing [2, 3]. The molecular methods
developed at the turning of the millennium induced an exponential growth of the
data available to oral and endodontic microbiologist [4].

The aetiology of the endodontic disease does not follow a Koch postulate.
Polymicrobial communities in the form of biofilms are eliciting the endodontic dis-
ease, manifesting itself as periapical bone resorption, induced by osteoclast-induced
resorptive process triggered by an inflammatory cytokine cascade [5].

Noncultural approaches revealed further subspecies of bacteria involved in spe-
cific manifestation of the disease: in particular refractory endodontic disease has
represented a major conundrum for the endodontists and the researchers alike.
Many authors described a reduction in the number of species involved in secondary
endodontic infections, whereas others reported an increase in the diversity of spe-
cies: this underestimation was due to the limitation of the cultural approaches.
Certain species have been enumerated as potential culprit of refractory endodontic
infections, possibly returning on a quasi-Koch hypothesis (i.e. E. faecalis as main
player in secondary endodontic infections).

Indeed, specialised bacteria are present in the endodontic niche. Factors such as
proteolytic enzyme secretion, motility, dormant/starvation state capabilities, strict
anaerobiosis, alkalinity resistance and opportunistic features among many others
may represent the main characteristics of the true endodontic pathogens [6].
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Table 8.1 Pre-existing factors and parameters affecting the root canal treatment outcome related
to endodontic infection eradication and reoccurrence

Poorer prognosis Better prognosis

Secondary infection Primary infection

Long-standing infection

Presence of fistulae No historical or current oral/endodontic
communication

Lack of coronal seal/insufficient residual tooth Sufficient tooth structure allowing gap-free
structure restoration

Hairline cracks

Endo/perio lesion

In the dimensions of the endodontic infection however, many other aspects may
have a negative effect on the prognosis of primary and secondary root canal treat-
ment [7] (Table 8.1).

The duration of an infection has a very important role: long-standing infection
are more difficult to be removed. Several studies confirmed that the maturation of
biofilms allows an increased resistance to any antibacterial approach [8]. The nature
of bacterial contamination and sources may play a major role too.

Several routes and chances of contamination of the root canal system are
present:

1. De novo infections of the root canal space

2.

(@)
(b)
(©
(d)

(e)

Deep decays (with a prompter effect on younger patients with wider dentinal
tubules).

Coronal leakage (faulty or missing coronal restoration, degradation of the
hybrid layer).

Coronal and radicular micro-crack (craze lines, hairline cracks,
microfractures).

Long-standing periodontal disease (acidic exposure and root surface instru-
mentation can lead to dentinal tubules exposure and retrograde dentinal
infection).

Presence of fistulae can sustain extra-radicular and retrograde endodontic
infections leading to the formation of extra-radicular biofilm, which are
proven to be more aggressive and pathogenic.

Recurrent endodontic infection

(a)

(b)
(©)
(d)

Incomplete eradication of the microbial communities presents as biofilms in the
main root canal lumen and can lead to a re-propagation of the infection with a
delayed recolonisation even in the presence of satisfactory root canal filling.
Incomplete disinfection of inaccessible areas due to inadequate or short time
of disinfection.

Insufficient operative skills and incomplete chemo-debridement and shaping
protocols (missed canals).

Iatrogenic contaminations, a novel concept in endodontics, may help in under-
standing the endodontic infection stages and its origin: cross-contamination
during the handling of non-sterile endodontic consumables can be a signifi-
cant cause for refractory infections.
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8.1.1 Maedically Compromised Patients and Relapse
of Endodontic Infections

The evidence regarding the contribution of the endodontic infection to systemic
pathologies and diseases in endodontic research is still sparse [9—11], whereas con-
clusive evidence has been reached in the field of periodontology [12]. The host’s
role in the establishment and evolution of the endodontic pathology, including the
potential systemic effects of a low-grade chronic inflammation/infection, is now
taken more seriously. The receiving end of the infection has a major role in terms of
permissiveness to the spreading of endodontic infections: B and T cell deficiency
can lead to increased spreading of endodontic infection [13].

Vice versa the continuous inflammatory stress of an infected root canal system
that triggers the immune response may have systemic effects on the host [14]. The
main areas of potential association of endodontic infection and systemic diseases
include cardiovascular disease (CVD), diabetes mellitus (DM), chronic liver dis-
ease, blood disorders and bone mineral density. The linkage between CVD and
endodontic pathology may be conceivable, in particular with a hypothesised role of
the endodontic inflammatory mediators on the initiation and progression of CVD;
however, further studies are required [14].

In terms of DM, the association of an increased disease prevalence and fre-
quency of onset of periapical lesion for type 2 diabetic patients has been con-
firmed [15]. However, a delayed or hindered healing of periapical lesions following
endodontic treatment in diabetic patients has not been proved yet [16, 17]. The
risk of bias for these studies is high, and further investigations are required. Little
evidence is currently present for chronic liver disease, blood disorders and bone
mineral density [14].

Interestingly the fitness level of the patient apparently has little influence on the
manifestation of the endodontic disease [18]. Whereas other studies seemed to point
towards a certain association of certain gene polymorphisms that lead to an increased
susceptibility to endodontic manifestation (periapical resorption presence and
extent), however the evidence is still very limited [19].

8.1.2 The Microbiota of Refractory Endodontic Infection

The microbiota of refractory infection is very dissimilar from the primary end-
odontic infection. The initial formation of periapical lesion can occur with limited
bacteria present in the dentino-pulpal complex [5]. Not rarely tubular dentine
infection may be sufficient to trigger a cytokine cascade leading to the formation
of the periapical lesion [20]. Primary endodontic infection may however mature
with time leading to the development of a complex endodontic biofilm [8]. The
endodontic niche provides a selective pressure due to the limited oxygen tension.
The starvation of bacteria receiving limited amount of serum proteins or alterna-
tive metabolite is another reason for the survival and rise of the most resilient and
aggressive pathogens among the endodontic biofilm. With cultural methods
the most commonly isolated species in primary endodontic infection are
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Peptostreptococcus micros, Fusobacterium necrophorum, Fusobacterium nuclea-
tum, Prevotella intermedia and Porphyromonas gingivalis [21]. In primary end-
odontic infection associated with periapical lesion, the microbiota is mixed with
both gram-negative and gram-positive, mostly anaerobic microorganisms and
including more than three species per canal. In secondary endodontic infection,
facultative anaerobes and gram-positive bacteria prevail, and interestingly only
one or two species are isolated. In secondary endodontic infection, certain species
are cultured more frequently: Enterococcus faecalis, Streptococcus spp., P. micros
and F. necrophorum [22]. More recent microbiological studies adopting molecu-
lar methods that bypassed the limits of cultural approaches revealed a different
picture. The association of E. faecalis with failed root canal treatments has been
noted in several papers [23-27].

A recent study showed that gram-negative anaerobes previously considered
related to symptomatic lesions were also present in asymptomatic cases. A
novel hypothesis suggests that different compositions of the endodontic micro-
biota can result in similar disease outcome characteristics [28]. Another estab-
lished hypothesis is that the root canal treatment per se may have a direct effect
on the microbiota creating an imbalance and selecting certain species by modi-
fying the ecology of the root canal space [29]. Current studies are re-evaluating
the sole etiopathological role of E. faecalis in the development of refractory
endodontic infection showing instead the presence of more complex polymicro-
bial infection [30, 31].

A further concept regards the possible contribution of the clinician in the
establishment of secondary infections in the course of the primary treatment.
The nosocomial infections, also defined as hospital-acquired infection (HAI),
have been reported in different branches of medicine and affect the outcome of
surgical and other operative procedures [32, 33]. The usage of non-sterile con-
sumables and the contact with infected environmental surfaces may lead to the
transmission into the root canal space of pathogens, that can subsequently
establish a secondary infection [34]. In particular Staphylococcus epidermidis
and Propionibacterium acnes are not present as common commensal in the oral
cavity; however, these species have been isolated in endodontic refractory infec-
tions [35]. Increasing the asepsis/sterility during endodontic treatment may pre-
vent nosocomial infections.

8.2  Diagnosis of the Refractory Endodontic Infection

The diagnosis of a refractory endodontic infection is important for the clinician to
minimise the chances of failure [25]. A truly refractory endodontic infection may
not be eradicated even utilising the most advanced non-surgical techniques [36].
The detection of strains specifically associated with persistent/refractory pathology
is still not practical in everyday clinical settings. Culturing methods cannot grow non-
cultivable and fastidious bacterial strains, often present in endodontic infections.
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Molecular methods are still expensive and require a certain turnaround impractical
during a single treatment session. The clinician can only rely on the clinical signs of
pathology that are usually related to the more established infection.

Clinical examination revealing presence of symptoms and radiographic signs of
non-healing or expanding periapical lesion is indicative, by assumption, of presence
of a refractory endodontic infection. Clinician rarely confirms clinically the pres-
ence of bacteria. Clinical microbiologic sampling is not commonly used. Novel
devices based on fluorescence may be utilised chairside to confirm directly the pres-
ence of bacteria in failed root canal treatment. Chairside tests have been previously
considered in periodontology (e.g. BANA test) [37]. Reports of contemporary usage
of anaerobic tests in endodontology are very limited [38].

Refractory infections may have developed due to iatrogenic infection or persis-
tence of bacteria at the time of the primary endodontic treatment or due to second-
ary recolonisation of the root canal space. Lack of coronal seal is the major reason
for the reinfection of the root canal system. Even in the presence of a well-executed
root canal free of voids, bacteria can slowly recolonise the root canal space through
a percolation phenomenon [39, 40].

The presence of a large periapical lesion is not related to the bacterial load; how-
ever, it does reduce the chances of healing independently of the microbiological
status. On the other hand, the existence of sinus tract (fistula) is associated with
more complex biofilms which are proven to be more resilient [41] (Fig. 8.1a, b).
P. acnes can be isolated in the presence of fistulae. This bacterial strain has been
described as an aggressive pathogen that can lead to failure of orthopaedic implants,
cardiac valve and other prosthetic surfaces prone to biofilm development [42]. The
formation of fistulous tracts also facilitates the infection of the external surface of
the roots leading to the formation of extra-radicular biofilm, which are inaccessible
by the non-surgical root canal treatment [43, 44].

The development of extra-radicular biofilm is associated also with specific
bacterial strains as Actinomyces actinomycetemcomitans that may be also
related to intra-radicular polymicrobial biofilms [45]. Another important dimen-
sion of the endodontic infection is time: long-standing endodontic infections are
more resilient and difficult to be eradicated [46]. The maturation of biofilms
causes the formation of complex defence mechanisms, including extracellular
matrices [47].

If the clinician is aware at the diagnostic phase of the effect of these param-
eters on the outcome, a more successful treatment can be planned, possibly
including a plan for failure, of which the patient should be made aware at the
outset (i.e. apicoectomy).

Where several detrimental parameters co-exist very large periapical lesion asso-
ciated with a tooth with minimal residual coronal structure and with a long-standing
fistula) a poor prognosis with high chances of failure can be predicted [48]. The
patient should be informed of the risks and alternative treatment options. In certain
clinical cases, true refractory endodontic affected may only be resolved with the
extraction of the affected tooth.
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Fig.8.1 (a-b) Clinical photograph (a) and long cone periapical X-ray (b) showing an intra-radic-
ular fistula. The chances of healing are diminished due to the possibility of oral bacteria to form an
extra-radicular biofilm which is inaccessible by orthograde root canal treatment. The presence of
hairline crack should be investigated with an operative assessment in the presence of shallow exist-
ing restoration which is not impinging on pulp space. Alternative pathway of bacterial contamina-
tion of the root canal space should be suspected

8.3  Restorability and Coronal Seal

The amount of remaining tooth structure is related to the provision of a successful
restoration that prevents coronal leakage. The presence of marginal gaps in the cor-
onal restorations can lead to a prompt reinfection. The average bacterial cell size of
2 um allows a prompt passage through failing or deficient restoration. Lack of coro-
nal seal increases the odds of reinfection of the root canal system even in the pres-
ence of a satisfactory root canal filling [49].
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Limited number of study envisioned an objective restorability index [50, 51].
More recent data revealed that when the residual coronal tooth structure is less than
30%, the outcome of the root canal treatment decreases significantly due to higher
chances of reinfection [52].

The main principles to be considered when restoring an endodontically treated
tooth are to protect completely the cusps in posterior teeth in order to retain the
tooth integrity and to achieve a good peripheral coronal seal. The choice of type of
restorative material (amalgam vs. composite) and type of cuspal coverage (onlay vs.
full crown) does not affect the longitudinal survival.

Achieving a satisfactory level of coronal seal seems to be independent from the
type of restorative material employed and more related to the existing dentinal sub-
stratum [53]. The use of resin-based restoration or intracanalar fibre post has been
advocated to improve the hermetic seal of the root canal system by clinicians, but no
evidence is present in the literature [54]. However, the limited evidence present in
literature reveals no superior advantages compared with more traditional coronal and
intracanalar restoration [55]. Previous approaches included the use of the Nayyar
core technique that requires removing 2—-3 mm of sub-orifice gutta-percha to create
a dovel space to allow the extension of an amalgam core in these areas [56]. The
evidence seems very scarce in terms of type of restoration to achieve the best possi-
ble coronal seal [49]. The amount of residual tooth structure is more important than
the type of post or restorative material supporting single crowns [57].

Another important parameter to be considered is the time of provision of the final
restoration. Historically the tendency to wait for a full healing of the periapical
lesion following root canal treatment was a common place [58]. Current approach
dictates a prompt finalisation of the coronal restoration. The provision of a good
coronal seal is a key aspect of maintaining the periapical health (Fig. 8.2). The final
restoration should be provided as soon as practical: the survival of root canal-treated

Fig. 8.2 Long cone periapical X-ray showing the co-existence of unsatisfactory root canal filling
on the upper right first premolar associated with a satisfactory coronal seal. Conversely the upper
right second premolar has a poor coronal seal in the presence of a well-executed root canal filling.
The role of the coronal restoration in maintaining the periapical health should be emphasised
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teeth that received a crown within 4 months and after 4 months following RCT was
85 and 68%, respectively. Endodontically treated teeth that received a crown
4 months after RCT were extracted at three times the rate of teeth that received a
crown within 4 months after RCT [59]. The presence of symptoms is the only major
contraindication to a prompt restoration. Waiting unnecessarily for the completion
of the ongoing bone healing process (up to 4 years according to the ESE guidelines)
may instead lead to the reoccurrence of the endodontic infection due to loss of the
coronal seal.

8.4  Operative Strategies to Eradicate Endodontic Infection

The chemo-debridement of the canal is based on the use of files (stainless steel or
NiTi, manual or mechanised) to remove the infected dentine with the concomitant
irrigation with adequate disinfectants. The resection of infected dentine operated by
the endodontic instruments removes not only the surface of the dentine but also
exposes the infected tubules. The subsequent action of the irrigants is based on a
direct physical effect creating a shear stress that can detach the biofilm adhering on
the root canal wall and on the direct antibacterial effect on the biofilm. Several steps
can allow achieving a better outcome of the root canal treatment and minimise the
risk of relapse of the endodontic infection (Table 8.2).

To date no objective measurement is available to the clinician to determine the
level of disinfection achieved during the chemo-debridement. Even in the case of
microbiological sampling with a turnaround of at least 2 weeks for slow-growing
fastidious anaerobes, the information provided regards only the bacteria of the main
canal lumen. Different areas that are not reached by sampling such as isthmuses,
lateral canals, apical deltas and dentinal tubules may contain an unknown amount of
bacteria. Many study questioned whether the presence of bacteria in these inacces-
sible areas may contribute to the reinfection of the root canal system following pri-
mary root canal treatment. No clear evidence has been given so far to the clinicians
to determine the endpoint of root canal treatment, that is, the required level of clean-
liness or maximum acceptable bacterial cells count that does not hinder a successful
outcome. Classic study compared the different outcomes depending on the presence
of bacteria (positive cultures) prior to obturation; the agreement is that presence of
bacteria at the time of obturation has a detrimental effect on the healing of periapical
lesions [60-62]. Bacterial entombment, where a well-executed root canal would
entrap bacteria within the dentinal tubules and devoid them of any metabolite and
substratum to sustain the root canal infection, may not be sufficient to eradicate the
infection [63]. Starvation modalities of bacteria can lead to high resistance and a
lapse in the reappearance of the infection [64]. Bacteria in a dormant state and star-
vation may maintain a viable but non-culturable state that may still lead to reinfec-
tion of the endodontic niche [47, 65] (Fig. 8.3).

The traditional indications for reaching the clinical endpoint in endodontic treat-
ment are based on subjective or dogmatic approaches. Clinicians referred to
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Table 8.2 Operative phases and their significance aimed at maximising the disinfection of the
root canal system, preventing nosocomial cross-contamination and reducing the risk of

reinfection

Clinical steps
Rubber dam isolation
Disinfection of the operative field

Removal of existing restorations (i.e.
direct or indirect restorations)
Removal of infected dentine

Confirmation of absence of hairline
cracks
Coronal flare

Copious irrigation with NaOCl
solution
Patency filing

Adequate shaping

Removal of dentinal debris from
instruments flutes

Activation of irrigants (sonic or
ultrasonic)

EDTA irrigation

Final irrigation with NaOCl
Drying the canal with sterile paper
points

Dressing with CaOH (if used)

Change of gloves at time of obturation
Disinfection of gutta-percha points for
1’ in NaOCl

Rapid provision of a final restoration
and/or full cuspal coverage

Significance

Saliva cross-contamination elimination
Decontamination of tooth surface to avoid introduction
of oral bacteria into the root canal system
Confirmation of restorability and future coronal seal

Reduces chances of reinfection of the root canal
system
Prevention of bacterial leakeage

Creates an irrigation reservoir and maximise the
exchange of irrigants

Enough contact time to reach the infected
non-instrumented areas

Closed system vs. open system and removal of vapour
lock

Apical gauging to remove sufficient infected dentine
Avoids cross-contamination between canals

Increased antibacterial activity

Penultimate rinse to remove smear layer
Disinfection of the exposed dentinal tubules
Avoiding iatrogenic infection

Maximisation of the disinfection in the presence of
fistulae (debatable) or wide periapical lesions or
drainage (pus/exudate) within the canal (weeping
tooth syndrome)

Reduction of environmental cross-contamination
Reduction of nosocomial infection risk

Maximisation of the coronal seal

presence or absence of smell from dentinal shavings as an indicator of persistence
or eradication of the infection; others observed the shade of the dentinal shaving
collected on the file flutes [66]. More rigorous and dogmatic approaches indicated
certain protocols to achieve dentinal cleanliness: it has been recommended to instru-
ment at least three sizes bigger of the first file to bind at the apex to remove suffi-
cient infection at the apical level [67]. Alternatively, protocols dictating a minimal
dressing time with CaOH implied that the biofilm could be eradicated after a suffi-
cient time of exposure to an alkaline environment [68]. However, both methods can
be easily proved fallacious: tubular infection may infect the dentine to a depth of
1000 pm which is beyond the three sizes increase; on the other hand, bacteria such
as E. faecalis have been shown to survive in alkaline environment [69, 70].
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Fig. 8.3 SEM photomicrograph depicting an infected smear layer covering the root canal walls
following shaping with insufficient irrigation. The clinical relevance of entombed bacteria is not
clear; however, recent studies described the dormant state of bacteria embedded in the smear layer.
Refractory endodontic infection may occur due to the recolonisation of the root canal system start-
ing from these sparse bacteria

8.5  Access Cavity and Infection Prevention

The clinician needs to follow certain operative procedure to maximise the level
of disinfection of the root canal system. The use of the rubber dam should be
considered as the primary means to avoid the relapse of primary endodontic
treatment. Despite the evidence that carrying out root canal treatment without
rubber dam nullify the attempt to achieve a clean root canal, the adoption by
general practitioner is extremely limited (<5%) [71, 72]. Furthermore, in
absence of rubber dam, sodium hypochlorite is sparingly used due to potential
ingestion [72]. Mastering the placement of the rubber dam is essential. Single
tooth isolation with winged clamps and OraSeal (Ultradent, St. Louis, MO,
USA) used as an adjuvant to increase the peripheral seal around the tooth to be
treated improves significantly the ability to achieve complete sterility of the
operative field. In case a sufficient isolation cannot be achieved (often due to the
lack of residual coronal tooth structure), the feasibility of the root canal treat-
ment should be questioned unless pre-endodontic restoration cannot be placed
to improve seal. Still the provision of pre-endodontic restorations should not
override the restorative consideration where a tooth is not restorable if the sound
dentine is subgingival [73].

A good practice is to use surface disinfectants once the rubber dam is placed
prior to accessing the endodontium. This simple step minimises the risk of introduc-
tion of further plaque bacteria into the root canal system especially in cases with
limited endodontic bacteria load (i.e. irreversible pulpitis).
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Following the essential step of a leakage-free rubber dam isolation, a thorough
removal of carious infected dentine is recommended, despite minimal invasive
approaches recommended in pulp vitality preservation cases say otherwise [74]. A
convenient access cavity needs to be considered avoiding key-hole approaches
(ninja, truss, calla lily, etc.) that limit the visibility and ability to fully disinfect the
root canal system. Subsequently a thorough examination of the pulp chamber under
magnification will rule out the presence of hairline cracks or other defects that
would lead to a prompt reinfection of the endodontium via periodontal space.
Hairline cracks visible under magnification can have a width of 40 pm, which are
readily accessible by bacteria of 2 pm size [75]. The consensus regarding the man-
agement of visible hairline crack within the root canal system is still limited. Zero
tolerance to hairline crack present on the floor of the pulp chamber is recommended
to increase the outcome of the root canal treatment [76]. Other authors consider
problematic only the hairline cracks that reach the canal orifice level, and others
would consider unsalvageable only teeth with hairline crack penetrating into the
canal below the orifice level [77].

Operatively the main advices are to prevent hairline propagation by taking the
tooth off the occlusion (cusp trimming) and/or cement orthodontic bands.
Alternatively, an acrylic temporary crown can be considered for similar reasons.
The evidence for repair of dentine with bonding and resin composite is limited, and
this technique should be avoided. Whereas deep apical root cracks cannot be
detected at the diagnostic stage, the presence of deep single-spot (tubular) probing
associated with hairline crack should discourage from any attempt to provide root
canal treatment [78].

Once the integrity of the pulp chamber is confirmed, all existing canal orifices
need to be detected. The overlooking of the endodontic anatomy may lead to prompt
failure. The use of CBCT at the treatment planning phase may greatly reduce the
occurrence of missed anatomy and iatrogenic errors [79]. In certain clinical condi-
tion in elderly patients or with previous history of pulpal irritation, secondary and/
or tertiary dentine may have caused a significant reduction of the patency of the
canals and size of the pulp chamber [80]. Canals that are not patent macroscopically
can still be patent to microorganism that can freely colonise the niche and reach the
apex. At this stage it is extremely important to have a good knowledge of the text-
book anatomy of each type of tooth. This knowledge should be backed up by the use
of high magnification and illumination to fully comprehend the canal orifice posi-
tion and relationship. Missed canal is still one of the main reasons for root canal
treatment failure [81, 82]. On this account, again, minimal access cavities (ninja,
truss, calla lily) leaving undercuts and not allowing visual and tactile exploration of
the pulp chamber may cause failure to treat the whole root canal system. At this
stage the use of ultrasonic tips or of long shank rose-head burs as the gooseneck or
Meisinger can aid the task to remove calcifications within the pulp chamber. Pulp
stones can be present and obstruct the access to the orifice and leave a false bottom
at the furcation level; the virtual space between the furcation floor and pulp stones
can be rife with bacteria, and even in the absence of an existing infection, pulp
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remnants may represent a future substrate for bacteria infecting the root canal space.
For these reasons leaving pulp stones in situ may cause future relapse of the end-
odontic treatment.

8.6  Shaping with Stainless Steel and NiTi Instruments

The next operative stage following initial patency confirmation and manual scout-
ing of the root canal system is the establishment of a coronal flare. With the advent
of double flare techniques and modified step back, a great emphasis on avoiding
rushing to the apex has been recommended to minimise the extrusion of bacteria
and debris through the apex together with the formation of blockages [83]. A pre-
mature shaping of the apical third without coronal flare is bound to have limited
effectiveness as the irrigant penetration is limited.

Prior to the NiTi revolution, predicting the amount of dentine removed during the
shaping was difficult [84]. Stainless steel files have a 2% taper to retain enough flex-
ibility. To achieve a sufficient preparation taper, as per the Schilder’s technique, the
step back technique was utilised. Depending if stepping back 1 or 0.5 mm, a taper
of 5 or 10% would be achieved. The advent of more flexible alloy allows increased
tapers that can lead to a predictable and standardised removal of dentine. Still to
date no study provided sufficient evidence regarding the effect of different shaping
tapers on the success of root canal treatment. The microscopic anatomy of dentinal
tubules varies among the different levels of the canal with wider tubules and
increased density per square pm at the coronal level with respect to the apical. For
these reasons the permeability of dentine to endodontic irrigant may be very effi-
cient independently of an increased removal of dentine dictated by an increased
taper instrument. Very few studies analysed the contribution to removal of the infec-
tion of instruments independently of the irrigation [85]. Clinically hand or mecha-
nised instruments should never be used without irrigants. The presence of a
prematurely enlarged coronal third improves the fluid dynamics of irrigants and
increases the volume entering in the root canal system [86]. Nonetheless one of the
main limitations of root canal shaping is the difficulty of any type of instrument to
contact the full extent of the root canal wall surface [87]. The effect of an incom-
plete disinfection of the root canal system will have a major effect if larger amount
of bacteria is left behind, in particular in the main canal lumen as demonstrated by
the cultural studies [60].

Among the different envelopes of movement of hand files, the balanced force
together with circumferential and anticurvature filling is the best combination to
maximise the contact with the dentinal walls to remove the adhering biofilm.
Similarly, in de novo cases where the root canal is minimally infected, great care
should be paid to remove effectively all the pulpal tissue as this may represent a
future substratum for bacteria leading to a prompt bacterial regrowth. The collagen
component of the ground substance of the pulp and of the dentine can favour the
early adhesion of biofilms [88].
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Instead mechanised NiTi instrument (both rotary and reciprocating) have a fixed
envelope of motions (rotation associated with pecking or with brushing movement
or progressive reciprocation associated with pecking or with brushing). Furthermore,
the NiTi alloy is characterised with a self-centring ability especially in curved
canals. These features lead to the presence of untouched areas of the canal that can
reach up to 49% of the total surface [87].

The current mechanised NiTi instrument sequences, usually based on a fewer
number of files, are based on a preliminary enlargement of the coronal third of the
canal. Even single file techniques recommend to approach the shaping of the root
canal in thirds, usually focusing on the coronal third first. The removal of the bulk
of infection present within the pulp chamber underneath decays and in the coronal
third of the canal can reduce further cross-contamination from the coronal third to
the middle and the apical thirds [85]. During mechanised shaping the production of
infected dentinal shavings cut from the root canal walls is increased compared with
manual filing [89]. The operator will remove the infected dentinal debris from the
flutes of the NiTi instruments after each passage. The use of a sponge may facilitate
this task. Using different sponges may reduce the chances of cross-contamination
between thirds of each individual canal and among different canals. In multi-rooted
teeth different levels of contamination and inflammation may be present in each
individual canal; for this reason cross-contamination should be avoided with a thor-
ough cleaning of the file after each passage: ten strokes of an “in and out” move-
ment of the file in a dense sponge saturated in NaOC]I or chlorhexidine achieve
85-100% cleaning [90].

8.7 Irrigation

The shaping action of endodontic instruments is complemented by the use of irriga-
tion. Its main purposes are the direct eradication of the endodontic biofilm and the
removal of organic and inorganic debris produced during the shaping [91]. The
selection of the best irrigant solutions and the optimisation of their usage required
several trials and errors. One of the important aspects is also the biocompatibility of
irrigants to be used in the root canal system. Irrigation efficacy is based on the type
of irrigant, the volume, the delivery method and other activation methods, which
will be later discussed.

Three main categories of irrigants are used in endodontics: tissue-dissolving
agents, antibacterial agents and chelating agents.

Currently, solution combining all activities together, although being developed,
did not acquire a widespread use [92]. The irrigant needle allowing the best fluid
dynamic of the irrigant within the root canal system is the side-vented ones.
Compared to flat or bevelled one, the risk of irrigant extrusion is limited. As previ-
ously discussed taper and apical preparation may affect the effectiveness of the
irrigants. The creation of a coronal flare increases the volume and exchange rate of
the irrigant to the middle and apical third. An increased taper increases shear stress
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Table 8.3 Correspondence between irrigation needle gauge and their lumen calibre in mm and
the corresponding ISO files considering their external diameter

Diameter of the needle lumen Corresponding file (considering the
Gauge size (mm) external diameter of the needle)
23 0.6 70
25 0.5 55
27 0.4 45
30 0.3 35

on the root canal walls, still maintaining a limited risk of apical extrusion. The shear
stress can detach adhering biofilm allowing their dislodgment and complete removal
from the coronal aspect by means of aspirating the irrigant outflowing from the root
canal orifice [86, 93].

The gauge of the needle used for irrigation is affecting the level of irrigation
within the shaped canal (Table 8.3). Several studies reported the presence of a stag-
nation plane beyond the tip of irrigation needles under which the exchange of irrig-
ants is limited. Knowing the diameter of the needle allows to determine the exact
level reached by the irrigants effectively. To obtain a continuous exchange of irrig-
ants, the side-vented needle should be ideally positioned within 2 mm of the work-
ing length [93]. The irrigation needs to be carried out by expressing the plunger of
the syringe gently with the index finger and maintaining a continuous in and out
movement to avoid locking of the needle.

The main limitations faced by the irrigation are the difficulty in reaching non-
instrumented area, in particular, isthmuses, accessory canals and dentinal tubules;
the resilience of mature biofilms that are well adhering to the root canal walls; the
limited contact time; and volume of delivery [94].

The mainstay of root canal disinfection is sodium hypochlorite (NaOCl). The
concentration used clinically ranges between 0.1 and 6%. The overall balance
between effectiveness in tissue-dissolving activity, antibacterial potency and risk of
periradicular tissue damage favours the selection of mid-range NaOCI concentra-
tion as 2% [95, 96]. The chlorhexidine although promising for the broad-spectrum
activity has very limited organic matrix dissolving property. Mixing the two irrig-
ants is the cause of concerns and should be avoided [97]. For these reasons the use
of 2% NaOCl solution is the main irrigant throughout root canal treatment both in
cases of irreversible pulpitis and necrotic infected pulp.

The all-round effect of NaOCI both dissolving pulp remnants and affecting
endodontic biofilm makes it the irrigant of choice. The main limitation of NaOCl
is the inability to remove the smear layer produced during manual and mecha-
nised instrumentation. The presence of the smear layer on the root canal walls
has no clear clinical significance; however, several in vitro studies demonstrated
an increased tubular disinfection [98]. For the purpose of removing the smear
layer, a penultimate irrigation with 17% EDTA solution is recommended. The
EDTA solution should be left in situ to soak the root canal space for at least
1 min. No agreement has been fully reached regarding the ideal irrigation



8 Strategies to Reduce the Risk of Reinfection in Endodontics 191

Fig. 8.4 SEM photomicrograph showing the root canal walls completely free from smear layer
and fully debrided with no organic and inorganic debris. A strict adherence to the shaping and
irrigation protocols is required. In particular, the use of NaOCI irrigant solution followed by a
penultimate rinse for 1 min with EDTA solution followed again by NaOCI allows this level of
cleanliness

regimen and also depending on the original diagnosis. Primary root canal treat-
ment may require a different approach compared with long-standing infections.
Great emphasis has been given to the interactions between different irrigants
[99]. The risk of over-chelation and excessive opening of the dentinal tubules
has limited effect on the dentine resilience [100]. On the other hand, the effi-
cient removal of infected smear layer and opening of dentinal tubules allow a
deeper disinfection of the dentine [88, 101] (Fig. 8.4).

For this reason, after the penultimate rinse with EDTA, the last irrigation is
carried out with the NaOCI to complete the tubular disinfection (Fig. 8.5).
Deactivation of the NaOCI used as last irrigant is not required. An irrigation pro-
tocol can be suggested following the evidence available (Table 8.4). The drying of
the canal lumen prior to obturation is to be carried out with sterile paper points.
The potential mishaps related to irrigant use are discussed in the relevant
chapter.

Following the complete drying of the root canal, the obturation of the root
canal system contributes to the prevention of the endodontic reinfection.
However as large evidence suggested, the contribution of the type of root canal
obturation is less relevant than the previous disinfection procedures and the
provision of a good coronal seal. To date no study with high hierarchy of evi-
dence (i.e. randomised controlled trial or meta-analysis) demonstrated any dif-
ference in endodontic outcome with different types of obturation technique (i.e.
warm vertical condensation technique vs. cold lateral condensation). Future
study will likely focus in analysing the effectiveness of the seal of single cone
technique in conjunction with bioceramic sealer.
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Fig.8.5 SEM photomicrograph showing a superficial tubular infection that can be affected by the
removal of the smear layer by a penultimate irrigation with EDTA and subsequent final irrigation
with sodium hypochlorite

Table 8.4 Irrigation regimen for infected teeth: sequence, minimal contact time and minimal
volume are proven to maximise the eradication of endodontic biofilms

Minimal contact time/

Volume Concentration volume
Antimicrobial NaOCl 1-2% 45'/10 mL
irrigant
Chelating agent EDTA 17% 1’(penultimate
rinse)/0.5 mL
Adjuvant Urea peroxide/EDTA gel ~ Variable During shaping/ad-lib
Sequence [NaOCL + EDTA + NaOCL] repeated n times + final rinse protocol (1’
EDTA + final rinse with NaOCl)
Activation Passive ultrasonic irrigation (size 10 file to working length activated by

touch with an ultrasonic tip)

8.8  Avoid latrogenic Infection: Primum Non Nocere

A novel aspect of endodontic treatment is the possibility to cause nosocomial infec-
tions (i.e. cross-contamination from the clinical environment) [102]. The content of
many endodontic consumables has been proven to be non-sterile even when pack-
aged in sterile condition. Furthermore, non-sterile packaging is widely used in end-
odontics [103]. Among the consumable commonly used in the operative procedures,
the gutta-percha is non-sterilised. The clinician should soak in Milton solution the
gutta-percha cones prior to obturation for at least 60 seconds [104].

A major route of endodontic contamination can be ascribed to examination
gloves. A recent paper had demonstrated the increase of the bacterial contamination
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of the gloves in the course of the endodontic procedure. Clinician should consider
changing gloves at specific stages of the endodontic procedure: after access cavity,
after master apical cone X-ray and/or prior to root canal obturation [34]. These steps
together with the previously described operative protocols can reduce the chance of
nosocomial infection of the root canal space.

8.9 To Dress or Not to Dress

Dressing has been often described as the safest means of achieving root canal steril-
ity of the root canal space prior to obturation [105]. Systematic reviews revealed no
difference in the outcome between one- and two-stage root canal treatment [106].
However, many controversies have haunted the topic. Type of dressing, time and
repetition may have different effects, and a consensus has not been achieved on the
gold standard in dressing [107].

The mostly agreed protocols require non-setting calcium hydroxide to fill the
main canal lumen for at least 2 weeks. However, the high alkalinity upon which the
disinfection mechanism relies is not sufficient to eradicate certain bacterial strains
that are alkaliphile [69]. The data arising from the most recent CBCT studies reveal
a different situation when considering the outcome of one-stage vs. two-stage root
canal treatment [108]. The vast majority of study based on the traditional intraoral
planar X-rays reported no difference between the two approaches [109]. However,
the more sensitive CBCT-based analysis reveals a significantly better outcome for
the two appointments endodontic treatment [108].

The ideal protocol to provide the maximum efficiency of dressing consists of
non-setting calcium hydroxide inserted in each canal not beyond the working length
and left in situ for at least 2 weeks with a satisfactory temporary restoration. Among
the different types of material, coltosol and GIC provide a better seal compared with
zinc phosphate and IRM [110]. Temporary restorations tend to lose coronal seal and
allow bacterial microleakage after 2 weeks.

8.10 Advanced Disinfection Techniques

Despite the refinement in the protocols of shaping and irrigation, the relapse and
persistence of endodontic infection pushed the researcher to analyse the potential
factors limiting the effect of chemo-debridement. One of the main factors affecting
the effectiveness of irrigation is the root canal anatomy complexity. The structure of
the dentine microscopically limits the effect of irrigation within the dentinal tubules,
and the dentinal composition as well can buffer the effect of irrigants. The fluid
dynamic as well represents a major limitation in the contact time and shear stress of
the irrigants against biofilm. The concept of stagnation plane beyond the tip of the
needle limits the exchange of irrigants. Another issue recently described in literature
is the presence of vapour lock or presence of a bubble of air at the apical third
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entrapped during the irrigation and shaping. The presence of bubble of air or den-
tinal debris plugs or other blockages closing the apex creates a closed system which
limits the effect of irrigation [111, 112]. Patency filing and manual agitation of
gutta-percha cone can disrupt the presence of bubbles of air.

In order to overcome the shortcomings of non-active irrigation, several alterna-
tives and adjuvant system have been introduced. The passive ultrasonic irrigation
(PUI) has been developed and tested extensively to improve the disruption of end-
odontic biofilm [113, 114]. The efficacy of PUI has been demonstrated [115]. The
delivery of passive ultrasonic irrigation is very simple by flooding the canal with
NaOCl, selecting a passive file reaching the full working length and touching with
a periodontal probe to activate the irrigant for at least 20 s. More refined approaches
can be used with endo-chuck or endosonore files as alternatives.

The use of negative pressure irrigation is theoretically advantageous; however,
no evidence is present regarding an improved outcome [116]. The need to enlarge
the apical portion of the canal to accommodate the cannula may not be possible in
curved canals. The presence of debris is still visible in isthmuses and recesses of the
root canal system.

More recently the use of sonic activation has been developed to overcome the
potential limits of cavitation caused by PUI where bubbles of air could limit the
contact time of irrigants [117]. Similarly to PUI the canal is flooded with the irrig-
ant, and the tip of the appropriate size is activated for at least 20 s for each canal.
The activation can be repeated for both EDTA and the NaOCI solutions.

8.11 Ozone

Ozone has been tested extensively in vitro to determine its effectiveness against
biofilms and planktonic microbiota [118]. The current literature is lacking high-
hierarchy studies [119, 120]. Ozone has limited action on E. faecalis [121].

8.12 Photodynamic Therapy

Photodynamic therapy is based on the incubation of the root canal space with a dye
(photosensitiser) that once excited with light of the appropriated wave length will
release free radical ions damaging the biofilm. One of the advantages of photody-
namic therapy is the activity inside the dentinal tubules via optical scattering
(Fig. 8.6a, b). Furthermore, certain bacterial species are targeted by the emitted light
in absence of a photosensitiser due to the presence of endogenous protoporphyrin.
Several studies showed potential application in vitro and in vivo, to date; however,
photodynamic therapy can only be considered and adjuvant of the traditional irriga-
tion methods [122-124]. Care needs to be paid in the clinical setting to limit the
bleaching effect caused by sodium hypochlorite on the photosensitiser.
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Fig.8.6 (a-b) In vitro image of a PDT fibre inserted into the root canal system to the apex (a) and
with the laser activated. To be noted the lateral scattering through the dentinal tubules and the fora-
men. The photodynamic effect is based on the previous incubation of the biofilm and the root canal
system with a specific photosensitiser (e.g. methylene blue)

8.13 Future Development

The introduction of real-time detection of the presence of bacteria within the main
lumen of the root canal treatment will allow a rapid determination of the most effi-
cient protocol in removing the existing biofilm. The possibility to determine the
endpoint of root canal treatment would create a direct feedback to the clinician,
representing a surrogate endpoint. The use of functional dyes renders fluorescent
the live pathogens present within the canal lumen. An experimental system has been
developed to confirm the proof of principle. Technically with a rapid bacterial detec-
tion during root canal treatment, a paper point would be inserted in the root canal at
the different stages of the treatment to collect the canal content; following a rapid
dye incubation, the fluorescence emitted by the stained live bacteria will provide a
feedback on the level of residual contamination of the canal [125].
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9.1 Introduction

The main goal of a surgical endodontic treatment is to prevent the invasion of
bacteria and their by-products from the root canal system into the periradicular tis-
sues [1, 2]. Surgical endodontic treatment may be indicated for teeth with apical
periodontitis, when a nonsurgical retreatment is impractical [3—6].

In modern surgical endodontic treatment, magnification devices are used to
enable a precise surgical procedure. The root end is cut with minimal bevel, retro-
grade canal preparation is performed with the aid of an ultrasonic tip to a depth of
3—4 mm, and root-end filling is placed [7]. The advantages of this technique include
better identification of root apices, and it requires smaller osteotomies and shal-
lower resection angles that enable to preserve the cortical bone and the root length
[1, 8]. In addition, under magnification and illumination, it is possible to detect on
the resected root surface isthmusi, cracks, and lateral canals [1]. The modern tech-
nique is considered an efficient and predictable treatment with a long-term success
rate of over 90% [2, 4-6].

Like any treatment modality, surgical endodontics is exposed to risk of compli-
cations, defined as “any undesirable, unintended and direct result of surgery affect-
ing the patient, which would not have occurred had the surgery gone as well as
could reasonably be hoped” [9]. The practitioner should try to minimize complica-
tions by the application of an appropriate surgical technique and to efficiently
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identify and manage complications in case they occur in order to prevent long-term
damage [6].

This chapter is aimed to provide endodontic practitioners with knowledge and
practical tools to incorporate an evidence-based approach for prevention and man-
agement of surgical complications, in their daily practice.

9.1.1 Soft Tissue Complications in Endodontic Surgery

Endodontic surgery involves soft tissue wounding during the flap elevation [10] to
enable proper surgical access to the root apex [1, 11]. In the esthetic zone, adequate
flap design is crucial in order to achieve satisfactory esthetic results [6, 12].

Flap procedure possesses risks of complications, such as delayed healing and
periodontal defect formation [11] that sometimes may adversely affect the long-term
survival of the tooth and/or cause esthetic and functional problems [10, 12-14].
These flap-related complications may be associated with patient-specific factors or
with the surgical technique [1, 6, 10, 12—-17].

Following the surgery, the wound heals either by “repair” (when the injured tis-
sues are replaced with a scar tissue) or by “regeneration” (when the original injured
tissues are reestablished) [18, 19]. From a clinical point of view, scar formation may
be a significant esthetic problem, especially in the esthetic zone [6, 20].

Gingival recession may be caused by incorrect repositioning of the flap, compro-
mised blood circulation of the flap, and flap contraction (Fig. 9.1) [10, 13, 14, 16,
17, 21-23]. Thus, it is important to preserve the root-associated tissues and to repo-
sition a tension-free flap [6]. Flap necrosis may occur because of insufficient blood
supply. Therefore, the vertical releasing incisions should be parallel or converging
to the coronal part of the flap; the base of the flap should be wider than the free
margin; and it is crucial to avoid crashing of the tissue with the surgical instruments
[1, 6, 13]. Flap tearing may occur as a result of poor flap design with an insufficient
incision that causes flap tension. The flap should be reflected as one unit, with suf-
ficient length of releasing incisions [1, 6, 13].

Fig. 9.1 Gingival recession
following intrasulcular inci-
sion in the area of maxillary
central incisor (PFM crown)
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Separation of the wound margins may occur within the first week after surgery.
This complication may result from tissue failure rather or improper suturing tech-
niques. The wound margins may be closed again or left to heal depending upon the
margins extent and the surgeon’s judgment of the clinical scenario [6].

The presence of a periodontal disease may adversely affect the outcome of the
endodontic surgery [24, 25] and is associated with higher risk of complications [6,
26, 27]. When performing endodontic surgery in teeth with periodontal lesions, the
endodontic success rate may be less than 80%, compared to more than 90% for
cases without periodontal lesions [24].

Gingival morphology has a significant impact on the risk of soft tissue-related
complications following endodontic surgery. There are two types of anatomical
“gingival biotypes” [28]: “thin gingival biotype” is characterized by a highly scal-
loped marginal gingiva with slender teeth, delicate and translucent appearance, and
with a narrow attached gingival [13, 17, 29]. “Thick gingival biotype” is character-
ized with a bulky scalloped marginal gingiva in short and wide teeth, broad attached
gingiva, fibrotic and resilient tissue, flat soft tissue, and large amount of attached
gingival [6, 13, 17, 29]. Patients with thin gingival biotypes may be at a higher risk
for recession development following the surgery [6, 14, 17, 29]. On the other hand,
patients with thick gingival biotype may be more prone to infra-bony defect forma-
tion and deeper probing pocket depth following the endodontic surgery [10, 1214,
17, 28, 29].

Adequate incision design is crucial and several principles should be applied:
horizontal and severely angled vertical incisions or incisions over radicular emi-
nences should not be performed [27, 30, 31]; the incisions should facilitate flap
repositioning over a solid bone [27, 31]; the incisions should avoid muscle attach-
ments [27, 31]; the vertical incision extension should facilitate the positioning of the
retractor during surgery on a solid bone without tension [1, 27, 31]; and the extent
of the horizontal incision should enable adequate surgical access with minimal
stretching of the soft tissue [1, 6, 27, 31].

The flap should be designed as “full thickness” to include the entire mucoperios-
teal tissues. Full-thickness flaps maintain the supra-periosteal blood vessels and
result in less tissue trauma and ensuing bleeding [1, 6, 27, 31]. It is recommended
to minimize as possible the time of the operation and perform a short-duration sur-
gery in order to prevent flap ischemia and necrosis [6].

Sutures are supposed to help the repositioning of the flap and secure the flap
edges until the wound has healed enough to withstand the functional stresses [32,
33]. However, improper use of sutures may lead to inflammation, delayed healing
[31], and tissue strangulation (Fig. 9.2) [6, 26]. The suturing technique should allow
wound closure and flap stabilization for at least 3 days. The sutures should be
passive and avoid stretching, tearing, or compromising the blood circulation of the
tissue [6, 26, 32, 33].
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Fig. 9.2 (a) Maxillary right lateral incisor with periapical lesion—preoperative radiograph. (b)
Maxillary right lateral incisor—preoperative clinical photograph. (¢) Immediate postoperative
radiograph following root-end preparation and filling. (d) Intraoperative photograph following flap
elevation and osteotomy. (e) One month following surgical procedure—acute inflammation of
gingiva
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9.1.2 Periapical Osteotomy and Curettage

The main goal of the osteotomy in endodontic surgery is to provide an adequate
access for the surgical management of the apical part of the root [1, 2, 4-6, 18, 34].
However, when the size of the osseous defect is extensive, osseous regeneration of
the wound may not occur, and the defect might heal by fibrous connective tissue [6,
18, 35, 36]. Enlarged osteotomy directed toward the coronal margin may potentially
lead to perio-endo communication, endanger the adjacent anatomical structures,
and cause a damage to neighboring teeth [1, 6, 24, 37]. With the modern microsurgi-
cal techniques, the size of the required osteotomy decreased, to about 4-5 mm in
diameter, a diameter large enough to allow the surgical manipulations and at the
same time reducing the potential risk [1, 6].

Excessive heat generated during osteotomy preparation may generate heat [38, 39],
interrupting the blood flow, and may cause decreased osteoclastic and osteoblastic
activity, dehydration, and desiccation, with resulting osteocytic degeneration and
osteonecrosis [6, 38, 39]. The factors that may influence the amount of heat generation
are the drill design, the drilling technique, and the bone characteristics [6, 40]. Only
light brushing motions using a high-speed bur with the copious amount of irrigation
should be applied for endodontic surgery [6].

Periapical curettage is aimed to remove pathological tissue and enable access to
the surgical site. The curettage may potentially jeopardize adjacent anatomical
structures such as the maxillary sinus, the nasal cavity, and neurovascular bundles
[6]. The inflammatory endodontic lesions (either cyst or granuloma) are the
responses of the periradicular tissues to irritants from the infected root canal, and it
is usually not necessary to completely curette all the involved periradicular tissues
during the surgery [6, 41].

9.1.3 Complications During Root-End Management

Root-end management involves a root-end resection and retrograde preparation and
filling of the apical part of the root canal [42].

Root-end resection was traditionally recommended in order to remove the con-
taminated apical part of the root canal and to provide access for retrograde cavity
preparation and obturation [1, 43]. It was suggested that at least 3 mm of the root
end should be removed [44]. However, in some cases, excessive root-end resection
may dangerously reduce the crown-to-root ratio (CRR) [44, 45]. Recent studies
suggest that root-resected teeth are not prosthodontically compromised unless there
is also periodontal bone loss. Therefore, preserving the suggested ideal 1:2 CRR
must not compromise the main goal of the surgery [46, 47].
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Missed root canals may compromise the success of the whole surgical proce-
dure. Inadequate root resection or limited visualization of the root anatomy is the
main cause of missed root canals [48].

Ultrasonic tips are used to prepare a retrograde cavity to a depth of 3—4 mm [16,
49]. However, during the use of ultrasonic endodontic tips, a fracture of the tip can
occur, and dentinal cracks may develop [50]. Therefore, light touch with moderate
power setting and copious irrigations should be employed while operating the ultra-
sonic tips [42].

9.2 Bleeding in Endodontic Surgery

A damage to blood vessels during the surgical procedure may lead to hemorrhage
[51-55]. While a severe hemorrhage is rare in endodontic surgery, when happens it
may cause serious systemic complications [53, 56]. In patient with bleeding disor-
ders, excessive bleeding may occur even if only small blood vessels were damaged
during the surgical procedure [6, 53, 56].

In cases when the bleeding is not penetrating the oral mucosa or the skin, a local-
ized collection of the blood in the oral mucosa or facial tissues may cause a discol-
oration resulting in the formation of hematoma. Hematomas can last for up to
2 weeks and usually require no treatment [6]. Rarely, an excessive hematoma devel-
oped in the floor of the mouth may even lead to potentially life-threatening scenar-
ios [57].

Mild hemorrhage is relatively common during endodontic surgery, and although
it is usually not life threatening, it may cause complications and may even compro-
mise the prognosis of the treatment [52]. Adequate bleeding control is therefore
essential since it improves visualization of the surgical site, minimizes the operating
time, and enables the dry field for proper placement of retrograde filling materials
[6, 52, 55]. Minor bleeding is still common and should be controlled by a variety of
means such as digital compression, gauze tamponade, cauterization, suturing of the
bleeding vessel (ligation), and by adjunct topical hemostatic agents [1, 6, 52, 54, 55,
58-61].

The goals of local anesthesia during endodontic surgery are to achieve profound
anesthesia that is necessary for the patient comfort and cooperation, together with
proper hemostasis, achieved by administrating a local anesthesia agent with vaso-
constrictor [1, 51, 54, 55, 60]. Usually, 1:100,000 epinephrine concentration should
be sufficient to achieve proper hemostasis [6, 27].

Occasionally, a secondary bleeding phase is observed after an infiltration of local
anesthetic with vasoconstrictor. This phenomenon, termed “the rebound phenome-
non” [62], may last for hours, and it is usually impossible to reestablish hemostasis
by additional injections [63]. Thus, the more complicated and hemostasis-depen-
dent procedures (such as the root-end management) should be done first [6, 31, 63].
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9.3  Nerve Injury During Endodontic Surgery

Most routine surgical procedures may lead to nerve injury [1, 6, 64, 65]. In addition,
nerve injuries may be caused indirectly by postsurgical pressure increase applied on
the nerve bundle by the development of an intra-alveolar hematoma, or edema
inside the mandibular canal, or by a prolonged pressure increase from neuritis [66].
However, direct trauma to the nerve bundle during surgery is the most frequent
cause of nerve injury and may occur through nerve compression, stretching, cutting,
overheating, and accidental puncture [6, 67-71]. Most cases of inferior alveolar
nerve (IAN) injuries have been reported in second mandibular molars [1, 6, 64, 72].

The use of cone-beam CT (CBCT) may facilitate the evaluation of the true extent
of the periapical (PA) lesions and the relationship of the PA lesions and root apices
to anatomical landmarks such as adjacent neurosensory structures, thus enabling a
more predictable surgical approach [73-79]. Following surgical procedure, the
practitioner needs to detect any possible signs of altered sensation [69, 71, 72, 80].
Early symptoms that may suggest possible nerve injury are acute pain during or
after the surgical procedure or neurosensory alterations, such as paresthesia [6, 81].

The long-term prognosis of altered sensation following endodontic surgery is not
fully elucidated, but it may be related to the type and extent of injury and to the
intervention protocol and timing [64, 71, 72, 82—-84]. It seems that most patients,
especially those with a relatively low extent of injury, whom were treated immedi-
ately and properly, tend to improve with time [84]. When nerve injury is suspected,
a timely mannered clinical approach aimed to prevent permanent damage and to
enable a better clinical and medicolegal response is of outmost importance [6, 64].

9.3.1 Maxillary Sinus Complications

The roots of maxillary premolars and molars may lie in proximity to the maxillary
sinus floor [85]. In many cases, it is the periapical granuloma or cyst extending into
the sinus cavity, causing sinusitis of dental origin. This was shown for the first time
in a study by Bauer [86] and later was termed “endo-antral syndrome” (EAS) by
Selden [87]. The reported frequency of sinusitis of dental origin varies considerably,
between 4.6 and 47% [88] of all sinusitis cases. These represent risk factors for
perforation of the Schneiderian membrane during periapical surgery.

Frequencies of Schneiderian membrane perforations vary from 9.6 to 50% [89].
Sinus membrane perforations could be detrimental, causing inhibition of ciliary
activity, thereby reducing the resistance to infection [90]. Clinical signs and symp-
toms include nasal bleeding, sinus obstruction, and acute or chronic sinus infections
[90]. However, Ericson et al. [91] and then Watzek et al. (1997) [108] found no
significant difference in the healing rate between patients with and without intraop-
erative sinus exposure. Moreover, later on, it was also demonstrated that as long as
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foreign materials and root apex are not allowed to enter the sinus cavity during
root-end preparation, a Schneiderian membrane perforation is not detrimental to the
clinical outcome [92].

9.3.2 Postoperative Pain, Swelling, and Infection

Postoperative pain and swelling are common complications of surgical procedures
[93], and their intensity depends on the degree of tissue damage and inflammatory
response. Inflammation may occur due to the surgical wound alone or as a result of
the tissue injury combined with surgical site infection [6, 94].

Swelling may begin minutes to hours after the surgical procedure (Fig. 9.3) and is
the consequence of hemorrhage and edema (an accumulation of fluid in a tissue) that
can continue for several days [94]. Following the surgery, bleeding usually stops
within minutes because of clotting, and the swelling is usually caused by edema [6].

Fig.9.3 Postoperative swelling following endodontic surgery in the first /eft mandibular molar tooth
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Pain is an unpleasant sensory and emotional experience associated with actual or
potential damage or described in terms of such damage [95]. The maximum severity
of pain usually occurs during the first 24 h [96], and the maximum swelling occurs
between the first and second postoperative days. However, between 45 and 66% of
patients present either with moderate swelling or with no swelling at all [6, 96].

Several possible factors affecting the risk and intensity of postsurgical symptoms
were reported, including the type of surgical technique (traditional vs. modern sur-
gical technique [2, 96-98]), poor oral hygiene, [99], smoking [99], preoperative
medication [100], type of local anesthesia [101], type of root-end filling material
[102], and the patient’s age or gender [99]. However, because it is more efficient to
prevent than to treat pain, the concept of “preemptive analgesia” was suggested (i.e.,
to prevent postoperative pain by preventing the establishment of central sensitiza-
tion) [103, 104]. It includes the administration of a drug that blocks painful inputs
from entering the central nervous system before the surgical procedure, in order to
attenuate the development of changes that manifest as increased pain during or fol-
lowing the surgery [6, 104, 105].

Tsesis et al. [100] premedicated all patients treated surgically by the modern
endodontic surgical technique, with a single 8 mg dose of oral dexamethasone pre-
operatively and two single 4 mg doses 1 and 2 days postoperatively. One day post-
operatively, 76% of the patients were completely pain-free, less than 4% had
moderate pain, and 65% did not report any swelling [100].

No consensus exists regarding the use of antibiotics in endodontic surgery [93,
106]. The prevention of surgical site infection is best managed by maintenance of
oral hygiene measures and the use of antiseptic mouth washes immediately preop-
eratively and postoperatively [6]. Antibiotics should be considered mainly for
immunocompromised patients or when signs of systemic involvement develop fol-
lowing the surgery. A surgical reentry might be also indicated for surgical drainage
and to explore and debride the apical tissues [6, 107].
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10.1 Introduction

The tooth, dental pulp, and the tooth supporting tissues (periodontium) are viewed
as one biologic unit which is called dentoalveolar unit. The periodontal ligament,
gingiva, cementum, and alveolar bone are the components of periodontium. A
healthy periodontium is essential for the functions of a tooth and also for the health
of the pulpal tissue. The interrelationship of these structures influences each other
during health, function, and disease. This relationship between periodontal and end-
odontic diseases was first discovered by Simring and Goldberg in 1964 [1]. The
periodontium and pulp have embryonic, anatomic, and functional interrelationship.
Ectomesenchymal cells proliferate to form the dental papilla and follicle, which are
the precursors of the periodontium and the pulp respectively. This embryonic devel-
opment gives rise to anatomical connections, which remain throughout life [2].
The periodontal-endodontic lesions are characterized by the involvement of the
pulp and periodontal disease in the same tooth. This is a unique biological relation
and makes the diagnosis complicated and difficult because a single lesion may pres-
ent signs of both endodontic and periodontal involvement. Generally, the majority
of pulpal and periodontal lesions are the result of bacterial infection. This suggests
that one disease may be the result or cause of the other or even originated from two
different and independent processes which are associated with their advancement
[3]. Diagnosis is further complicated by the fact that these diseases are viewed as
independent entities. Diagnosis, differential diagnosis, etiopathogenesis of the
problems, treatment approaches, decision-making, and prognosis of those clinical
situations are really challenging problems in endodontics and periodontology.
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The purpose of this chapter, while emphasizing upon pulpal-periodontal tissues
interactions and endodontic-periodontal interrelationships, is to also talk about clin-
ical considerations, treatment protocol and approach, and their possible solutions
from an endodontic aspect.

10.2 Pathways of Communication

Pulpal and periodontal tissues are closely related, and the disease transmission
between these two lesions has been demonstrated by many studies, demonstrat-
ing microbiological similarities between infected root canals and advanced peri-
odontitis [4-7]. Other than these microbial findings, similarities in the
composition of cellular infiltrates also suggest the existence of communication
between the pulp and the periodontal tissues [8]. These findings infer that cross-
contamination between the pulp and periodontal tissues is possible. Pulpal and
periodontal problems are responsible for more than 50% of tooth mortality [9].
Periodontal disease is a slowly progressing disease that may have an atrophic
effect on the dental pulp.

Three main pathways in the development of periodontal-endodontic lesions are [10]:

1. Dentinal tubules
2. Lateral and accessory canals
3. Apical foramen

Endodontic and periodontal sites have similar embryological and develop-
mental process and that make the bilateral interactions more easier besides the
other common pathways. Any problem in any compartment of that biological
unit (dentoalveolar unit) may affect the other one (as primary or secondary rea-
son like a domino effect). The relations between endodontic and periodontal
tissues were mentioned and defined by Simring and Goldberg at first in the lit-
erature [3], and later it was used as a concept and term to describe the inflam-
matory elements and procedures between the two tissues. An erupting tooth is
surrounded by squamous epithelium and a connective tissue. The pulpal tissue
and supporting tissues around the tooth in both periapical and gingival sides are
connective tissues. Therefore the effects of the noxious stimuli and microorgan-
isms are similar on these tissues because of the characteristic similarities of the
pulpal, periodontal, and periapical tissues. These tissues are very similar embry-
ologically, developmentally, and structurally. Also from the point of healing
capacity and potential of healing are very similar because in fact periodontal,
periapical, and pulpal tissues are the continuation of each other. As a connective
tissue, their reaction to inflammation, their collagen metabolism, and their
immunological and physiological responses are more or less the same. In both
(endodontic and periodontal tissues), the reactions can be acute or chronic, but
in endodontium generally the reactions are acute, and in periodontium the reac-
tions are generally chronically observed.
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The possible pathways for ingress of bacteria and their products into these tis-
sues can broadly be divided into: anatomical/physiological and nonphysiological/
pathologic pathways [11].

10.3 Anatomical/Physiological Pathways

Anatomical structures such as apical foramen and lateral and accessory canals are
the main routes of the interactions between the pulp and periodontium. They create
very special and intimate connections between the periodontal and pulpal tissues
(Fig. 10.1).

In case of endodontic lesions, the pathway of inflammation is through the apical
foramen, furcation canals, and lateral accessory canals to the periodontium resulting
in a 1 ° endodontic lesion, sometimes progressing toward 2 ° periodontal involve-
ment. In case of periodontal lesions, the progression of periodontitis is by way of
lateral canal and apex to induce a 2 ° endodontic lesion. True combined and con-
comitant endodontic-periodontal lesions are a mixture of the two, and it is difficult
to differentiate the primary reason and the source.

Anatomic Relationship Between Pulp &
Periodontal Ligament

Dentinal Tubules

)

Furcation Canals

Apical Foramen

Diagram 1

Fig. 10.1 Anatomic relationship between pulp and periodontium
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10.3.1 Apical Foramen

The pulp and periodontal tissues are derived from mesenchymal tissues of the tooth
germ. The blood supply maintains a connection between these tissues via the apical
foramen and lateral canals throughout the development of the tooth. The apical fora-
men is the main and most direct route of communication between the periodontium
and the pulp. Although periodontal disease can have a damaging effect on the pulp
tissue, total disintegration of the pulp is only possible if bacterial plaque involves
the apical foramen, thus, compromising the vascular supply. Following the total
necrosis of the pulp, various bacterial products like enzymes, metabolites, antigens,
etc. reach the periodontium through the apical foramen, initiating an inflammatory
response.

Pulp exposures, periodontitis, and caries lesions are of significant importance in
the development of periodontal-endodontic lesions. If these lesions are not well
treated and the canals are not disinfected and sealed completely, it may account for
the progression of the lesion or even for the endodontic reinfection [12—-14].

10.3.2 Lateral Canals

In addition to the apical foramen, there are a number of branches connecting the
main root canal with the periodontal ligament. These root canal ramifications were
first described nearly 100 years ago and are known as “accessory canals.” As the
root develops, ectomesenchymal channels get incorporated, either due to the dentin
formation around existing blood vessels or breaks in the continuity of the Hertwig’s
root sheath, to become lateral or accessory canals [15]. The term accessory canal is
nowadays used to describe any ramification that connects the root canal system to
the periodontal ligament [11].

Lateral canals contain connective tissue and vessels which connect the circulat-
ing system of the pulp with that of the periodontal ligament. The radiographic indi-
cations of the presence of lateral canals are localized thickening of periodontal
ligament on the lateral root surface or a frank lateral lesion. The majority of the
accessory canals are found in the apical part of the root and lateral canals in the
molar furcation region. The percentage of these lateral canals and their frequency on
the root surface are as follows: apical third 17%, coronal third 1.6%, and body of the
root 8.8% [16]. According to Bender et al., the periodontal endodontic problems
were much more frequent in the molars than in the anterior teeth because of the
greater number of accessory canals present in the molars.

10.3.3 Dentinal Tubules

In addition to the abovementioned pathways, the dentinal tubules are also important
as other main ways to create interaction between the pulpal and periodontal tissues
[10] (Fig. 10.2a, b). Periodontal disease, scaling, root planning, surgical procedures,
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Fig. 10.2 (a, b) Dentinal tubules under SEM (Scanning Electron Microscope). (These pictures
were taken from the study of Prof Mehmet Omer Gorduysus, pictures were taken in Middle East
Technical University, Ankara-Turkey). On the /eft side, the clean dentinal tubules are seen. Tubules
as hollow tubes are very unique pathways between periodontium and pulpal tissues. The cemen-
tum does not cover the dentin in the cervical area all the time, and the exposed tubules allow
microorganisms and noxious stimuli into the canals. On the right side (b), the smear layer and
microorganisms around the dentinal tubules are visible

developmental grooves, and gap joint at the cementoenamel junction may lead to
exposed dentin [17]. As a very classical and established example, passage of micro-
organisms between the pulp and periodontal tissues is possible through these
tubules, when the dentinal tubules are exposed in areas of denuded cementum [18].

According to Adriaens et al. [5], the bacteria coming from the periodontal pock-
ets may contaminate the pulp through the dentinal tubules that would be exposed
during root planning and scaling, serving as a microorganism reservoir resulting in
the recolonization of the treated root surface. In contradiction to this, some studies
[18, 19] have stated that because even with the removal of the cementum during the
periodontal therapy in the vital teeth, the pulp tissue is protected against the harmful
agents through forming reparative dentin. Moreover, the dentinal fluids move
toward the exterior surface, thereby reducing the diffusion of the harmful products
of the bacteria on the exposed dentin.

10.4 Nonphysiological/Pathologic Pathways

Another form of the communication is due to the iatrogenic perforations which
occur while using either rotary instruments or due to the improper handling of the
endodontic instruments [20]. When root perforation occurs, communications
between the root canal system and periradicular tissues often reduce the prognosis
of treatment. At the site of perforation, an inflammatory reaction in periodontal liga-
ment occurs and leads to the formation of a lesion which can progress as a conven-
tional primary endodontic lesion (Fig. 10.3).
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Pathological Pathways Created Between Pulp and
Periodontal Ligament

Introgenic Perforation

Diagram 2

Fig. 10.3 Pathologic pathways between pulp and periodontium

Another way of communication between periodontal and pulpal tissues is verti-
cal root fractures caused by trauma which can occur in both vital and non-vital
teeth. The incidence of root fractures is more in the roots that are filled with lateral
condensation technique and the teeth restored with intracanal posts [11]. They serve
as a bridge for pulp contamination. If the periodontium had a previous inflamma-
tion, it may lead to dissemination of the inflammation which can result in pulp
necrosis [21].

Developmental defects (Figs. 10.4 and 10.5a—c), abnormalities, and mal-
formations, i.e., fusion, gemination, dens in dente, dens invaginatus, dens
eviginatus, immediate bifurcation ridge (furcation is very cervically located);
enamel, dentinal, and cemental abnormalities; or developmental problems,
i.e., cemental agenesis, hypoplasia, amelogenesis imperfecta, and dentinogen-
esis imperfecta also can be itemized among the pathological pathway-causing
situations. Physiological and pathological resorptions (transient, pressure,
replantation resorption, internal resorption, etc.) also fall under this category
(Figs. 10.6 and 10.7).

Wide-open apex and related infections, coronal leakage and unsuccessful coro-
nal restorations, extrusion kind or rapid orthodontic movements, deep restorations,
secondary caries, bone loss of the tooth supporting area, periodontal pockets,
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Fig. 10.4 Mandibular
right lateral tooth
represents developmental
abnormality and related
that in the X-ray periapical
radiolucency. This is an
example for endo-perio
lesion-related
developmental defects and
malformations (from the
archive of Prof. Mehmet
Omer Gorduysus, author of
the chapter)

Fig. 10.5 (a—c) Following the root canal therapy, surgery, and restoration (from the archive of
Prof Mehmet Omer Gorduysus, author of the chapter)
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Fig. 10.6 In the middle
third of the root (tooth 22),
an internal resorption was
observed radiographically
which is communicated to
periodontium. Patient had
endodontic and periodontal
clinical symptoms. The
root canal was calcified at
the apical third of the
tooth. (From the archive of
Prof Mehmet Omer
Gorduysus, author of the
chapter)

Fig. 10.7 The resorption
area was obturated with
injectable gutta-percha
(Obtura IT) and followed
up. (From the archive of
Prof Mehmet Omer
Gorduysus, author of the
chapter)
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unsuccessful endodontic surgical applications, weak retrograde fillings, flora
changes during the dental replantation and transplantation, and sinus tracts (fistula)
are all possible pathological pathways. Besides these, extruded gutta-percha or
posts beyond the apex also create a chronic irritation as foreign material. Amalgam
particles, separated particles of absorbent paper cones and other materials, and cal-
culus are extrinsic irritating factors and may cause pathological pathways between
endodontium and periodontium.

10.5 Etiopathogenesis
10.5.1 Effect of Periodontal Lesions on the Pulp

High percentage of pulpal inflammation and degeneration has been reported in peri-
odontally involved teeth than in teeth with no periodontal disease [22]. Research
shows that periodontal disease has no effect on the pulp till it involves the apex or
the periodontal breakdown has exposed an accessory canal to the oral environment
[3, 23].

Microbial agents are the main etiologic factors involved in these lesions.
The formation of bacterial plaque on denuded root surfaces, following peri-
odontal disease, has the potential to induce pathologic changes in the pulp
through lateral or accessory canals. Hence, a deleterious effect of periodontal
disease on the pulp can occur and produce pulpitis and is often referred as
retrograde pulpitis [1].

The effect of periodontal lesions on the pulp can result in atrophic and other
degenerative changes like reduction in the number of pulp cells, dystrophic miner-
alization, fibrosis, reparative dentin formation, inflammation, and resorption. The
explanation for atrophic changes is the disruption of blood flow through the lateral
canals, which leads to localized areas of coagulation necrosis in the pulp. These
areas are subsequently walled off from the rest of the healthy pulp tissue by collagen
and dystrophic mineralization. With slowly advancing periodontal disease, cemen-
tum deposition may obliterate lateral canals before pulpal irritation occurs. Hence,
this is the reason why not all periodontally involved teeth demonstrate pulpal atro-
phy and canal narrowing.

The causative agents of periodontal disease are found in the sulcus and are con-
tinually challenged by host defenses. An immunologic or inflammatory response is
elicited in response to this microbiologic challenge. The speed of the pathogenesis
increases generally as the immunity and resistance of the patients becomes lower.
Noxious stimuli such as chemicals, rubber dam, broaches, local trauma, brushing
style, etc., all may increase the “pathogenesis,” and thus the endo-perio interfacing
situations may accelerate. Either physiological or pathological pathways come into
function and synergize with the help of predisposing factors. This results in the
formation of granulomatous tissue in the periodontium. When periodontal disease
extends from the gingival sulcus toward the apex, the inflammatory products attack
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the periodontal ligament and the surrounding alveolar bone. A clear-cut relationship
between progressive periodontal disease and pulpal involvement, however, does not
exist. The most common periodontal lesion produced by the pulp disease is the
localized apical granuloma. It is produced by the diffusion of bacterial products
through the root apex, with the formation of vascular granulation tissue.
Subsequently, resorption of the alveolar bone and occasionally of the root itself may
occur [24].

As these inflammatory changes increase in intensity, there is clinical evidence of
bone loss, pain, infection, and abscess which increases the tooth mobility and leads
to sinus tract and fistula formation. These situations may be categorized as acute or
chronic or subacute exacerbations or flare-ups and sometimes may be a part of the
clinical observations. Besides the individual factors, the pathogenicity of the micro-
organisms and the virulence are also important.

Resorption of the sides of the roots is frequently found adjacent to the granula-
tion tissue overlying the roots. When the periodontal lesions are deep, resorption
may also be found within the root canals and at the apical foramen. Since this
resorptive process extends into the dentin peripherally toward the pulp, and the
activating factors are produced from the periodontal lesion, this known as peripheral
inflammatory root resorption (PIRR) was proposed [25].

10.5.1.1 Effects of Periodontal Treatment Procedures
on the Dental Pulp

Commonly, the teeth become hypersensitive after periodontal procedures like scal-
ing and root planning, gingivectomy or deep curettage, and lengthening of clinical
crowns. This may be due to the influence of the periodontal diseases on the status of
the pulp. When the periodontal disease extends apically, the cementum gets necrosed
or removed, and the dentin or a lateral canal may get exposed. Dentinal tubules get
exposed as a result and act as a channel of communication thus irritating the pulp.
Root planning and scaling may result in the rupture of the vessels and destruction of
the neurovascular bundle in the lateral canals, provoking a reduction of the blood
supply and consequently leading to pulp alterations. If less than 2 mm of dentin
remains after procedures like scaling and root planning (especially in mandibular
anteriors), pulpal changes would occur in the teeth. Thus frequent periodontal pro-
cedures of long duration may cause pulpal pain.

The increase in intensity of pain may be explained by one or both of the follow-
ing two reasons. Firstly, the smear layer formed on the root surface by the scaling
procedures will be dissolved within a few days. This, in turn, will decrease the
peripheral resistance to fluid flow across dentin. Thereby, pain sensations are more
readily evoked. Secondly, open dentinal tubules serve as pathways for diffusive
transport of bacterial elements in the oral cavity to the pulp, which is likely to cause
a localized inflammatory pulpal response [4].
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Drugs/chemical agents used for the cauterization of inflamed gingival tissues can
also cause damage to the dental pulp via the exposed dentinal tubules.

Root conditioning using citric acid, though beneficial in the treatment of peri-
odontal disease, unfortunately also removes the smear layer, an important pulp pro-
tector. Cotton and Siegel reported that citric acid, when applied to freshly cut dentin,
has a toxic effect on the human dental pulp [26]. However, several other studies
have concluded that pulpal changes after the application of citric acid does not show
any significant changes in the pulp [27, 28].

10.6 Pulpal Diseases and the Periodontium
10.6.1 Effects of Endodontic Infection on the Periodontium

It has been demonstrated that intra pulpal infection tends to promote epithelial down
growth along a denuded dentin surface. An endodontic infection if untreated is a
local modifying risk factor for periodontitis by way of the apex and lateral or acces-
sory canals.

Necrosis of the pulp can result in rapid and widespread destruction of periodon-
tium, the production of radiolucency at the apex of the tooth, in the furcation or at
various points along the root. It has been demonstrated that periodontal treatment of
teeth with pulpal necrosis and periapical radiolucency resulted in impaired peri-
odontal healing [26]. Retrograde periodontitis caused by pulpal disease is a com-
mon cause of severe, localized destruction of periodontal tissues and manifests as
periodontal pocket formation, purulent inflammatory exudates, angular bone loss,
swelling and bleeding of the gingival tissues, and increased tooth mobility.
Therefore, it is essential that pulpal infections be treated first, before undertaking
periodontal procedures.

10.7 Classification

The most commonly used classification was given by Simon et al. [29] (Fig. 10.8).
According to this classification, endo-perio lesions can be classified into:

Primary endodontic lesion

Primary periodontal lesion

Primary endodontic lesion with secondary periodontal involvement
Primary periodontal lesion with secondary endodontic involvement
True combined lesion

A
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Primary Endo Primary Perio Secondary Perio

Secondary Endo Combined Lesion

Fig. 10.8 Diagrammatic representation of endo-perio lesions based on the classification by
Simon JH, Glick DH, Frank JL [29]

10.8 Primary Endodontic Lesions

An acute exacerbation of a chronic apical lesion on a tooth with a necrotic pulp may
drain coronally through the periodontal ligament into the gingival sulcus [10].
Dental pulp with inflammatory changes is the essential and main reason. Most com-
mon causes are traumatic injuries, caries, and restorative procedures.

The necrotic pulp may drain through the apical foramen, lateral canal, or through the
accessory canals at the furcal area. This condition may clinically mimic the presence of
a periodontal abscess. In reality, however, it would be a sinus tract originating from the
pulp that opens into the periodontal ligament. The pocket that forms is narrow and has
little or no local factors. Radiographs with gutta-percha cone tracing the sinus tract will
point toward the origin of the lesion. Root canal treatment is the treatment of choice.
Prognosis is excellent with complete and rapid resolution of the lesion in most cases.

10.9 Primary Periodontal Lesions

Periodontium is the essential and main cause of the process. These lesions are pri-
marily related to the accumulation of plaque and calculus. Pockets may be deep and
wide [10]. In this process, chronic periodontitis progresses apically along the root
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surface. In most cases, pulpal tests indicate a clinically normal pulpal reaction. The
prognosis depends on the efficacy of periodontal treatment [10].

10.9.1 Combined Lesions

10.9.1.1 Primary Endodontic Lesions with Secondary Periodontal
Involvement

Untreated endodontic lesion results in destruction of periapical alveolar bone and in

multirooted teeth bone in the interradicular area. Later drainage into gingival sulcus,

plaque and calculus follow path of tract leading to periodontal involvement.

10.9.1.2 Periodontal Lesions with Secondary Endodontic
Involvement

The apical progression of a periodontal pocket continues till the apical tissues are
involved. The pulp may become necrotic as a result of infection entering via lateral
canals or the apical foramen. Prognosis is better in molar teeth than in single-rooted
teeth [30]. Although the pulp is exposed to bacteria via patent dentinal tubules, it is
quite capable of repair and healing. Production of reparative dentin and reduced
canal diameter may result, but pulp tissue remains relatively unaffected. Unless
periodontal disease has progressed to involve the tooth apex, the effect of periodon-
tal disease on the pulp is negligible.

As mentioned earlier, the treatment of periodontal disease can also lead to sec-
ondary endodontic involvement. It is possible for a blood vessel within a lateral
canal to be severed by a curette and for the microorganisms to be pushed into the
area during treatment, resulting in pulp inflammation and necrosis [10].

10.9.1.3 True Combined Lesions

True combined endodontic periodontal disease occurs less frequently than other
endodontic-periodontal problems. It is formed when an endodontic lesion progress-
ing coronally joins an infected periodontal pocket progressing apically [29]. These
lesions occur independently of each other and are indistinguishable. The two lesions
can either merge or exist separately. Merged lesions form by ongoing marginal
attachment loss or by exacerbations of apical periodontitis.

The degree of attachment loss in this type of lesion is invariably large, and the prog-
nosis is questionable. This is particularly true in single-rooted teeth. In molar teeth, root
resection can be an alternative treatment. The radiographic appearance of combined
endodontic periodontal disease may be similar to that of a vertically fractured tooth.

Clinically, necrotic pulp or failing endodontic treatment with presence of local
factors (plaque and calculus), deep pockets, and periodontitis are present in varying
degrees [31, 32]. Immediate sealing of root perforations, root canal therapy,
advanced endodontic surgery, periodontal therapy with procedures such as hemisec-
tion, root resection may be required treatment options [6]. In most cases, periapical
healing may be anticipated following successful endodontic treatment. The peri-
odontal tissues, however, may not respond well to treatment and will depend on the
severity of the combined disease. Prognosis depends on the amount of destruction
caused by periodontal disease [31, 33] (Table 10.1).
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Table 10.1 Features of endo-perio lesions

Pulp Radiographic

Lesion Pain Periodontal pocketing vitality features
Primary Moderate to  None unless sinus tract is Non- Possible periapical
endodontic severe pain  present vital radiolucency
Primary None to Moderate Vital Decreased crestal
periodontic moderate bone height
pain
Primary Moderate to  Evident/possibility of a ~ Non- Radiolucency
endodontic with severe pain  sinus vital extends from the
secondary apex to the sulcus
periodontal with decreased
involvement crestal bone height
Primary None unless  Severe Vital Bone loss
periodontic with acute endo approaching the apex
secondary
endodontic
involvement
Combined lesions  Moderate to  Severe connecting with ~ Non- Bone loss extending
severe the periapex vital till the apex

10.9.2 Concomitant Pulpal and Periodontal Lesions

This additional group of lesions was proposed by Belk and Gutmann [34]. In this
scenario, both diseases coexist (endodontic and periodontal) with different etiolo-
gies. Thus the lesions will consist of an endodontic lesion and a noncommunicating
periodontal lesion. Both the diseases should be treated individually in such a case.

10.9.3 latrogenic Lesion

A new endodontic-periodontal interrelationship classification, based on the primary
disease with its secondary effect, suggests iatrogenic lesions as another group. This
group consists mainly of endodontic lesions which caused by following various
treatment procedures (as discussed earlier) [35].

10.10 Diagnosis

Diagnosis of primary endodontic disease and primary periodontal disease usually
present no clinical difficulty. In primary periodontal disease, the pulp is vital and
responsive to testing. In primary endodontic disease, the pulp is infected and non-
vital. However, primary endodontic disease with secondary periodontal involve-
ment, primary periodontal disease with secondary endodontic involvement, or true
combined diseases are clinically and radiographically very similar. Accurate diag-
nosis can be achieved by careful history taking, examination, and objective and
subjective findings [2, 10, 11, 13, 36-50] (Table 10.2).
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Table 10.2 Features to differentiate between lesions of endodontic and periodontic origin

If of endodontic origin If of periodontic origin

Non-vital pulp Vital pulp (except in advanced lesions)
Sharp throbbing pain Dull, chronic pain

Swelling Swelling confined to the attached mucosa

Tracing the sinus tract points to apical Sinus tract tracing leads to mid root
area or in the region of a lateral canal

Mobility in acute stages only Generalized mobility

Sinus tract is narrow and maybe Sinus tract is wide in the cervical area and can be easily

tortuous probed. This is due to the extensive loss of periodontal
structures

Bone loss (crestal and furcal) Generalized crestal bone loss (either horizontal or
vertical)

The following steps in diagnosis, aids in deciding an appropriate treatment
plan [10]:

10.10.1 Visual Examination

Examination of soft tissues, alveolar mucosa, and attached gingiva is carried out to
check for any signs of inflammation, ulcerations, or sinus tracts. Frequently, the
presence of a sinus tract is associated with a necrotic pulp. The teeth are examined
for any caries, defective restorations, erosions, abrasions, cracks, fractures, and dis-
colorations like ”pink spot” which is indicative of internal resorption.

10.10.2 Radiographs

Radiographic examination helps in detection of carious lesions, defective restorations,
root fractures, periradicular radiolucency, thickened periodontal ligament, and alveolar
bone loss. Correct interpretation of apical and periodontal lesions is important in diagnos-
ing the etiology of the lesion. Radiographic changes can be detected only after inflamma-
tion or bacterial by-products originating from the dental pulp cause sufficient enough
demineralization of the cortical bone. It is difficult to identify bone loss caused due to
endodontic disease in the initial stages as periradicular bone resorption from endodontic
origin is confined to only cancellous bone. However, periodontal disease causing alveolar
bone loss and the presence of calculus can be effectively detected by radiographs.

10.10.3 Palpation and Percussion

Palpation may be performed by applying firm digital pressure to the mucosa cover-
ing the roots and apices. With the index finger, the mucosa is pressed against the
underlying cortical bone. This will detect the presence of periradicular abnormali-
ties or “hot” zones that produce painful response to digital pressure [51].
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Percussion indicates the presence of a periradicular inflammation. An abnormal
positive response indicates inflammation of the periodontal ligament that may be
either from pulpal or periodontal origin. This test should be performed gently, espe-
cially in highly sensitive teeth.

10.10.4 Mobility

The integrity and consistency of the attachment apparatus, level of inflammation in
periodontal ligament, degree of mobility, pocket depth, amount of gingival bleed-
ing, and amount of bone loss give an idea about the periodontal status.

Tooth mobility is directly proportional to the extent of inflammation in the peri-
odontal ligament [10]. Hypermobility is quite common in cases of primary end-
odontic involvement and should not be confused with true mobility caused by
periodontal destruction. In cases of primary endodontic pathology, the mobility
resolves within a week of initiating endodontic therapy.

10.10.5 Pulp Testing

Teeth with vital pulps will react to cold test with sharp brief pain response that usu-
ally does not last more than few seconds. An intense and prolonged pain response
often indicates irreversible pulpitis and lack of response may indicate pulp
necrosis.

10.10.6 Periodontal Pocket Probing

The presence of a deep solitary pocket in the absence of periodontal disease may
indicate the presence of a lesion of endodontic origin or a vertical root fracture.
Periodontal probing is important for diagnosis and helps in differentiating between
endodontic and periodontal disease.

In periodontal disease, bone loss always begins at the crestal bone level and
progresses apically. The typical lesion is conical in contour. The probing may
start from a sulcus depth within normal limits, then gradually step down a slope
to the apical extent of the lesion, and then step up again on the other side to a
sulcus depth within normal limits. Such a conical-shaped probing indicates
periodontal pathosis.

Endodontic or periodontal disease may sometimes develop a fistulous sinus track
(Fig. 10.9). These may open anywhere on the oral mucosa or facial skin. Intraorally,
the opening is usually visible on the attached buccal gingiva or in the vestibule.
Sinus tracking is done by inserting a semirigid radiopaque material into the sinus
track until resistance is met. A radiograph is then taken, which reveals the path and
the origin of the inflammatory process [10].
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Fig. 10.9 A size 30 gutta-percha has been inserted from the orifice of the sinus tract and reaches
the furca area between mesial and distal roots of tooth number 37. In the clinic this technique is
very useful to understand the real source of the infection and which tooth is the cause of the prob-
lem. (From the archive of Prof Mehmet Omer Gorduysus, author of the chapter)

10.10.7 Acute or“Blowout” Lesions

When a patient presents with a localized swelling involving the gingival sulcus, it
may be difficult to determine whether the swelling is due to a periodontal involve-
ment or of endodontic origin [30, 52]. There is usually normal sulcus depth all the
way around the tooth until the area of the swelling is probed. At the edge of the
swelling, the probe drops significantly to a level near the apex of the tooth, and the
probing depth remains the full width of the swelling. At the opposite edge of the
swelling, probing is once again within normal limits. The width of the detached
gingiva can be as broad as the entire buccal or lingual surface of the tooth. This
swelling can be characterized as having “blown out” [9] the entire attachment on
that side. In such a case, only endodontic treatment will suffice and complete peri-
odontal reattachment occurs within 1 week in most cases.

10.11 Treatment Protocol

From the diagnostic point of view, it is important to realize that as long as the pulp
remains vital, although inflamed or scarred, it is unlikely to produce irritants that are
sufficient to cause pronounced marginal breakdown of the periodontium.

The prognosis of the tooth should always be considered carefully before the
commencement of any treatment procedure. If the prognosis is weak and/or hope-
less, the clinical application is very challenging especially from the endodontic
aspect, restorability of the tooth is questionable, and if the patient is not suitable for
a lengthy, costly, and invasive treatment, extraction is an alternative at the
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beginning. This should be analyzed carefully and in detail. If extraction is not an
alternative, treatment plan should be considered for endo and perio separately or
together depending on the classification of the case.

10.11.1 Clinical Considerations

A periodontal defect should always be suspected to harbor bacteria and should
therefore be treated endodontically. If the remaining dentition is periodontally
healthy and a vertical root fracture has been ruled out, healing of the attachment
apparatus can be expected after endodontic treatment without any periodontal treat-
ment. In general, when primary disease of one tissue, i.e., pulp or periodontium, is
present and secondary disease is just starting, always treat the primary disease first
[10, 30, 53, 54].

But in cases, when the secondary disease is also established and chronic, both
primary and secondary diseases must be treated. By and large, endodontic therapy
precedes periodontal therapy. Periodontal therapy may or may not be required,
depending on disease status. The complete healing of destroyed periodontal support
usually occurs following endodontic treatment. On the other hand, the complete
resolution of extensive destruction following the treatment of chronic periodontitis
is less predictable. It is important to realize that it is clinically not possible to deter-
mine the extent to which one or the other of the two disorders (endodontic or peri-
odontal) has affected the supporting tissues.

Therefore, the treatment should first focus on the pulpal infection. The second
phase includes a period of observation, whereby the extent of periodontal healing
resulting from the endodontic treatment is evaluated. Reduced probing depth can
usually be expected within a couple of weeks while bone regeneration may require
several months before it can be radiographically detected. Thus, periodontal ther-
apy, including deep scaling with and without periodontal surgery, should be post-
poned until the result of the endodontic treatment can be properly evaluated.

In a primary endodontic lesion, when the pulp is non-vital and infected, conven-
tional endodontic therapy alone will resolve the lesion. Surgical endodontic therapy
is not necessary, even in the presence of large periradicular radiolucencies and peri-
odontal abscesses. If primary endodontic lesions persist, despite extensive endodon-
tic treatment, the lesion may have secondary periodontal involvement, or it may be
a true combined lesion.

In case of secondary periodontal involvement, the tooth now requires both end-
odontic and periodontal treatments. If the endodontic treatment is adequate, the
prognosis depends on the severity of the plaque-induced periodontitis and the effi-
cacy of periodontal treatment. With endodontic treatment alone, only part of the
lesion will heal. If tooth has vertical crack, the prognosis will not be bright. If the
tooth is multirooted and if the problem is only related to one of the roots (but not the
palatal root), the root amputation or hemisection can be taken into consideration.
First initiate root canal treatment, and canals may be filled with calcium hydroxide
paste, which has bactericidal, anti- inflammatory, and proteolytic property,
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inhibiting resorption and favoring repair. Treatment results should be evaluated after
2-3 months, and only then should periodontal treatment be considered. This allows
sufficient time for initial tissue healing and better assessment of the periodontal
condition. Prognosis of primary endodontic disease with secondary periodontal
involvement depends on periodontal treatment and patient response [24].

Primary endodontic lesions with secondary periodontal involvement may also
occur as a result of root perforation during root canal treatment, or where pins or
posts have been misplaced during coronal restoration. In such a situation, this per-
foration repair must be sealed properly, and misplaced pin or post should be
removed. If the root perforation is situated close to the alveolar crest, it may be
required to raise a flap and repair the defect with an appropriate filling material.
MTA is one of the most recommended materials to repair the perforation.

Frequently an accumulation of plaque and calculus is observed clinically, and the
pockets are wider. Plaque and calculus should be eliminated periodontally. Prognosis
depends on the stage of the periodontal disease the periodontal treatment. Periodontal
site can be painful because of the accumulation of plaque and tartars in the peri-
odontal pocket, and as a result of them related the loss of the attachment, a mobility
can be observed. If the treatment is in the early stages of the disease, prognosis is
good. Sometimes extra-grafting techniques are necessary to be able to solve the
problem if there is a large amount of recession around the root surface due to deep
periodontal pocket for covering the root surface.

Primary periodontal lesions should be treated first by proper hygiene phase ther-
apy. An advanced periodontal lesion can be detected clinically. Chronic periodonti-
tis progresses apically along the root surface. Poor restorations which may make
oral hygiene maintenance problematic for the patient should be removed. Periodontal
surgery is performed only after the completion of hygiene phase therapy, if required.
Frequently an accumulation of plaque and calculus can be observed clinically, and
the pockets are wider. Plaque and calculus should be eliminated periodontally.
Prognosis depends on the stage of the periodontal disease. Mobility may be observed
due to the loss of the attachment. If the disease is in the early stages, prognosis is
good.

Periodontal therapy sometimes may consist of procedures (new attachment tech-
niques, gingivectomy, apically displaced flap, hemisection, or root resection) that
attempt to promote regeneration. In such cases, root canal therapy is not indicated
unless pulp vitality test results show change. Reevaluation must be performed peri-
odically after treatment to check for any change in the pulpal status. But, the prog-
nosis is entirely dependent on the periodontal therapy, in such cases.

Periodontal lesions with secondary endodontic involvement may present as revers-
ible pulpal hypersensitivity, which can be treated purely by periodontal therapy.
Periodontal treatment removes noxious stimuli, and secondary mineralization of den-
tinal tubules allows the resolution of hypersensitivity. But if pulpal inflammation is
irreversible, root canal treatment is carried out, followed by periodontal treatment.

Pulp is affected indirectly because of deep periodontal pocket. Physiological (natu-
ral pathways) or iatrogenic reasons may be the cause of this process. Tooth may
become mobile. Root canal therapy and periodontal therapy should be applied
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together. Prognosis depends on the severity of the periodontal problem. Generally
when this occurs, the tooth is non-vital. The prognosis of periodontal lesions is poorer
than endodontic lesions and is dependent on the apical extensions of the lesion. As the
lesion advances, the prognosis approaches that of a true combined lesion [55].

True combined lesions are treated initially as for primary endodontic lesions with
secondary periodontal involvement. Generally the true combined lesions are the
most difficult endo-perio problems to be treated, and the treatment is challenging.
Periodontal pockets are very deep, and in some cases, the probe can even reach to
the apex or to the apical third of the root. The first question to ask yourself should
be “can this periodontal problem be treated and how would be the prognosis.” Both
periodontal and endodontic therapy should be performed, but prognosis generally
depends on the severity and extent of the periodontal disease and the efficacy of the
periodontal therapy.

It is essential to understand that in endo-perio lesions, the endodontic treatment
is the more predictable of the two. However the success of endodontic therapy is
dependent on the completion of periodontal therapy. The complete treatment of
both aspects of endo-perio lesions is essential for successful long-term results.

In molar teeth, root resection can be considered as a treatment alternative if not
all roots are severely involved. Prior to surgery, palliative periodontal therapy should
be completed and root canal treatment carried out on the roots to be saved. The
prognosis of an affected tooth can be improved by increasing bony support, which
can be achieved by bone grafting and guided tissue regeneration. These advanced
treatment options are based on responses to conventional periodontal and endodon-
tic treatment over an extended time period. Generally the true combined lesions are
the most difficult endo-perio problems for to be treated. Figures 10.10, 10.11, 10.12,
and 10.13 show some clinical example of true combined lesion.

Concomitant pulpal and periodontal lesions can cause true combined lesions at
the end. Again, it is not easy to differentiate between the causative factors. Reasons
can be either periodontal or endodontic. Treatment approach should be considered

Fig. 10.10 Preoperative
radiograph in a left
mandibular first molar, an old
crown which the marginal
adaptation was lost, a
substandard, weak, and
unsuccessful (failured)
endodontic root canal
obturation, periapical
involvement, and a big furcal
lesion were observed.
Examinations revealed and
was decided as a true
combined lesion. Crown was
removed, endodontic
retreatment and periodontal
curettage at the furcal site
were applied
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Fig. 10.11 During the
periodontal curettage to
the furca, granulation
and inflammatory tissues
were eliminated

Fig. 10.12 Graft material
application to the surgical
site to regenerate the
tissues

Fig. 10.13 Postoperative
radiograph of the case

(1 year). Endodontic
retreatment was
completed, and
periodontal surgery was
successful. In the
bifurcation of the tooth,
healing was seen
radiographically and
clinically. This true
combined lesion case was
healed successfully. (From
the archive of Prof
Mehmet Omer Gorduysus,
author of the chapter)
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Table 10.3 A comparative chart for the prognosis and severity of the endo-perio cases

Primary endodontic lesion ek
Primary periodontal lesions +++
Primary endodontic lesions with secondary periodontal +++
involvement

Periodontal lesions with secondary endodontic involvement — ++
True combined lesions +
Concomitant pulpal and periodontal lesions +
Iatrogenic lesions ++

as combined lesions, and the etiological factors must be eliminated. In iatrogenic
lesions, the etiology should be eliminated.

Asitcan be seen from Gorduysus’ “endo-perio problems prognosis chart” (Table 10.3),
showing a scoring index for the prognosis, the most successful prognosis comes with the
primary endodontic lesions. Most risky or guarded prognosis is true combined lesions
and concomitant pulpal and periodontal lesions. For a better success beyond this chart,
the skills and ability of the operator and patient immunity and defense factors, along with
many local and general factors may also affect the success of the cases.

10.11.2 Sequencing Treatment for Endo-Perio Lesions

Research and literature indicate that combined periodontal and endodontic therapy
is essential for the successful healing of a periodontal-endodontic lesion. Either
endodontic or periodontic treatment alone would not lead to a satisfactory progno-
sis, if both disease entities are present and that both must be considered together
[56, 57]. Treatment protocol recommendations are shown in Appendix 10.1.

However, the problem arises over which lesion came first and which caused the
clinical problem. It is generally agreed that pulpal disease can/may initiate a peri-
odontal disease, but the opposite theory is controversial. Simring and Goldberg [1]
postulated that endodontic therapy is indicated in the treatment of periodontal dis-
ease that does not respond to periodontal therapy.

It has been suggested that periodontal disease has no effect on the pulp, at least
until it involves the apex [3]. On the other hand, several studies suggested that the
effect of periodontal disease on the pulp is degenerative in nature and has a direct
inflammatory effect [23, 58]. Therefore, treatment of combined lesions should aim
at eliminating both the problems. In acute cases, it is of paramount importance to
diagnose the source of the pain and/or swelling and delineate it to be endodontic or
periodontal. This problem should be treated first as a priority.

Conclusion

Endo-perio cases always must be considered from both sides as two different
entities. Generally in endo-perio lesions, the endodontic treatment is the more
predictable of the two. However the success of endodontic therapy is dependent
on the completion of periodontal therapy. The complete treatment of both aspects
of endo-perio lesions is essential for successful long-term results. The limitations
of the prognosis always should be explained clearly to the patients.
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Appendix 10.1: Treatment Protocol Recommendations

Endodontic
therapy

Endo perio

lesions

Primary
perio

Periodontal
therapy

First do endo therapy
followed by simple
hygienetherapy

latrogenic

Combined
lesion

Primary
endo and
secondary

perio

causes

PA

Mobility

Splinting

No Mobility

Surgical/Non
Surgical/regenrative

procedure depending on the

depth of the pocket

resolution

If hopeless
prognosis-
extract

Primary perio
and
secondary endo

Palliativeperio
therapy
and
endo treatment

SVETELC]
after 3
months

PA lesion
persists

Root resection,
hemisection,
bicuspidization,
or any other
surgical
procedure
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Endodontics in Geriatric Patient 1 1

Mehmet Omer Gorduysus

11.1 Introduction

Tooth retention has increased significantly in the older adults, and dentists are now
challenged by the need to preserve their teeth. Endodontic procedures in the elderly
have been considered challenging from a technical perspective in view of the likeli-
hood of the root canal system being “sclerosed.”

Geriatrics is the branch of science that focuses on health promotion, prevention,
and treatment of disease and disability in later life. The term geriatrics comes from
a Greek word geron which means old man and iatros meaning healer. It is different
from gerontology, which is the study of the aging process itself. Geriatric dentistry
(gerodontology) is the delivery of dental care to older adults involving diagnosis,
prevention, and treatment of problems associated with normal aging and age-related
diseases as part of an interdisciplinary team with other health professionals [1, 2]. It
focuses upon patients with chronic physiological, physical, and/or psychological
changes or morbid conditions/diseases.

Geriatric endodontics (geroendodontics) is a branch of endodontics and ger-
odontology to provide elder people good-quality endodontic therapy to ensure them
a better quality of oral health and overall to improve their life quality by saving teeth
through endodontic treatment. It is mainly about the effect of aging on diagnosis of
pulpal and periapical disease and successful root canal therapy.

The dental management of the elderly population is different from that of the rest
of the population as special considerations for age-related concerns are required.
Therefore, a multidisciplinary approach/team with special knowledge and skills is
required to provide oral health care to the elderly. Endodontic considerations in the
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elderly patients are quite similar to those in the younger patients. At the same time,
it can be quite challenging from a technical perspective due to the modifications in
the teeth morphology, namely, the pulp space system being obliterated. The combi-
nation of an increase in pathosis and dental needs coupled with greater expectations
has resulted in more endodontic procedures for older adults.

The purpose of this chapter is to outline the role of endodontics in helping older
adults achieve the goal of retaining healthy teeth and satisfactory oral function into
old age.

Geriatric endodontics is gaining a more significant role as can be seen from the
demographic data on aging population of the world (source: UN):

e 1900—10-17 million people over 65 years (less than 1% of the world population
of that time).

e 1992—362 million over 65 years (6.2% of the world population).

e 2030—(estimated) 2-2.5 billion people over 65 years (20% of the world
population).

e 2035—26% of the world population will be over 65 years old.

An endodontist working with geriatric patients must be able to:

1. Identify the oral conditions common to older individuals, particularly which
goes with pathology which increases in frequency with age.

2. Obtain a through medical and medication history from aged patients.

3. Obtain a psychosocial history which describes factors influencing the older
patients’ dental needs and ability to obtain care.

4. Coordinate dental care with other health-care disciplines, i.e., medicine, phar-
macy, social work, nursing, etc.

5. Understand and be able to perform clinical procedures with geriatric patients that
consider their special needs with good clinical skills and competency.

Preserving the continuum of dental arch and protecting the integrity of gnatosto-
motogic system, enhancing the retention of a removable prosthesis especially when
loss of the tooth will result in a free-end saddle, keeping strong retainers for the
fixed prosthesis, maintaining occlusal contact in a reduced dentition, keeping last
standing molars to help preserve the vertical dimension and bone, maintaining peri-
odontal health, and helping them lead a pain-free life are very crucial for teeth and
gnatostomatic system-related points in old.

11.2 Categorizing

Categorizing the geriatric patients as groups from the easiest to most complex will
be helpful to our clinical strategies [1]. Chronological age refers to age as measured
by calendar time since birth, while functional age or physiological age is based on
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performance capacities. Scientists have divided the study of the older population
into several categories based on chronological age:

e New-old (55-64 years)

* Young-old (65-74 years) [3]

e Middle-old/older old (7584 years) [4]
e Old-old/oldest old (85-plus years) [5]

Ettinger and Beck [6] developed a functional definition of the elderly based upon
an older person’s physical ability to seek dental services. Functional ability is the
standard that differentiates an individual’s capability to maintain activity.

e The functionally independent older adult (70%).

e The frail older adult (14%)—these are persons with chronic conditions that cre-
ate major limitations in mobility. Another way to classify the frail elderly is to
count the seniors who have one or more physical or mental disabilities. This
includes the medically compromised and homebound living in the community,
as well as those institutionalized in nursing homes.

e The functionally dependent older adult (5%).

11.3 The Challenge

Teeth are subjected to various physiological wear and tear, as well as pathological
disease conditions in one’s lifetime. Old age is associated with several risk factors,
specific to the oral cavity as well. Managing this compromised dentition with a
multitude of risk factors is indeed a multifaceted challenge.

The general risk factors include various medical problems, medication-induced
side effects, and psychological problems. The risk factors related specifically to oral
cavity are gingival recession, presence of restorations, removable partial dentures,
and age-related odontometric changes.

11.4 Medical Problems and Considerations
for Geriatric Patients

At the outset, old age must not be confused with ill health. In older adults, as with
younger adults, successful outcome of endodontic procedures depends on elimina-
tion of pathogenic bacteria from the pulp space and prevention of reinfection. But,
nonetheless, some general considerations should be kept in mind which are perti-
nent to the elderly. The patient should be able to sit comfortably in the dental chair
and tolerate a lengthy course of treatment. This may not be possible in patients with,
for example, chronic back conditions or transient cerebral ischemia.
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There are few medical contraindications to root canal treatment. Situations,
which may contraindicate endodontic intervention, include patients requiring radio-
therapy to the head and neck region and patients with poor compliance, for example,
patients with Parkinson’s disease, tremors, or dementia.

Most of the patients over 60 years of age are medically compromised and are on
medication. Most commonly seen medical conditions are hypertension, chronic
respiratory diseases, cardiovascular diseases, diabetes, osteoporosis, joint and rheu-
matoid problems, Parkinson’s disease, and Alzheimer’s. All dental practitioners
should be familiar with the course and the complications associated with these dis-
ease conditions and the prophylactic guidelines provided for various medical condi-
tions [7]. Patients with cardiovascular diseases are more susceptible to physical or
emotional stress during dental treatment. Therefore, treatment plan should include
low-stress protocols and shorter appointments. Local anesthesia with vasoconstric-
tors should not be administered to patients with unstable angina and uncontrolled
hypertension or people with recent myocardial infarction and coronary bypass graft.
Prophylactic antibiotic may be necessary for patients with history of high-risk car-
diac conditions while undertaking endodontic therapy [8]. Similarly, dental treat-
ment appointments for diabetic patients should be scheduled with consideration
given to patients’ normal meal and insulin schedule. Patients with diabetes often
have cardiovascular diseases and are more susceptible to infection if the disease is
not properly controlled.

In the presence of acute infections, hypoglycemic control needs to be altered in
consultation with a physician. Dentists also need to keep in mind various drug inter-
actions and adverse drug reactions as many elderly patients may be undergoing
multiple drug therapy. Careful evaluation of patient’s medical and drug history, in
consultation with the patient’s physician, is essential for proper optimization of
patient care [9]. Systemic conditions and their considerations during endodontic
therapy are covered in detail in the next chapter.

11.5 Psychological

Many elderly patients suffer from depression due to loneliness or feeling of neglect.
Senile dementia is a common phenomenon seen among the elderly that can cause
memory loss, confusion, difficulty in making decisions, and comprehension and alter
ability to learn new tasks associated with the treatment modality [10, 11]. Hearing
and vision impairment can further worsen the situation. All these may lead to prob-
lems in cooperating during treatment. Such patients are psychologically more fragile
and oversensitive. Some of them may feel tired quickly, are impatient, ask many
questions, may become nervous and unstable easily, and have strong far memory but
not actual memory (appointments, etc. easily can be forgotten). Psychological prob-
lems in the elderly differ in each country depending on the social infrastructure.
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11.6 Age-Related Changes

Tooth tissue and supporting structures undergo a number of changes as a person
ages. These maybe a result of incremental effects of wear, disease, and habits. Old
pulps are frequently described as being “sclerosed” or “calcified.” Pulp space dimin-
ishes throughout life by the deposition of regular secondary dentine [12]. This
occurs most commonly in pulp horns and on the floor and roof of the pulp chamber
in molars, which may be converted from a large rectangular cavern in the young, to
a flat disc in the elderly.

Pulp space is further reduced by reactionary and reparative dentine (formerly
classified together as tertiary or irritation dentine). These changes are again mostly
confined to the coronal reaches of the canal system where external irritants have
greatest impact. Increased pulp fibrosis may present challenges for canal negotia-
tion, with the potential to compact fibrous pulp tissue and cause obstructions which
may be as difficult to overcome as hard tissue ledge or blockage. Coronally, these
are usually encountered as pulp stones.

There is considerable reduction in density of odontoblasts due to these changes.
Reparative capacity of the pulp following injury (tooth preparation, micro leakage,
etc.) gets reduced [12]. Compensatory changes occur as a result of aging or disease.
The greater thickness of dentine and the reduced volume of pulp in the elderly may
compensate to some extent for the compromised response of the pulp, thus allowing
the preparation to be deeper. Attrition, a compensatory change, acts as a stabilizing
factor between loss of bony support and excessive leverage from occlusal forces
imposed on the teeth. In addition, a reduction in the overjet of the teeth may be seen
manifesting as an edge-to-edge contact of anterior teeth due to the proximal wear of
posterior teeth [12, 13].

Main differences in teeth of geriatric patients from an endodontic viewpoint are
(geriatric patients vs. young age) the pulpal changes. The pulpal tissue volume is
reduced leading to increased pulpal calcification and sclerosed/calcified canals,
making access difficult.

Delaying reactions to pulp testings by aging and increase of complicating factors
such as administering interligamentery injections (more damaging) and other injec-
tion techniques, rubber dam isolation techniques may need modifications because
of badly broken-down coronal structures in old patients, and this may cause restor-
ative problems, locating the canal orifice in calcified teeth becomes more difficult
(in olders we see very often), repair of periapical tissues following endo-treatment
seems late in geriatric patients, and dose of anesthetics and medicaments might
need to be reduced [14-18].

Briefly reviewing the effects of aging on pulpal functions will be very useful and
helpful to understand the biological basis of the pulpal treatments and clinical
approaches, decisions/challenges, and management of the problems in geriatric
patients [19-33]. The pulp is a dynamic connective tissue and pulp response changes
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with age. The reasons can be attributed and linked with two considerations (biological
reasons):

1. Structural and dimensional (histologic) changes.
2. Tissue changes that occur in response to irritation from injury

11.6.1 Structural Changes

By aging (or conditions that may lead to aging of the pulp, i.e., irritations, occlusal
trauma and premature contacts, caries, periodontal involvements), the volume of
pulp tissue reduces. Changes in cellular, extracellular, and supportive elements of
the pulp are seen, and pulpal cells decrease in number and appear less active (odon-
toblasts and fibroblasts). There is also a decrease in supportive elements (blood
vessels, nerves) and ground substance while the thickness of collagen fibers
increases. Fewer cells are available to replace injured odontoblasts, and overall abil-
ity to recover from injury becomes more limited.

While secondary dentine formation and dentine thickness increase, the volume
of pulp space reduces. Pulp stones (denticles) are more common, generally in the
coronal pulp, whereas diffuse (linear) calcifications are more predominant in the
radicular pulp along with dystrophic calcifications, perivascular calcifications, and
perineural calcifications. Peritubular and sclerotic dentine formation increases
while tubule diameters become less. There is reduced dentine permeability in geri-
atric patients. All these changes are directly related to the change in size and shape
of pulp space, thus making the clinical applications more challenging and
difficult.

There are dramatic dimensional changes as well, besides the structural changes.
Specifically in the molars, the pulp floor and the roof can be seen approaching each
other, and the shape can/may develop into a disclike (flattened) pulp chamber. In the
anteriors, occluded pulp chamber and tight canals (very recessed) are seen. The
height of the pulp chamber, canal diameter and reduction in the canal curvature (due
to calcifications), and the thickness of the roof of the pulp chamber roof are other
considerations causing limitations during endodontic therapy in geriatric patients.

The effects of aging on the size of the apical foramen also affect the endodontic
treatment in older individuals. There is an increase in the cementum deposition. The
size of the apical foramen becomes smaller and may shift further from anatomic
apex. The difference between anatomic and radiographic apex increases in the
radiographs based on these changes, and reaching to the full working length may
become very difficult. Modifications of treatment procedures may be required in
geriatric group based on these biological realities and changes.

11.6.2 Tissue Responses
Cumulative insults reduce the vascularity and cell content of the pulp, with an

increase in fibrosis. This, adding to the relatively thicker overlying dentine, means
that old pulps may be less sensitive to thermal changes and less easy to stimulate for
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the purpose of diagnosis. Most pulp breakdown in the elderly is in fact without the
classic symptoms of reversible and irreversible pulpitis [15].

Possible false-negative response to electric and thermal tests in older patients can
be based on the biological changes mentioned above. It does not imply that the tooth
is necrotic. There is no conclusive evidence that systemic or medical conditions
directly affect (decrease) pulp resistance to injury but may decrease the healing
capacity (theoretically atherosclerosis may affect vessels, but pulpal atherosclerosis
has not been demonstrated). At the same time, indirect effects of systemic diseases to
pulpal resistance to injury are a proven research (i.e., diabetes, rheumatoid arthritis,
multiple sclerosis, other autoimmune diseases and immune deficiency problems).

Endodontics has been successively performed on patients ranging from age 2 to
100 years and over. It can be easily said that since the first day, the teeth appear in
the oral cavity till the last day of human life; root canal therapy can be applied suc-
cessfully. Endodontics is less traumatic than extraction and implants in geriatric age
group patients. Elder patients (also babies) are not fragile to touch; they just need
more care and competency to work with.

11.7 Medical History

A thorough medical history is more important in these patients because they are
likely to suffer from chronic diseases and take more medications. Sensitivity to
medications, drug intolerance, and potential interactions with drugs prescribed for
dental treatment are to be anticipated. Some older patients may need assistance in
filling out the forms. Consultation with family, guardian, and/or physician is neces-
sary. Possible symptoms of undiagnosed illness may be present.

Some common problems encountered are:

1. Increased incidence of root sensitivity that is hard to control

2. Increased incidence of caries especially subgingival root caries which is difficult

to restore in the interproximal regions resulting in restoration failure and contin-

ued decay

Tooth wear in the form of attrition, abrasion, and erosion

4. Increased susceptibility to cracks, cuspal fracture, craze lines due to loss of resil-
iency and decreased organic component of teeth

5. Temporomandibular joint dysfunction and decreased vertical dimension owing
to compensating bite because of loss of teeth

6. Less tilting and supraeruption because of decreased eruptive forces of teeth

7. Increased incidence of periodontal problems and a need for combined endodon-
tic-periodontic treatment

(O8]

11.8 Chief Complaint

These patients have fewer complaints and dental pain usually is indicative of either
pulpal or periodontal pain. Patients must be allowed to explain in their own words.
The dental practitioner must be alert for any visual/auditory handicaps, patient’s
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dental knowledge, and his/her ability to communicate, at all given times. A disease
process usually arises as an acute problem in children, but assumes a more chronic
or less dramatic form in elderly. Pain associated with vital pulps (that which is
caused by heat, cold, sweets, or referred pain) seems to be reduced by age, and the
severity of symptoms is diminished.

11.9 Dental History

The history may be as obvious as a recent pulp exposure and restorations or as
subtle as a routine crown preparation years ago (a degenerative process may start
following the overzealous dental efforts or over preparations).

11.10 Subjective Symptoms

Pulpal symptoms are usually chronic in elder patients. If pain cannot be localized,
one must rule out other sources of orofacial pain. Some subjective symptoms may
be exaggerated or pretended (use your clinical experience to differentiate).

11.11 Objective Signs

Oral mucosal check is very important because of the risk of oral cancer which is
increasing with age (leukoplakia, etc.). Commissures are more fragile, and condi-
tions such as angular cheilitis, angular stomatitis, fissures, hyperpigmentation,
bleeding skin, etc. are possible due to dryness of the skin around the mouth.
Secondary dentine formation occurs throughout lifetime and may eventually result
in almost complete pulp obliteration. In maxillary anterior teeth, the dentine is
formed on the lingual wall of the pulp chamber; in molar teeth the greatest deposi-
tion occurs on the floor of the pulp chamber (Fig. 11.1a, b). In such cases, pulp may
appear receded. There is an increased incidence of root sensitivity which is difficult
to control, increased incidence of subgingival root caries in the interproximal areas
which is difficult to restore, and increased susceptibility to cracks, cuspal fractures,
and craze lines due to loss of resiliency and organic component of the teeth and
asymptomatic pulpal exposure in multirooted teeth.

As age increases, canal size decreases. Reparative dentine resulting from restor-
ative procedures, trauma, and tooth wear in the form of attrition, abrasion, erosion,
and recurrent caries also contributes to diminution of canal and chamber size. There
is also decreased vertical dimension and temporomandibular joint dysfunction due to
compensation bite related to loss of teeth. This may lead to limited mouth opening
and increased muscular fatigue thus posing a challenge during instrumentation.

Periodontal disease may be the principal problem for such senior dentate patients,
and there is always an increased incidence of combined endodontic-periodontic
treatment (Fig. 11.2a, b). Besides all these deep periodontal pockets, chronic food
accumulations, halitosis, and root and dentinal sensitivity are seen.
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Fig.11.1 (a, b) Male patient, 70 years old, no systemic problem, strong attrition, secondary den-
tine formation and calcifications in pulp chamber, and vertical dimensional loss. This sort of clini-
cal situations may restrict access cavity preparations even it seems easy at the first moment.
Because of heavy calcifications in the pulp chamber and in the root canal, pulpal recessions of root
canal recapitulation might be challenging

Fig.11.2 (a, b) A 73-year-old female patient, no systemic disorder. A sinus tract in the related site
and also tooth wearing is examined. Mandibular crest was edentulous except these two teeth. Also
in the lingual side, a circular root caries was detected. Sinus tract was linked with that deep chronic
caries. Patient was not reporting any sign and symptoms

11.12 Pulp Testing

The reduced neural and vascular component of aged pulps, the overall reduced pulp
volume, and the change in character of the ground substance create an environment
that responds with difficulty to both stimuli and irritants. Therefore thermal electrical
pulp tests are mostly deceptive in elderly patients and not very much reliable. The
response to stimuli may be weaker than in the more highly innervated younger one.
Extensive restorations, pulp recession, and excessive calcifications are limitations in
both performing and interpreting results of electrical and thermal pulp testing.

Such tests must be avoided in patients with pacemakers. A test cavity and selec-
tive anesthesia test is not valuable in elderly patients. Discoloration of single tooth
may indicate pulp death, or it may be a sign of aging in elderly patients (generally
this is normal).
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Fig. 11.3 (a, b) A 70-year-old female patient applied to clinic with pain with her tooth number
14. In the radiograph, a post-related fracture was detected. Tooth was extracted. The radiograph
and the picture of the tooth after extraction is seen

11.13 Radiographs

Radiographic images generally show pulp calcifications, pulp recession, pulp
stones, increased cementum formation at apex (hypercementosis), small and narrow
canals, decreased osteosclerosis and condensing osteitis, deep proximal caries, root
caries, and deep and extensive restorations. Midroot disappearance of a detectable
canal may indicate bifurcation rather than calcification. The incidence of some
odontogenic and nonodontogenic cysts and tumors characteristically increases with
age besides the risk of osteosclerosis and condensing osteitis in the radiographs.
Resorptions associated with chronic apical periodontitis significantly alter the shape
of apex and the anatomy of the foramen through inflammatory osteoclastic activity.
Sometimes root fractures are also seen (Fig. 11.3a, b).

11.14 Treatment Considerations
11.14.1 General

Short appointments and if possible single visit are better for the elderly patients.
Practitioners’ ability to perform the treatment is important (competency and experi-
ence). Endodontic surgery is not the first option, and re-treatment alternatives must
be given priority.

Good communication should be established and maintained with all the patients.
Relatives or patient’s trusted friends should be included in consultations if their
judgment is valued by the patient or needed for consent. Procedures should be
explained in detail. Obtaining signed consent to the outlined treatment is encour-
aged and may be useful if the patient is forgetful. The patient’s limited life expec-
tancy should not appreciably alter treatment plans and surely is no excuse for
extractions or poor root canal treatment. It is important that each geriatric patient be
kept well informed of risks and alternatives at all stages. Treatment for the medi-
cally compromised patients must be done after consulting with the physician.
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11.15 Patient Comfort

The ideal time of day for scheduling appointments must take into consideration
patients’ daily personal, eating, and resting habits as well as any medication sched-
ule. Morning appointments are preferable for most older patients. Chair positioning
and comfort may be of greater importance for the elderly than younger. If necessary
patient should be offered assistance in the operatory. When it comes to the number
of sittings, functionally independent patients who can tolerate stress can be treated
in a single sitting. For patients who cannot tolerate prolonged mouth opening,
shorter multiple appointments would be required. As much work as possible should
be performed at each visit, and a restroom break should be offered at intervals as the
patient’s needs indicate. Jaw fatigue should be prevented by using bite blocks.

11.16 Anesthesia

The need for anesthesia depends on pulp vitality status and cervical positioning of
rubber dam clamp. During anesthesia in geriatric patients, the anatomic landmarks
are more prominent; hence, anesthetic should be deposited more slowly. Teeth with
necrotic pulp should be treated without anesthesia (optional) or minimal anesthesia.
Where possible, it is best to allow the patient’s response to instrumentation through
apical foramen to determine/confirm the working length or need for adjustment and
reduce risk of over instrumentation and inoculation of canal contents into the peri-
apical tissue. Electronic apex locator is best for the elderly patients.

The reduced width of PDL makes needle placement for supplementary intraliga-
mentary injections more difficult. Avoid intraosseous anesthesia as much as possi-
ble. But if required, smaller amounts of solution (3% mepivacaine instead of 2%
lidocaine) should be used during intraosseous anesthesia. Intra-pulpal anesthesia is
difficult to achieve due to the reduced volume of the pulp chamber, thus making the
diffusion into the canals much more difficult.

11.17 Orthostatic Hypotension

At the completion of the appointment, the patient should not be brought to a differ-
ent position abruptly. Orthostatic hypotension is a frequent occurrence in the older
adult with quick positional changes. Allowing the patient to sit for a minute or two
before escorting the patient to the reception area helps them regain their balance.

11.18 Endodontic Considerations in the Elderly

As already mentioned, there are many technical challenges encountered during the
root canal treatment of the elderly starting from diagnosis to various stages in the
therapy. Increased bulk of dentine and increased pulpal fibrosis may diminish
the response to traditional vitality testing. Hence, it will be wrong to assume that the
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pulp is non-vital and carry out the treatment without other supporting evidences [34].
Certain systemic conditions may preclude the use of epinephrine, reducing the
duration of anesthesia warranting reinjections [35].

11.18.1 During Access and Orientation

Access and canal negotiation probably present the greatest challenge in geriatric
endodontics [16]. The physiological changes in the pulp space should be analyzed
in the preoperative radiograph in order to prevent any complications [36]. If antibi-
otic is necessary, prescribe minimum doses. Rubber dam must be used (tilted teeth
may be excluded during the access preparation until you locate the pulp chamber
because of the misorientation problems). Reduction in salivary flow and gag reflex
reduces the need for saliva ejector. Isolation should be carried out for single tooth
preferably.

The effects of access preparation on existing restoration and the possible need for
the actual removal of the restoration should be discussed with the patient before the
procedure as well as the removal of the artificial crown prior to access preparation.
If patient has multiple restorations, removal of them and coronal disassembling are
necessary.

In anterior teeth, the pulp retreats progressively in a cervical direction, becoming
narrower. In roots, deposition is always concentric toward the center of the mass of
dentine. Deposition is often pronounced more in the coronal parts of the canal, with
deeper areas of root canals remaining widely patent even in old age [13]. These
points are important to remember during the search for root canals. The clinician
should always look in the middle of masses of dentine and must not assume that
because a canal is narrow coronally it will not open into a manageable system at a
deeper level.

Safe-ended, slow-speed burs have to be used in order to not damage the pulp
chamber floor. Use of magnification (operating microscope gives the best result or
magnifying glasses, 2.5X-3.5X) is an advantage during the identification of canal
orifices. Another aid in the treatment of geriatric patients is the use of transillumina-
tion. The pulp stones can be visualized often with additional light and magnification
[37, 38]. Ultrasonic troughing tips are especially useful in cutting through the calci-
fications that cover the canal orifices. Proper planning is required for over-erupted,
tilted teeth with reduced clinical crown height [39].

Entry to a calcified canal system should be carefully planned, and care should be
taken to identify features of the pulp space from an accurate preoperative radio-
graph, with attention to the expected depth of patent pulp space and long axis orien-
tation. In most cases, a high-speed medium tapered diamond bur will be sufficient
to outline the cavity and gain initial penetration. Define a classic cavity outline, with
a narrower and more cervically placed starting point in the case of calcified anterior
teeth.

Orientation should be constantly checked and rechecked and the cavity inspected
periodically for extent and alignment. Special care should be taken to inspect the
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cavity at a depth at which it is anticipated the pulp will be entered. If the initial
access bur has not entered the canal, it is time to reconsider alignment. In such a
situation, it is possible that the clinician may be at the correct level, but needs to
bypass it on any side. Exposure of radiographs is important to confirm the progress
and realignment. Under no circumstances should the clinician progress beyond the
expected entry depth without careful consideration, else the bur could enter the
periodontal ligament.

Once the clinician has reached the extent of a medium tapered diamond bur in
good orientation, but without entry, it is advisable to change to less aggressive,
slow-speed burs to continue the procedure. Ideal are instruments with narrow necks
to allow the active head to be observed at all times. Working with magnification,
there are often visual clues to give an idea about penetration, owing to the altered
color, texture, and translucency of the mineralized deposits in the former pulp space,
in comparison to the surrounding primary dentine. Some researchers suggest the
use of fine ultrasonic cutting tips to gently advance apically. These instruments may,
however, cause drying and burning of dentine, which can distract the natural fea-
tures of the tooth, alter color and translucency, and lead to misdirected preparation.

At intervals, probing should be attempted firmly with a DG16 canal probe to help
locate a small puncture spot into the pulp space. If no such luck, carefully attempt
to align burring and probing and continue until a stick is found or until a decision is
made that entry will not be secured.

In the case of multirooted teeth, the chamber should be fully unroofed. Safe-
ended, high-speed burs (Endo Z or Diamendo, Maillefer) are ideal and avoid injury
to the chamber floor. Pulp stones should be removed. Most often heavy probing with
a DG16 is sufficient to fragment/remove stones. Ultrasonic scalers are also useful
tools for fragmentation and elimination. Again, care should be exercised to avoid
damage to the pulp chamber floor.

Figure 11.4a, b are showing a successfully treated tooth by following the recom-
mendation here. Avoid using barbed broaches because of their high risk of fracture;

Fig. 11.4 (a, b) A 68-year-old female patient. Before and after her treatment. Coronal disassem-
bling was done, and all defective and previous restorations were removed. Tight and narrow canals
were prepared properly and obturated. A post-space was also prepared for a further restoration in
the distal canal
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coronal tooth structure may have to be sacrificed for better access (at times even
complete removal of crown) and widening of axial walls for visibility. Perforations
are more likely to occur as the pulp chamber is calcified and disclike. Immediate
sealing with an appropriate root repair material (MTA recommended) improves the
prognosis significantly.

If you feel fatigued as the operator and are unable to locate the canals, reschedule
the patient. In such a case, second appointment will be more productive.

11.18.2 During Preparation

Unlike in young patients where the cemento-dentinal junction is situated usually
around 0.5-1 mm from the outer surface of the root, in geriatric cases, this distance
becomes greater because of continued cementum formation at the apex [40]. Since
the canals are much narrower, it takes more time, effort, and care to prepare the root
canal and reduce the risk of binding and separation [41].

Difficulty in locating apical constriction as:

e Itis 0.5-2.5 mm from radiographic apex.

e Clinicians’ tactile sense is reduced.

e Reduced periapical sensitivity in older patients.

» Use of electronic apex locator limited in heavily restored teeth.

Calcification of older canals is much more concentric and linear, and this allows
easier penetration once canals are found. Flaring of canal is advised early in the
procedure for better irrigation and to reduce binding of instruments. NiTi rotary
instrumentation provides a more efficient method of shaping the calcified and
curved root canals. Longer canals are more commonly seen because of increased
cementum deposition. Prefer to use instruments with no rake angle and use of the
crown down preparation technique is preferred.

Lubricants are always helpful to ease the glide path during entry. Small files,
typically 21 mm size 10, or dedicated entry files (Pathfinder files C+ files) with
increased rigidity are gently advanced into the canal in a watch-winding motion,
rotating the instrument lightly between the forefinger tip and thumb. If progress and
rotation of the instrument between the finger and thumb become tight, resist the
temptation to drive on. The instrument should be withdrawn at this stage (picking
motion) to free/disengage it from the canal walls, and irrigant/lubricant should be
used. Progress continues in this manner as the instrument progresses apically.

As mentioned earlier, it should be kept in mind that canals are often narrower
coronally than they are apically.

Progress is not always smooth despite careful instrumentation and copious irri-
gation/lubrication. If the negotiating instrument/file does not advance well apically,
the clinician should determine tactile feel of the instrument in the canal. If the
instrument is advanced with a watch-winding motion and engages within the canal
and demonstrates a tugging or sticky sensation on removal, this is tight resistance.
This suggests that the instrument is engaging a fine/narrow canal orifice, and with
patience and persistence, it will progress toward the deeper parts of the canal.
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If, on the contrary, the instrument sails loosely through the canal and hits an
obstruction with no tactile sticky sensation, this is loose resistance. This is often an
“apical calcification,” a rare event deep in a canal system. The explanation is that the
canal is curving, and the operator should apply a smooth curve to the apical 2-3 mm
of the file before reinserting and negotiating around the walls to find a sticking spot.
Despite best efforts, canals are not always negotiated to definitive length, and deci-
sion-making should balance the risks of attempting to cut further, perhaps in an
iatrogenic path, or to accept the outcome. This decision will be influenced by the
pathological state and the restorative plan for the tooth, and decisions should always
be made with proper patient information and consent. If one canal of a multirooted
tooth is difficult to enter, work should continue in the other canals through a pulp
chamber flooded with sodium hypochlorite, and a further attempt should be made to
negotiate later in the appointment.

Problems are common while progressing from the initial size 10 instrument to
the size 15 file, which is 50% wider. In such cases, use of half-sized files may help
gain path for the enlarging tools to follow such as Golden Mediums (Maillefer/
Dentsply), which include instruments in sizes 12.5, 17.5, and 22.5.

11.18.3 During Obturation

Obturation techniques that do not require large midroot taper and overzealous forces
to canal walls during condensation are preferred. A lateral condensation technique
with a bio-ceramic sealer and coated cones is ideal and less time-consuming. Warm
gutta-percha techniques are recommended (System B, Touch ‘n Heat, Obtura). Root
fractures may occur when much taper is given to the canals, and post failures are
likely to occur with parallel posts. Permanent coronal restorations should be sched-
uled as soon as possible, and intermediate restorative materials should be selected
and properly placed to maintain a seal coronally (IRM, glass ionomer, etc.). Six-
month recall period to evaluate repair radiographically may not be adequate to eval-
uate success and failure in the presence of periapical pathology. It may take as long
as 2 years to produce the healing that would occur at 6 months in an adolescent.
Some clinical tips are mentioned in Table 11.1.

Table 11.1 Some clinical tips

Access Cleaning and shaping

1. Coronal: because of the risk of easy perforations of ¢ Copious irrigation should be done
the floor of the pulp chamber, always try to e Use EDTA in gel form (RC-prep)
measure/approximate the depth of pulp chamber as much as you can
from the RVG (or x-ray) or distance from occlusal ¢ Use a watch-winding motion to
to the furca and be mindful of the fact that due to negotiate tight canals
increased calcifications/presence of pulp stones in ¢ Remove overhanging dentine
the pulp chamber, the bur doesn’t always give the ledges to obtain straight-line
“drop-in” feeling. Always try to remove dentinal access. This reduces total canal
shelf curvature

2. Radicular: preflare the orifice (try crown-down
technique), and an anticurvature filing is
recommended (if you work manually)
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11.19 Success/Failure of Endodontic Therapy

Persistence or the development of the symptoms should not be ignored, and the
extent of failure should be closely examined before re-treatment attempt; surgery or
extraction is suggested. With vital pulps, repair of periapical tissues is determined
by the presence of local and systemic factors. With non-vital pulps and periapical
pathology, repair is slow because of arteriosclerotic changes of blood vessels and
altered viscosity of connective tissues. Periapical repair is more difficult as the rate
of bone formation decreases with age.

Intentional replantation is not a good alternative treatment in geriatric patients in
case of failure of any case. If necessary, the simplest surgical alternatives (i.e., inci-
sion and drainage) are possible. But if the patient is healthy, endodontic surgery can
be planned (if the surgery is only alternative), i.e., very valuable abutment to save if
there is no any other alternative or treating and correcting some procedural errors
(Fig. 11.5a-h). This is discussed in the surgery chapter. If an implant application is
possible, a dental consultation team must decide for this procedure.

Conclusions

In conclusion, geriatric endodontics will gain a more significant role in complete
dental care because of the “aging society.” Dental services, including root canal
procedures, for the elderly population of the future are anticipated to be of two
general types (1) services for the relatively healthy elderly who are functionally
independent and (2) services for elderly patients with complex conditions and
problems who are functionally dependent. The second group will require care
from practitioners who have specialized and advanced training in geriatric den-
tistry. This age group is being targeted in dental education programs and advanced
training through improved curriculum research and publications on aging.

11.20 Futuristic Recommendations

Teaching geriatric endodontics as a specialty (and/or as a part of endo programs,
specific clinical courses, or subspecialty of endodontics) to handle the new clinical
challenges for coming elder generation will be useful. Geriatric consultation teams
(gerodontic team) and mobile services (dental mobile units to serve elderly and
compromised patients near their place) needed to be established. Government
(social services)-university dental health team coordination to create new health
policies for geriatric dental patients is necessary and needed to be improved.
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Fig. 11.5 (a, b, ¢, d, e, f, g, h) The serial pictures represent a female patient (72 years old).
Medically stable and not compromised. A root canal treatment was attempted on tooth 14, but the
procedure ended up with a procedural error and distal perforation. Endodontic surgery was the only
alternative. Flap was raised, and the gutta-percha points were removed. The surgical site was prop-
erly healed. Tooth 15 was also found to be necrotic. Both teeth were obturated following the root
canal treatment. The patient was then referred for prosthetic restorations with crowns. Therefore,
even in an elderly patient, the treatment was finalized with endodontic surgical approaches
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Endodontics in Systemically 1 2
Compromised Patients

Catherine Wynne

12.1 Introduction

The common medical conditions encountered by the dentist in daily practice that

necessitates extra knowledge include cardiac diseases, pulmonary diseases, hyper-
tension, diabetes, bleeding disorders, pregnant patients, multiple drug interactions,
infectious diseases, renal complications, diabetes, and patients undergoing radiation
therapy [1]. When treatment is carried out in a healthy individual, it is sufficient to
concentrate on the technical part of the procedure, but when there is a need to treat
patients with systemic illness who are under medical management, it is equally
important to avoid any potential medical emergency or complication.
The world is experiencing growth in the number and proportion of older persons in
the population, because of this the incidence of a number of pathologies has been
increasing and thus is producing an increase in the number of individuals with sys-
temic medical conditions that can affect oral health and subsequent dental treat-
ment. The dental management of medically compromised patients can be sometimes
problematic in terms of oral complications, dental therapy, and emergency care.
One of the challenges faced by dental specialists today is the assessment and man-
agement of these patients. As mentioned in detail in Chap. 11 geriatric patients are
much more likely to be at least partially dentulous having a complex medical history
and the use of multiple medications.

In order to ascertain a patient’s medical status, a thorough history taking is
essential. This chapter will focus on guidelines for endodontists to manage such
medical conditions in a dental office. It should be noted that this book covers end-
odontic considerations in commonly occurring medical conditions, a comprehen-
sive list of all medical conditions is exhaustive and beyond the scope of this book.
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For information on other medical conditions and more detail on those listed below,
the reader is advised to refer to other books and journals and to consult their medical
colleagues with respect to specific patient cases.

12.2 Importance of History Taking

Obtaining a thorough medical history is of great importance [2]. It is an information
gathering process for assessing a patient’s health status and comprises a systematic
review of the patient’s chief or primary complaint, a detailed history related to the
complaint, information about past and present medical conditions, pertinent social
and family histories, and a review of symptoms by organ system. Interpretation of
this information collected achieves three important objectives: enables the monitor-
ing of medical conditions and the evaluation of underlying systemic conditions of
which the patient may or may not be aware, provides a basis for determining whether
dental treatment might affect the systemic health of the patient, and provides an
initial starting point for assessing the possible influence of the patient’s systemic
health on the patient’s oral health and/or dental treatment [3, 4].

Each identified condition during the process of history taking can affect dental
care in a unique manner. For example, medication prescribed for a medical condi-
tion might produce a problem during the administration of a local anesthetic, or it
could interact with pain medication prescribed posttreatment. Certain medically
compromised patients should only be treated in a hospital setting where emergency
issues, should they arise, can be immediately addressed and promptly attended to in
a controlled manner.

Past dental history (PDH) should also be obtained as a review of systems, espe-
cially when the patient presents with complicating dental and medical factors such
as restorative and periodontal needs coupled with a systemic disorder such as
diabetes. Details of any previous untoward complications of dental treatment must
be recorded or must be obtained subsequently if not immediately available from
the patient.

Dental treatment causes changes to the patient’s homeostasis. A risk assessment
should be performed to evaluate and determine the modifications to be required
before, during, and after dental treatment. Different modifications may be necessary
at each stage of treatment such as antibiotic prophylaxis or steroid replacement may
be necessary before treatment, or it may not be possible to place the patient in a
supine position during dental procedures, or specific hemostatic agents may need to
be employed after extractions. Many different medical conditions are discussed
hereby, and protocols for the modification of dental care are suggested.

In the patient with pre-existing disease, preparation for dental treatment should
include determination of disease status. The clinician should have an understand-
ing of the nature of the patient’s disease and how it can impact their physiology and
his/her response to dental management and postdental treatment healing. Knowing
how to manage potential complications is also important and is discussed in the
following chapter.
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12.3 Cardiac Disorders

Cardiovascular disease (CVD) has become increasingly common in modern times;
therefore, a dentist must be aware of the modifications and precautions to take while
treating a patient suffering from cardiovascular disorders. According to WHO, Global
status report on noncommunicable diseases (2014), 17.5 million people die each year
from CVD, an estimated 31% of all deaths worldwide.

Patients suffering from cardiovascular disease are vulnerable to physical and
emotional stress. If, in addition, the patients have to undergo dental treatment, it will
add to their stress. Cardiac patients have a higher risk of collapse, other cardiac
emergencies such as angina attacks and/or drug interactions, in the dental clinic.

Cardiovascular problems that require special attention and dental-treatment-plan
modification include infective endocarditis, ischemic heart disease, myocardial
infarction, cardiac arrhythmias, and congestive heart failure. In patients with cardio-
vascular disease, the most important considerations during treatment include the
maintenance of blood pressure, pulse, cardiac output, and myocardial oxygen and
the prevention of bacteremia via prophylactic antibiotic. A comprehensive dental
evaluation involving a thorough medical history and premedical evaluation should
be carried out including an assessment of vital signs (e.g., pulse, blood pressure, the
rate and depth of respiration, and temperature).

12.3.1 Hypertension

Blood pressure is determined by how much blood the heart pumps (i.e., cardiac
output) and by the resistance to blood flow in the vascular system. Cardiac output in
turn is determined by how often the pump contracts (i.e., heart rate) and by the
amount of blood ejected during each beat (i.e., stroke volume) [5]. Hypertensive
patients are defined as those receiving treatment for hypertension or those with a
mean systolic blood pressure (SBP) of 140 mm Hg or greater and/or mean diastolic
blood pressure (DBP) of 90 mm Hg or greater [6] (Table 12.1). The same classifica-
tion is used in young, middle-aged, and elderly subjects. Patients with prehyperten-
sion are at increased risk of developing hypertension, those with blood pressure
values 130-139/80-89 mmHg have a two times greater risk of developing hyperten-
sion than those with lower values [7].

Patients with untreated or inadequately treated hypertension are at increased risk
of developing acute complications like myocardial infarction, stroke, and chronic
complications of hypertension. Hypertension is a highly prevalent cardiovascular

Table 12.1 Classification of Classification SBP (nmHg)  DBP (mmHg)

hypertension [8] Normal <120 and <80
Prehypertension 120-139 or 80-89
Stage 1 hypertension 140-159 or 90-99
Stage 2 hypertension >160 >100

SBP systolic blood pressure; DBP diastolic blood pressure
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Table 12.2 White coat hypertension, the white coat effect, and masked hypertension [9]

Office blood Blood pressure Associated with adverse
Diagnosis pressure outside office outcomes
White coat hypertension Elevated Normal Controversial
White coat effect Elevated Normal or high Controversial
Masked hypertension Normal Elevated Yes

disease, which affects over 1 billion people worldwide [8]. Hypertension was called
the “silent killer” because it often affects target organs (the kidney, heart, brain,
eyes) before the appearance of clinical symptoms.

12.3.1.1 White Coat Hypertension
Office BP is usually higher than BP measured out of the office, which can be attrib-
uted to anxiety and/or a conditional response to the unusual situation [1]. White coat
hypertension (WCH) refers to a persistently elevated office blood pressure in the
presence of a normal blood pressure outside of the office [4]. WCH is different from
the white coat effect (WCE), which refers to a high office blood pressure but
whereby hypertension may or may not be present outside the office setting. Masked
hypertension refers to when a patient has a normal office blood pressure but has
hypertension outside of the office (Table 12.2).

WCH and masked hypertension are important for clinicians to recognize. It is
controversial as to whether WCH is associated with increased cardiovascular risk,
but patients with masked hypertension are at increased cardiovascular risk.

12.3.2 Ischemic Heart Disease

When coronary atherosclerotic heart disease becomes sufficiently advanced to produce
symptoms, it is referred to as ischemic heart disease. It is relatively common in the gen-
eral population, especially with increasing age, and typically presents as angina or heart
failure [10]. Angina is often precipitated by physical activity or stress and may radiate to
the arm or jaw or may present as facial or dental pain. Fear and anxiety associated with
a dental procedure may be a precipitating factor for angina in some patients [11].

12.3.3 General Considerations in Patients with Cardiovascular
Disorders

12.3.3.1 Physician Consent

Consultation with the patient’s physician is mandatory before the initiation of dental
treatment. A green signal from the patients’ physician is crucial when treating medi-
cally compromised patients for the safety of the patient from medical complications
as well as the safety of the dentist from medicolegal complications. It is important
for a physician/cardiologist report before initiating any elective dental surgical pro-
cedure in a cardiovascular patient. The proposed treatment plan should be reviewed,
and any medical recommendations should be documented [12]. In addition, a
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careful preoperative dental evaluation is recommended. This helps in reducing the
incidence of dental emergencies.

12.3.3.2 Stress Reduction

Dental treatment has the potential to induce stress in patients. It can be either physi-
ological (pain) or psychological (anxiety, fear). The body responds to stress by
increased release of catecholamines (epinephrine and norepinephrine) from the
adrenal medulla into the cardiovascular system. This, in turn, can increase the work-
load on the heart (i.e., increased heart rate and strength of myocardial contraction
and an increased myocardial oxygen requirement) in patients with hypertension or
coronary artery disease [13]. Therefore patients with cardiovascular disease are
more vulnerable to physical or emotional stress that may be encountered during
dental treatment than a normal patient [12]. Various steps should be taken to mini-
mize stress encountered during dental treatment procedure. These are:

 Patients should be given reassurance to prevent or reduce anxiety.

e Medically compromised patients are better able to tolerate stress when rested.
Therefore, appointments should be scheduled in the mornings [13].

e Angina-prone patients who experience greater than normal stress from the
thought of dental work benefit from the administration of oral anxiolytics or
nitrous oxide [12, 14].

 Patients should be seated comfortably (semi-supine) in the dental chair [14]

e Pain control is critical for lessening the chances of angina in ischemic heart dis-
ease patients by producing and maintaining profound local anesthesia in the sur-
gical area via the use of longer-acting anesthetics, such as bupivacaine, or by
using an anesthetic containing a vasoconstrictor, after careful aspiration [14, 15].

e Intermittent rest should be provided to the patient thereby reducing fatigue.

e Appointments should not be long [13].

12.3.3.3 The Use of Vasoconstrictors
Incorporation of a vasoconstrictor to local anesthetic provides better pain control,
which in turn reduces anxiety and stress usually associated with dental treatment [16].
Control of pain and anxiety is very important in patients with high medical risk.
Patients with cardiovascular disease have a high risk of complications due to endoge-
nous catecholamines (adrenaline and noradrenaline) released from pain and stress.
These catecholamines may increase dramatically BP and cardiac output. This effect is
reduced by controlling dental pain. Local anesthetics with epinephrine produce a longer
and more effective anesthesia than simple LA, thus avoiding an exaggerated response to
stress [17]. But the commonly used vasoconstrictors such as epinephrine can cause a
rise in heart rate [18]. Hence, the use of vasoconstrictor should be limited in individuals
with cardiac disease, taking care not to exceed 0.04 mg of adrenaline. In turn, if anes-
thetic reinforcement is needed, it should be provided without a vasoconstrictor [14].
Aspiration before any injection is mandatory to avoid intravascular administration [15].
The maximum recommended dose of epinephrine in a patient with cardiac risk
is 0.04 mg, which is equal to that containing about two cartridges of LA with 1:
100,000 epinephrine or 4 cartridges with 1: 200,000 epinephrine [16].
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Vasoconstrictor is an absolute contraindication in patients with unstable angina
pectoris or in patients with uncontrolled hypertension, refractory arrhythmias, recent
myocardial infarctions (less than 6 months), recent stroke (less than 6 months),
recent coronary bypass surgery (less than 3 months), and uncontrolled congestive
heart failure [18]. Furthermore, since vasoconstrictors can interact with certain anti-
hypertensive medications, they should be used only after consultation with the
patient’s physician [12].

12.3.4 Endodontic Consideration in Hypertensive Patients

Patients with hypertension are at an increased risk of suffering from angina pecto-
ris, myocardial infarction, stroke, and heart failure. All of these are medical emer-
gencies which can occur during and after dental care [14, 19]. Although clear
guidelines for establishing a cutoff point for dental treatment emergency or routine
are lacking, it is generally accepted that patients with SBP greater than 180 or DBP
greater than 110 should be taken for medical consultation and treatment prior to
dental treatment and only emergency management of pain or acute infection should
be considered [11].

Routine dental treatment should be deferred until acceptable blood pressure lev-
els are achieved, and the patient should be referred for medical evaluation.
Antihypertensive drugs may cause certain oral side effects. Orthostatic hypotension
occurs to varying degrees in most of the patients taking antihypertensive medicines
[14]. Therefore, dentists should avoid making sudden changes in the patients’ body
position during treatment [19].

Prolonged use of certain nonsteroidal anti-inflammatory drugs (NSAIDs), such
as ibuprofen, indomethacin, or naproxen, is shown to reduce the effectiveness
of certain antihypertensive drugs (beta-blockers, diuretics, ACEls) [14, 18].
Paracetamol can be used to avoid this side effect. Excessive bleeding especially is a
possibility in hypertensive patients. Therefore, aggressive dental surgical proce-
dures should be performed with great caution in these patients [19].

Dental treatment should include short morning appointments, good procedural
pain control, stress and anxiety reduction that could include preoperative or intraop-
erative conscious sedation or other non-pharmacologic techniques, and good post-
operative follow-up with pain control using appropriate medication.

Although vasoconstrictors may precipitate significant elevations in blood pres-
sure, they lower the risk of endogenous catecholamine release that may result from
inadequate pain control.

However, elective dental care should be avoided in the following situations:

e Stage 2 hypertensive patients with blood pressure greater than or equal to 180/110
e Patients who have hypertensive symptoms such as occipital headache, failing
vision, ringing in the ears, dizziness, weakness, and tingling of the hands and feet
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In these cases, if emergency dental treatment is necessary, medical consultation
is required and vasoconstrictor amounts should be limited to one to two cartridges
of 1:100,000 solution (0.018-0.036 mg of epinephrine). In patients with Stage 2
hypertension (blood pressure of 160—179/100-109), epinephrine should be limited
to three cartridges (0.054 mg). Intraligamentary and intrabony injections should be
avoided in these patients [6, 20].

12.3.5 Endodontic Considerations in Patients with Congestive
Cardiac Failure

In congestive cardiac failure, there is a mismatch between blood supply and organ
demand. A determination must be made via physician consultation on the status of
the disease prior to treatment (i.e., is it stable or unstable?). The condition is often
confounded by hypertension, a history of MIs, renal failure, thyrotoxicosis, and
chronic obstructive pulmonary disease (COPD).

Following a recent MI, patients may have damaged myocardium and be suscep-
tible to reinfarctions, possibly predisposing to heart failures.

The amount of epinephrine delivered can be a critical aspect to the disease. It is
advisable to avoid vasoconstrictors in patients receiving digitalis as it can precipitate
cardiac arrhythmias [12]. Since aspirin can lead to sodium and fluid retention, it is
important to avoid it in patients with heart failure. Medications used by patients with
heart failure can be associated with certain side effects of dental significance like
xerostomia, lichenoid reaction, and orthostatic hypotension [14].

The clinician should be prepared for potential complications. In the patient with
multiple comorbid conditions, only urgent dental needs should be provided, preferably
in a hospital setting. For the patient who is considered stable and without significant
complications, routine conservative dental care can be performed in an outpatient set-
ting. Prior to treatment, a prothrombin time should be obtained, and, during treatment,
the patient should be placed in an upright position to prevent additional pulmonary
fluid collection. Placing a patient with poorly compensated heart in supine position can
cause shortness of breath and can precipitate pulmonary edema, thus complicating den-
tal treatment procedures [21]. Prothrombin time is measured with the international nor-
malized ratio (INR), and it is used to monitor the effects of anticoagulants on patients.
The accepted range of INR to perform elective endodontic procedures is 2—4 [22] and
should be checked on the day prior to endodontic therapy.

Important considerations are [23]:

1. Premedication, 2-5 mg diazepam 1 h before procedure to reduce anxiety.

2. Anesthesia without vasoconstrictors can be used for procedures.

3. Short appointments, semi-supine chair position, and availability of sublingual
form of nitroglycerine are considered as safety procedures.

4. Patients receiving aspirin can be considered normal, though increased bleeding
may be associated.
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12.3.6 Endodontic Considerations in Patients with Ischemic
Heart Disease (IHD)

When coronary atherosclerotic heart disease becomes sufficiently advanced to produce
symptoms, it is referred to as ischemic heart disease. It is relatively common in the gen-
eral population, especially with increasing age, and typically presents as angina or heart
failure [10]. Angina is often precipitated by physical activity or stress and may radiate to
the arm or jaw or may present as facial or dental pain. Fear and anxiety associated with
a dental procedure may be a precipitating factor for angina in some patients [11].

Angina attacks resulting from cardiac ischemia may be precipitated by dental
treatment. This can lead to infarction and cardiac arrest. Dental patients with previ-
ous history of angina or a myocardial infarction are approached similarly. Patients
who have a history of myocardial infarction less than 6 months prior to dental con-
sultation should be deterred from elective dental care because of their increased
susceptibility to repeat infarctions and other cardiovascular complications. Dental
treatment should be reserved for emergency situations intended to provide odonto-
genic pain relief [18]. Patients with angina in the ambulatory setting should not be
sedated, as it impairs their ability to report angina. Dentist should regularly check
the patient’s heart rate and BP during long appointments [15].

These patients benefit from empathy, short morning appointments, oral premedi-
cation with anxiolytics or prophylactic nitroglycerin, nitrous oxide-oxygen seda-
tion, and slow delivery of an anesthetic with epinephrine (1:100,000) with aspiration,
adequate pain management (during and after dental appointment), and cardiac mon-
itoring [24]. The patient with mild or moderate angina should be reminded to bring
with them their nitroglycerin tablets in case of an attack during treatment. If comor-
bid pulmonary disease (chronic obstructive pulmonary disease) exists, the dose of
oxygen provided via cannula or nitrous-oxygen delivery should not exceed 3 L/min.
Patients should be placed in a semi-supine position in the dental chair. This helps to
prevent potential aspiration of fluid or materials.

It should also be remembered that IHD can rarely be felt as an orofacial pain
complaint. Such a referred pain of cardiac origin can lead to a diagnostic dilemma
for the clinicians. An improper diagnosis can result in unnecessary dental treatment
and more significantly, it can delay the proper treatment of the cardiac problem.
Differentiating the site of pain from the source of pain is important so that the treat-
ment will be properly directed toward the source of pain [11].

Anticoagulants and antiplatelet drugs used in the prevention of atherothrombosis
in cardiac patients can be associated with increased perioperative bleeding during
dental surgical procedures [22]. Since stopping these drugs can result in serious
complications, it is advisable not to discontinue these medications when performing
minor surgical procedures [15, 22].

If the patient is receiving antiplatelet medication, excessive local bleeding should
be controlled 1 [4]. If the patient is receiving anticoagulants, the international nor-
malized ratio (INR) on the day of treatment should be determined. Minor oral surgi-
cal procedures can be carried out with an INR of less than 4.0, with additional aid
of local hemostasis [18]. Patients with an INR greater than 4.0 should not undergo
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any dental surgical procedure without being referred to their cardiologist for medi-
cation alteration, expert opinion, and consent [14].

Potential adverse reactions need to be taken into account after treatment (e.g., the
interaction between NSAIDs, penicillin, tetracyclines, metronidazole, and anticoag-
ulants) because prophylactic antibiotic may need to be considered to prevent infec-
tion. Cardiac patients may also be prescribed digitalis (digoxin in some countries),
which can increase nausea as well as exacerbate the gag reflex, a consideration if a
rubber dam is not used.

12.3.7 Endodontic Considerations in Patients with Valvular
Disease

Prosthetic heart valves carry the higher risk of thromboembolism, and valves placed
in the aortic region are more risky than the one in mitral position [24].

An infection on or near the heart valves caused by a bacteremia is termed as
infective or bacterial endocarditis. Patients with valvular disease present two pri-
mary considerations for dental treatment: potential risk for infective endocarditis
(IE) and risk of excessive bleeding in patients on anticoagulant therapy [25].

Though IE is not an emergency condition in the dental clinic, the bacteremia
associated with dental treatment can contribute to this potentially fatal disease in
patients with valvular heart disease [14]. Therefore, patients with pathologic valve
disease are to be managed in close consultation with their physicians, especially to
determine the need for antibiotic premedication [21].

According to the most recent guidelines, antibiotic prophylaxis is only recom-
mended for dental procedures that involve manipulation of gingival or the periapical
tissue. In general, procedures associated with nonsurgical root canal treatment such
as local anesthetic injection, placement of the rubber dam, and instrumentation
within the canal system do not place the patient at significant risk for infective endo-
carditis. The incidence and magnitude of bacteremia when canal instrumentation
does not extend into the periapical tissues is very low, and therefore, antibiotic pro-
phylaxis is not required [26].

The highest risk of infective endocarditis (IE) is for patients with prosthetic car-
diac valves, those with a history of IE or significant congenital heart disease, or
cardiac transplant recipients who develop cardiac valvulopathy [10, 27]. The antibi-
otic regimen as per the guidelines from the American Heart Association before a
dental procedure in patients with high risk for IE is given in Table 12.3.

Maintaining good oral hygiene and eradicating dental disease is shown to
decrease the frequency of bacteremia from routine daily activities. Hence, the
importance of oral health should be emphasized especially in patients with valvular
diseases. Moreover, all the standard infection control protocols should be followed
such as sterilization of instruments, barrier techniques, and disinfecting the dental
clinic and the surgical area, in general maintaining the hygiene of the operatory.
Antimicrobial mouth rinse (0.2% chlorhexidine) given before any dental treatment
is shown to reduce bacteremia of oral origin [14].
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Table 12.3 Antibiotic Prophylactic Regimens for Endocarditis, as recommended by the American
Heart Association

Regimen Drugs (single dose 30-60 min before procedure)
Standard regimen Adults: 2.0 g amoxicillin

Children: 50 mg/kg amoxicillin
Patients allergic to Adults: 2 g cephalexin or other first- or second-generation
penicillin (oral) cephalosporin

Or

600 mg clindamycin

Or

500 mg azithromycin or clarithromycin
Children: 50 mg/kg cephalexin or other first- or second-generation
cephalosporin
(or) 20 mg/kg clindamycin
Or
15 mg/kg azithromycin or clarithromycin
For patients allergic to  Adults: 1.0 g IM or IV cefazolin or ceftriaxone
penicillin and unable to  Or
take oral medications, 600 mg IM or IV clindamycin

IM/IV routes of Children: 50 mg/kg IM or IV cefazolin or ceftriaxone
administration is Or
considered 20 mg/kg IM or IV clindamycin within 30 min before the procedure

12.3.8 Endodontic Considerations in Patients with Cardiac
Arrhythmias

Patients with cardiac arrhythmias are at greater risk for more serious cardiac com-
plications including cardiac arrest. Most patients presenting for dental treatment
will know they have an arrhythmia and will be taking controlling medication such
as procainamide, quinidine, or propranolol. If the patient’s cardiac status is unclear,
treating in a more controlled hospital environment may be best. Best practice also
includes the avoidance of excessive anesthetic with epinephrine. The excessive
delivery of anesthetic with epinephrine by intraligamentary injection is contraindi-
cated because it has been reported to act in a similar manner to intravenous epineph-
rine injection.

The general considerations during dental treatment of a cardiac patient (physi-
cian consultation, patient monitoring, stress reduction, and limited use of vasocon-
strictors) should be strictly adhered to. Patients with dysrhythmias are sometimes
managed with electronic devices such as pacemakers that emit electrical signals.
These devices have been shown to be sensitive to electromagnetic signals produced
by certain dental instruments like electrosurgical unit, electric pulp tester, elec-
tronic apex locator, etc. Although the newer models (bipolar devices with electro-
magnetic shielding) are generally not affected by the small electromagnetic fields
generated by dental equipment, care and precaution should be taken when operat-
ing ultrasonic scalers and ultrasonic cleaning systems, and selecting composite
curing lights in the vicinity of individuals who have pacemakers or implantable
cardioverter-defibrillators [14, 28].
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12.4 Diabetes

Diabetes affects blood glucose metabolism and vessel pathology. The condition
may be the result of absolute insulin deficiency (type 1 diabetes), a problem with
insulin function (termed relative or type 2 diabetes), or both conditions. Other types
of diabetes include gestational diabetes and diabetes occurring secondary to other
diseases.

According to International Diabetes Foundation (2015), diabetes mellitus is
now an epidemic with 415 million people affected globally. This number is pro-
jected to rise to 642 million in 2040. It is estimated that one in two adults with dia-
betes is undiagnosed. Diabetes is reported to have been responsible for 5 million
deaths worldwide in 2015.

It is characterized by hyperglycemia (increased blood glucose level) with or
without glycosuria resulting from an absolute or conditional deficiency of insulin
[26, 27]. Hyperglycemia leads to an increase in the urinary volume of glucose and
fluid loss, which then produces dehydration and electrolyte imbalance. It is the
inability of the diabetic patient to metabolize and use glucose, the subsequent
metabolism of body fat, and the fluid loss and electrolyte imbalance that causes
metabolic acidosis. Complications in the diabetic patient that can occur during and
after dental treatment include hypoglycemia, coma, or infection and delayed
healing.

Diabetes mellitus is diagnosed as a fasting blood glucose level greater than
125 mg/dL, and the normal fasting blood glucose level is considered to be less than
110 mg/dL. Patients with fasting plasma glucose levels greater than 110 mg/dL but
less than 126 mg/dL represent a transitional condition between normal and DM and
are considered to have impaired glucose tolerance [29, 30].

In poorly controlled diabetes, gingivitis, periodontitis, and periodontal bone loss
are common oral manifestations. In uncontrolled diabetes, there are chances of
infection and poor wound healing [31, 32].

12.4.1 Endodontic Considerations

In patients with controlled diabetes, no special treatment is required for routine
dentistry including prophylaxis and dental restorative care. The patient should be
told to continue with their normal eating and injection regimen. Morning appoint-
ments are recommended because cortisol levels are highest at this time and will
provide the best blood glucose level. The morning meal should not be skipped [33].
If an appointment is likely to lead to a delayed or missed meal, the diabetic regimen
may have to be modified with the assistance of the patient’s physician. For patients
receiving insulin therapy, appointments should be scheduled so that they do not
coincide with peaks of insulin activity, since this is the period of maximal risk of
developing hypoglycemia [34]. Before the procedure, it has to be ensured that the
patient has eaten normally and taken medication as usual [3]. Emotional and physi-
cal stress increases the amount of cortisol and epinephrine secretion that induces
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hyperglycemia. Therefore, if the patient is very apprehensive, pretreatment sedation
should be contemplated [34].

The type 1 patient should not be scheduled immediately after an insulin injection
because this may result in a hypoglycemic episode. No more than two carpules of
lidocaine 1:100,000, prilocaine HCL (1:200,000) or bupivacaine with 1:200,000 epi-
nephrine should be delivered for anesthesia. In the moderately controlled diabetic
patient, a maximum of two carpules of bupivacaine or prilocaine should be used. In
the uncontrolled or brittle diabetic patient, only acute dental infection should be
treated on an outpatient basis. Delivered anesthetic should not include epinephrine.

Non-insulin-controlled patients may require insulin, or the insulin dose for some
insulin-dependent patients may have to be increased. Acute infections in diabetic
patients should be managed using incision and drainage, pulpectomy, antibiotics,
and warm rinses [35].

Prophylactic antibiotics are not indicated for endodontic surgery in well-con-
trolled diabetics as they are at no greater risk of postoperative infection than the
nondiabetics [36]. Whereas when endodontic surgery is required in a poorly con-
trolled diabetic, prophylactic antibiotic should be considered due to altered func-
tion of neutrophils.

Lengthy appointments should be avoided. If a lengthy, especially surgical, pro-
cedure is to be undertaken, the patient’s physician should be consulted. Blood glu-
cose level should be constantly monitored during a lengthy surgical procedure.
Hypoglycemia is a common complication during dental treatment in diabetic
patients. Symptoms of hypoglycemia may range from mild, such as anxiety, sweat-
ing, and tachycardia, to severe, such as mental status changes, seizure, and coma.
The patient usually senses that they are becoming hypoglycemic and requests any
form sugar such as orange juice. Severe hypoglycemic episodes are medical emer-
gencies and should be treated promptly with 15 g of oral carbohydrate such as 6 oz
orange juice or 3—4 teaspoons of table sugar. If the patient is unable to cooperate or
swallow, 1 mg of glucagon may be administered by subcutaneous or intramuscular
injection [37].

If hypoglycemia appears to be developing, dental treatment should be terminated
and glucose administered. Loss of consciousness is the most serious complication
of hypoglycemia. Medical assistance should be quickly sought. Posttreatment prob-
lems can include delayed healing and infection. In uncontrolled diabetics, electro-
Iyte imbalance can also present a problem following dental treatment.

12.5 Endodontic Considerations in Patients with Bleeding
Disorders

Many dental procedures are associated with postoperative bleeding, which in most
cases, is self-limiting and non-problematic. However, some people are at an
increased risk of bleeding due to inherited bleeding disorders, in which even rela-
tively minor invasive procedures can precipitate a prolonged bleeding episode [38,
39]. Although patients with congenital bleeding disorders have an increased risk of
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significant bleeding from invasive dental and oral surgery procedures [40, 41], the
majority of routine nonsurgical dental treatment can be provided in a general dental
practice [42, 43].

Some of the bleeding disorders are hemophilia (type A and B), von Willebrand’s
disease, platelet function disorders, thrombocytopenia, and hypofibrinogenemia
and dysfibrinogenemia.

12.5.1 Hemophilia

Individuals with hemophilia (inherited bleeding disorder) do not bleed more pro-
fusely than an individual with normal coagulation but may bleed for a longer period
of time [44] and may experience delayed bleeding due to clot instability. There are
two main types of hemophilia: hemophilia A is the commonest, accounting for
approximately 85% of all cases of hemophilia, and characterized by a deficiency of
factor VIII. Hemophilia B is characterized by a deficiency of factor IX. Both types
of hemophilia are inherited as X-linked recessive conditions and share identical
clinical manifestations [45].

Patients with congenital bleeding disorders require formulation of a comprehen-
sive treatment plan with an overall goal of achieving satisfactory hemostasis. It is
essential to prevent accidental damage to the oral mucosa when carrying out any
procedure in the mouth by implementing general measures such as careful use of
saliva ejectors and care in the placement of radiographic films [40, 46].

Local anesthetic infiltration using a slow injection technique and modern fine
gauge single-use needles can usually be used without the need for factor replace-
ment therapy [40, 46-48] (Table 12.4). There are no restrictions regarding the type
of local anesthetic used, although those with vasoconstrictors may provide addi-
tional local hemostasis [49]. Articaine has been described for infiltration as an alter-
native to inferior dental block in the restoration of mandibular molars, removing the
need for preoperative factor cover [50]. A buccal infiltration can be used without
any factor replacement. It will anesthetize all the upper teeth and lower anterior and
premolar teeth. The intraligamentary technique or interosseous technique should be
considered instead of the mandibular block.

Endodontic treatment is generally low risk for patients with bleeding disorders.
Nonsurgical endodontic procedure can be performed without any modification in
anticoagulant therapy, although it is important to ascertain that patient’s interna-
tional normalized ratio (INR) value is in the therapeutic range of (2-3.5) especially
if a nerve block injection is required [51]. Periapical surgery may pose a greater
challenge for hemostasis even for patients well maintained within the therapeutic

Table 12.4 Dental anesthetic No hemostatic cover required Hemostatic cover required

techniques and factor Buccal infiltration Inferior dental block

replacement therapy [47] Intrapapillary injections Lingual infiltrations
Intraligamentary injections
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range; therefore, a consultation with the patient’s hematologist is required in devel-
oping an appropriate treatment plan.

It is important that the procedure be carried out carefully with the working length
of the root canal calculated to ensure that the instruments do not pass through the
apex of the root canal. Sodium hypochlorite should be used for irrigation in all
cases, followed by the use of calcium hydroxide paste to control the bleeding.

Dental pain can usually be controlled with a minor analgesic such as paracetamol
(acetaminophen) and codeine-based preparations. Aspirin should not be used due to
its inhibitory effect on platelet aggregation. The use of any nonsteroidal anti-inflam-
matory drug (NSAID) must be discussed beforehand with the patient’s hematologist
because of their effect on platelet aggregation. Antibiotics should only be prescribed
if there is local spread or signs of systemic infection. There are no contraindications
to any of the antibiotics for patients with congenital bleeding disorders.

12.6 Infectious Diseases

Infectious conditions that are problematic in terms of dental management include
hepatitis B (HBV), hepatitis C (HCV), HIV, and tuberculosis. Less likely to cause a
problem but of additional concern are viral infections such as that seen in severe
acute respiratory syndrome (SARS) or healthcare-associated infections such as
methicillin-resistant Staphylococcus aureus (MRSA). Several potential complica-
tions can occur during dental treatment such as the risk of transmission, medication
interactions in patients being treated for active disease.

HIV is a blood-borne retrovirus infection transmitted primarily by blood and
bodily fluids by intimate sexual contact and parenteral route. After infection,
enzyme reverse transcriptase allows the virus to integrate its own DNA into the
genome of an infected cell and replicate using the infected cell’s ribosomes and
protein synthesis. Initially, immune seroconversion with antiviral antibody produc-
tion occurs followed by a significant decrease in CD4+ lymphocytes over a period
of years.

The most effective management in the progression of HIV infection and AIDS is
a combination of antiviral agents known as highly active antiretroviral therapies
(HAART), which has significantly increased the lifespan and the quality of life of
individuals infected with HIV [52, 53].

12.6.1 HIV and Endodontics

In general, endodontic treatment of patients with apical periodontitis would have a
poorer prognosis in immunocompromised patients such as HIV-infected patients.
This is due to the fact that T cells play an important role in the pathogenesis as well
as healing of apical periodontitis.

One of the challenges faced by HIV-positive patients and their dentist is the
potential for adverse drug interactions. Because HIV-positive patients usually take
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an antiretroviral regimen of three or more drugs from at least two different classes,
there exists a potential for unwanted side effects and toxicities [54].

Many of the medications dentists commonly administer or prescribe may inter-
fere with the metabolism of the antiretroviral medications [55, 56]. Statistically, the
chances of treating a HIV-positive patient in a dental practice have increased because
of a steady state of new HIV infections annually and increasing longevity from
highly active antiretroviral therapy. Thus, HIV-positive patients are seeking routine
dental care rather than episodic treatment for the oral manifestations of HIV/AIDS,
and dental clinicians should know how to appropriately care for them.

The dental clinician should know the medications that their HIV-positive patients
are taking, understand the potential drug interactions with medications they pre-
scribe, and be prepared to prescribe medications from a different class when inter-
actions are possible.

Controversy exists in the literature regarding the need for antibiotic coverage
before performing dentistry. A small subgroup of patients with advanced HIV
disease may require customized modification, such as antibiotic prophylaxis or
transfusion of blood products for their care [57]. If the granulocytes count ranges
above 500 cells/pL of blood, endodontic treatment should be performed under
prophylactic antibiotic cover. Patients with CD4 cell counts below 200 cells/pL
might suffer from a disorder of blood coagulation. If the thrombocyte count is
more than 60,000 cells/mm?, routine dental treatment is possible without the risk
of hemorrhage.

Infiltration and/or intraligamentary anesthesia is preferred to avoid any compli-
cations of block anesthesia. Antibiotic mouth rinses (chlorhexidine) can be pre-
scribed 2-3 days before the treatment to achieve reduction in oral microorganisms
and to avoid any postoperative complications.

Endodontic treatment for an HIV-infected patient is seen on an outpatient basis.
These patients have the same prognosis with nonsurgical root canal treatment as
medically healthy patients [53]. Finally, the practitioner should be aware of occupa-
tional risks in treating these patients, should familiarize himself / herself with the
CDC’s postexposure prophylactic guidelines, implement preventive measures to pre-
vent occupational exposures, and provide occupational risk training for their staff.

Wounds and needle stick injury following dental procedures resulting in bleed-
ing and subsequent instrument or materials contamination represent the biggest
problem with respect to potential viral transmission to clinical staff. The risk of
seroconversion after a needle stick injury with HIV-infected blood is approx. 0.03%
[58, 59]. In case of deep penetrating injury with accidental exposure to HIV-infected
blood and body fluids, a prophylactic administration of a triple antiretroviral ther-
apy along with immediate referral to a specialist is recommended.

Precautions such as not putting the used injection needle back into the sheath and
wearing gloves and goggles during the treatment are considered as adequate infec-
tion control precautions [60].

It is important to inform all staff members of the patient’s infection before start-
ing the treatment to ensure vigilance. Since HIV can be found in both pulpal tissues
and apical granuloma, the use of rubber dam is considered mandatory [61]. With
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using rotary instruments, not only should the used instruments but also the hand-
piece must be disinfected and sterilized after every treatment.

A dentist may not ethically refuse to provide treatment purely because of the
patients HIV status.

12.6.2 Hepatitis B and C and Endodontics

Hepatitis B virus (HBV) is a DNA virus and was originally known as “serum hepati-
tis” [62]. Hepatitis C is a hepatotropic viral infection caused by hepatitis C virus
(HCV), which is a major cause of acute hepatitis and chronic liver disease. It is char-
acterized by inflammation of the liver and in many cases permanent damage to liver
tissue. The most common types of hepatitis are hepatitis A, B, C, D, E, and G. Hepatitis
B and C can lead to permanent liver damage and in many cases, death [62].

Physicians, dentists, nurses, laboratory staff, and dialysis center personnel are at
high risk of acquiring infection. HCV prevalence varies widely among countries,
with the highest being in several African and eastern Mediterranean countries [63].
The frequency of exposure to HBV was the highest among dental healthcare work-
ers according to a study conducted in Japan [64]. Even after the introduction of
many programs and strategies, hepatitis infection continues to remain a health prob-
lem in dental settings.

The most significant problems associated with hepatitis B and C in dental set-
tings include the risk of viral contagion on the part of the dental professionals and
patients (cross infection), the risk of bleeding in patients with serious liver dis-
ease, and alterations in the metabolism of certain drug substances that increase the
risk of toxicity [65]. It has been found that HBV and HCV exist on various sur-
faces in the dental operatory even many days after treating patient’s positive with
hepatitis B and C [66]. HCV can remain stable at room temperature for over
5 days [67]. Therefore, standard precautions, i.e., the use of barrier methods, with
correct sterilization and disinfection measures, must be followed [65]. The con-
ventional sterilization techniques usually eliminate specific proteins and nucleic
acids (HBV DNA and HCV RNA) from dental instruments previously infected
with HBV and HCV.

Elective treatment is postponed in an unfavorable state. However, in case treat-
ment is carried out, the dentist must have local hemostatic agents such as oxidized
and regenerated cellulose, as well as antifibrinolytic agents (tranexamic acid), plate-
lets, and vitamin K [65]. If antibiotic prophylaxis is suggested, the physician treat-
ing the patient therefore should be consulted to establish which drugs are used, their
doses, and their possible interactions [68].

Endodontic treatment can be provided for these patients with adequate steriliza-
tion care and infection control protocol. The most important factor is in choosing
which of the medications and drugs metabolized in the liver should be avoided.
Drugs such as erythromycin, metronidazole, or tetracyclines must be avoided
entirely [69]. Ampicillin is the choice of antibiotic, while acetaminophen may be
used for pain relieving [70]. Nonsteroidal anti-inflammatory drugs should be used
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with caution or avoided, due to the risk of gastrointestinal bleeding and gastritis
usually associated with liver disease. Local anesthetics are generally safe, provided
the total dosage does not exceed 7 mg/kg, combined with epinephrine.

In case there is an accidental exposure:

1. Carefully wash the wound without rubbing, as this may inoculate the virus into
deeper tissues, for several minutes with soap and water or using a disinfectant of
established efficacy against the virus (iodine solutions or chlorine formulations).
The rationale behind these measures is to reduce the number of viral units to
below the threshold count required to cause infection (the infectious dose).

2. A complete detailed medical and clinical history of the patient must be recorded
to rule out possible risks.

All staff should be vaccinated appropriately. Infection control recommendations
are mentioned in Appendix 12.1.

12.6.3 Endodontic Treatment in a Pregnant Patient

Pregnancy does not classify as being medically compromised; therefore, dental
treatment should not be denied simply because a woman is pregnant. But the preg-
nant woman who presents for dental care may require special considerations.

Usually, pregnant patients are not immunocompromised; however, in pregnancy,
there is suppression of the maternal immune system in response to the fetus [71]
subsequently causing a decrease in cell-mediated immunity, as well as natural killer
cell activity [72]. The odontogenic infections have the potential to progress rapidly
to deep-space infections eventually compromising the oropharyngeal airway. In
addition, pregnant women may also require a prescription and/or over-the-counter
analgesics to control serious pulpal pain. Some of these drugs rather than benefitting
effects may have deleterious effects on the fetus and the pregnant mother. Therefore,
it is imperative that odontogenic infections should be treated promptly at any time
during pregnancy. An understanding of the patient’s physiologic changes, the effects
of chronic infection, and the risks or benefits of medications is necessary to advise
a patient on her options regarding medical care.

Fortunately, most of the drugs prescribed/used by a dentist are considered to be
safe for both pregnant patients and their unborn child. However, if in any doubt,
about either dental medication choices or the risk factors for pregnant patients, he or
she should refer to the patient’s obstetrician (Tables 12.5 and 12.6).

12.6.3.1 Local Anesthesia

Local anesthetics are most commonly used medications by dentists. Lidocaine and
prilocaine are FDA category B rating when given in a therapeutic range and should
be the first-line choices for local anesthesia for pregnant women who do not have
any contraindications, such as allergy [73, 74]. Bupivacaine, mepivacaine, and artic-
aine are FDA category C ratings.
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Table 12.5 FDA drug categories during pregnancy [74, 75]

Category  US Food and Drug Administration risk stratification of drugs

A Controlled studies in humans have failed to demonstrate a risk to the fetus, and the
possibility of fetal harm appears remote

B Animal studies have not been indicated fetal risk, and human studies have not
been conducted, or animal studies have shown a risk, but controlled human
studies have not

C Animal studies have shown a risk, but controlled human studies have not been
conducted, or studies are not available in humans or animals

D Positive evidence of human fetal risk exists but in certain situations that drug may
be used despite its risk

X Evidence of fetal abnormalities and the fetal risk exists based on human

experience, and the risk outweighs any possible benefit of use during pregnancy

Table 12.6 Common drugs used in pregnancy in dental treatment

Drug Use in pregnancy FDA category
Antibacterial
Amoxicillin Yes B
Metronidazole
Erythromycin
Penicillin
Cephalosporins
Tetracycline No D
Gentamicin * Discoloration of teeth with

tetracycline

e Fetal ototoxicity with gentamicin
Analgesics
Oxycodone With caution B
Aspirin Not in 3rd trimester B (D in 3rd
Ibuprofen ¢ Postpartum hemorrhage with aspirin trimester)
Naproxen
Acetaminophen Yes B
Morphine e Respiratory depression with
Meperidine morphine
Codeine C (D in 3rd
trimester)

Local anesthetics
Lidocaine Yes B
Prilocaine
Mepivacaine With caution C
Bupivacaine » Fetal bradycardia with mepivacaine

and bupivacaine
Sedatives/hypnotics
Nitrous oxide Not in Ist trimester Avoid

* Spontaneous abortions with nitrous

oxide

Barbiturates and No D

benzodiazepines

e Cleft lip/palate with benzodiazepines
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None of the above-listed local anesthetic agents are considered unsafe when
given in dental therapeutic dose ranges [73, 75]. Additionally, the use of vasocon-
strictors such as epinephrine or levonordefrin is not contraindicated when they are a
part of the commercially available local anesthetics. Though they are FDA category
C rating, these vasoconstrictors, when used in low concentrations in prepackaged
local anesthetic cartridges, cause no fetal harm as long as normal precautions are
taken. These precautions include avoiding injection within the blood vessels and
maintaining total dosages at or below therapeutic ranges such as 0.04 mg for epi-
nephrine and 0.2 mg for levonordefrin [73, 75].

12.6.3.2 Antibiotics

There are situations when antibiotics may be a necessary course of action. Most of
the antibiotics used in dental care are FDA category B for pregnancy risk. These
include the penicillin family, the erythromycins (except for the estolate form),
azithromycin, clindamycin, metronidazole, and the cephalosporins [18]. However,
tetracycline, minocycline, and doxycycline are given D ratings due to their likeli-
hood of chelating in bones and teeth. Thus, tetracycline, minocycline, and doxycy-
cline should be normally avoided [74].

12.6.3.3 Analgesics

Not all NSAIDs are considered safe for the fetus. Neither aspirin nor diflunisal is
recommended for a pregnant woman. Both these drugs have both been associated
with prolonged gestation and labor, anemia, increased bleeding potential, and pre-
mature closure of the ductus arteriosus of the heart [75]. Ibuprofen, ketoprofen, and
naproxen are also contraindicated in the third trimester of pregnancy, as they are
considered FDA category D choices, due to their risks of prolonged labor, hemor-
rhage risk during delivery, and premature closure of the ductus arteriosus.

The first-line choice of a NSAID should be acetaminophen which is considered
to be FDA B rating for all three trimesters of pregnancy [18]. If stronger pain medi-
cation is necessary, most narcotic combinations are relatively safe for short dura-
tions, despite their risks for fetal growth retardation or fetal dependency if prescribed
for long periods.

12.6.3.4 Anxiolytics

When treating anxiety in the dental setting, non-pharmaceutical methods are pre-
ferred because they reduce the fetus’s exposure to medication. Most benzodiaze-
pines for anxiolytic relief are classified in categories C or D for pregnancy risk [75,
76]. Intranasal nitrous oxide use is very controversial because there is risk of reduced
uterine blood flow or teratogenic effects when it is used in high concentrations [76].
Short-term (i.e., %30 min) use of nitrous oxide, when used in combination with
50% oxygen for nonelective dental procedures, may be warranted if patient man-
agement is not possible without anxiolytic management.
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12.6.4 Endodontic Management

Endodontic treatment in pregnancy is directed toward controlling disease, maintain-
ing a healthy oral environment, and preventing potential problems that could occur
later in the pregnancy or during the postpartum period and has been certified safe in
pregnancy [77]. Nevertheless, it has been recommended that elective procedures be
avoided until the end of pregnancy and only emergency treatment to be given or if
possible, be delayed until the second trimester [78].

The initial 3 months of pregnancy are considered vital to the growth of the fetus.
It has been recommended that any avoidable treatment in the first trimester should
be moved to the next trimester to prevent any threat of untoward effects of dental
treatment [72]. By the end of the first trimester, the uterine size is not large enough
to make sitting on the dental chair uncomfortable, and nausea has generally waned.
These make the second trimester an ideal period to undertake endodontic treatment.
However, extensive elective endodontic procedures should be postponed until after
delivery.

During the first trimester (conception to 14th week), there is a great risk of sus-
ceptibility to stress and teratogens, and 50-75% of all spontaneous abortions occur
during this period [79]. Avoid routine radiographs. Use selectively and when needed.

During the second trimester (14-28th week), organogenesis is completed and
therefore the risk to the fetus is low. Some elective and emergent dentoalveolar pro-
cedures are more safely accomplished during the second trimester. During the third
trimester (29th week until childbirth), although there is no risk to the fetus during this
trimester, the pregnant mother may experience an increasing level of discomfort.
Short dental appointments should be scheduled with appropriate positioning while in
the chair to prevent supine hypotension. The supine position poses an increased risk
of developing DVT, by compression of the inferior vena cava, leading to venous
stasis and clot formation. The ideal position in the dental chair is the left lateral decu-
bitus position with the right buttock and hip elevated by 15°. Put a ref.

It has been researched that neither the cleansing irrigant, hypochlorite, nor root
canal filling materials used in endodontic treatment is detrimental to the fetus [80].
Intraoral radiographs are considered safe for pregnant patients as the X-rays are
directed to the mouth and not the abdomen, along with the use of protective mea-
sures such as high-speed film, collimation, filtration, lead apron, and a thyroid collar
[81]. It has been proposed that the As Low As Reasonably Achievable (ALARA)
principle should always be practiced, and only radiographs necessary for diagnosis
and treatment should be obtained [82].

Local anesthetics are relatively safe when administered properly and in the cor-
rect amount during pregnancy [72]. For a healthy pregnant patient, the 1:100,000
epinephrine concentration used in dentistry, administered by proper aspiration tech-
nique and limited to the minimal dose required, is safe [77].

Feelings of joy, anxiety, or fear can be common during pregnancy. When com-
bined with dental fears or phobia, pregnant patients may delay or avoid dental care.
Anxiety may lead to transient increases in blood pressure, hyperventilation, or uter-
ine cramping. It is important to remember that treatment is being given to two
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patients: mother and child. All treatment should be done only after consultation with
the patient’s gynecologist. It is best to avoid drugs and therapy that would put a fetus
at risk in all women of child-bearing age or for whom a negative pregnancy test has
not been ensured.

12.7 Endodontic Considerations for Patients Undergoing
Chemo/Radiation Therapy and on Bisphosphonates

Cancers that are amenable to surgery and do not affect the oral cavity require few
treatment plan modifications. Patients who previously had or are undergoing radia-
tion therapy, chemotherapy, and others taking bisphosphonate medications require
special consideration regarding their dental treatment. Prior to the beginning of can-
cer treatment, the patient should always be carefully evaluated by a dentist. The
main goals of preventive dental measures are to remove any oral infection, pathol-
ogy, or risk factors in order to obtain a stable oral health situation, preventing the
necessity for invasive dental procedures in the near or intermediate future [83].

Whenever possible, non-restorable teeth and those with poor long-term peri-
odontal prognosis should be extracted more than 2 weeks prior to radiation therapy.
Symptomatic non-vital teeth can be endodontically treated at least 1 week before
initiation of chemotherapy. Conservative endodontic and prosthodontic therapies of
teeth with good prognosis should be completed. American Heart Association (AHA)
has recommended antibiotic prophylaxis (refer to Table 12.2) as cancer patients
may have catheters which may be susceptible to infection. This is controversial in
literature [84].

For a patient receiving chemotherapy, WBC count and platelet status should be
carefully monitored before commencement of dental procedure. Endodontic proce-
dures can be performed if the neutrophil count is greater than 2000 cells per cubic
mm and platelets are greater than 50,000 per cubic mm. Postradiation osteonecrosis
(PRON) results from radiation-induced changes in the jaws, may arise in bones
exposed to high radiation, and is characterized by asymptomatic or painful bone
exposure.

Preventive measures and protocols used to reduce radionecrosis include selec-
tion of endodontic therapy over extraction, atraumatic surgical procedures, use of
non-lidocaine local anesthetics that contain no or low concentrations of epinephrine
and prophylactic antibiotics plus antibiotics during the week of healing [85].
Although nonsurgical endodontic treatment is a relatively safe procedure, caution is
essential.

12.7.1 Patients Taking Antiresorptive and Anti-angiogenic
Medication

Bisphosphonates are used to treat patients with metastatic breast cancer, multiple
myeloma,
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Paget’s disease of the bone, hypercalcemia of malignancy, and for patients with
documented bone metastases from any solid tumor (prostate cancer, lung cancer,
and renal cell carcinomas).

Bisphosphonates are inhibitors of bone resorption. Bone remodeling is a normal
physiologic function. It removes and replaces the damaged bone with new elastic
osseous tissue [86]. Bisphosphonates inhibit osteoclast function, prevent bone turn-
over, and have anti-angiogenic properties [87, 88].

The management of bisphosphonate-associated osteonecrosis of the jaws repre-
sents an additional challenge to professionals. In 2014, the American Association of
Oral and Maxillofacial Surgeons (AAOMSs) suggested to change the nomenclature
from bisphosphonate-related osteonecrosis of the jaw (BRONJ) to MRONI to
accommodate the growing number of osteonecrosis cases involving the maxilla and
mandible associated with other antiresorptive (denosumab) and anti-angiogenic
therapies [89]. MRONIJ or medication-related osteonecrosis of the jaw is a severe
adverse drug reaction, manifesting as a progressive bone destruction in the maxil-
lofacial region of patients. The dental treatment of patients receiving oral or intrave-
nous bisphosphonate therapy is principally preventive in nature.

Intravenous (IV) bisphosphonates are utilized to treat conditions associated with
cancer as well as hypercalcemia of malignancy, skeletal-related events connected
with bone metastases from solid tumor, and for the management of lytic lesion
related to multiple myeloma. Patients taking IV bisphosphonates are at higher risk
for developing bisphosphonate-associated ONJ than those taking oral BPs. Oral BPs
are used to treat osteoporosis, osteopenia, or other less common conditions such as
Paget’s disease and osteogenesis imperfecta. RANK ligand inhibitor (denosumab) is
an antiresorptive medication that inhibits osteoclast function, decreases bone resorp-
tion, and increases bone density [90, 91]. It is used in patients affected by osteoporo-
sis or metastatic bone diseases. Anti-angiogenic medications hinder the development
of novel blood vessels, blocking the angiogenesis-signaling cascade [92].

Osteoporotic patients starting oral BP therapy should be instructed to the risk of
developing MRONI. Informative and educational documents about the current
knowledge of MRONI as well as the instruction to quickly report every signs and
symptoms should be given to patients. Periodic clinical-radiological follow-ups are
recommended. The importance of oral hygiene and dental health should be under-
lined [89]. Data are limited, so an informed consent for a non-quantifiable risk of
long-term developing of MRONIJ should be obtained. The risk of developing
MRONIJ associated with oral BPs is very low, and it increases when the duration of
therapy exceeded 4 years [93].

Nonsurgical endodontics instead of tooth extraction should be performed when-
ever possible, even if the tooth is non-restorable. Endodontic surgical procedures
and every invasive procedure that involves bone injury are not recommended.
Consider BONJ when developing a differential diagnosis of non-odontogenic pain.

Endodontic procedures should be performed with care to avoid trauma to the
surrounding periodontal tissues. Rubber dam placement with clamps should avoid
impinging gingival tissue, or a modified isolation technique (split dam technique)
should be considered.
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Procedural errors resulting in periodontal tissue damage (perforation or apical
foramen damage) should be prevented. Improved knowledge of root canal anatomy,
careful instrumentation, correct working length measurement, and using an operat-
ing microscope and electronic apex locater are all helpful tools. A subgingival
matrix band placement should be avoided. A decoronation procedure should be con-
sidered and endodontic treatment of the remaining roots for teeth with extensive
coronal destruction, subgingival margin, or if not restorable. The tooth can be left
with a permanent seal or prepared as an over-denture abutment.

Utilize the entire healthcare team, including the patient’s general dentist, oncolo-
gist, and oral surgeon, when developing treatment plan for these patients. Be aware
that the knowledge base for MRONI is rapidly increasing and it is likely that these
recommendations may change over time. The prudent practitioner is encouraged to
continually review publications for new developments and treatments in antiresorp-
tive therapy [94].

12.8 Patients with Chronic Kidney Disease

Chronic kidney disease is associated with progressive deterioration of renal func-
tion resulting in reduced glomerular filtration rate. Drugs used for its management
tend to alter the common oral manifestations associated with the disease. The
patients require special considerations for endodontic management because of
increased tendency toward bleeding episodes, odontogenic infections, and drug
interactions.

For renal disease patients with conservative medical management, the frequent
episodes of hypertension require to constantly monitor the blood pressure during
the procedure. Nephrotoxic drugs such as tetracyclines and aminoglycosides must
be strictly avoided. Antibiotics such as amoxicillin/clavulanate, erythromycin,
azithromycin, and analgesics such as paracetamol and ibuprofen do not require any
dose alteration for these patients [95].

12.8.1 For Patients on Hemodialysis

These patients have bleeding tendencies due to uremia and hemodialysis [96]. During
hemodialysis, the patient’s blood is anticoagulated with heparin to assist blood trans-
portation [97]. For this reason, endodontic procedures with a risk of bleeding should
not be executed on the day of hemodialysis. Dental treatment should commence on
a day after dialysis, to ensure the absence of circulating heparin [98].

Local anesthetics like lidocaine are generally safe and can be administered in
their usual dose, and anesthesia can be achieved through infiltration, while nerve
block is generally not advised unless deemed necessary because of bleeding tenden-
cies. These patients should undergo complete blood count and coagulation profile
tests before initiating the surgical endodontics and nerve blocks in nonsurgical root
canal therapy.
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These patients are highly prone to the risk of infection and of transmission pos-
sibility of hepatitis B virus, hepatitis C virus, and HIV. Appropriate diagnostic tests
must be carried out to confirm the negative results for these infections.

12.8.2 For Patients with Renal Transplant

It is important that in the first 6 months after transplantation, any elective dental
treatment should be avoided [99]. Treatment with corticosteroids, calcineurin inhib-
itors (Cs, tacrolimus), and inhibitors of lymphocyte proliferation (azathioprine and
mycophenolate mofetil) is common in renal patients, and hence, they will be in an
immunosuppressed state. Antibiotic prophylaxis, as per nephrologist’s guidelines,
is mandatory prior to endodontic procedure.

12.9 Patients on Corticosteroid Therapy

For these patients, it is necessary to assess whether patient is currently on steroid
therapy or if there is a history of steroid intake for 2 weeks or longer within the past
2 years. In such condition, the patient’s physician should be consulted if any extra
dosage of steroid will be needed and confirm the pre- and post-procedural steroid
dosages to avoid the risk of adrenal crisis [100]. Increased dose shift is not compul-
sory if the prednisolone dose is <7.5 mg/day. Morning appointments should be pre-
ferred for these patients.

12.10 Respiratory Disorders
12.10.1 Asthma

Asthma is a respiratory disease that affects the respiratory system characterized by
inflammation and bronchoconstriction. A distinction should be made between aller-
gic and non-allergic asthma [3].

Clinicians should be aware of the potential for dental materials and products to
exacerbate asthma. These include dentifrices, fissure sealants, tooth enamel dust, and
methyl methacrylate. Before starting the endodontic procedure, it is essential to
understand about the type (mild, moderate, and severe), frequency of attack, and pre-
cipitating factors for avoiding the stimulators, and we should follow the emergency
protocols [77]. Patients’ immune status depends on the level of immunosuppressive
medications they are taking. Only the most severely affected asthmatic patients who
are taking large doses of systemic corticosteroids fall into this category. For severe
conditions, procedures should be carried out with the physician’s consent.

If the patient uses a bronchodilator inhaler, it is essential to advise him/her to
bring the inhaler during each dental visit. Anxiety is a trigger and dental treatments
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often trigger an acute asthmatic attack. A well-planned and uncomplaining approach
of the dentist and dental team members may help to lessen the anxiety.

When antibiotic therapy is indicated, macrolides (i.e., erythromycin, azithromy-
cin, and clarithromycin), ciprofloxacin, and clindamycin should be avoided in
patients taking theophylline because of the potential adverse effect of methylxan-
thine toxicity. NSAID group of medicines, barbiturates, and narcotics should be
avoided for all asthmatic patients. Acetaminophen and Cox-2 inhibitors can be
used as anti-inflammatory drugs for these patients since they do not precipitate
bronchospasm. However, recent studies have suggested that long-term daily or
weekly acetaminophen use is associated with a more severe asthma. Although
there is reason for caution, acetaminophen still is the preferred analgesic for asth-
matic patients [101].

LA-containing epinephrine should be avoided as their sulfite preservative com-
ponent may induce acute asthmatic attacks and allergic reactions. Improper posi-
tioning of suction tips or the use of cotton rolls could trigger a hyper reactive airway
response in sensitive subjects. Rubber dams should be used judiciously to avoid
possible respiratory compromise or aggravation. Prolonged supine positioning can
also trigger an asthmatic attack in the dental setting. In the event of an acute asth-
matic attack during dental treatment, the clinician should stop the procedure, remove
all intraoral implements and rule out foreign body aspiration, and initiate the emer-
gency protocol for managing acute asthmatic exacerbation.

12.10.2 COPD

Chronic obstructive pulmonary disorder (COPD) is a collective term for lung dis-
eases including chronic bronchitis, emphysema, and chronic obstructive airway dis-
eases [74]. COPD patients have breathing problems primarily due to their constricted
airways. Medical treatment is directed toward managing the acute and chronic
symptoms because COPD cannot be cured completely Endodontic considerations
are the same as in asthma.

Conclusion

The potential always exists for development of a medical emergency in a medi-
cally compromised patient. Enough emphasis cannot be given to the importance
of a detailed history taking. All dentists and dental office staff must be prepared
to recognize and treat adverse responses using appropriate current guidelines.
Although there is a huge range of systemic illnesses, this chapter focussed on
only selected conditions that need utmost care. Endodontic therapy rather than
extraction, maybe the treatment of choice for medically compromised patients
due to their health condition as well as psychological status. Today, endodontists
are very well informed regarding systemic diseases and can deliver a high stan-
dard of endodontic treatment, while at the same time minimizing the potential
problem related to general health of the patient.
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Appendix 12.1: Infection Prevention Recommendations
(Modified and Adapted from CDC, US Department of Health
and Human Resources, 2016)

Administrative measures

1. Develop and maintain written infection prevention policies and procedures specific for
the dental setting based on evidence-based guidelines (e.g., CDC/Healthcare Infection
Control Practices Advisory Committee [HICPAC]), regulations, or standards.

2. Infection prevention policies and procedures should be reassessed at least annually.

3. Atleast one individual trained in infection prevention is assigned responsibility for
coordinating the program.

Dental healthcare personnel safety (DHCP)

1. All staff should be immunized according to the current CDC recommendations for
immunizations, evaluation, and follow-up. There is a written policy regarding
immunizing DHCP, including a list of all required and recommended immunizations for
DHCP (e.g., hepatitis B, MMR (measles, mumps, rubella), varicella (chicken pox), Tdap
(tetanus, diphtheria, pertussis)).

2. A log of needlesticks, sharps injuries, and other employee exposure events should be
maintained.

3. Referral arrangements should be in place to qualified healthcare professionals (e.g.,
occupational health program of a hospital) to ensure prompt and appropriate provision of
preventive services, occupationally related medical services, and postexposure
management with medical follow-up.

4. Establish routine evaluation of the infection prevention program

Sharps safety

1. Sharp items (needles, burs, scalers, etc.) that are contaminated with patient blood and
saliva should be considered as potentially infective.

2. Do not recap used needles by using both hands or any other technique that involves
directing the point of a needle toward any part of the body.

3. Place used disposable syringes and needles and any other sharp items in appropriate
puncture-resistant containers located as close as possible to the area where the items are
used.

Sterilization and disinfection of patient care devices

1. Written policies and procedures should be available to ensure reusable patient care
instruments, and devices are cleaned and reprocessed appropriately before use on
another patient.

2. Clean and disinfect/sterilize reusable dental equipment appropriately before use on any
other patient, according to the manufacturer’s instructions. If the manufacturer does not
provide such instructions, the device may not be suitable for multi-use.

3. Wear appropriate PPE (personal protective equipment) when handling contaminated
patient equipment (e.g., examination or heavy duty utility gloves, protective clothing,
masks, eye protection) to prevent exposure to infectious agents or chemicals.

4. Routine maintenance for sterilization equipment should be performed according to
manufacturer instructions and documented by written maintenance records.
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