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Preface to Thirteenth Edition
He who studies Medicine without books sails an uncharted sea,
but he who studies Medicine without patients does not go to sea at all.
—Sir William Osler

It has personally been an intellectual evolution in bringing out this thirteenth edition of the evergreen
classic Grossman’s Endodontic Practice. The process necessitates oneself to be a student in assimilating the
sweeping changes that are happening in the specialty of endodontics. It was as much a learning and enriching process as it was enlightening.
The twelfth edition brought out by us in 2010 re-established this textbook as the premier teaching
and clinical textbook for students across South Asia. The current edition builds up on this platform by
updating and revising concepts, materials, and techniques. The increased awareness and research in
biological concepts of treating the pulp tissue has made us revisit the chapter on vital pulp therapy, thereby
updating it according to the current clinical guidelines. We have incorporated two new chapters into
this edition: Chapter 7, Endodontic Emergencies, and Chapter 11, Regenerative Endodontics. We have
also included “Clinical Notes” in each chapter that highlight the pertinent important clinical aspects of
the topic being discussed. This book contains over 1100 figures, radiographs, and illustrations, many of
which are contributions from clinicians and academicians from across the world. The format and style
of presentation has also been changed to make it reader friendly. Accompanying the text is a “Visual
Masterclass” DVD presenting videos of important clinical procedures.
We have strived to live up to the legacy of Louis I. Grossman by ensuring that this edition of Grossman’s
Endodontic Practice continues to be an evidence-based resource for students and practitioners in the field
of endodontics.
#4VSFTI$IBOESBt7(PQJLSJTIOB
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Chapter

6

Diseases of the
Periradicular Tissues
Life tells you nothing … it shows you everything.
—Richard Bach

Pulpal disease is only one of the several possible causes
of diseases of the periradicular tissues. Because of the
inter-relationship between the pulp and the periradicular tissues, pulpal inflammation causes inflammatory changes in the periodontal ligament even
before the pulp becomes totally necrotic. Bacteria
and their toxins, immunologic agents, tissue debris,
and products of tissue necrosis from the pulp reach
the periradicular area through the various foramina of the root canals and give rise to inflammatory
and immunologic reactions. Neoplastic disorders,
periodontal conditions, developmental factors, and
trauma can also cause periradicular diseases. The
sequelae of periradicular diseases is given in Box 6.1
while the post-treatment sequelae of periradicular
diseases is given in Box 6.2.
The diseases of periradicular tissues can be classified on the basis of the etiology, symptoms, and histopathological features. The clinical classification of the
diseases of the periradicular tissues is given in Box 6.3.

PERIRADICULAR DISEASES
I. SYMPTOMATIC PERIRADICULAR
DISEASES
These disorders include symptomatic apical periodontitis, acute alveolar abscess, and acute exacerbation of a chronic lesion (Phoenix abscess).

A. Symptomatic Apical Periodontitis
(Previously known as acute apical
periodontitis)
Definition: Symptomatic apical periodontitis is a
painful inflammation of the periodontium as a result
of trauma, irritation, or infection through the root
canal, regardless of whether the pulp is vital or nonvital, producing clinical symptoms including painful
response to biting and percussion.

112
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Žǆ ϲ͘ϭഩ^ĞƋƵĞůĂĞ ŽĨ WĞƌŝƌĂĚŝĐƵůĂƌ ŝƐĞĂƐĞƐ
WƵůƉĂůŝŶŇĂŵŵĂƟŽŶͬƉƵůƉĂůŝŶĨĞĐƟŽŶ

/ƌƌĞǀĞƌƐŝďůĞƉƵůƉŝƟƐͬŶĞĐƌŽƐŝƐ

^ǇŵƉƚŽŵĂƟĐĂƉŝĐĂůƉĞƌŝŽĚŽŶƟƟƐ

ĞůůƵůŝƟƐ


Acute
ĂƉŝĐĂůĂďƐĐĞƐƐ

ƐǇŵƉƚŽŵĂƟĐĂƉŝĐĂůƉĞƌŝŽĚŽŶƟƟƐ

Chronic
ĂƉŝĐĂůĂďƐĐĞƐƐ

Condensing
ŽƐƚĞŝƟƐ
Phoenix
abscess
Radicular cyst

Periapical
true cyst

Žǆ ϲ͘ϮഩWŽƐƚͲdƌĞĂƚŵĞŶƚ ^ĞƋƵĞůĂĞ ŽĨ WĞƌŝƌĂĚŝĐƵůĂƌ
ŝƐĞĂƐĞƐ
Periradicular diseases
ŶĚŽĚŽŶƟĐ
treatment

^ĐĂƌƟƐƐƵĞ


,ĞĂůŝŶŐ

WĞƌƐŝƐƚĞŶƚ
ĂƉŝĐĂůƉĞƌŝŽĚŽŶƟƟƐ

Causes
ySymptomatic apical periodontitis may occur
in a vital tooth that has experienced occlusal
trauma caused by
– Abnormal occlusal contacts
– Recently inserted restoration extending
beyond the occlusal plane
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Periapical pocket
cyst

Žǆϲ͘ϯഩůŝŶŝĐĂůůĂƐƐŝĮĐĂƟŽŶŽĨŝƐĞĂƐĞƐ
ŽĨ WĞƌŝƌĂĚŝĐƵůĂƌ dŝƐƐƵĞƐ
ϭ͘ഩSymptomatic periradicular diseases
(a) Symptomatic apical periodontitis (previously
known as acute apical periodontitis)
(i) Vital tooth
(ii) Nonvital tooth
(b) Acute alveolar abscess
(c) Acute exacerbation of asymptomatic apical
periodontitis (phoenix abscess)
Ϯ͘ഩAsymptomatic periradicular diseases
(a) Asymptomatic apical periodontitis (previously
known as chronic apical periodontitis)
(b) Chronic alveolar abscess
(c) Radicular cyst
(d) Condensing osteitis
ϯ͘ഩExternal root resorption
ϰ͘ഩPersistent apical periodontitis
ϱ͘ഩDiseases of the periradicular tissues of
nonendodontic origin
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Chapter

10

Vital Pulp Therapy,
Pulpotomy, and Apexification
Never must the physician say the disease is incurable. By that admission he denies God, our Creator;
he doubts Nature with her profuseness of hidden powers and mysteries.
—Paracelsus

The unaffected, exposed vital pulp possesses an
inherent capacity for healing through cell reorganization and bridge formation when a proper
biological seal is provided and maintained against
microbial leakage. Throughout the life of a tooth,
vital pulp tissue contributes to the production
of secondary dentin, peritubular dentin, and
reparative dentin in response to biological and
pathological stimuli. The pulp tissue with its circulation extending into the tubular dentin keeps
the dentin moist, which in turn ensures that the
dentin maintains its resilience and toughness
(Fig. 10.1).

HISTORICAL PERSPECTIVE
The earliest account of vital pulp therapy was in
1756, when Phillip Pfaff packed a small piece of
gold over an exposed vital pulp to promote healing. By 1922, in the light of his experiences with
similar antiseptic treatments, Rebel summarized
his thoughts in the expression, “the exposed pulp
is a doomed organ.” He concluded that recovery of

the vital unaffected pulp when exposed to the oral
environment was invariably doomed and that one
must consider it as a lost organ. Despite Rebel’s
much-quoted statements, the realization gradually
evolved that the dental pulp did at times possess
definite powers of recuperation and repair. Major
advances in the practice of vital pulp therapy have
been made and the emphasis has shifted from the
“doomed organ” concept of an exposed pulp to one
of “predictable repair and recovery.”

MATERIALS USED FOR
VITAL PULP THERAPY
Cohen and Combe have given the requirements of
an ideal pulp capping agent (Fig. 10.2):

y
It should maintain pulp vitality.
y
It should stimulate reparative

dentin
formation.
y
It should be either bactericidal or bacteriostatic
in nature and should be able to provide bacterial seal.

202
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Žǆ ϭϬ͘ϮഩůŝŶŝĐĂů ĞĐŝƐŝŽŶ ŚĂƌƚ ĞƚǁĞĞŶ ŝƌĞĐƚ ĂŶĚ
/ŶĚŝƌĞĐƚ WƵůƉ ĂƉƉŝŶŐ

CLINICAL MANAGEMENT
OF PULPAL EXPOSURE

ĞĞƉĐĂƌŝŽƵƐůĞƐŝŽŶ

ŶĞƐƚŚĞƐŝĂĂŶĚƌƵďďĞƌĚĂŵŝƐŽůĂƟŽŶ

ZĞŵŽǀĂůŽĨĐĂƌŝĞƐ
͘/ŶĨĞĐƚĞĚĚĞŶƟŶƉĂƌƟĂůůǇƌĞŵŽǀĞĚǁŝƚŚĂƌŽƵŶĚďƵƌ
;ηϲŽƌηϴͿŝŶĂƐůŽǁͲƐƉĞĞĚŚĂŶĚƉŝĞĐĞ
͘WĞƌŝƉŚĞƌĂůĐĂƌŝŽƵƐĚĞŶƟŶƌĞŵŽǀĞĚǁŝƚŚĂƐƉŽŽŶͲ
ƐŚĂƉĞĚĞǆĐĂǀĂƚŽƌ;ϯϭĂŶĚϯϯ>Ϳ

EŽƉƵůƉĂůĞǆƉŽƐƵƌĞĂŶĚ
ŶŽƐŝŐŶƐŽĨŝƌƌĞǀĞƌƐŝďůĞƉƵůƉŝƟƐ





ZĞŵĂŝŶŝŶŐŝŶĨĞĐƚĞĚ
ŝƌĞĐƚƉƵůƉ
ĚĞŶƟŶŝƐĐŽǀĞƌĞĚǁŝƚŚ
ĐĂƉƉŝŶŐͬǀĞŬ͛Ɛ
Ă;K,ͿϮĂŶĚĂŶŽǀĞƌůǇŝŶŐ ƉĂƌƟĂůƉƵůƉŽƚŽŵǇͬ
ďĂƐĞŽĨ/ZD
ĨƵůůƉƵůƉŽƚŽŵǇ



tĂŝƚĨŽƌϯʹϴǁĞĞŬƐ



WĂƟĞŶƚĂƐǇŵƉƚŽŵĂƟĐ




ŶĞƐƚŚĞƐŝĂĂŶĚƌƵďďĞƌ
ĚĂŵŝƐŽůĂƟŽŶ
ϮndĂƉƉŽŝŶƚŵĞŶƚ




WƵůƉĂůĞǆƉŽƐƵƌĞ

dĞŵƉŽƌĂƌǇĮůůŝŶŐŵĂƚĞƌŝĂůŝƐ
ƌĞŵŽǀĞĚĐĂƌĞĨƵůůǇ


ĂƌĞĨƵůĨƵƌƚŚĞƌĞǆĐĂǀĂƟŽŶĂŶĚ
 ĐůŝŶŝĐĂůůǇĐŽŶĮƌŵƚŚĞĐŚĂŶŐĞŝŶĐŽůŽƌ

ĂŶĚŚĂƌĚŶĞƐƐŽĨĂīĞĐƚĞĚĚĞŶƟŶ


,ĂƌĚƐĞƚĂ;K,ͿϮŝƐƉůĂĐĞĚ

ĨŽůůŽǁĞĚďǇĂŶZD'/

ďĂƐĞĂŶĚĂďŽŶĚĞĚ
 ĐŽŵƉŽƐŝƚĞƌĞƐƚŽƌĂƟŽŶͬĂŵĂůŐĂŵ
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The clinician has to decide upon one of the following treatment options when faced with an exposed
pulp:
I. Direct pulp capping
II. Pulpotomy
A. Partial/Cvek pulpotomy
B. Full pulpotomy
III. Pulpectomy
The following sections would elaborate
on the above-mentioned treatment options except
pulpectomy, which is discussed in Chapters 12
and 13.
Factors Affecting Prognosis
of Pulpal Exposures (Fig. 10.12)
According to Seltzer and Bender, carious pulpal
exposure is normally associated with inflammation
and subsequent necrosis. Hence, mechanical exposures always have a better prognosis than a carious
exposure. The next most important prognostic
factor is the sizes of exposure, with larger exposures having lower healing potential than smaller
pinpoint exposures.
The time gap between the exposure and the
pulp capping procedure is critical, as the longer
the time gap, the higher the chances of bacterial microleakage and contamination of the pulp
space. Mechanical exposures should be pulpcapped immediately. Care should be taken to
ensure that the bleeding is controlled before the
pulp is capped.
ůŝŶŝĐĂů EŽƚĞ
dŚĞĨŽůůŽǁŝŶŐǀĂƌŝĂďůĞƐŵĂŬĞƚŚĞĐůŝŶŝĐĂůŽƵƚĐŽŵĞŽĨĂ
ƉƵůƉĂůĞǆƉŽƐƵƌĞĨĂǀŽƌĂďůĞ͗

WƵůƉĂů ĞǆƉŽƐƵƌĞ ĚƵĞ ƚŽ ƚƌĂƵŵĂƚŝĐ ŝŶũƵƌŝĞƐ ŝƐ ŵŽƌĞ
ĨĂǀŽƌĂďůĞƚŚĂŶĐĂƌŝŽƵƐƉƵůƉĂůĞǆƉŽƐƵƌĞ͘

ŽŶƚƌŽůŽĨƚŚĞŚĞŵŽƌƌŚĂŐĞŝƐĂĐŚŝĞǀĞĚŝŶϭϬŵŝŶƵƚĞƐ͘

^ŝǌĞŽĨƚŚĞĞǆƉŽƐƵƌĞŝƐůĞƐƐƚŚĂŶϭŵŵ͘

dƌĞĂƚŵĞŶƚŝƐĚŽŶĞǁŝƚŚŝŶϰϴŚŽƵƌƐŽĨĞǆƉŽƐƵƌĞ͘

The flowchart depicting the clinical management of pulpal exposure is given in Box 10.3.

07/08/14 7:46 PM

CHAPTER 10

Vital Pulp Therapy, Pulpotomy, and Apexification

211

&ŝŐƵƌĞ ϭϬ͘ϭϬഩŶĚŽĚŽŶƟĐƐƉŽŽŶĞǆĐĂǀĂƚŽƌ͘;Courtesy: Hu-Friedy Mfg. Co., USA.)

Area of the
exposure

Size of the
exposure

Bacterial
contamination

Local factors

Microleakage
Carious vs. mechanical
exposure

Duration of
exposure before
treatment

&ŝŐƵƌĞ ϭϬ͘ϭϮഩ&ĂĐƚŽƌƐ ĂīĞĐƟŶŐ ƉƌŽŐŶŽƐŝƐ ŽĨ ĚŝƌĞĐƚ ƉƵůƉ
ĐĂƉƉŝŶŐ͘
(a)

y
Small exposure, less than 0.5 mm in diameter
y
Hemorrhage from the exposure site is easily
controlled (within 10 minutes)

y
The exposure occurred is clean and uncontaminated (rubber dam isolation)

y
Atraumatic exposure and little desiccation of
the tooth with no evidence of aspiration of
blood into the dentin (dentin blushing)

Techniques of Direct Pulp Capping
(b)

&ŝŐƵƌĞ ϭϬ͘ϭϭഩ;ĂͿǇĐĂůͶŚĂƌĚͲƐĞƚĐĂůĐŝƵŵŚǇĚƌŽǆŝĚĞƉƌĞƉĂͲ
ƌĂƟŽŶ͘;Courtesy: Dentsply Caulk.Ϳ;ďͿ/ZDͶƌĞŝŶĨŽƌĐĞĚǌŝŶĐ
ŽǆŝĚĞʹĞƵŐĞŶŽůƉƌĞƉĂƌĂƟŽŶ͘;Courtesy: Dentsply DeTrey.)

I. DIRECT PULP CAPPING
Definition: Direct pulp capping is defined as a procedure in which the exposed vital pulp is covered
with a protective dressing or base placed directly over
the site of exposure in an attempt to preserve pulpal
vitality.

Indications
yAsymptomatic (no spontaneous pain, normal
response to thermal testing, and pulp is vital
before the operative procedure)

Ch_10_GEP.indd 211

Two techniques have demonstrated success with
direct pulp capping: calcium hydroxide technique
and MTA technique. Caries removal is accomplished with the #2 carbide bur (Fig. 10.13) and
spoon excavators.
The flowchart for the clinical protocol for direct
pulp capping is given in Box 10.4.
ůŝŶŝĐĂů EŽƚĞ
ŝƌĞĐƚƉƵůƉĐĂƉƉŝŶŐŝƐŶŽƚĐůŝŶŝĐĂůůǇƌĞĐŽŵŵĞŶĚĞĚŝŶ

ĐĂƐĞƐŽĨĐĂƌŝŽƵƐƉƵůƉĂůĞǆƉŽƐƵƌĞƐ͘

 ŵŝŶŝŵƵŵ ƚŚŝĐŬŶĞƐƐ ŽĨ ϭ͘ϱ ŵŵ ŽĨ Dd ŝƐ ƌĞĐŽŵͲ
ŵĞŶĚĞĚƚŽďĞƉůĂĐĞĚŽǀĞƌƚŚĞƐŝƚĞŽĨĞǆƉŽƐƵƌĞ͘

Figure 10.14 demonstrates a case report of direct
pulp capping using Biodentine.

07/08/14 7:47 PM
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Žǆ ϭϬ͘ϯഩůŝŶŝĐĂů ĞĐŝƐŝŽŶ DĂŬŝŶŐ ŚĂƌƚ ĨŽƌ DĂŶĂŐĞŵĞŶƚ ŽĨ WƵůƉĂů ǆƉŽƐƵƌĞ
ǆƉŽƐĞĚƉƵůƉ




^ŝǌĞŽĨĞǆƉŽƐƵƌĞ


^ ŵĂůů;Ϭ͘ϱʹϭŵŵͿ

ƵƌĂƟŽŶďĞƚǁĞĞŶ
ĞǆƉŽƐƵƌĞĂŶĚ
ƚƌĞĂƚŵĞŶƚ

>ĂƌŐĞ;ϭʹϮŵŵͿ


 ŝƌĞĐƚƉƵůƉĐĂƉΎͬ
ŽŵƉůĞƚĞƉƵůƉŽƚŽŵǇͬ

 ǀĞŬ͛ƐƉĂƌƟĂůƉƵůƉŽƚŽŵǇ
ƉƵůƉĞĐƚŽŵǇ



hƉƚŽϰϴŚŽƵƌƐ




ǀĞŬ͛ƐƉĂƌƟĂů
ƉƵůƉŽƚŽŵǇ

ƵƌĂƟŽŶŽĨ
ŚĞŵŽƌƌŚĂŐĞ

>ĞƐƐƚŚĂŶϭϬŵŝŶ

ŝƌĞĐƚƉƵůƉĐĂƉΎͬ
ǀĞŬ͛ƐƉĂƌƟĂůƉƵůƉŽƚŽŵǇ

DŽƌĞƚŚĂŶϭϬŵŝŶ

ŽŵƉůĞƚĞƉƵůƉŽƚŽŵǇͬ
ƉƵůƉĞĐƚŽŵǇ

DŽƌĞƚŚĂŶϰϴŚŽƵƌƐ

WƵůƉĞĐƚŽŵǇͬ
ĐŽŵƉůĞƚĞƉƵůƉŽƚŽŵǇ

ΎŝƌĞĐƚƉƵůƉĐĂƉƉŝŶŐƉƌŽĐĞĚƵƌĞŝƐŶŽƚƌĞĐŽŵŵĞŶĚĞĚŝŶĐĂƐĞƐŽĨĐĂƌŝŽƵƐƉƵůƉĂůĞǆƉŽƐƵƌĞƐ͘

This procedure is similar in concept to direct pulp
capping except in the amount and extent of pulp
tissue removal.

Objectives
y
Preservation of vitality of the radicular pulp:

&ŝŐƵƌĞ ϭϬ͘ϭϯഩ^ůŽǁͲƐƉĞĞĚĐĂƌďŝĚĞďƵƌ͘

II. PULPOTOMY
Definition: Pulpotomy is defined as a procedure in
which a portion of the exposed coronal vital pulp is
surgically removed as a means of preserving the vitality and function of the remaining radicular portion.
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Through the surgical excision of the coronal pulp, the infected and inflamed area is
removed, leaving vital, uninfected pulpal tissue
in the root canal.
y
Relief of pain in patients with acute pulpalgia and inflammatory changes in the tissue:
Removal of the inflamed portion of the pulp
affords temporary, rapid relief of pulpalgia.
y
Ensuring the continuation of normal apexogenesis in immature permanent teeth by retaining the
vitality of the radicular pulp: The remaining pulp
may undergo repair while completing apexogenesis, i.e., root-end development and calcification.

Rationale
The inflamed coronal portion of the pulp is removed
and a dressing is placed over the pulp stump to protect
it and to promote healing. The two most commonly
used dressings contain either Ca(OH)2 or MTA.

07/08/14 7:47 PM
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Regenerative Endodontics
Two roads diverged in a wood, I took the one less traveled by,
And that has made all the difference.
—Robert Frost

Current endodontic therapy aims to maintain the
health of the pulp in cases of inflammation, but
a much-desired objective is the regeneration of a
healthy pulp–dentin complex. The management
of immature permanent teeth with open apices and pulpal necrosis is a significant challenge.
Apexification procedures have been used traditionally for the management of these teeth. However,
regenerative endodontic procedures have, of late,
emerged as valuable alternatives. The significant
contributions in the evolution of regenerative endodontic procedures are listed in Box 11.1.
Concept: Normal, sterile granulation tissue
should be developed within the root canal for
revascularization. This will stimulate the cementoblasts or the undifferentiated mesenchymal
cells at the periapex and lead to formation of a
calcific material at the apex and lateral dentinal
walls. Conventional calcium hydroxide or mineral trioxide aggregate (MTA)–induced apexification resulted in the formation of a calcific barrier
at the apex. On the contrary, regenerative procedures showed normal maturation of root in the
radiograph.
Definitions:
y
Regenerative endodontics are biologically based
procedures designed to replace damaged

Žǆ ϭϭ͘ϭഩ,ŝƐƚŽƌŝĐĂů ĂĐŬŐƌŽƵŶĚ ŽĨ ZĞŐĞŶĞƌĂƟǀĞ
ŶĚŽĚŽŶƟĐƐ
Nygaard–Ostby, 1961: Use of a revascularization
procedure for regeneration of the pulp–dentin complex in immature teeth with pulpal necrosis
Rule DC, 1966: Use of double antibiotic paste
Hoshino, 1993: Use of triple antibiotic paste
Iwaya, 2001: Evoked intracanal bleeding step
Banchs and Trope, 2004: Case reports on immature
mandibular premolars

structures, including dentin and root structures,
as well as cells of the pulp–dentin complex.
y
Revascularization, as defined by Andreasen, is the
restoration of the vascularity to a tissue or organ.
y
Repair is the restoration of tissue continuity
without the loss of original architecture and
function.
y
Revitalization is described as an in-growth of
vital tissue that does not resemble the original
lost tissue.
The goals of regenerative endodontic procedures
are as follows:

y
Primary goal: Elimination of symptoms and the
evidence of bony healing

230
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CHAPTER 11
oǆ ϭϭ͘ϯഩ^tepƐ /nǀoůǀeĚ in tŚe WƌepĂƌĂƟon
oĨ WůĂteůetͲZiĐŚ &iďƌin ;WZ&)
WĂƟĞŶƚ͛ƐŽǁŶŝŶƚƌĂǀĞŶŽƵƐďůŽŽĚĐŽůůĞĐƚĞĚŝŶĂƐƚĞƌŝůĞ
ƚĞƐƚƚƵďĞǁŝƚŚŽƵƚĂŶĂŶƟĐŽĂŐƵůĂŶƚ

ĞŶƚƌŝĨƵŐĂƟŽŶƉĞƌĨŽƌŵĞĚĂƚϯϬϬϬƌƉŵ
ĨŽƌϭϬŵŝŶƵƚĞƐ

Acellular plasma

Regenerative Endodontics
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of the root canal to induce bleeding can also
transplant mesenchymal stem cells from the
bone into the canal lumen. These cells have
extensive proliferating capacity.
y
The blood clot is a rich source of growth factors
such as platelet-derived growth factor, vascular endothelial growth factor, platelet-derived
epithelial growth factor, and tissue growth
factor. These could play an important role in
regeneration.

CLINICAL PROTOCOL
INDICATIONS

Fibrin clot (PRF)

y
Teeth with necrotic pulp and an immature apex
y
Pulp space not needed for post/core, final
restoration

y
Patient compliance
y
No allergy to the medicaments to be used
Red corpuscles base

The following three layers are formed:
(a) Upper straw-colored acellular plasma
;ďͿ>ŽǁĞƌĨƌĂĐƟŽŶ͗ZĞĚͲĐŽůŽƌĞĚ͕ĐŽŶƚĂŝŶŝŶŐ
ƌĞĚďůŽŽĚĐĞůůƐ;ZƐͿ
;ĐͿDŝĚĚůĞĨƌĂĐƟŽŶĐŽŶƚĂŝŶŝŶŐƚŚĞĮďƌŝŶĐůŽƚ

The upper straw-colored layer is then removed
ĂŶĚƚŚĞŵŝĚĚůĞĨƌĂĐƟŽŶŝƐĐŽůůĞĐƚĞĚǁŚŝĐŚŝƐ
ƉůĂƚĞůĞƚͲƌŝĐŚĮďƌŝŶ

Boxes 11.4 and 11.5 depict the protocol for regenerative endodontic procedures.
Žǆ ϭϭ͘ϰഩZĞŐĞŶĞƌĂƟǀĞ ŶĚŽĚŽŶƟĐ dŚĞƌĂƉǇ ;&ŝƌƐƚ
Appointment)
>ŽĐĂůĂŶĞƐƚŚĞƐŝĂ͕ŝƐŽůĂƟŽŶƵŶĚĞƌƌƵďďĞƌĚĂŵ͕
ĂŶĚĂĐĐĞƐƐĐĂǀŝƚǇƉƌĞƉĂƌĂƟŽŶ

/ƌƌŝŐĂƟŽŶǁŝƚŚϮϬŵ>ŽĨϭ͘ϱйEĂKůͬϱŵŝŶƐ
ĂŶĚƐĂůŝŶĞ;ϮϬŵ>ͬĐĂŶĂů͕ϱŵŝŶƐͿ

Dry the canal with paper points

Placement of intracanal medicament

yStem cells in the periodontal ligament can proliferate and grow into the apical end and within
the root canal. They may deposit hard tissue
both at the apical end and on the lateral root
walls. The evidence in support of this hypothesis is presented by documentation of cementum
and Sharpey’s fibers in the newly formed tissues.
yThe fourth possible mechanism of root development could be attributed to SCAP or to the bone
marrow. Instrumentation beyond the confines
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Calcium hydroxide

KZ

>ŽǁĐŽŶĐĞŶƚƌĂƟŽŶ
ƚƌŝƉůĞĂŶƟďŝŽƟĐƉĂƐƚĞ

Temporary seal with
ϯͲϰŵŵŽĨĂǀŝƚͬ/ZDͬŐůĂƐƐŝŽŶŽŵĞƌ

ZĞĐĂůůƉĂƟĞŶƚĂŌĞƌϭʹϰǁĞĞŬƐ

08/08/14 2:21 PM

234

Grossman’s Endodontic Practice

oǆ ϭϭ͘ϱഩZeŐeneƌaƟǀe nĚoĚonƟc dŚeƌapǇ
;^econĚ Appointment)
ƐƐĞƐƐƌĞƐƉŽŶƐĞƚŽŝŶŝƟĂůƚƌĞĂƚŵĞŶƚ

^ŝŐŶƐͬƐǇŵƉƚŽŵƐ
ŽĨŝŶĨĞĐƟŽŶƉĞƌƐŝƐƚ

EŽƐŝŐŶƐͬƐǇŵƉƚŽŵƐ

ĚĚŝƟŽŶĂů
ůƚĞƌŶĂƟǀĞ
ƚƌĞĂƚŵĞŶƚƟŵĞǁŝƚŚ
ĂŶƟŵŝĐƌŽďŝĂůƐ
ĂŶƟŵŝĐƌŽďŝĂůƉĂƐƚĞ ƐŚŽƵůĚďĞĐŽŶƐŝĚĞƌĞĚ




>ŽĐĂůĂŶĞƐƚŚĞƐŝĂ;ϯйŵĞƉŝǀĂĐĂŝŶĞ
without a vasoconstrictor)
ĂŶĚƌƵďďĞƌĚĂŵŝƐŽůĂƟŽŶ

ROLE OF ANTIBIOTIC PASTE
The success of the regenerative endodontic procedure depends on the effective disinfection of the
canal. Antibiotic pastes are a combination of more
than one antibiotic mixed into a consistency of a
paste (Table 11.1). They are advocated as an effective alternative to calcium hydroxide that has been
traditionally used for intracanal disinfection.
The triple antibiotic paste is the most commonly
advocated type and the following guidelines have to
be ensured when employing an antibiotic paste:

y
It remains below CEJ (minimize crown staining).
y
Concentration is adjusted to 0.1 mg/mL
(100 μg of each drug/mL).

y
The pulp chamber is sealed with a dentinbonding agent to avoid the risk of staining.



/ƌƌŝŐĂƟŽŶǁŝƚŚϮϬŵ>ŽĨϭϳй
EDTA, drying the canal
with paper points




/ŶƚĞŶƟŽŶĂůůǇĞǀŽŬĞĚŝŶƚƌĂĐĂŶĂů
ďůĞĞĚŝŶŐ;<ͲĮůĞŝƐƉĂƐƐŝǀĞůǇ
extended 2 mm past the
apical foramen)



ĂŶĂůĮůůĞĚǁŝƚŚďůŽŽĚƚŽƚŚĞ
level of the CEJ



Stop the bleeding at a level that
allows for 3–4 mm of the
ƌĞƐƚŽƌĂƟǀĞŵĂƚĞƌŝĂů

Placement of a resorbable
matrix over the blood clot
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tŚŝƚĞDdͬĂK,2 as capping
material covered with
a 3–4 mm layer of GIC

Clinical Note
ZĞŐĞŶĞƌĂƚŝǀĞĞŶĚŽĚŽŶƚŝĐƉƌŽĐĞĚƵƌĞƐƌĞůǇŽŶĐŚĞŵŝ
cal disinfection rather than mechanical instrumentaƚŝŽŶŽĨƚŚĞƌŽŽƚĐĂŶĂůƐƉĂĐĞ͘

Aggressive shaping and cleaning procedures
could damage the fragile and relatively thin root
canals walls of immature incompletely developed
Ɖ
 ĞƌŵĂŶĞŶƚƚĞĞƚŚ͘

>ŽǁĞƌ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ EĂKů ŝƐ ƌĞĐŽŵŵĞŶĚĞĚ ĨŽƌ
ŝƌƌŝŐĂƚŝŽŶĚƵĞƚŽƚŚĞĐǇƚŽƚŽǆŝĐĞĨĨĞĐƚƐŽĨŚŝŐŚĞƌEĂKů
ĐŽŶĐĞŶƚƌĂƚŝŽŶŽŶƐƚĞŵĐĞůůƐ͘

 ĨŝŶĂů ƌŝŶƐĞ ǁŝƚŚ ϭϳй ĞƚŚǇůĞŶĞĚŝĂŵŝŶĞƚĞƚƌĂĂĐĞƚŝĐ
acid (EDTA) is recommended during irrigation as it is
found to promote the bioavailability of growth factors
ƐƵĐŚĂƐƚƌĂŶƐĨŽƌŵŝŶŐŐƌŽǁƚŚĨĂĐƚŽƌͲďĞƚĂ;d'&ͲɴͿĂŶĚ
ĚĞŶƚŝŶƐŝĂůŽƉƌŽƚĞŝŶ;^WͿŝŶƚŚĞĚĞŶƚŝŶŵĂƚƌŝǆ͘dŚĞƐĞ
ƐƚŝŵƵůĂƚĞƐƐƚĞŵĐĞůůƉƌŽůŝĨĞƌĂƚŝŽŶĂŶĚĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ͘

KǁŝŶŐƚŽƚŚĞĚŝƐĐŽůŽƌĂƚŝŽŶƉŽƚĞŶƚŝĂůŽĨDd͕ĂůƚĞƌŶĂtives should be considered in teeth where there is an
esthetic concern
ͲഩFor anterior and premolar teeth͗hƐĞŽĨĐŽůůĂƚĂƉĞͬ
collaplug followed by placement of 3 mm of resinŵŽĚŝĨŝĞĚŐůĂƐƐŝŽŶŽŵĞƌ;ZD'/ͿĂŶĚĂĐŽŵƉŽƐŝƚĞ
restoration

Figure 11.3 represents a case of regenerative
endodontics on an immature central incisor.
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Anatomy of Pulp Cavity
and Its Access Opening
Of all the phases of anatomic study in the human system,
one of the most complex is the pulp cavity morphology.
—M.T. Barrett
The journey of a thousand miles begins with a single small step.
—Lao Tzu

The external morphologic features of the crowns
of teeth vary according to the shape and size of the
head. The length of the crown differs with the size
and gender of the person and is generally shorter in
females than in males. As the external morphology of
the tooth varies from person to person, so does the
internal morphology of the crown and root. Changes
in pulp cavity anatomy result from age, disease, and
trauma. Although morphologic variations occur,
clinical experience indicates that these changes usually follow a general pattern, and thus the study of
pulp cavity morphology is an important undertaking.

PULP CAVITY
The pulp cavity is the central cavity within a tooth and
is entirely enclosed by dentin except at the apical foramen (Fig. 12.1). The pulp cavity may be divided into
the following:

yA coronal portion ¼ pulp chamber
yA radicular portion ¼ root canal

PULP CHAMBER
In anterior teeth, the pulp chamber gradually merges into the root canal, and this division
becomes indistinct. In multirooted teeth, the pulp
cavity consists of a single pulp chamber and usually
three root canals, although the number of canals
can vary from one to four or more.

y
Roof of the pulp chamber consists of dentin
covering the pulp chamber occlusally or incisally (Fig. 12.1).
y
Pulp horn is an accentuation of the roof of the
pulp chamber directly under a cusp or developmental lobe. The term refers more commonly
to the prolongation of the pulp itself directly
under a cusp.
y
Floor of the pulp chamber runs parallel to
the roof and consists of dentin bounding the
pulp chamber near the cervical area of the
tooth, particularly dentin forming the furcation
area.
237
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&iŐƵƌe ϭϮ͘ϴഩDŝĐƌŽͲĐŽŵƉƵƚĞĚ ƚŽŵŽŐƌĂƉŚŝĐ ƚŚƌĞĞͲĚŝŵĞŶƐŝŽŶĂů ŵŽĚĞůƐ ŽĨ ƚŚĞ ŵŽƐƚ ĐŽŵŵŽŶ ƌŽŽƚ ĐĂŶĂů ĐŽŶĮŐƵƌĂƟŽŶƐŝŶĂůůŐƌŽƵƉƐŽĨƚĞĞƚŚ͘/ŶŵŽƐƚŽĨƚŚĞƚĞĞƚŚ͕ƚŚĞĐŽŵŵŽŶƌŽŽƚĐĂŶĂůŵŽƌƉŚŽůŽŐǇŝƐƚŚĞƉƌĞƐĞŶĐĞŽĨŽŶĞĐĂŶĂůƉĞƌ
ƌŽŽƚǁŝƚŚƚŚĞĞǆĐĞƉƟŽŶŽĨƚŚĞŵĂŶĚŝďƵůĂƌŝŶĐŝƐŽƌƐ͕ƚŚĞŵĂǆŝůůĂƌǇƉƌĞŵŽůĂƌƐ͕ƚŚĞŵĞƐŝŽďƵĐĐĂůƌŽŽƚŽĨŵĂǆŝůůĂƌǇĮƌƐƚ
molar, and the mesial root of mandibular molars, which have two root canals. B, buccal; D, distal; DB, distobuccal;
M, mesial; MB, mesiobuccal; P, palatal. (Courtesy: Marco Versiani, Pecora and Sousa-Neto, Brazil.)
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structure immaterial of its location. This would
invariably lead into the pulp chamber. Hence, in
case of a tooth with distal carious tooth structure,
&iŐƵƌe ϭϮ͘ϵഩŝĂŵŽŶĚ ďƵƌƐ ǁŝƚŚ ƌŽƵŶĚĞĚ ĐƵƫŶŐ ĞŶĚƐ͘ the access opening commences from the distal side
towards the mesial pulp chamber.
(Courtesy: Dentsply Maillefer.)

B. Complete De-Roofing and
Removal of Dentinal Shoulders
&iŐƵƌe ϭϮ͘ϭϬഩ&ŝƐƐƵƌĞĐĂƌďŝĚĞďƵƌƐǁŝƚŚŶŽŶͲĞŶĚĐƵƫŶŐ
ƐĂĨĞƚǇƟƉƐ͘;Courtesy: Dentsply Maillefer.)

II. CLINICAL CONSIDERATIONS
A. Complete Removal of Carious
Tooth Structure and Other Restorative
Material
While preparing the access cavity in a cariously
involved tooth, start removing the carious tooth

The overhanging roof of the pulp chamber
misdirects the instrument, which results in ledge
formation in the canal. Hence, complete de-roofing
must be done to obtain unrestricted access to the
canals. Removing the roof completely from the
pulp chamber will bring canal orifices into view
and allow immediate access to each orifice. Using a
round bur and working from inside out will accomplish this end.
Removal of the dentinal shoulders present
between root canal orifices will help in achieving
straight line access and improve the clinical access
to the root canals (Fig. 12.15).

(a)

(b)

&iŐƵƌe ϭϮ͘ϭϭഩ;ĂͿŶĚŽĚŽŶƟĐĞǆĐĂǀĂƚŽƌ͘;ďͿ'ʹϭϲĞŶĚŽĚŽŶƟĐĞǆƉůŽƌĞƌ͘;Courtesy: Hu-Friedy Mfg Co., USA.)

&iŐƵƌe ϭϮ͘ϭϮഩ^ƚĂƌƚyƵůƚƌĂƐŽŶŝĐƟƉƐϭ͕Ϯ͕ϯ͕ĂŶĚϱĨŽƌĂĐĐĞƐƐƌĞĮŶĞŵĞŶƚ͘;Courtesy: Dentsply Maillefer.)

Ch_12_GEP.indd 246

08/08/14 5:03 PM

Chapter

13

Shaping and Cleaning
of the Radicular Space:
Instruments and Techniques
What we remove from the pulp space,
is far more important than what we replace it with...

Endodontic treatment can be divided into three
main phases:

yProper access preparation into the pulp space
yShaping and cleaning of the root canal
yObturation
The initial step for shaping and cleaning the root
canal is proper access to the chamber that leads to
straight-line penetration of the root canal orifices.
The concepts of achieving proper access into the
pulp space are elaborated in Chapter 12. The next
step is exploration of the root canal, extirpation of
the remaining pulp tissue or gross debridement of
the necrotic tissue, and verification of the working
length. This step is followed by proper instrumentation, irrigation, debridement, and disinfection of
the root canal. Obturation completes the procedure.
Definitions:
yShaping and cleaning of the root canal consists
of removing the pulp tissue and debris from the
canal and shaping the canal to receive an obturating material.

y
Pulpectomy, or pulp extirpation, is the complete
removal of a normal or diseased pulp from the
pulp cavity of the tooth. The operation is sometimes inappropriately referred to as devitalization.
y
When food or other debris have accumulated
in the pulp cavity, in addition to the residual
necrotic pulpal debris, the removal of this
material from the pulp cavity is referred to as
debridement.
Using sequentially larger sizes of files and irrigating and disinfecting the canal to clear it of debris,
one shapes the canal to receive a well-compacted
filling that seals the root canal apically and laterally
to prevent any leakage.
The importance of adequate canal shaping and
cleaning, rather than reliance on antiseptics, cannot
be overemphasized. Histologic examination of
pulpless teeth in which root canal therapy has failed
often shows that the canals were not completely
cleaned. Obturation of an improperly cleaned canal
would still lead to an endodontic failure irrespective
of the quality of obturation (Figs 13.1 and 13.2).
287
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oǆ ϭϯ͘Ϯഩ/nŐle͛Ɛ ZaĚioŐƌapŚic DetŚoĚ oĨ toƌŬinŐ >enŐtŚ eteƌminaƟon

5 10

15 20 25 mm

ŝĂŐŶŽƐƟĐƌĂĚŝŽŐƌĂƉŚƵƐĞĚƚŽĞƐƟŵĂƚĞƚŚĞǁŽƌŬŝŶŐůĞŶŐƚŚŽĨƚŚĞƚŽŽƚŚďǇŵĞĂƐƵƌŝŶŐƚŚĞƚŽŽƚŚ
ĨƌŽŵĂƐƚĂďůĞŽĐĐůƵƐĂůƌĞĨĞƌĞŶĐĞƉŽŝŶƚƟůůƚŚĞƌĂĚŝŽŐƌĂƉŚŝĐĂƉĞǆ

^ƵďƚƌĂĐƚĂƚůĞĂƐƚϭŵŵĨƌŽŵƚŚŝƐůĞŶŐƚŚĂƐ
DŝŶŽƌĐŽŶƐƚƌŝĐƚŝŽŶŝƐĂůǁĂǇƐƉƌĞƐĞŶƚƐŚŽƌƚŽĨƚŚĞĂŶĂƚŽŵŝĐĂƉĞǆ
ŽŵƉĞŶƐĂƚŝŽŶĨŽƌƌĂĚŝŽŐƌĂƉŚŝĐŝŵĂŐĞĚŝƐƚŽƌƚŝŽŶ

25 20 15 10
5 mm

dŚŝƐŵĞĂƐƵƌĞŵĞŶƚŝƐƚƌĂŶƐĨĞƌƌĞĚƚŽĂĚŝĂŐŶŽƐƟĐŝŶƐƚƌƵŵĞŶƚǁŝƚŚĂƐŝůŝĐŽŶƐƚŽƉ͕
ǁŚŝĐŚŝƐƉůĂĐĞĚŝŶƚŚĞƌŽŽƚĐĂŶĂůĂŶĚǁŽƌŬŝŶŐůĞŶŐƚŚƌĂĚŝŽŐƌĂƉŚƚĂŬĞŶ
0.5–1.0 mm
Working
length

KŶƚŚĞƌĂĚŝŽŐƌĂƉŚ͕ŵĞĂƐƵƌĞƚŚĞĚŝīĞƌĞŶĐĞďĞƚǁĞĞŶƚŚĞĞŶĚŽĨƚŚĞŝŶƐƚƌƵŵĞŶƚ
ĂŶĚƚŚĞƌĂĚŝŽŐƌĂƉŚŝĐĂƉĞǆŽĨƚŚĞƌŽŽƚ
dŝƉŽĨƚŚĞŝŶƐƚƌƵŵĞŶƚĞŶĚƐϬ͘ϱŵŵʹϭ͘ϬŵŵĨƌŽŵƚŚĞƌĂĚŝŽŐƌĂƉŚŝĐƌŽŽƚĂƉĞǆ
;toƌŬinŐ lenŐtŚ eƐtaďliƐŚeĚ)
^Śoƌt oĨ tŚe ƌaĚioŐƌapŚic apeǆ
ďǇ moƌe tŚan ϭ͘Ϭ mm

eǇonĚ tŚe ƌaĚioŐƌapŚic apeǆ

AddƚŚŝƐǀĂůƵĞƚŽƚŚĞĞĂƌůŝĞƌĞƐƟŵĂƚĞĚ
ůĞŶŐƚŚĂŶĚĂĚũƵƐƚƐƚŽƉƉĞƌŽŶƚŚĞĚŝĂŐͲ
ŶŽƐƟĐŝŶƐƚƌƵŵĞŶƚĂĐĐŽƌĚŝŶŐůǇ

ReduceƚŚŝƐǀĂůƵĞĨƌŽŵƚŚĞĞĂƌůŝĞƌ
ĞƐƟŵĂƚĞĚůĞŶŐƚŚĂŶĚĂĚũƵƐƚƐƚŽƉƉĞƌŽŶ
ƚŚĞĚŝĂŐŶŽƐƟĐŝŶƐƚƌƵŵĞŶƚĂĐĐŽƌĚŝŶŐůǇ

ZĞƚĂŬĞƚŚĞǁŽƌŬŝŶŐůĞŶŐƚŚƌĂĚŝŽŐƌĂƉŚ

ZĞƚĂŬĞƚŚĞǁŽƌŬŝŶŐůĞŶŐƚŚƌĂĚŝŽŐƌĂƉŚ
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oǆ 13.3ഩdecŚniƋƵeƐ oĨ ^Śaping anĚ Cleaning
ϭ͘ഩ^ƚĞƉͲďĂĐŬƚĞĐŚŶŝƋƵĞ
;ĂͿഩŽŶǀĞŶƚŝŽŶĂůƐƚĞƉͲďĂĐŬ
;ďͿഩWĂƐƐŝǀĞƐƚĞƉͲďĂĐŬ
Ϯ͘ഩƌŽǁŶͲĚŽǁŶ ;ƐƚĞƉͲĚŽǁŶͿ ƚĞĐŚŶŝƋƵĞ ĂŶĚ ŝƚƐ
ŵ
 ŽĚŝĨŝĐĂƚŝŽŶƐ
;ĂͿഩƌŽǁŶͲĚŽǁŶƉƌĞƐƐƵƌĞůĞƐƐ
;ďͿഩŽƵďůĞĨůĂƌĞ
;ĐͿഩĂůĂŶĐĞĚĨŽƌĐĞ
ϯ͘ഩ,ǇďƌŝĚƚĞĐŚŶŝƋƵĞ

daďle ϭϯ͘ϳപ^ƵŵŵĂƌǇŽĨdĞĐŚŶŝƋƵĞƐĨŽƌ^ŚĂƉŝŶŐĂŶĚ
ůĞĂŶŝŶŐƚŚĞZŽŽƚĂŶĂů^ǇƐƚĞŵ
AƵtŚoƌƐ
/ŶŐůĞ

Year
ϭϵϲϭ

Name oĨ decŚniƋƵe
^ƚĂŶĚĂƌĚŝǌĞĚƚĞĐŚŶŝƋƵĞ

ůĞŵ͕tĞŝŶĞ͕ ϭϵϲϵʹϳϰ
^ĐŚŝůĚĞƌ

^ƚĞƉͲďĂĐŬ͕ƐĞƌŝĂů
ƉƌĞƉĂƌĂƟŽŶ

ďŽƵZĂƐƐ

ϭϵϴϬ

ŶƟĐƵƌǀĂƚƵƌĞĮůŝŶŐ

DĂƌƐŚĂůů͕
WĂƉƉŝŶ

ϭϵϴϬ

ƌŽǁŶĚŽǁŶƉƌĞƐƐƵƌĞůĞƐƐ

'ŽĞƌŝŐ

ϭϵϴϮ

^ƚĞƉͲĚŽǁŶ

&ĂǀĂ

ϭϵϴϯ

ŽƵďůĞŇĂƌĞ

ZŽĂŶĞ

ϭϵϴϱ

ĂůĂŶĐĞĚĨŽƌĐĞ

dŽƌĂďŝŶĞũĂĚ

ϭϵϵϰ

WĂƐƐŝǀĞƐƚĞƉͲďĂĐŬ

(a)

(b)

FigƵre 13.32ഩZĞĂŵŝŶŐŵŽƟŽŶŝƐƚŚĞƚĞĐŚŶŝƋƵĞŽĨŝŶƐĞƌƚͲ
ŝŶŐ Ă ĮůĞ ŝŶƚŽ Ă ĐĂŶĂů ĂŶĚ ĞŵƉůŽǇŝŶŐ ĐŽŶƟŶƵŽƵƐ ƋƵĂƌͲ
ƚĞƌ ƚŽ ŚĂůĨ ƚƵƌŶ ĐůŽĐŬǁŝƐĞ ƌŽƚĂƟŽŶ ĂŶĚ ĚŝƐĞŶŐĂŐĞŵĞŶƚ
ǁŝƚŚĂŵŝůĚƉƵůůŝŶŐŵŽƟŽŶ͘dŚŝƐƉƌŽĐĞĚƵƌĞŝƐƉĞƌĨŽƌŵĞĚ
ĂƌŽƵŶĚĂůůƚŚĞǁĂůůƐŽĨƚŚĞƌŽŽƚĐĂŶĂů͘

Table 13.8 presents the summary of principle
techniques of root canal instrumentation.
a. Step-Back Technique
Conventional Step-Back (Telescopic) Technique
In the step-back preparation of the root canal, the
canal is enlarged first in the apical third to at least

oǆ ϭϯ͘ϰഩ&ƵncƟonal DoƟonƐ oĨ /nƐtrƵmentaƟon
Reaming:dŚĞŝŶƐƚƌƵŵĞŶƚŝƐƵƐĞĚǁŝƚŚĂĐůŽĐŬǁŝƐĞƌŽƚĂƚŝŶŐʹƉƵƐŚŝŶŐŵŽƚŝŽŶ͕ůŝŵŝƚĞĚƚŽĂƋƵĂƌƚĞƌƚŽĂŚĂůĨƚƵƌŶ͕
ĂŶĚĚŝƐĞŶŐĂŐĞĚǁŝƚŚĂŵŝůĚƉƵůůŝŶŐŵŽƚŝŽŶǁŚĞŶďŽƵŶĚ;Fig. 13.32Ϳ͘
Filing:&ŝůŝŶŐŝŶĚŝĐĂƚĞƐĂƉƵƐŚʹƉƵůůŵŽƚŝŽŶǁŝƚŚƚŚĞŝŶƐƚƌƵŵĞŶƚ͘dŚĞŝŶƐƚƌƵŵĞŶƚŝƐƉůĂĐĞĚŝŶƚŽƚŚĞĐĂŶĂůĂƚƚŚĞ
ĚĞƐŝƌĞĚůĞŶŐƚŚ͕ƉƌĞƐƐƵƌĞŝƐĞǆĞƌƚĞĚĂŐĂŝŶƐƚƚŚĞĐĂŶĂůǁĂůů͕ĂŶĚƚŚĞƌĂŬĞŽĨƚŚĞĨůƵƚĞƐƌĂƐƉƐƚŚĞǁĂůůĂƐƚŚĞŝŶƐƚƌƵŵĞŶƚ
ŝƐǁŝƚŚĚƌĂǁŶǁŝƚŚŽƵƚƚƵƌŶŝŶŐĂŶĚƚŚĞƉƌĞƐƐƵƌĞŝƐŵĂŝŶƚĂŝŶĞĚƚŚƌŽƵŐŚŽƵƚƚŚĞƉƌŽĐĞĚƵƌĞ͘
Watch winding: dŚĞ ŝŶƐƚƌƵŵĞŶƚ ŝƐ ƌĞĐŝƉƌŽĐĂƚĞĚ ďĂĐŬ ĂŶĚ ĨŽƌƚŚ ŝŶ Ă ĐůŽĐŬǁŝƐĞʹĐŽƵŶƚĞƌĐůŽĐŬǁŝƐĞ ŵŽƚŝŽŶ ĂŶĚ
ƚŚĞŶƌĞƚƌĂĐƚĞĚƚŽƌĞŵŽǀĞƚŚĞĚĞďƌŝƐ͘
Circumferential filing:&ŽůůŽǁŝŶŐƚŚĞĐůĞĂŶŝŶŐĂŶĚƐŚĂƉŝŶŐŽĨƚŚĞƌŽŽƚĐĂŶĂůǁŝƚŚĂƐŵĂůůƌĞĂŵĞƌĂŶĚƌĞĂŵŝŶŐƚŽ
ƚŚĞƌŽŽƚĂƉĞǆ;ǁŽƌŬŝŶŐůĞŶŐƚŚͿ͕ƚŚĞƐĂŵĞͲƐŝǌĞĨŝůĞŝƐŝŶƐĞƌƚĞĚŝŶƚŽƚŚĞƌŽŽƚĐĂŶĂůƚŽƚŚĞĂƉĞǆ͕ůĂƚĞƌĂůůǇƉƌĞƐƐĞĚ
ĂŐĂŝŶƐƚŽŶĞƐŝĚĞŽĨƚŚĞĐĂŶĂůǁĂůůĂŶĚǁŝƚŚĚƌĂǁŶǁŝƚŚĂƉƵůůŝŶŐŵŽƚŝŽŶ͕ƚŽĨŝůĞƚŚĞĚĞŶƚŝŶĂůǁĂůů͘dŚĞĨŝůĞŝƐƌĞŝŶͲ
ƐĞƌƚĞĚĂŶĚƚŚĞƉƌŽĐĞĚƵƌĞŝƐƌĞƉĞĂƚĞĚĐŝƌĐƵŵĨĞƌĞŶƚŝĂůůǇĂƌŽƵŶĚƚŚĞǁĂůůƐŽĨƚŚĞĐĂŶĂůƵŶƚŝůƚŚĞŶĞǆƚͲƐŝǌĞƌĞĂŵĞƌ
ĐŽƵůĚďĞƵƐĞĚ͘/ŶŶĂƌƌŽǁƌŽŽƚĐĂŶĂůƐ͕ƌĞĂŵĞƌƐĂƌĞƵƐĞĚĂůƚĞƌŶĂƚĞůǇǁŝƚŚĨŝůĞƐŝŶƐĞƋƵĞŶĐĞŽĨƐŝǌĞƐƚŽƉƌŽĚƵĐĞĂ
ƵŶŝĨŽƌŵůǇŝŶƐƚƌƵŵĞŶƚĞĚĂŶĚĞŶůĂƌŐĞĚĐĂŶĂů͘
Anticurvature filing:dŚŝƐŵŽƚŝŽŶǁĂƐĚĞƐĐƌŝďĞĚďǇAbou Rass and Jastrab͘dŚĞĨƵƌĐĂůǁĂůůŽĨƚŚĞĐĂŶĂůƐŝŶƚŚĞ
ŵĞƐŝĂůƌŽŽƚƐŽĨŵŽůĂƌƐŝƐƉƌŽŶĞƚŽƉĞƌĨŽƌĂƚŝŽŶĚƵƌŝŶŐĐŽƌŽŶĂůĞŶůĂƌŐĞŵĞŶƚŽĨƚŚĞĐĂŶĂůƐ͘/ŶŽƌĚĞƌƚŽƉƌĞǀĞŶƚ
ƚŚŝƐĞƌƌŽƌ͕ĂŶƚŝĐƵƌǀĂƚƵƌĞĨŝůŝŶŐŝƐĂĚǀŽĐĂƚĞĚǁŚĞƌĞŝŶƚŚĞƚŽƉŽĨƚŚĞŚĂŶĚůĞŽĨƚŚĞŝŶƐƚƌƵŵĞŶƚŝƐpulledintoƚŚĞ
ĐƵƌǀĂƚƵƌĞǁŚŝůĞƚŚĞƐŚĂŶŬĞŶĚŽĨƚŚĞŚĂŶĚůĞŝƐpushed awayĨƌŽŵƚŚĞŝŶƐŝĚĞŽĨƚŚĞĐƵƌǀĞ;ĂŶƚŝĐƵƌǀĂƚƵƌĞͿ͘dŚŝƐ
ŵŽƚŝŽŶďĂůĂŶĐĞƐƚŚĞĐƵƚƚŝŶŐĨůƵƚĞƐĂŐĂŝŶƐƚƚŚĞƐĂĨĞƌƉĂƌƚŽĨƚŚĞƌŽŽƚĐĂŶĂů͘
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CHAPTER 13

Shaping and Cleaning of the Radicular Space: Instruments and Techniques

315

daďle 13.ϴപ^ƵŵŵĂƌǇŽĨWƌŝŶĐŝƉĂůdĞĐŚŶŝƋƵĞƐŽĨZŽŽƚĂŶĂů/ŶƐƚƌƵŵĞŶƚĂƟŽŶ
FeatƵreƐ

^tepͲacŬ

^tepͲoǁn

,ǇďriĚ

ƵƚŚŽƌ

ůĞŵ͕tĞŝŶĞ

'ŽĞƌŝŐ

ŽŶĐĞƉƚ

/ŶǀŽůǀĞƐ ƉƌĞƉĂƌĂƟŽŶ ŽĨ ƚŚĞ
ĂƉŝĐĂů ƚŚŝƌĚ ŝŶŝƟĂůůǇ ĨŽůůŽǁĞĚ
ďǇ ŵŝĚĚůĞ ĂŶĚ ĐŽƌŽŶĂů ƚŚŝƌĚ
ŽĨ ƚŚĞ ĐĂŶĂů ƵƐŝŶŐ ůĂƌŐĞƌ
ŝŶƐƚƌƵŵĞŶƚƐŝǌĞƐ

/ŶǀŽůǀĞƐ ƉƌĞƉĂƌĂƟŽŶ ŽĨ ƚŚĞ /ŶǀŽůǀĞƐ Ă ĐŽŵďŝŶĂƟŽŶ ŽĨ
ĐŽƌŽŶĂů ƚǁŽͲƚŚŝƌĚƐ ŽĨ ƚŚĞ ĐƌŽǁŶͲĚŽǁŶ ĂŶĚ ƐƚĞƉͲďĂĐŬ
ĐĂŶĂůĮƌƐƚĨŽůůŽǁĞĚďǇŵŝĚĚůĞ ƚĞĐŚŶŝƋƵĞƐ
ĂŶĚĂƉŝĐĂůƚŚŝƌĚŽĨƚŚĞĐĂŶĂů

^ĞƋƵĞŶĐĞŽĨ
ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ

ZĞĐŽŵŵĞŶĚĞĚ
ŝŶƐƚƌƵŵĞŶƚƐ

ZĞĐŽŵŵĞŶĚĞĚ ďǇ ƵƐ ĨŽƌ
ƵƐĞ ǁŝƚŚ ƐƚĂŝŶůĞƐƐ ƐƚĞĞů
ŝŶƐƚƌƵŵĞŶƚƐ

III

I

I

II

II

III

I

III

II

WŚĂƐĞ/͗ƉŝĐĂůͲƚŚŝƌĚ
ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ
WŚĂƐĞ//͗DŝĚĚůĞƚŚŝƌĚ
WŚĂƐĞ///͗ŽƌŽŶĂůƚŚŝƌĚ

WŚĂƐĞ/͗ŽƌŽŶĂůͲƚŚŝƌĚ
ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ
WŚĂƐĞ//͗DŝĚĚůĞƚŚŝƌĚ
WŚĂƐĞ///͗ƉŝĐĂůƚŚŝƌĚ

WŚĂƐĞ/͗ŽƌŽŶĂůͲƚŚŝƌĚ
ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ
WŚĂƐĞ//͗ƉŝĐĂůƚŚŝƌĚ
WŚĂƐĞ///͗DŝĚĚůĞƚŚŝƌĚ

,ĂŶĚŝŶƐƚƌƵŵĞŶƚƐ

,ĂŶĚĂŶĚƌŽƚĂƌǇŝŶƐƚƌƵŵĞŶƚƐ

,ĂŶĚĂŶĚƌŽƚĂƌǇŝŶƐƚƌƵŵĞŶƚƐ

WƌŝŶĐŝƉůĞŵŽƟŽŶ
ŽƌŽŶĂů
ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ ZĞĂŵŝŶŐŵŽƟŽŶ
ŽĨŝŶƐƚƌƵŵĞŶƚĂƟŽŶ ǁŝƚŚ ƌĞĂŵŝŶŐ ŵŽƟŽŶ ĂŶĚ
ĂƉŝĐĂů ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ ǁŝƚŚ
ĐŝƌĐƵŵĨĞƌĞŶƟĂůĮůŝŶŐ
ĚǀĂŶƚĂŐĞƐ
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ƚŚĞƚŝƐƐƵĞ͕ĚĞďƌŝƐ͕ĂŶĚŵŝͲ
ůĞƐƐƐƚĞĞůŝŶƐƚƌƵŵĞŶƚƐ
ĐƌŽŽƌŐĂŶŝƐŵƐĨƌŽŵĐŽƌŽŶĂů
yďŝůŝƚǇƚŽƉƌĞƉĂƌĞĂƉƌŽƉĞƌ
ĂŶĚ ŵŝĚĚůĞ ƚŚŝƌĚ ďĞĨŽƌĞ yKƉƚŝŵŝǌĞƐ ƚŚĞ ĂĚǀĂŶƚĂŐĞƐ
ĂƉŝĐĂůƐƚŽƉƉƌŝŽƌƚŽƉƌĞƉĂͲ
ĂƉŝĐĂůƐŚĂƉŝŶŐ
ƌĂƚŝŽŶ ŽĨ ƚŚĞ ŵŝĚĚůĞ ƚŚŝƌĚ
ŽĨ ĐƌŽǁŶͲĚŽǁŶ ĂŶĚ ƐƚĞƉͲ
ĂŶĚ ĐŽƌŽŶĂů ƚŚŝƌĚ ŽĨ ƚŚĞ yDŝŶŝŵŝǌĞƐĚĞďƌŝƐĞǆƚƌƵƐŝŽŶ
ďĂĐŬƚĞĐŚŶŝƋƵĞƐ
ƌŽŽƚĐĂŶĂů
yĞƚƚĞƌ ĂĐĐĞƐƐ ĂŶĚ ĐŽŶͲ
ƚƌŽů ŽǀĞƌ ĂƉŝĐĂů ĞŶůĂƌŐŝŶŐ
ŝŶƐƚƌƵŵĞŶƚƐ
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Obturation of the
Radicular Space
Perfection is not attainable, but if we chase perfection we can catch excellence.
—Vince Lombardi

Definition: According to the American Association
of Endodontists “Obturation is the method used to
fill and seal a cleaned and shaped root canal using a
root canal sealer and core filling material.”
The function of a root canal filling is to obturate the canal and eliminate all portals of entry
between the periodontium and the root canal.
The better the seal, the better the prognosis of
the tooth. Achieving the ideal seal, however, is as
complex as the anatomy of the root canal system
itself. Because all root canal fillings must seal all
foramina leading into the periodontium, an ideal
filling must be well compacted, must conform and
adhere to the shaped canal walls, and must end at
the juncture of the root canal and the periodontium (Box 15.1).

oǆ 15.1ഩGrossman’s Requirements for an Ideal
Root Canal Filling Material
The material 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 set slowly.
It should be impervious to moisture.
It should be bactericidal or, at least, should discourage the growth of bacteria.
It should be radiopaque.
It should not stain the tooth structure.
It should not irritate periradicular tissues or affect
the tooth structure.
It should be sterile, or easily and quickly sterilized
immediately before insertion.
It should be easily removable from the root canal
if necessary.

Clinical Note
Naidorf has stated that inadequate obturation of the

root canal exposes it to periradicular tissue fluids,
which provide material for growth of microorganisms
or localization of bacteria in such dead spaces.

According to a study by Ingle and Beveridge, 58% of
endodontic failures can be attributed to incomplete
obturation of root canals (Fig. 15.1).

WHEN TO OBTURATE THE ROOT CANAL
A root canal may be obturated when the tooth is
asymptomatic and the root canal is reasonably dry.
Obturation after obtaining a negative culture and
closure of an existing sinus tract have been suggested
in the past. However, this concept is no longer valid.
343
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Figure 15.ϰഩResilon (Real Seal System). (Courtesy: SybronEndo.)
oǆ 15.ϰഩdecŚniques of KďturaƟon
ϭ͘ഩCold lateral compaction
Ϯ͘ഩWarm compaction (warm gutta-percha)
(a) Vertical
(b) Lateral
ϯ͘ഩContinuous wave compaction technique
ϰ͘ഩThermoplasticized gutta-percha injection
ϱ͘ഩCarrier-based gutta-percha
(a) Thermafil thermoplasticized
(b) SimpliFill sectional obturation
ϲ͘ഩMcSpadden thermomechanical compaction
ϳ͘ഩChemically plasticized gutta-percha
ϴ͘ഩCustom cone

defined as the ability to deform and to flow away
from a force directed at its mass.
Each technique is designed to force the guttapercha filling to flow into the root canal, compress
against its walls, fill fine tortuous canals, seal the various foramina exiting into the periodontium, and
finally, compact into a solid core filling. The cold
lateral compaction method of filling uses spreaders
by inserting these instruments alongside the guttapercha and compressing them laterally and apically.
Clinical Note
The vertical compaction technique uses vertical force

combined with applied heat to drive the gutta-percha
apically and laterally.

Thermoplastic techniques use more heat to increase
the plasticity of gutta-percha and thereby enable the
operator to fill the root canal by using less pressure.
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I. COLD LATERAL
COMPACTION TECHNIQUE
This has been one of the most commonly practiced obturation techniques (Fig. 15.5). However,
in contemporary endodontics, it is not the best
technique to achieve a three-dimensional seal. The
stepwise technique is given in Box 15.5.

Clinical Considerations
1. Sealer considerations: Sealer application on
the canal walls can also be performed using
a lentulo sprial (Fig. 15.7) or with the master
gutta-percha cone itself.
2. Spreader considerations (Figs 15.8 and 15.9):
y
The size of the spreader is determined by
the width of the prepared canal and the lateral fit of the primary cone; the greater the
space between the canal wall and the butt
end of the gutta-percha, the larger (wider)
the spreader used.
y
The spreader size should reach within
1–2 mm of the working length in order to
obtain optimal apical compaction. This can
be ensured by placing a silicon stopper on
the spreader.
3. Master cone considerations:
y
Selection of the master cone should be similar to the master apical file size.
y
Minimal judicious force should be used on
the spreader during the compaction process
in order to avoid root fractures.
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Figure 15.ϳഩLentulo spiral.
oǆ 15.5ഩdecŚnique of Cold >ateral CompacƟon
 /ƐŽůĂƟŽŶĂŶĚĚƌǇŝŶŐƚŚĞ
canal with paper points
(Fig. 15.6)



^ĞůĞĐƟŽŶŽĨ
master cone
(same size as Master
Apical File)

ŚĞĐŬŝŶŐĨŽƌĂƉŝĐĂů
“TUG BACK”
(Fig. 15.5)

ZĂĚŝŽŐƌĂƉŚŝĐǀĞƌŝĮĐĂƟŽŶŽĨŵĂƐƚĞƌĐŽŶĞĮƚ



/ŶĂĚĞƋƵĂƚĞĮƚͲĞǇŽŶĚƚŚĞĂƉĞǆ

/ŶĂĚĞƋƵĂƚĞĮƚͲ^ŚŽƌƚŽĨƚŚĞĂƉĞǆ
At ǁorŬing lengtŚ

BeǇond tŚe apeǆ
If the master cone extends
beyond the working length, the
ƟƉƐŚŽƵůĚďĞĐƵƚŽīƐŽƚŚĂƚƚŚĞ
ƌĞŝŶƐĞƌƚĞĚƉƌŝŵĂƌǇĐŽŶĞĮƚƐ
snugly at the working length or
ƚŚĞŶĞǆƚůĂƌŐĞƌƐŝǌĞŐƵƩĂͲƉĞƌĐŚĂ
ĐŽŶĞŝƐŝŶƐĞƌƚĞĚĂŶĚǀĞƌŝĮĞĚ
radiographically.

^Śort of tŚe apeǆ
/ĨƚŚĞŝŶŝƟĂůĮƚŝƐƐŚŽƌƚŽĨƚŚĞ
working length, then patency
has to be established to the
corrected length followed
^ĞĂůĞƌŵĂŶŝƉƵůĂƟŽŶ
ďǇƐĞƋƵĞŶƟĂůŝƌƌŝŐĂƟŽŶ͕
and coat the canal with sealer
ƌĞĐĂƉŝƚƵůĂƟŽŶ͕ĂŶĚƐŚĂƉŝŶŐŽĨ
using the master cone or with
the canal to the master apical
a lentulo spiral (Fig. 15.7)
ĮůĞƐŝǌĞ͘ŶŽƚŚĞƌƉƌŝŵĂƌǇŐƵƩĂͲ
ƉĞƌĐŚĂĐŽŶĞŝƐĮƩĞĚƚŽƚŚĞ
corrected working length for
DĂƐƚĞƌĐŽŶĞŝŶƐĞƌƚĞĚƟůůǁŽƌŬŝŶŐ
ƌĂĚŝŽŐƌĂƉŚŝĐǀĞƌŝĮĐĂƟŽŶ͘
ůĞŶŐƚŚĂŶĚĂŚĂŶĚŽƌĮŶŐĞƌƐƉƌĞĂĚĞƌ
(Fig. 15.8) is inserted alongside the
master cone to a level 1 mm short
of the working length

The spreader is disengaged from
ƚŚĞĐŽŶĞďǇƌŽƚĂƟŶŐŝƚďĞƚǁĞĞŶƚŚĞ
ĮŶŐĞƌƟƉƐŽƌďǇƌŽƚĂƟŶŐƚŚĞŚĂŶĚůĞ
in an arc

WůĂĐĞŵĞŶƚŽĨƐĞƋƵĞŶƟĂůĂĐĐĞƐƐŽƌǇ
ĐŽŶĞƐďǇůĂƚĞƌĂůĐŽŵƉĂĐƟŽŶ
ƵŶƟůĐŽŵƉůĞƚĞŽďƚƵƌĂƟŽŶŽĨƚŚĞ
radicular pulp space (Fig. 15.5)

WŽƐƚŽďƚƵƌĂƟŽŶƌĂĚŝŽŐƌĂƉŚ
(Fig. 15.9)
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Figure 15.1ϰഩŽŶƟŶƵŽƵƐ ǁĂǀĞ ĐŽŵƉĂĐƟŽŶ ƚĞĐŚŶŝƋƵĞ͘ ;ĂͿ ĂŶĚ
;ďͿŌĞƌƐĞůĞĐƟŶŐĂŶĂƉƉƌŽƉƌŝĂƚĞŵĂƐƚĞƌĐŽŶĞ͕ĂƉůƵŐŐĞƌŝƐƉƌĞĮƚƚĞĚ ƚŽ Įƚ ǁŝƚŚŝŶ ϱʹϳ ŵŵ ŽĨ ƚŚĞ ǁŽƌŬŝŶŐ ůĞŶŐƚŚ͘ ;ĐͿ dŚĞ ^ǇƐƚĞŵ
B unit is set to 200°C and the heated plugger is moved rapidly
(1–2 seconds) to within 3 mm of the binding point. The heat is
ŝŶĂĐƟǀĂƚĞĚǁŚŝůĞĮƌŵƉƌĞƐƐƵƌĞŝƐŵĂŝŶƚĂŝŶĞĚŽŶƚŚĞƉůƵŐŐĞƌĨŽƌ
ϱʹϭϬƐĞĐŽŶĚƐ͘;ĚͿĂŶĚ;ĞͿŌĞƌƚŚĞ'WŵĂƐƐŚĂƐĐŽŽůĞĚ͕ĂϭͲƐĞĐŽŶĚ
ĂƉƉůŝĐĂƟŽŶ ŽĨ ŚĞĂƚ ƐĞƉĂƌĂƚĞƐ ƚŚĞ ƉůƵŐŐĞƌ ĨƌŽŵ ƚŚĞ 'W ĂŶĚ ŝƚ ŝƐ
removed. (f)–(i) The remaining canal space is obturated using a
ƚŚĞƌŵŽƉůĂƐƟĐŝŶũĞĐƟŽŶƚĞĐŚŶŝƋƵĞƐƵĐŚĂƐƚŚĞKďƚƵƌĂ///͘
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Prosthodontic
Considerations in
Endodontically Treated Teeth
Our objective should be the perpetual preservation of what remains
than the meticulous restoration of what is missing.
—M. M. De Van

A successful endodontic treatment has to be
complemented with an adequate postendodontic
restoration to make the pulpless tooth function
indefinitely as an integral part of the oral masticatory apparatus. Endodontically treated teeth fail
principally due to one of the following two reasons:

y
Persistent intraradicular infection
y
Postendodontic restorative difficulties
Careful postendodontic restoration is required,
as the cumulative loss of tooth structure due to caries, trauma, and endodontic procedures combined
with the loss of structural integrity contributes to
the fracture of the tooth. Ideally, the final restoration should be planned before the root canal treatment is begun, though the restorative plan may be
modified as the treatment progresses.

ASSESSMENT OF RESTORABILITY
An endodontically treated tooth must be evaluated before definitive restorative procedures are

initiated. Evaluation factors (Fig. 17.1) are used
to determine whether the endodontically treated
tooth is restorable, unrestorable, or restorable after
successful retreatment. Definitive restorative treatment should not be initiated if the treated tooth
exhibits any of the following:

yPoor root canal filling
yActive inflammation
yPressure sensitivity
yExudate
yFistula (or parulis)
yPeriodontal disease (moderate or severe
periodontitis)

ySevere loss of sound tooth structure (tooth
would not benefit from crown lengthening or
orthodontic extrusion)
In short, seven categories of infection, trauma,
inflammation, unacceptable endodontics, or lack
of restorability, as listed, can delay or end up in
no definitive restorative treatment (Figs 17.2
and 17.3).
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Prosthodontic Considerations in Endodontically Treated Teeth
Ferrule walls
almost parallel

The amount of coronal tooth structure, along with
the position of the tooth in the arch, will dictate the
type of core indicated; whether a prefabricated post
or a cast post and core is indicated; and whether a
crown is needed.
Clinical Note

403

Minimum
thickness = 1 mm

2.0

dŚĞĐůŝŶŝĐŝĂŶƐŚŽƵůĚĞŶƐƵƌĞƚŚĂƚƚŚĞƌĞƐƚŽƌĂƟŽŶŵĂƌͲ
ŐŝŶ ĚŽĞƐ ŶŽƚ ŝŵƉŝŶŐĞ ŽŶƚŽ ƚŚĞ ďŝŽůŽŐŝĐ ǁŝĚƚŚ ĂƐ ŝƚ
ǁŽƵůĚĐĂƵƐĞƉĞƌŝŽĚŽŶƚĂůďƌĞĂŬĚŽǁŶ͘

PROTECTING THE REMAINING CORONAL
TOOTH TISSUE—CREATING THE FERRULE
A ferrule is defined as a band of extracoronal material at the cervical margin of a crown preparation
that encompassess the tooth and provides resistance
form to the tooth. This is usually provided by the
crown that is placed over the post and core system. It
is of paramount importance that as much coronal
or supragingival tooth tissue is preserved as possible, as this significantly improves the prognosis of
the tooth and restoration. One to two millimeters
of tooth tissue coronal to the finish line of the crown
preparation significantly improves the fracture
resistance of the tooth and is more important than
the type of core and post material (Fig. 17.6).
The word ferrule is thought to be derived from
the Latin word ferrum, meaning iron, and viriola,
meaning bracelet. Thus, the ferrule effect occurs
because of the crown bracing against the remaining
supragingival tooth tissue (Fig. 17.7). Some authors
have questioned the benefit of the ferrule; however,
majority of the literature would support its importance in reducing the probability of tooth fracture.

Figure 17.6ഩ^ĐŚĞŵĂƟĐĚŝĂŐƌĂŵŝůůƵƐƚƌĂƟŶŐƚŚĞĨĞƌƌƵůĞ͘

Clinical Note
ĂƌŬŚŽƌĚĂƌĞƚĂů͘ĐŽŵƉĂƌĞĚƌĞƐƚŽƌĞĚƚĞĞƚŚƉƌĞƉĂƌĞĚ

ǁŝƚŚĂŶĚǁŝƚŚŽƵƚĂĨĞƌƌƵůĞĂŶĚƐŚŽǁĞĚƚŚĂƚƚŚĞĨĞƌͲ
ƌƵůĞƌĞĚƵĐĞĚƚŚĞŝŶĐŝĚĞŶĐĞͬƉŽƐƐŝďŝůŝƚǇŽĨǀĞƌƚŝĐĂůƌŽŽƚ
ĨƌĂĐƚƵƌĞďǇŽŶĞͲƚŚŝƌĚ͘

tŚĞŶĨĂŝůƵƌĞŽĐĐƵƌƌĞĚŝŶƚĞĞƚŚǁŝƚŚĂĨĞƌƌƵůĞ͕ŝƚǁĂƐ
ŵŽƐƚ ĐŽŵŵŽŶůǇ ĚƵĞ ƚŽ ŚŽƌŝǌŽŶƚĂů ĨƌĂĐƚƵƌĞ ĐŽŵͲ
ƉĂƌĞĚƚŽƚŚĞǀĞƌƚŝĐĂůƌŽŽƚĨƌĂĐƚƵƌĞƐĞĞŶŝŶƚĞĞƚŚǁŝƚŚ
ŶŽ Ĩ ĞƌƌƵůĞ͘ dŚƵƐ͕ ƚŚĞ ƚĞĞƚŚ ǁĞƌĞ ŵŽƌĞ ůŝŬĞůǇ ƚŽ ďĞ
ƌ ĞƚƌŝĞǀĂďůĞ͘
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Figure 17.7ഩĂƐƚ ƉŽƐƚ ĂŶĚ ĐŽƌĞ ŝŶ ƚŚĞ ŵĂǆŝůůĂƌǇ ůĂƚĞƌĂů
ŝŶĐŝƐŽƌǁŝƚŚƐƵĸĐŝĞŶƚĐƌŽǁŶĨĞƌƌƵůĞ͘

 ƐƚƵĚǇ ďǇ >ŝďŵĂŶ ĂŶĚ EŝĐŚŽůůƐ ŝŶǀĞƐƚŝŐĂƚŝŶŐ ƚŚĞ
ĞĨĨĞĐƚ ŽĨ ĐǇĐůŝĐ ůŽĂĚŝŶŐ ŽŶ ĐĂƐƚ ƉŽƐƚ ĂŶĚ ĐŽƌĞƐ ǁŝƚŚ
ĨĞƌƌƵůĞƐϬ͘ϱ͕ϭ͕ϭ͘ϱ͕ĂŶĚϮŵŵŚŝŐŚŚĂƐƐŚŽǁŶƚŚĂƚƚŚĞ
ϭ͘ϱͲĂŶĚϮͲŵŵĨĞƌƌƵůĞƐĂƌĞĐůŝŶŝĐĂůůǇƌĞĐŽŵŵĞŶĚĞĚ͘
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Prosthodontic Considerations in Endodontically Treated Teeth

Clinical Note
dŚĞƉƌŝŵĂƌǇĨƵŶĐƚŝŽŶŽĨĂƉŽƐƚŝƐƚŽƉƌŽǀŝĚĞretention

ŽĨƚŚĞĐŽƌĞŵĂƚĞƌŝĂů͘

ƉŽƐƚĚŽĞƐŶŽƚƐƚƌĞŶŐƚŚĞŶŽƌŝŶĐƌĞĂƐĞƚŚĞĨƌĂĐƚƵƌĞ
ƌĞƐŝƐƚĂŶĐĞŽĨĂƚŽŽƚŚ͘

FACTORS DETERMINING
POST SELECTION
An ideal post system should have the following
features:

yProvide maximal retentiveness to the core
yPhysical properties compatible to dentin
yMaximum retention with minimal removal of
dentin
yEven distribution of functional stresses along
the root surface
yEsthetic compatibility with the definitive restoration and surrounding tissue
yMinimal stress during placement and
cementation
yResistance to displacement
yEasy retrievability
yMaterial compatibility with core
yEase of use, safety, and reliability
yReasonable cost
The clinician should be knowledgeable in selecting the right type of post and core systems to meet
the biological, mechanical, and esthetic needs for
each individual tooth. The principles which are to
be taken into consideration during treatment planning for a post and core restoration are as follows:
I.
II.
III.
IV.
V.
VI.

Post length
Tooth anatomy
Post width
Canal configuration and post adaptability
Post design
Luting cement

407

always be possible to use a long post, especially when
the remaining root is short or curved. Several studies
suggest that it is important to preserve 4–6 mm of
apical gutta-percha to maintain the apical seal. Also,
the post length that should be equal to the length
of the crown or two-thirds the length of the root,
whichever is greater (Figs 17.10 and 17.11).
When the root length is short, the clinician must
decide whether to use a longer post or to maintain
the recommended apical seal and use a parallel-sided
cemented post. For molars with short roots, the
placement of more than one post will provide additional retention for the core foundation restoration.
Clinical Note
/ŶůŽŶŐͲƌŽŽƚĞĚƚĞĞƚŚ͕ƚŚĞƉŽƐƚĐĂŶďĞĂƐůŽŶŐĂƐƉŽƐͲ

ƐŝďůĞǁŝƚŚŽƵƚĚŝƐƚƵƌďŝŶŐƚŚĞĂƉŝĐĂůŐƵƚƚĂͲƉĞƌĐŚĂƐĞĂů
;ĞǀĞŶƚŚƌĞĞͲĨŽƵƌƚŚƐƚŚĞůĞŶŐƚŚŽĨƚŚĞƌŽŽƚͿ͘

/Ŷ ĂǀĞƌĂŐĞ ƚŽ ƐŚŽƌƚͲƌŽŽƚĞĚ ƚĞĞƚŚ͕ ƚŚĞ ƉŽƐƚ ůĞŶŐƚŚ ŝƐ
ĚĞƚĞƌŵŝŶĞĚďǇƌĞƚĂŝŶŝŶŐĂƚůĞĂƐƚϰŵŵŽĨĂƉŝĐĂůŐƵƚƚĂͲ
ƉĞƌĐŚĂŝŶŽƌĚĞƌƚŽĞŶƐƵƌĞĂƉŝĐĂůďŝŽůŽŐŝĐĂůƐĞĂů͘dŚĞ
ƌĞŵĂŝŶŝŶŐĐĂŶĂůƐƉĂĐĞŝƐƵƚŝůŝǌĞĚĂƐƚŚĞƉŽƐƚůĞŶŐƚŚ͘
;ĐŽŶƟŶƵĞĚͿ

C

D
B

A

I. POST LENGTH
The length and shape of the remaining root determines the length of the post. It has been suggested
that root length should be considered for the selection of the ideal post length. It has been demonstrated that the greater the post length, the better the
retention and stress distribution. However, it may not
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Figure 17.1ϬഩdŽ ƉƌŽǀŝĚĞ ŽƉƟŵĂů ƌĞƚĞŶƟŽŶ͕ ƚŚĞ ƉŽƐƚ
ƐŚŽƵůĚĞƋƵĂůƚŚĞĐƌŽǁŶŝŶůĞŶŐƚŚ;сͿ͕ŽƌďĞƚǁŽͲƚŚŝƌĚƐ
ƚŚĞůĞŶŐƚŚŽĨƚŚĞƌŽŽƚ;сͿ͕ǁŚŝĐŚĞǀĞƌŝƐŐƌĞĂƚĞƌ͘dŚĞ
ůĞŶŐƚŚŽĨŐƵƩĂͲƉĞƌĐŚĂƌĞŵĂŝŶŝŶŐĂƚƚŚĞĂƉĞǆ;ͿƐŚŽƵůĚ
ďĞĂŵŝŶŝŵƵŵŽĨϰŵŵ͘
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18
Treatment of
Traumatized Teeth
Healing is a matter of time, but it is sometimes also a matter of opportunity.
—Hippocrates

Trauma of the oral and maxillofacial region
occurs frequently and comprises 5% of all injuries for which people seek dental treatment.
Among all facial injuries, dental injuries are the
most common, of which crown fractures and luxations occur most frequently. Trauma to the teeth
may result either in injury of the pulp, with or
without damage to the crown or root, or in displacement of the tooth from its socket. When the
crown or root is fractured, the pulp may recover
and survive the injury, it may succumb immediately, or it may undergo progressive degeneration
and ultimately die.

CAUSES AND INCIDENCE
OF DENTAL INJURIES
Traumatic injuries to the teeth can occur at any
age. Young children learning to walk or falling
from a chair are subject to anterior tooth injuries.
Frequently, child abuse results in facial and dental
trauma. Sports accidents and fights affect teenagers
and young adults, whereas automobile accidents

affect all age groups. As many dental accidents are
sports related, every precaution should be taken to
protect the teeth of children and teenagers from
such accidents by conducting educational programs in addition to mouth guards.
The common causes of traumatic injuries to the
teeth include the following:

ySports accidents
yAutomobile accidents
yFights and assaults
yDomestic violence
yInappropriate use of teeth
yBiting hard items
Clinical Note
The incidence of tooth fractures is about 5%.


The following age groups are most prone to dental
accidents:
ͲഩŚŝůĚƌĞŶϴʹϭϮǇĞĂƌƐŽĨĂŐĞ
ͲഩŚŝůĚƌĞŶϮʹϰǇĞĂƌƐŽĨĂŐĞ
ͲഩŽǇƐŚĂǀĞĂďŽƵƚƚǁŽƚŽƚŚƌĞĞƚŝŵĞƐĂƐŵĂŶǇĨƌĂĐtured teeth as girls
;ĐŽŶƟŶƵĞĚͿ
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(a)

Treatment of Traumatized Teeth
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(b)

Figure 18.2ഩ;ĂͿŶĂŵĞůĨƌĂĐƚƵƌĞ͘;ďͿZĞƐƚŽƌĂƟŽŶǁŝƚŚĚŝƌĞĐƚĐŽŵƉŽƐŝƚĞƌĞƐƚŽƌĂƟŽŶ͘

The objective in treating a tooth with a fractured
crown without pulp exposure is threefold:

yElimination of discomfort
yPreservation of the vital pulp
yRestoration of the fractured crown
Clinical Features
The tooth is not tender on percussion. If tenderness
is observed, evaluate the tooth for possible luxation
or root fracture injury. Normal mobility is observed
and pulp sensibility test is usually positive.
Radiographic Findings
The enamel–dentin loss is visible. Radiographs
recommended: periapical, occlusal, and eccentric
exposure to rule out tooth displacement or possible presence of root fracture. Radiograph of lip or
cheek lacerations suggested to search for tooth fragments or foreign materials.
Treatment
In an uncomplicated fracture of the crown without pulpal exposure, a remaining dentinal thickness
of 2 mm is sufficient to shield the pulp and ensure
a good prognosis. Inflammatory response in the
form of pain on percussion is usually transient as
long as the vascular supply to the pulp remains
intact. Composite resin restoration is the preferred
restorative procedure in such cases. In certain
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cases, the fractured segments can be approximated
and bonded back with the help of dentin bonding
agents and composite resins (Fig. 18.3). The use
of indirect veneering procedures at a later date is
another approach to improve the esthetics.
Follow-Up
Clinical and radiographic control at 6–8 weeks and
1 year. The tooth should be periodically tested with
the electric pulp tester or Endo Ice. If the pulp continues to respond normally during this time, the
pulp can be assumed to have recovered. If progressively more current is necessary to elicit a vitality
response, the pulpal prognosis is unfavorable, and
the pulp will probably become necrotic necessitating endodontic treatment.

D. Enamel–Dentin Fracture
with Pulpal Exposure
Definition: A fracture involving the enamel and
dentin with loss of tooth structure and exposure of
pulp.
Clinical Features
Normal mobility. The tooth is not tender on
percussion, however if tenderness is observed, evaluate for possible luxation or root fracture injury.
Exposed pulp is sensitive to stimuli.
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(a)

(b)

(c)

(d)

Figure 18.3ഩ;ĂͿWƌĞŽƉĞƌĂƟǀĞŝŵĂŐĞƐŚŽǁŝŶŐƚŚĞŵĞƐŝŽĚŝƐƚĂůĐƌŽǁŶĨƌĂĐƚƵƌĞŽĨǀŝƚĂůϮϭ͘;ďͿZƵďďĞƌĚĂŵŝƐŽůĂƟŽŶ͕ďĞǀĞůŝŶŐ͕ĂŶĚĂĐŝĚĞƚĐŚŝŶŐƉĞƌĨŽƌŵĞĚ͘;ĐͿŽŵƉŽƐŝƚĞĐŽŶƚŽƵƌŝŶŐ͘;ĚͿWŽƐƚŽƉĞƌĂƟǀĞǀŝĞǁ͘;ŽƵƌƚĞƐǇ͗'ŝĂŶůƵĐĂWůŽƟŶŽ͕/ƚĂůǇ͘)

Radiographic Findings
The loss of tooth structure is visible.
Treatment
The primary aim for a fractured crown presenting with a pulpal exposure is to maintain the
pulpal vitality. For a tooth with a fractured crown
with pulp exposure, four kinds of treatment are
possible:

y
Direct pulp capping
y
Pulpotomy (if radicular pulp is vital)
y
Regenerative endodontics/apexification
y
Pulpectomy (endodontic treatment)

Chapter 10 and to Chapter 11 for details of regenerative endodontics.
Follow-Up
Clinical and radiographic control at 6–8 weeks and
1 year.

E. Crown–Root Fractures
i. Crown–Root Fractures
Without Pulpal Involvement
Definition: A fracture involving enamel, dentin, and
cementum with loss of tooth structure, but not exposing the pulp.

Clinical Note
Mechanical exposure of the pulp due to trauma has

Ă ďĞƚƚĞƌ ƉƌŽŐŶŽƐŝƐ ƚŚĂŶ ĐĂƌŝŽƵƐ ĞǆƉŽƐƵƌĞƐ͘ ǀĞƌǇ
ĂƚƚĞŵƉƚŵƵƐƚďĞŵĂĚĞƚŽŵŝŶŝŵŝǌĞďĂĐƚĞƌŝĂůĐŽŶƚĂŵination of the exposure.

dŚĞĞǆƚĞŶƚŽĨĨƌĂĐƚƵƌĞĂŶĚƚŚĞƐƚĂŐĞŽĨƌŽŽƚĚĞǀĞůŽƉment are the two critical factors that would determine the treatment plan.

For more details on direct pulp capping, pulpotomy, and apexification, the student is referred to
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Clinical Features This kind of traumatic dental
injury is characterized by an oblique fracture line
that usually begins few millimeters incisal to the
marginal gingiva and extends beyond the gingival
crevice. These resemble a crown fracture but are
more complex to treat as the fracture involves the
root also. Clinically, the displacement of the coronal
fracture segment is minimal as fractured segments
are held together by the underlying periodontal
ligament.
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(a)
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(b)

(c)

(e)
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(d)

(f)

(g)

Figure 18.13ഩ;ĂͿǀƵůƐŝŽŶŽĨŵĂǆŝůůĂƌǇĐĞŶƚƌĂůŝŶĐŝƐŽƌŽĨĂŶϴͲǇĞĂƌͲŽůĚďŽǇ͘ǀƵůƐĞĚƚŽŽƚŚǁĂƐŬĞƉƚŝŶĚƌǇŐĂƵǌĞĨŽƌ
ϰϱŵŝŶƵƚĞƐďĞĨŽƌĞƌĞƉůĂŶƚĂƟŽŶ͘;ďͿEŽŶƌŝŐŝĚƐƉůŝŶƚǁĂƐƉůĂĐĞĚĨŽƌϭϬĚĂǇƐ͘;ĐͿWƵůƉǁĂƐĞǆƟƌƉĂƚĞĚĂŶĚĂ;K,ͿϮ was
ƉůĂĐĞĚĂƐŝŶƚƌĂĐĂŶĂůŵĞĚŝĐĂŵĞŶƚ͘;ĚͿĂŶĚ;ĞͿĂůĐŝƵŵŚǇĚƌŽǆŝĚĞŝŶƚƌĂĐĂŶĂůŵĞĚŝĐĂŵĞŶƚƌĞĨƌĞƐŚĞĚĞǀĞƌǇϯŵŽŶƚŚƐ
ƟůůƉĞƌŝŽĚŽŶƚĂůůŝŐĂŵĞŶƚĐŽƵůĚďĞƚƌĂĐĞĚĂƌŽƵŶĚŵŽƐƚŽĨƚŚĞƌŽŽƚƐƵƌĨĂĐĞ͘;ĨͿKďƚƵƌĂƟŽŶǁĂƐĚŽŶĞǁŝƚŚDdŝŶƚŚĞ
ĂƉŝĐĂůƚŚŝƌĚ͘'ůĂƐƐĮďĞƌƉŽƐƚǁĂƐĐĞŵĞŶƚĞĚǁŝƚŚƌĞƐŝŶŝŽŶŽŵĞƌ͘;ŐͿƚϭϱͲŵŽŶƚŚƌĞĐĂůů͕ƚŚĞƚŽŽƚŚǁĂƐĂƐǇŵƉƚŽŵĂƟĐ
ĂŶĚĨƵŶĐƟŽŶĂůǁŝƚŚŶŽƐŝŐŶŽĨĨƵƌƚŚĞƌƌĞƉůĂĐĞŵĞŶƚƌĞƐŽƌƉƟŽŶ͘;ŽƵƌƚĞƐǇ͗^ĂƐŚŝEĂůůĂƉĂƟ͕:ĂŵĂŝĐĂ͘)
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Boǆ 18.2ഩTransport Medium for an Aǀulsed TootŚ
dŚĞ ĐŚŽŝĐĞ ŽĨ ƐƚŽƌĂŐĞ ŵĞĚŝĂ ĨŽƌ ƉƌĞƐĞƌǀŝŶŐ ƚŚĞ
ĂǀƵůƐĞĚƚŽŽƚŚŝƐĞǆƚƌĞŵĞůǇŝŵƉŽƌƚĂŶƚĨŽƌƚŚĞƐƵĐĐĞƐƐ
ŽĨĨƵƚƵƌĞƌĞƉůĂŶƚĂƟŽŶ͘^ƵŐŐĞƐƚĞĚƐƚŽƌĂŐĞŵĞĚŝĂĂƌĞĂƐ
follows:
ϭ͘ഩ,^^;,ĂŶŬ͛ƐďĂůĂŶĐĞĚƐĂůƚƐŽůƵƚŝŽŶͿ
Ϯ͘ഩWĂƚŝĞŶƚ͛ƐŽǁŶƐĂůŝǀĂ
;ĂͿഩsĞƐƚŝďƵůĞŽĨƚŚĞŵŽƵƚŚ
;ďͿഩŽŶƚĂŝŶĞƌŝŶƚŽǁŚŝĐŚƚŚĞƉĂƚŝĞŶƚƐƉŝƚƐ
ϯ͘ഩMilk
ϰ͘ഩŽĐŽŶƵƚǁĂƚĞƌ
ϱ͘ഩPropolis
ϲ͘ഩsŝĂƐƉĂŶ

tooth will appear to be in an infraocclusal
position. Radiographic evidence of resorption
(inflammatory, infection-related resorption, or
ankylosis-related replacement resorption).

RESPONSE OF PULP TO TRAUMA
The pulpal response to dental trauma is dependent
on three critical factors:

y
Intensity of the trauma
y
Stage of root development
y
Presence or absence of bacteria

Boǆ 18.3ഩManagement of Aǀulsed TeetŚ ǁitŚ an ǆtraoral rǇ Time of >ess TŚan 6Ϭ Minutes
ǆƚƌĂŽƌĂůĚƌǇƟŵĞ
>^^ T,ANϲϬŵŝŶƵƚĞƐ

Administer local anesthesia and irrigate the socket with saline. Examine the socket for possible fracture and
ƌ ĞƉŽƐŝƟŽŶ͘dǁŽƉĞƌŝĂƉŝĐĂůƌĂĚŝŽŐƌĂƉŚƐĨƌŽŵŵĞƐŝĂůĂŶĚĚŝƐƚĂůĂŶŐƵůĂƟŽŶĂƌĞƌĞĐŽŵŵĞŶĚĞĚǁŚŝůĞdƐŚŽƵůĚ
ďĞĐŽŶƐŝĚĞƌĞĚƚŽĐŽŶĮƌŵƚŚĞƌĞƉŽƐŝƟŽŶŽĨƚŚĞƚŽŽƚŚĂŶĚƌƵůĞŽƵƚŽĨĂůǀĞŽůĂƌďŽŶĞĨƌĂĐƚƵƌĞ;ƐͿ͘

C>K^ AWy

KWN AWy

ƉƉůǇĂŇĞǆŝďůĞƐƉůŝŶƚĨŽƌ
ϮǁĞĞŬƐ

^ŽĂŬƚŚĞƌŽŽƚŝŶĚŽǆǇĐǇĐůŝŶĞͬ
ŵŝŶŽĐǇĐůŝŶĞ;ϭŵŐͬϮϬŵ>ƐĂůŝŶĞͿ
for 5 minutes

/ŶŝƟĂƚĞZdǁŝƚŚŝŶ
ϳʹϭϬĚĂǇƐŽĨƌĞƉůĂŶƚĂƟŽŶ
ĂŶĚďĞĨŽƌĞƐƉůŝŶƚƌĞŵŽǀĂů

ƉƉůǇĂŇĞǆŝďůĞƐƉůŝŶƚĨŽƌ
ϮǁĞĞŬƐ

(KƉƟŽŶĂůͶ/ŶƚƌĂĐĂŶĂůĐŽƌƟĐŽƐƚĞƌŽŝĚ
ŵĞĚŝĐĂŵĞŶƚĨŽƌϮǁĞĞŬƐ)

ŽŶŽƚŝŶŝƟĂƚĞZd
unless there are signs of pulp
necrosis
ĂůĐŝƵŵŚǇĚƌŽǆŝĚĞŝŶƚƌĂĐĂŶĂůŵĞĚŝĐĂŵĞŶƚĨŽƌϰǁĞĞŬƐĨŽůůŽǁĞĚďǇ
ŽďƚƵƌĂƟŽŶ

tŚĞŶƉƵůƉŶĞĐƌŽƐŝƐŽĐĐƵƌƐ

ƩĞŵƉƚƌĞǀĂƐĐƵůĂƌŝǌĂƟŽŶ
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Endodontic Surgery
We are what we repeatedly do. Excellence, then, is not an act, but a habit.
—Aristotle

The scope of endodontic surgery has extended
beyond root-end resection to include other forms
of periradicular surgery, fistulative surgery, corrective surgery, and intentional replantation. Root-end
resection is still the most common form of periradicular surgery.
In general practice, the number of cases being
indicated for root-end surgery has drastically
reduced over a period of time. This may be due
to the fact that today the science of endodontics
has a better understanding of the biological principles of shaping and cleaning. In the last few
decades, endodontics was more of a biological science than mere chemomechanical debridement.
There has been a tremendous improvement in the
available materials and instruments for shaping
and cleaning. With the present knowledge of
internal anatomy of pulp space, microbiology,
disinfection of the pulp space, and also with the
introduction of rotary and microendodontic
instrumentation, clinicians are now better
equipped to produce a more predictable disinfection of the pulp space.
There has been a gradual paradigm shift from
surgical to nonsurgical treatment over the past
few decades. However, nonsurgical management

may not be always successful. Even if nonsurgical
treatment is unsuccessful, the current concept is to
do an introspection of the quality of nonsurgical
treatment before selecting surgical intervention. If
the initial endodontic treatment of a tooth is not
satisfactory, then one should attempt nonsurgical
retreatment of that tooth first.
The view that endodontic surgery is the last
resort is based on past experience with instruments that were unsuitable. Also, the vision
available at the surgical site was inadequate
and incidence of postoperative complications
was high. Fortunately, today the endodontist is
equipped with better magnification, illumination,
and instruments. The present era of microsurgery
is with surgical operating microscopes, ultrasonic
tips for retropreparation, low-speed high-torque
motors, and miniaturized surgical instruments
for root-end surgery, and all these have resulted in
better success rates.
Clinical Note
dŚĞƐƵĐĐĞƐƐƌĂƚĞŽĨƐƵƌŐŝĐĂůĞŶĚŽĚŽŶƟĐƐŝƐŚŝŐŚ͕ĂďŽƵƚ
ϳϯʹϵϵй͕ĚĞƉĞŶĚŝŶŐŽŶƚŚĞĐƌŝƚĞƌŝĂƵƐĞĚĨŽƌĞǀĂůƵĂƟŶŐ
success.
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isthmus, and trace accessory canals in nonsurgical endodontic cases that are clinically failing.

OBJECTIVES AND
RATIONALE FOR SURGERY

yCurettage: Effective curettage of the pathologically affected periradicular tissue which cannot
be accessed in an orthograde approach. This
includes therapy-resistant granuloma, true
cysts, and foreign body reactions.
yResection: Surgical resection of root apex in
cases where the apical ramifications cannot be
eliminated in a nonsurgical endodontic treatment or surgical resection of a root in cases of
poor periodontal support.
yInspection: Inspection of the periradicular area
to ascertain causes of failure, inspection of

(a)

(c)

Endodontic Surgery

INDICATIONS
Evidence-based endodontic literature has led
to substantial reduction in the indications for
root-end surgery. It is recognized that nonsurgical
treatment is the choice in most cases. However, the
following indications may have to be considered
(Fig. 20.1):

y
Failure of nonsurgical endodontic treatment: Persistence of symptoms in teeth in which radiographically adequate nonsurgical endodontic

(b)

(d)

Figure 2Ϭ.1ഩĂƐĞƐŝůůƵƐƚƌĂƟŶŐŝŶĚŝĐĂƟŽŶƐĨŽƌĞŶĚŽĚŽŶƟĐƐƵƌŐĞƌǇ͗;ĂͿĂŶĚ;ďͿWĞƌƐŝƐƚĞŶƚƉĞƌŝƌĂĚŝĐƵůĂƌƉĂƚŚŽůŽŐǇŝŶ
ƌŽŽƚ ĐĂŶĂůʹƚƌĞĂƚĞĚ ƚĞĞƚŚ͘ ;ĐͿ WĞƌĨŽƌĂƟŽŶ ŽĨ ƚŚĞ ƌŽŽƚ ĚƵĞ ƚŽ ŝŵƉƌŽƉĞƌ ƉŽƐƚ ƉůĂĐĞŵĞŶƚ͘ ;ĚͿ WĞƌƐŝƐƚĞŶƚ ƉĂŝŶ ĚƵĞ ƚŽ
ŽǀĞƌĮůůŝŶŐŽĨƚŚĞĐĂŶĂůƐ͘
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Grossman’s Endodontic Practice

Boǆ 2Ϭ.2ഩGutmann’s ClassiĮcaƟon of ndodonƟc
^urgerǇ
ϭ͘ഩ&ŝƐƚƵůĂƚŝǀĞƐƵƌŐĞƌǇ
;ĂͿഩ/ŶĐŝƐŝŽŶĂŶĚĚƌĂŝŶĂŐĞ;/ΘͿ
;ďͿഩŽƌƚŝĐĂůƚƌĞƉŚŝŶĂƚŝŽŶ
;ĐͿഩĞĐŽŵƉƌĞƐƐŝŽŶƉƌŽĐĞĚƵƌĞƐ
Ϯ͘ഩWĞƌŝƌĂĚŝĐƵůĂƌƐƵƌŐĞƌǇ
;ĂͿഩƵƌĞƚƚĂŐĞ
;ďͿഩZŽŽƚͲĞŶĚƌĞƐĞĐƚŝŽŶ
;ĐͿഩZŽŽƚͲĞŶĚƉƌĞƉĂƌĂƚŝŽŶ
;ĚͿഩZŽŽƚͲĞŶĚĨŝůůŝŶŐ
ϯ͘ഩŽƌƌĞĐƚŝǀĞƐƵƌŐĞƌǇ
;ĂͿഩWĞƌĨŽƌĂƚŝŽŶƌĞƉĂŝƌ
;ŝͿ DĞĐŚĂŶŝĐĂů;ŝĂƚƌŽŐĞŶŝĐͿ
;ŝŝͿഩZĞƐŽƌƉƚŝǀĞ
;ďͿഩWĞƌŝŽĚŽŶƚĂůŵĂŶĂŐĞŵĞŶƚ
;ŝͿ ZŽŽƚƌĞƐĞĐƚŝŽŶ
;ŝŝͿഩdŽŽƚŚƌĞƐĞĐƚŝŽŶ
;ĐͿഩ/ŶƚĞŶƚŝŽŶĂůƌĞƉůĂŶƚĂƚŝŽŶ
Boǆ 2Ϭ.3ഩKim’s ClassiĮcaƟon of Microsurgical Cases
(Fig. 20.8)
Class A͗ഩZĞƉƌĞƐĞŶƚƐ Ă ƚŽŽƚŚ ǁŝƚŚ ŶŽ ƉĞƌŝƌĂĚŝĐƵůĂƌ ůĞƐŝŽŶ͕ ŶŽ ŵŽďŝůŝƚǇ͕ ĂŶĚ ŶŽƌŵĂů ƉŽĐŬĞƚ ĚĞƉƚŚ͘
dŚĞ ĐůŝŶŝĐĂů ƐǇŵƉƚŽŵƐ ŚĂǀĞ ŶŽƚ ƌĞƐŽůǀĞĚ͕ ƚŚŽƵŐŚ
ŶŽŶƐƵƌŐŝĐĂů ŽƉƚŝŽŶƐ ŚĂǀĞ ďĞĞŶ ĞǆŚĂƵƐƚĞĚ͘ ůŝŶŝĐĂů
ƐǇŵƉƚŽŵƐĂƌĞƚŚĞŽŶůǇƌĞĂƐŽŶĨŽƌƚŚĞƐƵƌŐĞƌǇ͘
Class B͗ഩZĞƉƌĞƐĞŶƚƐĂƚŽŽƚŚǁŝƚŚĂƐŵĂůůƉĞƌŝƌĂĚŝĐƵůĂƌ
ůĞƐŝŽŶǁŝƚŚĐůŝŶŝĐĂůƐǇŵƉƚŽŵƐ͘dŚĞƚŽŽƚŚŚĂƐŶŽƌŵĂů
ƉĞƌŝŽĚŽŶƚĂůƉƌŽďŝŶŐĚĞƉƚŚĂŶĚŶŽŵŽďŝůŝƚǇ͘dŚĞƚĞĞƚŚ
ŝŶƚŚŝƐĐůĂƐƐĂƌĞŝĚĞĂůĐĂŶĚŝĚĂƚĞƐĨŽƌŵŝĐƌŽƐƵƌŐĞƌǇ͘
Class C͗ഩZĞƉƌĞƐĞŶƚƐĂƚŽŽƚŚƚŚĂƚŚĂƐĂůĂƌŐĞƉĞƌŝƌĂĚŝĐƵůĂƌůĞƐŝŽŶ͕ƉƌŽŐƌĞƐƐŝŶŐĐŽƌŽŶĂůůǇ͖ǁŝƚŚŽƵƚƉĞƌŝŽĚŽŶƚĂůƉŽĐŬĞƚĂŶĚŵŽďŝůŝƚǇ͘
Class D͗ഩZĞƉƌĞƐĞŶƚƐĂƚŽŽƚŚƚŚĂƚŝƐĐůŝŶŝĐĂůůǇƐŝŵŝůĂƌ
ƚŽƚŚĂƚŝŶůĂƐƐ͕ďƵƚŚĂƐĚĞĞƉƉĞƌŝŽĚŽŶƚĂůƉŽĐŬĞƚƐ͘
Class E͗ഩZĞƉƌĞƐĞŶƚƐ Ă ƚŽŽƚŚ ƚŚĂƚ ŚĂƐ Ă ůĂƌŐĞ ƉĞƌŝƌĂĚŝĐƵůĂƌ ůĞƐŝŽŶ ǁŝƚŚ ĂŶ ĞŶĚŽĚŽŶƚŝĐʹƉĞƌŝŽĚŽŶƚĂů ĐŽŵŵƵŶŝĐĂƚŝŽŶƚŽƚŚĞĂƉĞǆ͕ďƵƚŶŽŽďǀŝŽƵƐĨƌĂĐƚƵƌĞ͘
Class F͗ഩZĞƉƌĞƐĞŶƚƐ Ă ƚŽŽƚŚ ǁŝƚŚ ĂŶ ĂƉŝĐĂů ůĞƐŝŽŶ
ĂŶĚ ĐŽŵƉůĞƚĞ ĚĞŶƵĚĂƚŝŽŶ ŽĨ ƚŚĞ ďƵĐĐĂů ƉůĂƚĞ͕ ďƵƚ
ŶŽŵŽďŝůŝƚǇ͘
Clinical Note
tŝƚŚŝƚƐĂďŝůŝƚǇƚŽƉƌŽĚƵĐĞƉƌŽĨŽƵŶĚĂŶĚƉƌŽůŽŶŐĞĚ

ĂŶĞƐƚŚĞƐŝĂĂŶĚůŽǁƉŽƚĞŶƚŝĂůĨŽƌĂůůĞƌŐŝĐƌĞĂĐƚŝŽŶƐ͕
ůŝĚŽĐĂŝŶĞ;XǇůŽĐĂŝŶĞͿŝƐƚŚĞĐŚŽŝĐĞŽĨĂŶĞƐƚŚĞƚŝĐĨŽƌ
ƉĞƌŝƌĂĚŝĐƵůĂƌƐƵƌŐĞƌŝĞƐ͘>ŝĚŽĐĂŝŶĞ;ϮйͿǁŝƚŚϭ͗ϱϬ͕ϬϬϬ
ĞƉŝŶĞƉŚƌŝŶĞŝƐĂĚŵŝŶŝƐƚĞƌĞĚ͘&ƵƌƚŚĞƌůŝĚŽĐĂŝŶĞŚĂƐĂ
ŚŝƐƚŽƌǇŽĨŚŝŐŚĐůŝŶŝĐĂůƐƵĐĐĞƐƐƌĂƚĞ͘
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dŚĞĂŵŝĚĞŐƌŽƵƉŽĨůŽĐĂůĂŶĞƐƚŚĞƚŝĐƐŝŶĐůƵĚŝŶŐůŝĚŽĐĂŝŶĞ ;XǇůŽĐĂŝŶĞͿ͕ ŵĞƉŝǀĂĐĂŝŶĞ ;CĂƌďŽĐĂŝŶĞͿ͕ ƉƌŝůŽĐĂŝŶĞ;CŝƚĂŶĞƐƚͿ͕ďƵƉŝǀĂĐĂŝŶĞ;MĂƌĐĂŝŶĞͿ͕ĞƚŝĚŽĐĂŝŶĞ
;DƵƌĂŶĞƐƚͿ͕ĂŶĚĂƌƚŝĐĂŝŶĞ;UůƚƌĂĐĂŝŶĞͿƵŶĚĞƌŐŽĂĐŽŵƉůĞǆŵĞƚĂďŽůŝĐďƌĞĂŬĚŽǁŶŝŶůŝǀĞƌ͘

WĂƚŝĞŶƚƐ ǁŝƚŚ ŬŶŽǁŶ ůŝǀĞƌ ĚǇƐĨƵŶĐƚŝŽŶ ƐŚŽƵůĚ
ďĞ ĂĚŵŝŶŝƐƚĞƌĞĚ ĂŵŝĚĞ ůŽĐĂů ĂŶĞƐƚŚĞƚŝĐ ĂŐĞŶƚƐ
ǁŝƚŚĐĂƵƚŝŽŶĚƵĞƚŽƚŚĞŝƌƉŽƚĞŶƚŝĂůĨŽƌĂŚŝŐŚƐǇƐƚĞŵŝĐ
ďůŽŽĚĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨƚŚĞĚƌƵŐ͘/ƚŝƐĂůƐŽĂĚŵŝŶŝƐƚĞƌĞĚǁŝƚŚĐĂƵƚŝŽŶŝŶƉĂƚŝĞŶƚƐǁŝƚŚƌĞŶĂůĚǇƐĨƵŶĐƚŝŽŶ͘

/ĨƚŚĞĂŵŝĚĞĂŶĞƐƚŚĞƚŝĐĂŐĞŶƚŝƐĂŶĂďƐŽůƵƚĞĐŽŶƚƌĂŝŶĚŝĐĂƚŝŽŶ͕ ƚŚĞŶ ƚŚĞ ĞƐƚĞƌ ĂŐĞŶƚƐ ƐƵĐŚ ĂƐ ƉƌŽĐĂŝŶĞ
ĂŶĚƉƌŽƉŽǆǇĐĂŝŶĞǁŝƚŚůĞǀŽŶŽƌĚĞĨƌŝŶ;ƉƌŽĐĂŝŶĞǁŝƚŚ
Ŷ
 ĞŽͲĐŽďĞĨƌŝŶͿĂƌĞƚŚĞŽŶůǇĐŚŽŝĐĞ͘

Effective hemostasis is critically important during endodontic microsurgery because uncontrolled
bleeding in the surgical site obscures the anatomical landmarks guiding the surgeon. It is therefore
not surprising that one of the most frequently asked
questions about endodontic microsurgery is on
effective management of bleeding in the osteotomy
site and inside the bony crypt.
Effective hemostasis is a prerequisite for endodontic microsurgery and successful hemostasis
begins with effective local anesthesia. Surgeons
must understand the normal clotting mechanism
and normal clotting time of human blood; it takes
several minutes for the blood to begin clotting.

VASOCONSTRICTORS
To obtain hemostasis, vasoconstrictors are always
a constituent of local anesthetics used in periradicular surgeries. The vasoconstrictor agent used
in local anesthetics will have an effect in both the
duration of anesthesia and the quality of hemorrhage control in the surgical area.
Clinical Note
ƉŝŶĞƉŚƌŝŶĞ ŝƐ ƚŚĞ ǀĂƐŽĐŽŶƐƚƌŝĐƚŽƌ ŽĨ ĐŚŽŝĐĞ ĂŶĚ ŝƐ

ƚŚĞ ŵŽƐƚ ĞĨĨŝĐŝĞŶƚ ĂŶĚ ǁŝĚĞůǇ ƵƐĞĚ ǀĂƐŽĐŽŶƐƚƌŝĐƚŽƌ
ĂŐĞŶƚ ŝŶ ůŽĐĂů ĂŶĞƐƚŚĞƚŝĐƐ͘ dŚĞ ĂĚǀĂŶƚĂŐĞ ŽĨ ŝŶĐůƵĚŝŶŐĞƉŝŶĞƉŚƌŝŶĞŽƵƚǁĞŝŐŚƐĂŶǇƉŽƚĞŶƚŝĂůĚĞůĞƚĞƌŝŽƵƐ
effects of the agents.

EŽƌŵĂůůǇ͕ ƉƌŽĨŽƵŶĚ ĂŶĞƐƚŚĞƐŝĂ ǁŝƚŚ ĂŶ ĂŐĞŶƚ ĐŽŶƚĂŝŶŝŶŐ ϭ͗ϱϬ͕ϬϬϬ ƉĂƌƚƐ ĞƉŝŶĞƉŚƌŝŶĞ ŝƐ ĂĚĞƋƵĂƚĞ ƚŽ
ĂĐŚŝĞǀĞĂďůŽŽĚͲĨƌĞĞĨŝĞůĚ͘
(continued)
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Class C

Class F

Figure 20.8ഩůĂƐƐŝĮĐĂƟŽŶŽĨŵŝĐƌŽƐƵƌŐŝĐĂůĐĂƐĞƐ͘;Courtesy: Syngcuk Kim, University of Pennsylvania, USA͘Ϳ

(continued)

ŽƚŚ ďƵĐĐĂů ĂŶĚ ůŝŶŐƵĂů Žƌ ƉĂůĂƚĂů ŝŶũĞĐƚŝŽŶƐ ĂƌĞ
ƌĞƋƵŝƌĞĚ ƚŽ ĂĐŚŝĞǀĞ ƉƌŽĨŽƵŶĚ ĂŶĞƐƚŚĞƐŝĂ ĂŶĚ ĞĨĨĞĐƚŝǀĞŚĞŵŽƐƚĂƐŝƐ͘

ĐĐŽƌĚŝŶŐ ƚŽ DŝůŝĂŵ ĞƚථĂů͕͘ ƉƌŽĨŽƵŶĚ ŶĞƌǀĞ
ďůŽĐŬ ĂŶĞƐƚŚĞƐŝĂ ĐĂŶ ďĞ ĂĐŚŝĞǀĞĚ ǁŝƚŚ ůŽĐĂů ĂŶĞƐƚŚĞƚŝĐ ĐŽŶƚĂŝŶŝŶŐ ĚŝůƵƚĞ ϭ͗ϭϬϬ͕ϬϬϬ Žƌ ϭ͗ϮϬϬ͕ϬϬϬ
Ğ ƉŝŶĞƉŚƌŝŶĞ͘ ,ŽǁĞǀĞƌ͕ Ăƚ ƚŝŵĞƐ͕ ĂŶ ĂĚĚŝƚŝŽŶĂů
local infiltration of local anesthetic with a higher
ĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨĞƉŝŶĞƉŚƌŝŶĞ;ϭ͗ϱϬ͕ϬϬϬͿŝŶƚŚĞĂŶĞƐƚŚĞƚŝĐ ƐŽůƵƚŝŽŶ ŝƐ ĂůǁĂǇƐ ƌĞƋƵŝƌĞĚ ƚŽ ŽďƚĂŝŶ ůŽĐĂů
ŚĞŵŽƐƚĂƐŝƐ͘

Safety limit: ĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ ŵĞƌŝĐĂŶ ĞŶƚĂů
ƐƐŽĐŝĂƚŝŽŶ͕ƚŚĞŵĂǆŝŵĂůƉĞƌŵŝƐƐŝďůĞƐĂĨĞƚǇĚŽƐĂŐĞ
ŽĨ ĞƉŝŶĞƉŚƌŝŶĞ ĨŽƌ Ă ŚĞĂůƚŚǇ ĂĚƵůƚ ŝƐ ϮϬϬ ђŐͬĚĂǇ͘
dŚƵƐ͕ ŝƚ ƌĞƋƵŝƌĞƐ ϭϬ ĐĂƌƉƵůĞƐ ŽĨ ϭ͗ϱϬ͕ϬϬϬ ĞƉŝŶĞƉŚrine containing 2% lidocaine to reach the danger
ůŝŵŝƚ͘
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It is also to be well understood that infiltration
sites for periradicular surgery are always multiple
and involve deposition of anesthetic throughout the
entire surgical area in the alveolar mucosa just superficial to periosteum at the level of root apices. Apart
from the routine anesthetic techniques of nerve
block anesthesia, other standard techniques may be
observed to obtain profound local anesthesia.

CLINICAL MANAGEMENT OF
HEMORRHAGE IN A NORMAL PATIENT

y
Incision planning
y
Use of hemostats
y
Hemostasis through application of pressure
y
Hemostatic agents (Fig. 20.9)
y
Hypotensive anesthesia and vasoconstrictors
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(b)

C
B
A

(c)

(d)

Figure 20.12ഩ;ĂͿ ĂŶĚ ;ďͿ ZĂŝƐŝŶŐ Ă >ƵĞďŬĞͲKĐŚƐĞŶďĞŝŶ ŇĂƉ͗ dŚĞ ĞůĞǀĂƚŽƌ ĞĚŐĞ͕ ǁŝƚŚ ŝƚƐ ĐŽŶĐĂǀĞ ƐƵƌĨĂĐĞ ĨĂĐŝŶŐ
ƚŚĞďŽŶĞ͕ĐůĞĂǀĞƐƚŚĞƉĞƌŝŽƐƚĞƵŵĨƌŽŵƚŚĞďŽŶĞĂƉŝĐĂůůǇĂŶĚůĂƚĞƌĂůůǇƵŶƟůƚŚĞďŽŶĞĂďŽǀĞƚŚĞůĞƐŝŽŶŝƐĞǆƉŽƐĞĚ͘
;ĐͿ dŚĞ ƉĞƌŝŽƐƚĞĂů ĞůĞǀĂƚŽƌ ƐŚŽƵůĚ ďĞ ŵŽǀĞĚ ůĂƚĞƌĂůůǇ ĂŶĚ ĂƉŝĐĂůůǇ ǁŝƚŚŽƵƚ ůŽƐŝŶŐ ĐŽŶƚĂĐƚ ǁŝƚŚ ƚŚĞ ďŽŶĞ͘ ;ĚͿ dŚĞ
ĞǆƚĞŶƚŽĨƚŚĞŇĂƉƐŚŽƵůĚďĞƐƵĸĐŝĞŶƚĞŶŽƵŐŚƚŽĞǆƉŽƐĞďŽŶĞĂďŽǀĞ͕ďĞůŽǁ͕ĂŶĚĂƌŽƵŶĚƚŚĞůĞƐŝŽŶ͘

retractors are available and are designed to have
wider and thinner working ends than standard
retractors.

HARD TISSUE CONSIDERATIONS
OSTEOTOMY
Osteotomy involves the removal of cortical plate
to expose the root end in microendodontic surgical procedures. Once the flap has been elevated
and placed in retracted position, the surgical area is
taken into control.
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Technique
1. Hemostasis is the primary issue at this stage of
surgery.
2. In most of the clinical cases, there is a breach in
the cortical plate and this can be located around
the root apex by gently probing with a DG16 explorer, and if the breach is located, the explorer
will sink and this could be the starting point
for an efficient osteotomy. However, in most
cystic pathosis, the cortical plate is thinned out
due to the growth of the cyst and has an eggshell crackling appearance. In these situations,
the cortical plate can be peeled off leaving the
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(a)

(b)

(c)

Figure 20.19ഩ;ĂͿhůƚƌĂƐŽŶŝĐƌĞƚƌŽƟƉďĞŝŶŐĞŵƉůŽǇĞĚƚŽĐƌĞĂƚĞĂϯͲŵŵƌĞƚƌŽƉƌĞƉĂƌĂƟŽŶ͘;ďͿWůĂĐĞŵĞŶƚŽĨƚŚĞƌĞƚƌŽĮůů
ŵĂƚĞƌŝĂů͘;ĐͿWŽƐƚŽƉĞƌĂƟǀĞǀŝĞǁ͘;Courtesy: Arnaldo Castelluci, Italy͘Ϳ

(a)

(b)

Figure 20.20ഩ;ĂͿ WƌĞŽƉĞƌĂƟǀĞ ƌĂĚŝŽŐƌĂƉŚ ŽĨ ĂŶ ĞŶĚŽĚŽŶƟĐĂůůǇ ƚƌĞĂƚĞĚ ŵĂǆŝůůĂƌǇ ŵŽůĂƌ ƌĞƋƵŝƌŝŶŐ ĞŶĚŽĚŽŶƟĐ
ŵ
 ŝĐƌŽƐƵƌŐĞƌǇ͘;ďͿŌĞƌƌŽŽƚƌĞƐĞĐƟŽŶŽĨĂůůƚŚĞƚŚƌĞĞƌŽŽƚƐ͘;ĐŽŶƟŶƵĞĚͿ
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Bleaching of Discolored Teeth
We live only to discover beauty. All else is a form of waiting.
—Kahlil Gibran

Esthetics is an important factor in a patient’s
decision to undergo endodontic treatment. A frequent question is, “Will my tooth turn black?” The
usual response is a “qualified no,” with the explanation that modern treatment and procedures are
designed to avoid crown staining and tooth discoloration. Nevertheless, teeth can and do discolor, sometimes before endodontic treatment and sometimes
afterward, in spite of all precautions taken to prevent
color changes. When teeth discolor, bleaching should
be considered as a means of restoring tooth esthetics.
The color of teeth is determined by the translucency and thickness of the enamel, the thickness and
color of the underlying dentin, and the color of the
pulp. Alterations in the color may be physiologic or
pathologic and endogenous or exogenous in nature.
With age, the enamel becomes thinner because
of abrasion and erosion, and the dentin becomes
thicker because of the deposition of secondary and
reparative dentin, which produce color changes in
teeth during one’s life.

CLASSIFICATION OF
TOOTH DISCOLORATION
Tooth discoloration can be classified as either
extrinsic or intrinsic.

I. EXTRINSIC DISCOLORATIONS
Extrinsic discolorations are found on the outer
surface of teeth and are usually of local origin,
such as tobacco stains. Some extrinsic discoloration, such as the green discoloration associated
with the Nasmyth’s membrane in children and tea
and tobacco stains (Fig. 21.1), can be removed by
scaling and polishing during tooth prophylaxis.

Clinical Note
The normal color of primary teeth is bluish white.
The color of permanent teeth is grayish yellow,
grayish white, or yellowish white.
Teeth of elderly persons are usually more yellow or
grayish yellow than those of younger persons.

Figure 21.1ഩExtrinsic tobacco stains. (Courtesy: Priya
Ramani, India.)
499
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Taďle 21.1ഩdŽŽƚŚŝƐĐŽůŽƌĂƟŽŶ͗ĂƵƐĞƐĂŶĚŽůŽƌƐ;ďďŽƩ͕ϭϵϵϳͿ
Cause of TootŚ iscoloraƟon

Color

ǆtrinsic discoloraƟon
ഩŝŐĂƌĞƩĞƐ͕ƉŝƉĞƐ͕ĐŝŐĂƌƐ͕ĐŚĞǁŝŶŐƚŽďĂĐĐŽ͕
marijuana

Yellow-brown to black

ഩŽīĞĞ͕ƚĞĂ͕ĨŽŽĚƐ

Brown to black

ഩWŽŽƌŽƌĂůŚǇŐŝĞŶĞ

Yellow or brown shades

Dark brown to black rings

ǆtrinsic and intrinsic discoloraƟon
ഩ&ůƵŽƌŽƐŝƐ

White, yellow, brown, gray, black

ഩŐŝŶŐ
Intrinsic discoloraƟon
ഩ'ĞŶĞƟĐĐŽŶĚŝƟŽŶƐ
ഩഩŵĞůŽŐĞŶĞƐŝƐŝŵƉĞƌĨĞĐƚĂ

Brown, black

ഩഩĞŶƟŶŽŐĞŶĞƐŝƐŝŵƉĞƌĨĞĐƚĂ

Brown, blue

ഩ^ǇƐƚĞŵŝĐĐŽŶĚŝƟŽŶƐ

Blue-green, brown, purple-brown

ഩഩ:ĂƵŶĚŝĐĞ
ഩഩWŽƌƉŚǇƌŝĂ
ഩDĞĚŝĐĂƟŽŶƐĚƵƌŝŶŐƚŽŽƚŚĚĞǀĞůŽƉŵĞŶƚ

Brown, gray, black

ഩഩdĞƚƌĂĐǇĐůŝŶĞ
ഩഩ&ůƵŽƌŝĚĞ
ഩŽĚǇďǇͲƉƌŽĚƵĐƚƐ
ഩഩŝůŝƌƵďŝŶ

Blue-green, brown

ഩഩ,ĞŵŽŐůŽďŝŶ

'ƌĂǇ͕ďůĂĐŬ

ഩWƵůƉĐŚĂŶŐĞƐ
ഩഩWƵůƉĐĂŶĂůŽďůŝƚĞƌĂƟŽŶ

Yellow

ഩഩWƵůƉŶĞĐƌŽƐŝƐ
With hemorrhage

'ƌĂǇ͕ďůĂĐŬ

Without hemorrhage

Yellow, gray-brown

Iatrogenic causes
ഩഩdƌĂƵŵĂĚƵƌŝŶŐƉƵůƉĞǆƟƌƉĂƟŽŶ

'ƌĂǇ͕ďůĂĐŬ

ഩഩdŝƐƐƵĞƌĞŵŶĂŶƚƐŝŶƉƵůƉĐŚĂŵďĞƌ

Brown, gray, black

ഩഩZĞƐƚŽƌĂƟǀĞĚĞŶƚĂůŵĂƚĞƌŝĂůƐ

Brown, gray, black

ഩഩŶĚŽĚŽŶƟĐŵĂƚĞƌŝĂůƐ

'ƌĂǇ͕ďůĂĐŬ

V. FILLING MATERIALS
Discoloration from filling materials depends on
the kind of filling used. Silver amalgam produces a
stain ranging from slate gray to dark gray; copper
amalgam produces a bluish black to black stain;
stains from amalgam are likely to occur when the
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dentinal wall is thin, and the filling material almost
shimmers through the enamel. Microleakage of
the old resin composite restorations might cause
dark discoloration of the margins and may stain
the dentin over time. Metal post can be seen
through the translucent enamel or may release
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Obturation

Protective
base
Bleaching
agent

Pulp
horn

Undercut

(a)

(b)

(c)

Permanent
restoration

Temporary
filling
(d)

Composite
entrance filling
(e)

Figure 21.9ഩtĂůŬŝŶŐďůĞĂĐŚ͗;ĂͿ/ŶƚĞƌŶĂůƐƚĂŝŶŝŶŐŽĨƚŚĞĚĞŶƟŶĐĂƵƐĞĚďǇƚŚĞƌĞŵŶĂŶƚƐŽĨŽďƚƵƌĂƟŶŐŵĂƚĞƌŝĂůƐŝŶ
ƚŚĞƉƵůƉĐŚĂŵďĞƌ͕ĂƐǁĞůůĂƐďǇŵĂƚĞƌŝĂůƐĂŶĚƟƐƐƵĞĚĞďƌŝƐŝŶƚŚĞƉƵůƉŚŽƌŶƐ͘;ďͿŽƌŽŶĂůƌĞƐƚŽƌĂƟŽŶŝƐƌĞŵŽǀĞĚ
ĐŽŵƉůĞƚĞůǇ͕ĂĐĐĞƐƐƉƌĞƉĂƌĂƟŽŶŝƐŝŵƉƌŽǀĞĚ͕ĂŶĚŐƵƩĂͲƉĞƌĐŚĂŝƐƌĞŵŽǀĞĚĂƉŝĐĂůůǇƚŽũƵƐƚďĞůŽǁƚŚĞĐĞƌǀŝĐĂůŵĂƌŐŝŶ͘ EĞǆƚ͕ ƚŚĞ ƉƵůƉ ŚŽƌŶƐ ĂƌĞ ĐůĞĂŶĞĚ ǁŝƚŚ Ă ƌŽƵŶĚ ďƵƌ͘ ;^ŚĂǀŝŶŐ Ă ƚŚŝŶ ůĂǇĞƌ ŽĨ ĚĞŶƟŶ ĨƌŽŵ ƚŚĞ ĨĂĐŝĂů ǁĂůů ŝƐ
ŽƉƟŽŶĂůĂŶĚŵĂǇďĞĂƩĞŵƉƚĞĚĂƚůĂƚĞƌĂƉƉŽŝŶƚŵĞŶƚƐŝĨĚŝƐĐŽůŽƌĂƟŽŶƉĞƌƐŝƐƚƐ͘Ϳ;ĐͿƉƌŽƚĞĐƟǀĞĐĞŵĞŶƚďĂƐĞŝƐ
ƉůĂĐĞĚ ŽǀĞƌ ƚŚĞ ŐƵƩĂͲƉĞƌĐŚĂ͕ ŶŽƚ ĞǆƚĞŶĚŝŶŐ ĂďŽǀĞ ƚŚĞ ĐĞƌǀŝĐĂů ŵĂƌŐŝŶ͘ ŌĞƌ ƌĞŵŽǀĂů ŽĨ ƐĞĂůĞƌ ƌĞŵŶĂŶƚƐ ĂŶĚ
materials from the chamber with solvents, a paste composed of sodium perborate and water (mixed to the conƐŝƐƚĞŶĐǇŽĨǁĞƚƐĂŶĚͿŝƐƉůĂĐĞĚ͘dŚĞŝŶĐŝƐĂůĂƌĞĂŝƐƵŶĚĞƌĐƵƚƚŽƌĞƚĂŝŶƚŚĞƚĞŵƉŽƌĂƌǇƌĞƐƚŽƌĂƟŽŶ͘;ĚͿƚĞŵƉŽƌĂƌǇ
ĮůůŝŶŐƐĞĂůƐƚŚĞĂĐĐĞƐƐ͘ (e) At a subsequent appointment, when the desired shade has been reached, a permanent
ƌĞƐƚŽƌĂƟŽŶŝƐƉůĂĐĞĚ͘ĐŝĚͲĞƚĐŚĞĚĐŽŵƉŽƐŝƚĞƌĞƐƚŽƌĞƐůŝŶŐƵĂůĂĐĐĞƐƐĂŶĚĞǆƚĞŶĚƐŝŶƚŽƚŚĞƉƵůƉŚŽƌŶƐĨŽƌƌĞƚĞŶƟŽŶ
and to support the incisal edge.
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(b)

(a)

(c)

(d)

(f)

(e)

Figure 21.12ഩ;ĂͿŽĐƵŵĞŶƚĂƟŽŶǁŝƚŚƉŚŽƚŽŐƌĂƉŚƐĂŶĚƐŚĂĚĞƚĂď͘/ƚŝƐŽŌĞŶĚŝĸĐƵůƚƚŽĂƐĐĞƌƚĂŝŶƚŽŽƚŚƐŚĂĚĞǁŚĞŶ
ŚǇƉŽƉůĂƐƟĐďĂŶĚƐĂƌĞƉƌĞƐĞŶƚ͘/ŶƚŚĞƐĞƐŝƚƵĂƟŽŶƐ͕ƚŚĞĐĞƌǀŝĐĂůƚŽŽƚŚĐŽůŽƌŝƐƌĞĐŽƌĚĞĚ͘;ďͿWĞƌĨŽƌŵŽƌĂůƉƌŽƉŚǇůĂǆŝƐ
ĂŶĚĐůĞĂŶƚŚĞĞŶĂŵĞůƐƵƌĨĂĐĞƵƐŝŶŐƉƵŵŝĐĞƐůƵƌƌǇƚŽƌĞŵŽǀĞƐƵƌĨĂĐĞĚĞďƌŝƐ͘;ĐͿƉƉůŝĐĂƟŽŶŽĨŐŝŶŐŝǀĂůůŝƋƵŝĚĚĂŵ
ƚŽƉƌĞǀĞŶƚĐŚĞŵŝĐĂůďƵƌŶ͘;ĚͿůĞĂĐŚŝŶŐŐĞůĂƉƉůŝĞĚŽŶƚŚĞůĂďŝĂůƐƵƌĨĂĐĞƐŽĨƚĞĞƚŚĂŶĚĂĐƟǀĂƚĞĚƵƐŝŶŐůĂƐĞƌůŝŐŚƚƚŽ
ĐĂƚĂůǇǌĞƚŚĞďůĞĂĐŚŝŶŐƌĞĂĐƟŽŶ͘;ĞͿ/ŵŵĞĚŝĂƚĞƉŽƐƚďůĞĂĐŚŝŶŐĂƉƉĞĂƌĂŶĐĞ͘;ĨͿKŶĞǁĞĞŬĂŌĞƌŝŶͲŽĸĐĞďůĞĂĐŚŝŶŐƉƌŽĐĞĚƵƌĞĂŶĚƉŽƐƚďůĞĂĐŚŝŶŐĐĂƌĞƵƐŝŶŐWWͲW͘EŽƚĞƚŚĞĐŚĂŶŐĞŽĨƚŽŽƚŚĐŽůŽƌŝŶĚŝĐĂƚĞĚďǇƚŚĞƐŚĂĚĞƚĂď͘;Courtesy:
<ƌŝƚŚŝŬĂĂƩĂ͕/ŶĚŝĂ͘)

containing hydrogen peroxide may be used
instead of the aqueous solution.
y
Apply heat with a heating device or a light
source. The temperature should be maintained
between 125 and 140°F (52–60°C).
y
The treatment time should not exceed 30 minutes even if the result is not satisfactory. Remove
the heat source and allow the teeth to cool down
for at least 5 minutes.
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y
Pumice is used on the teeth to remove the residual exposed gel from the enamel surface.

y
Remove the bleaching agent and irrigate
thoroughly.

y
Dry the teeth and gently polish them with a
composite resin polishing cup. Apply neutral
sodium fluoride gel for 3–5 minutes.
y
Instruct the patient to use a fluoride rinse daily
for 2 weeks.
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Appendix

A
Radiographic Technique
for Endodontics
The most pathetic person in the world is someone who has sight but no vision.
—Helen Keller

Radiographs are indispensable diagnostic and
prognostic aids in endodontics and are one of the
most reliable methods of monitoring endodontic treatment. They provide an important visual
method of gaining clinical knowledge of teeth and
periradicular tissues; therefore, they are essential to
the practice of endodontics.
Proper positioning and stabilization of the
radiographic film during endodontic procedures
becomes difficult because of the interference from
the protruding rubber dam clamp or root canal
instruments or interference from the obturating
material protruding from the access cavity. The
visualization of the tooth for proper film positioning and cone angulation is impeded by the presence
of the rubber dam. This makes the process of taking
a radiograph a difficult proposition.

RADIOGRAPHIC
TECHNICAL REQUIREMENTS
1. The image of the tooth being evaluated or
undergoing endodontic therapy should be in
the center of the radiograph.

2. Radiographs should show at least 5 mm of bone
surrounding the apex of the tooth being evaluated or undergoing endodontic therapy.
3. If a periradicular lesion is too large to fit in one
periapical film, supplemental diagnostic radiographs must be made.
4. A single radiograph taken from one direction
only may not provide sufficient diagnostic
information in multirooted teeth or in teeth
with curved roots. Under these circumstances,
at least two periapical radiographs should be
taken to help gain a three-dimensional perspective. One radiograph should be taken at
normal vertical and horizontal angulation,
while the other should be taken at a 20° change
in the horizontal angle from either the mesial
or the distal direction (Fig. A.l).
5. If a sinus tract is present, a tracing radiograph should be taken. This procedure is
accomplished by carefully threading a guttapercha cone into the tract and by taking a
radiograph to identify the origin of the tract.
This technique is also useful for localization
and depth marking of certain periodontal
defects.
531
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Figure A.8ഩůŝŐŶŵĞŶƚ ĨŽƌ ĐŽƌƌĞĐƚ ƌĂĚŝŽŐƌĂƉŚŝĐ ĂŶŐƵůĂͲ
ƟŽŶĨŽƌŵĂǆŝůůĂƌǇŝŶĐŝƐŽƌƐ͘

Figure A.10ഩĞĂŵͲĂůŝŐŶŵĞŶƚ ƌŝŶŐ ŝŶ ƉůĂĐĞ ĨŽƌ ƌĂĚŝŽͲ
ŐƌĂƉŚƐŽĨƉŽƐƚĞƌŝŽƌƚĞĞƚŚ͘

Figure A.9ഩůŝŐŶŵĞŶƚ ĨŽƌ ĐŽƌƌĞĐƚ ƌĂĚŝŽŐƌĂƉŚŝĐ ĂŶŐƵůĂͲ
ƟŽŶĨŽƌŵĂŶĚŝďƵůĂƌŝŶĐŝƐŽƌƐ͘

Figure A.11ഩŶƐƵƌĞ ƚŚĂƚ ƚŚĞ Įůŵ ŝƐ ĐĞŶƚĞƌĞĚ ŝŶ ƚŚĞ
ďĞĂŵͲĂůŝŐŶŵĞŶƚƌŝŶŐ͘dŚĞůŽŶŐĂǆŝƐŽĨƚŚĞĮůŵŝƐƉĂƌĂůůĞů
ƚŽ ƚŚĞ ƉŽƐƚĞƌŝŽƌ ƌŽĚ͘ Note. dŚĞ Įůŵ ƉŽƐŝƟŽŶŝŶŐ ĚĞǀŝĐĞ
ĐĂŶĂůƐŽĂĐĐŽŵŵŽĚĂƚĞĂĚŝŐŝƚĂůƐĞŶƐŽƌ͘

(e) Make the exposure.
(f) Replace the rubber dam frame.

RADIOGRAPHIC TECHNIQUE
FOR POSTERIOR TEETH
1. Assembly of the endodontic film holder
(a) Select an appropriate film holder and posterior rod assembly.
(b) Slide the beam-alignment ring onto the
rod and push it within 2 inches of the
film-holding portion of the instrument
(Fig. A.10). Be sure that the film is centered
in the ring and the long axis of the film is
parallel to the posterior rod (Fig. A.11).
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2. Taking the radiograph
(a) Remove the rubber dam frame.
(b) Insert the assembled instrument and make
sure that the tooth is in the center of the
film and the film is parallel to the long axis
of the tooth (Fig. A.12).
(c) For mandibular radiographs, position the
film between the teeth and the tongue
and make sure that the lower edge of
the film does not impinge on the muscle
attachments in the floor of the mouth.
Care should be taken that the patient
does not displace the film by moving the
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(a)
(a)

(b)

Figure A.15ഩ^ĞŶƐŽƌ ƉůĂƚĞ ƵƐĞĚ ƚŽ ĐĂƉƚƵƌĞ ƚŚĞ ŝŵĂŐĞ͗
;ĂͿ^ĞŶƐŽƌǁŝƚŚĂǁŝƌĞ͘;ďͿtŝƌĞůĞƐƐƐĞŶƐŽƌ͘

(b)

Figure A.1ϰഩŶŐƵůĂƚĞĚ ƌĂĚŝŽŐƌĂƉŚƐ͘ ;^ĞĞ ƚŚĞ ƚĞǆƚ ĨŽƌ
ĚĞƚĂŝůƐ͘Ϳ
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manipulated in different dimensions with the
help of software, which includes enhancement,
contrast, magnification, colorize, and reversing
(Fig. A.16). The image is stored in the computer
for records.
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Appendix

B
Root Canal Configuration
The palest ink is better than the best memory.
—Chinese Proverb

Taďle B.1പRoot Canals and Apical Foramina in Maxillary First Premolars

InǀesƟgator
WŝŶĞĚĂĂŶĚ<ƵƩůĞƌ

One Canal
and One
Foramen (й)

One Canal
and Tǁo
Foramina (й)
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Taďle B.2പRoot Canals and Apical Foramina in Maxillary Second Premolars
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Taďle B.3പRoot Canals and Apical Foramina in Maxillary First Molars: Mesiobuccal Root

InǀesƟgator

One Canal
and One
Foramen (й)

One Canal
and Tǁo
Foramina (й)

Tǁo Canals
and One
Foramen (й)

Tǁo Canals
and Tǁo
Foramina (й)

Weine

48.5

–

37.5

14.0

WŝŶĞĚĂĂŶĚ<ƵƩůĞƌ

39.0

–

12.5

48.5

Pineda

41.0

–

17.0

42.0

Seidberg and colleagues

38.0

–

37.0

25.0

Pomeranz and Fishelberg

72.0

–

17.0

11.0

Vertucci

45.0

–

37.0

18.0

Taďle B.ϰപRoot Canals and Apical Foramina in Maxillary Second Molars: Mesiobuccal Root
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Taďle B.5പRoot Canals and Apical Foramina in Mandibular Incisors

InǀesƟgator

One Canal
and One
Foramen (й)

One Canal
and Tǁo
Foramina (й)

Tǁo Canals
and One
Foramen (й)

Tǁo Canals
and Tǁo
Foramina (й)

Green

80.0

–

7.0

13.0

Rankine-Wilson and Henry

60.0

–

35.0

5.0

Green

79.0

–

17.0

4.0

Madeira and Hetem

88.5

–

11.0

0.5

Benjamin and Dowson

59.0

–

40.0

1.0

Vertucci

92.5

–

5.0

2.5
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