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Preface

Endodontics deals with the diagnosis and treat-
ment of pulpal and periradicular diseases. It is a
discipline that includes different procedures and
as such is based on two inseparable bodies-art
and science. Many advances have been made in
both the scientific and technologic aspects of
endodontics since the publication of the second
edition of this book 6 years ago. Despite these
changes, the basic principles and practice of root
canal therapy-eradication of root canal irritants,
obturation of the root canal system, and preserva-
tion of the natural dentition-remain unchanged.

This edition contains important and signifi-
cant new endodontics information that has been
collected within the last 6 years. The new and up-
dated information in this completely revised edi-
tion is essential for those who elect general prac-
tice and intend to treat uncomplicated cases.
Although many changes have been made in con-
tent, the overall emphasis and organization of
this edition are the same as the first two editions
and are designed for dental students and general
practitioners. We combined the chapters on diag-
nosis and treatment planning and added two new
chapters on endodontic therapeutics and geri-
atric endodontics to reflect changes in practice.
To familiarize our readers with the biology of
pulp and periradicular tissues, which is an essen-
tial part of endodontic practice, we have included
a few chapters that cover embryology, anatomy,
histology, physiology, pharmacology, pathology,
and microbiology.

The chapters remain relatively concise and
contain updated information and references. Sev-
eral color figures have been added to provide bet-
ter visualization for the reader. To integrate the
principles of biology and the practice of endo-
dontics, we invited well-recognized contributing
authors who have direct association with predoc-
toral endodontic education. The contributors
were asked to be precise and up to date and to
provide information that could be presented in a
1-hour lecture or seminar. The intent of our text-
book is to teach predoctoral students and general
practitioners how to diagnose and treat uncom-
plicated endodontic cases. This text is designed to
be neither a cookbook nor a preclinical laboratory
technique manual.

We thank the contributing authors for their
dedication to teaching and for improving the
lives of patients by preserving their natural denti-
tion. We also express appreciation of the staff at
Harcourt, whose collaboration and hard work
helped us to complete this edition. In addition,
we recognize the many colleagues and students
who gave us helpful suggestions and contributed
material to improve the quality of this text, which
has become one of the most popular in our field.
Please keep these suggestions coming. We appre-
ciate the suggestions; they will be incorporated in
our future editions.

RICHARD E. WALTON
MAHMOUD TORABINEJAD
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Scope of Undergraduate Teaching
 in Endodontic Education

he accepted definition of endodontics
is "That branch of dentistry concerned
with the morphology, physiology, and

pathology of the human dental pulp and peri-
radicular tissues. Its study and practice encom-
pass the basic and clinical sciences including
biology of the normal pulp, the etiology, diag-
noses, prevention, and treatment of diseases and
injuries of the pulp and associated periradicular
tissues."'

In addition to these knowledge areas, the grad-
uating dentist must be able to critically evaluate
his or her level of competency as a diagnostician
and clinician. Based on this evaluation, the grad-
uate must recognize the effect of his or her own
limitations in managing patients with conditions
for which he or she possesses less than a compe-
tency level of skill; those patients are referred to
the appropriate specialist for consultation and/or
treatment.

The purpose of this textbook is to supply the
undergraduate dental student with basic knowl-
edge in endodontics. This information is nec-
essary to successfully complete an endodontic
curriculum in preparation for graduation. The
knowledge and skills are needed by the general
practitioner to prevent, diagnose, and treat pulpal
and/or periradicular pathoses and to recognize
other related disorders.

Principles and Practice of Endodontics is based on
the Curriculum Guidelines for Endodontics for pre-
doctoral students. These guidelines were devel-
oped by The American Association of Dental
Schools Section on Endodontics, in response to a
request from the American Dental Association's
Council on Dental Education.2,3

The Guidelines represent a matrix for develop-
ing an undergraduate endodontic curriculum.
They specify that endodontic teaching has a

basis in, and interrelates with, biomedical sci-
ences. In addition, clinical treatment must in-
tegrate closely with other disciplines. This ma-
trix would be universal. A recent survey of
dental schools in North America and Europe
showed consensus of undergraduate teaching in
endodontics.'

Undergraduate Curriculum

As a prerequisite to or in conjunction with endo-
dontic training, the student should have knowledge
of (1) oral anatomy and histology; (2) infection,
inflammation, healing, and repair; (3) microbi-
ology and immunology; (4) pain; (5) radiology;
(6) caries and other pulpal irritants; (7) therapeutic
agents; (8) systemic diseases; (9) medical emergen-
cies; and (10) management of medically compro-
mised patients.

Upon completion of predoctoral instruction,
the graduating dentist must be able to manage
uncomplicated endodontic procedures as a gen-
eral practitioner. In preparation for this, the
core curriculum for undergraduates must include
(1) diagnosis and treatment planning, (2) man-
agement of the vital pulp, (3) uncomplicated root
canal treatment, (4) management of procedural
errors, (5) determination of success or failure,
(6) primary management of trauma, (7) internal
bleaching of discolored teeth, (8) management of
emergencies, and (9) management of uncompli-
cated retreatments.

The graduating dentist should also be famil-
iar with other endodontic procedures, recogniz-
ing their role in the treatment of patients. Most
of these should be referred to the endodontict
for management. These include (1) challenging
diagnoses, (2) complicated root canal treatment,

1
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(3) complicated emergency management, (4) dif-
ficult retreatment, (5) long-term management
of trauma, (6) endodontic-periodontic interre-
lationships, (7) endodontic-orthodontic prob-
lems, (8) open apex management, (9) compli-
cated cracked tooth, (10) endodontic surgery,
and (11) intentional replantation.

The graduate must be able to perform self-
evaluation. This is a critical evaluation of his or
her level of competency diagnostically and tech-
nically. The end result is independent thinking
and action; the ultimate benefit is providing
quality care to the patient.

REFERENCES

1. American Association of Endodontists: Appropriate-
ness of Care and Quality Assurance Guidelines, ed 3,
Chicago, The Association, 1998, p.3.

2. American Association of Dental Schools, Section on
Endodontics: Curriculum Guidelines for Endodontics,

J Dent Educ 50:190, 1986.
3. Curriculum Guidelines for Endodontics, J Dent Educ

57:251, 1993.
4. Qualtrough A, Whitworth J, Dummer P: Preclinical en-

dodontology: an international comparison, IntEndodon
J32:406, 1999.



Biology of the Dental Pulp
and Periradicular Tissues

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Describe the development of pulp from its embryologic stage to its fully developed state.

2 / Describe the process of root development and maturation of the apical foramen.

3 / Recognize the anatomic regions of pulp.

4 / List cell types in pulp and state their function.

5 / Describe the fibrous and nonfibrous components of the extracellular matrix of pulp.

6 / Describe the blood vessels and lymphatics of pulp.

7 / List the neural components of pulp and describe their distribution and function.

8 / Discuss theories of dentin sensitivity.

9 / Describe pathways of efferent nerves from pulp to the central nervous system.

10 / Describe changes in pulp morphology that occur with age.

11 / Describe the structure and function of periradicular tissues.

3
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Embryology of the Dental Pulp

Early Development of Pulp

Root Formation

Formation of Lateral Canals and Apical

Foramen

Formation of Periodontium

Anatomic Regions and Their Clinical

I mportance

Pulp Function

I nduction

Formation

Nutrition

Defense

Sensation

Histology

Cells of the Dental Pulp

Odontoblasts

Preodontoblasts

Fibroblasts

Undifferentiated (Reserve) Cells

Cells of the Immune System

Extracellular Components

Fibers

Ground Substance

Calcifications

Blood Vessels

Afferent Blood Vessels (Arterioles)

Efferent Blood Vessels (Venules)

Vascular Physiology

Lymphatics

I nnervation

Neuroanatomy

Developmental Aspects of Pulp Innervation

Theories of Dentin Hypersensitivity

Age Changes in the Dental Pulp

Morphologic Changes

Physiologic Changes

Periradicular Tissues

Cementum

Cementoenamel Junction

Periodontal Ligament

Alveolar Bone

ental pulp is the soft tissue located in
the center of the tooth. It forms, sup-
ports, and is an integral part of the

dentin that surrounds it. The primary function of
the pulp is formative; it gives rise to odontoblasts
that not only form dentin but interact with dental
epithelium, early in tooth development, to initiate
the formation of enamel. Subsequent to tooth
formation, pulp provides several secondary func-
tions related to tooth sensitivity, hydration, and
defense. Injury to pulp may cause discomfort and
disease. Consequently the health of the pulp is
important to the successful completion of re-
storative and prosthetic dental procedures. In
restorative dentistry, for example, the size and
shape of the pulp must be considered to deter-
mine cavity depth. The size and shape of the pulp,
in turn, may be influenced by the stage of tooth
development (related to patient age). The stage of
tooth development may also influence the type of
the pulp treatment rendered when a pulp injury
occurs. Procedures routinely undertaken on a
fully developed tooth are not always practical for
a tooth that is only partially developed. In such
cases special procedures not often used for the
mature tooth are applied. Because the symptoms
as well as the radiographic and clinical signs of
pulp disease are not always readily differentiated
from the signs and symptoms of other dental and
nondental diseases, a knowledge of the biology of
the pulp also is essential for the development of a
rational treatment plan. For example, the appear-
ance of periodontal lesions of endodontic origin
can be similar to that of lesions induced by pri-
mary disease of periodontium and lesions of non-
dental origin. An inability to recognize this sim-
ilarity may lead to misdiagnosis and incorrect
treatment. Comprehensive descriptions of pulp
embryology, histology, and physiology are avail-
able in several dental texts. This chapter presents
an overview of the biology of the pulp and the
periodontium: development, anatomy, and func-
tion that affect pulp disease as well as periradicu-
lar disease and its related symptoms.

Embryology of the Dental Pulp

EARLY DEVELOPMENT OF PULP

Pulp originates from ectomesenchymal cells (de-
rived from the neural crest) of the dental papilla.
Dental pulp is identified when these cells mature
and dentin has formed. Differentiation of odon-
toblasts from undifferentiated ectomesenchymal
cells is accomplished through an interaction of
cells and signaling molecules mediated through
the basal lamina and the extracellular matrix.'
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The expression of various growth factors from the
cells of the inner enamel membrane initiates the
differentiation process.2 Several cell replications
are required before an odontoblast appears. In
tooth development, only the cells next to basal
lamina replicate fully into odontoblasts. Not fully
replicated daughter cells derived from odonto-
blasts remain in the subodontoblastic region as
preodontoblasts. Under specific circumstances dic-
tated by the environment, these cells can replicate
and form odontoblasts when required.'

Formation of dentin by odontoblasts heralds
the conversion of dental - papilla to dental pulp.
This formation begins with formation of extensive
junctional complexes and gap junctions between
odontoblasts and the deposition of unmineralized
matrix at the cusp tip (Figure 2-1). Deposition pro-
gresses in a cervical (apical) direction in a rhyth-
mic, regular pattern and averages about 4.S um/
day. 4 Crown shape is predetermined by the prolif-
erative pattern of the cells of the inner enamel ep-
ithelium. The first dentin formed is called mantle
dentin. The deposition and size of the collagen
fibers in mantle dentin are different from those for
fibers of the circumpulpal dentin, which forms
after the odontoblast layer is organized and which
represents most of the dentin that is formed. Min-
eralization occurs shortly after matrix has formed.
Normally, 10 to 47um of the dentin matrix imme-
diately adjacent to the odontoblast layer remains
unmineralized and is referred to as predentin. Its
absence may predispose the dentin to internal re-
sorption by odontoblasts.

As crown formation occurs, vascular and sen-
sory neural elements begin migrating into the
pulp in a coronal direction. The ingrowth of
unmyelinated sensory nerves (c fibers) occurs at
about the same time as that of the myelinated
sensory nerves (A8 fibers). Eventually the my-
elinated nerves lose their myelin sheath and ter-
minate in the subodontoblastic region as an
unmyelinated plexus (plexus of Raschkow). This
usually occurs after the tooth has erupted, and
root formation has been completed.' Formation
and mineralization of enamel begins at the cusp
tip shortly after the dentin has formed, a further
expression of epithelial-ectomesenchymal inter-
actions in tooth formation.

ROOT FORMATION

The cells of the inner and outer enamel unite at a
point known as the cervical loop. This delineates
the end of the anatomical crown and the site
where root formation begins. It is initiated by the
apical proliferation of the two epithelial struc-
tures, which combine at the cervical loop to form

a double layer of cells known as Hertwig's epithe-
lial root sheath. The function of the sheath is sim-
ilar to that of the inner enamel epithelium during
crown formation. It provides the stimulus for the
differentiation of odontoblasts, which form the
dentin and the template to which the dentin is
formed (Figure 2-2). Cell proliferation in the root
sheath is genetically determined; its pattern regu-
lates whether the root will be wide or narrow,
straight or curved, long or short, or single or mul-
tiple. Multiple roots result when opposing parts
of the root sheath proliferate horizontally as well
as vertically. As horizontal segments join and con-
tinue to proliferate apically, an additional root or
multiple roots are formed. The pattern of prolif-
eration also determines whether the roots are sep-
arate or joined as can be noted in mandibular mo-
lars and maxillary premolars. Patterns of root
sheath proliferation and progressive differentia-
tion and maturation of odontoblasts are readily
discernible when the developing root end is
viewed microscopically (Figure 2-3).

FIGURE 2-7
Late bell stage of tooth formation with early dentin forma-
tion. dl, Dental lamina; d, newly formed dentin; o, odonto-
blasts, oe, outer enamel epithelium; ie, inner enamel epithe-
li um; cl, cervical loop; dp, dental papilla.
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FIGURE 2-2
Apical region of developing incisor. ers, Epithelium root
sheath; p, pulp; d, dentin; n, nerve; v, venule.

After the first dentin (mantle dentin) has
formed, the underlying basement membrane
breaks up, and the innermost root sheath cells
secrete a hyaline-like material, presumed to be
enameloid, over the newly formed dentin. After
its mineralization this becomes the hyaline layer
ofHopewell-Smith. This helps bind the soon-to-be-
formed cementum to dentin.6 Fragmentation of
Hertwig's epithelial root sheath occurs shortly
afterwards. This allows cells of the surrounding
follicle to migrate and contact the newly formed
dentin surface, where they differentiate into
cementoblasts and initiate acellular cementum
formation. This cementum ultimately serves as
an anchor for the developing principal periodon-
tal fibers (Figure 2-4). In many teeth, cell rem-
nants of the root sheath persist in the periodon-
tium in close proximity to the root after root
development has been completed. These are the
epithelial cell rests of Malassez. Normally function-
less, in the presence of inflammation they can
proliferate and may under certain conditions
give rise to a radicular cyst.'

FIGURE 2-s
Higher-power photomicrograph of Hertwig's epithelial root
sheath (ers) shown in Figure 2-2. New odontoblasts (no) are
differentiating along the pulpal side of the root sheath and
eventually forming dentin (d). Functioning odontoblasts (o)
continue to form dentin after the root sheath begins to break
up (large arrowhead). A venule (v) exits the pulp near the
root sheath.

FORMATION OF LATERAL CANALS

AND APICAL FORAMEN

Lateral Canals

Lateral canals (or, synonymously, accessory
canals) are channels of communication between
pulp and periodontal ligament. They form when a
localized area of root sheath is fragmented before
dentin formation. The result is direct communi-
cation between pulp and lateral periodontal liga-
ment via a channel through the dentin. Lateral
canals also can form when blood vessels, which
normally pass between dental papilla and invest-
ing dental follicle, become entrapped in the pro-
liferating epithelial root sheath. Lateral canals
may be large or small or multiple or singular; they
may occur anywhere along the root but predomi-
nate in the apical third. In molars they may extend
from the pulp chamber to furcation. Lateral canals
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FIGURE 2-4
Higher-power photomicrograph of developing root shows ce-
mentoblasts (c) differentiating and producing cementum on
dentin (d) subsequent to breakup of the epithelium root
sheath. Odontoblasts (o) are forming dentin on the pulpal
side of the dentin.

are clinically significant; like the apical foramen they rep-
resent pathways along which disease in pulp may extend
to periradiculr tissues and occasionally allow disease in
periodontium to extend to pulp.

Apical Foramen

As the epithelial root sheath proliferates, it en-
closes more dental papilla until only a basal (api-
cal) opening remains. This opening is the princi-
pal entrance and exit for pulpal vessels and nerves.
During root formation the apical foramen is usu-
ally located at the end of the anatomic root. How-
ever, by the time tooth development has been
completed, the apical foramen is smaller and
more eccentric. This eccentricity becomes more
pronounced when apical cementum is formed
and changes again with the continued deposition
of cementum associated with coronal wear and
tooth drifting.

There may be one foramen or multiple foramina
at the apex. Multiple foramina occur more often in
multirooted teeth. When more than one foramen is
present, the largest one is referred to as the apical
foramen and the smaller ones as accessory canals
(in combination, the apical delta). The diameter of
the apical foramen in a mature tooth usually
ranges between 0.3 and 0.6 mm. The largest diam-
eters are found on the distal canal of mandibular
molars and the palatal root of maxillary molars.'
Foramen size is unpredictable, however, and can-
not be accurately determined clinically.

FORMATION OF PERIODONTIUM

Tissues of the periodontium, which include the ce-
mentum, periodontal fibers, and the alveolar bone,
arise from ectomesenchyme-derived fibrocellular
tissue that surrounds the developing tooth (den-
tal follicle). After the mantle dentin has formed,
enamel-like proteins are secreted into the space be-
tween the basement membrane and the newly
formed collagen by the root sheath cells. This area
is not mineralized with the mantel dentin but does
mineralize later and to a greater degree to form the
hyalin layer of Hopewell-Smith. After mineralization
has occurred, the root sheath undergoes fragmen-
tation. This fragmentation allows cells from the
follicle to proliferate through the root sheath, dif-
ferentiate into cementoblasts, and produce cemen-
tum over the hyalin layer. Bundles of collagen,
produced by fibroblasts in the central region of
the follicle (Sharpey's fibers), are embedded in the
forming cementum and serve as an anchor for the
soon-to-be-formed principal periodontal fibers.

Concomitantly, cells in the outermost area of
the follicle differentiate into osteoblasts to form
the bundle bone that also will serve as an anchor
for the periodontal fibers. Later periodontal fi-
broblasts produce collagen that links the an-
chored fragments together to form the arrange-
ment of principle periodontal fibers that suspend
the tooth in its socket. Areas of the periodontium
between the principal fibers remain as loose fi-
brous connective tissue through which nerves and
vessels that supply the periodontium pass. Undif-
ferentiated (or partly differentiated) cells are plen-
tiful in the periodontium and possess the ability
to form new cementoblasts, osteoblasts, or fibro-
blasts, in response to specific stimuli. Cementum
formed after the formation of the principle peri-
odontal fibers is of the cellular type and plays a
lesser role in tooth support.

The blood supply to the periodontium is de-
rived from the surrounding bone, gingiva, and
pulpal vessels. It is extensive and supports the
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FIGURE 2-5
Anatomic regions of the root canal system highlighting the
pulp horn(s), pulp chamber, root canal, lateral canal, and
apical foramen. The pulp, which is present in the root canal
system, communicates with the periodontal ligament pri-
marily through the apical foramen and the lateral canal(s).
(Courtesy Orban Collection.)

high level of cellular activity in the area. The pat-
tern of innervation is similar to that of the vascu-
lature. The neural supply consists of small un-
myelinated sensory and autonomic nerves and
larger myelinated sensory nerves. Some of the lat-
ter terminate as unmyelinated neural structures,
which are thought to be nociceptors and mech-
anoreceptors. No proprioceptive properties have
been attributed to these nerves.' °

Anatomic Regions and Their
Clinical Importance

The tooth has two principal anatomic divisions,
root and crown, that join at the cervix (cervical re-
gion). Pulp space is similarly divided into coronal
and radicular regions. In general, the shape and
the size of the tooth surface determine the shape
and the size of the pulp space. Coronal pulp is
subdivided into pulp horn and pulp chamber
(Figure 2-5). Pulp horns extend from the chamber
into the cuspal region. In some teeth, they are ex-
tensive and may be inadvertently exposed during
routine cavity preparation.

FIGURE 2-6
A and B, Radiographic changes noted in the shape of the pulp chamber over time. The posterior bitewing radio-
graphs were taken 15 years apart. The shapes of the root canal systems have been altered as a result of secondary
dentinogenesis and in instances where deep restorations are present, by the deposition of tertiary dentin.
C, Human mandibular molar showing deposition of secondary dentin (so) on the roof and floor of the pulp
chamber; this tends to "flatten" the chamber.
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As will be discussed later in this chapter under
"Age Changes in the Dental Pulp," the pulp space
becomes asymmetrically smaller over time, due to
the continued, albeit slower, production of dentin.
Principally there is a pronounced decrease in the
height of the pulp horn and a reduction in the over-
all size of the pulp chamber. In molars the apical-
occlusal dimension is reduced more than the
mesial-distal dimension. Excessive reduction of the
size of the pulp space is clinically significant and
can lead to difficulties in locating, cleaning, and
shaping the root canal system (Figure 2-6, A to C.

Anatomy of the root canal can vary not only
between tooth types but also within tooth types.
Although at least one canal must be present in
each root, some roots have multiple canals,
some comparable in size and others different.
Understanding and appreciating all aspects of root
canal anatomy are essential prerequisites to root canal
treatment.

Variation in the size and location of the apical
foramen influences the degree to which blood
flow to the pulp may be compromised after a trau-
matic event. In this situation, young, partially devel-
oped teeth have a better prognosis for pulp survival than
teeth with mature roots (Figure 2-7).

Posteruptive deposition of cementum in the
region of the apical foramen creates a disparity
between the radiographic apex and the apical
foramen. It also creates a funnel-shaped opening
to the foramen that is often larger in diameter
than the intraradicular portion of the foramen.
The narrowest portion of the canal has been re-
ferred to as the "constriction." However, a constric-

tion is not clinically evident in all teeth." Cemen-
tum contacts dentin inside the canal coronal to
the cementum surface. That point is the cemento-
dentinal junction (CDJ). The CDJ level varies not
only from tooth to tooth but also within a single
root canal. One study estimated the junction to
be located 0.5 to 0.75 mm coronal to the apical
opening.' Theoretically, that is the point where
the pulp terminates and the periodontal ligament
begins. However, histologically and clinically it is
not always possible to locate that point. Cleaning,
shaping, and obturation of the root canal should
terminate short of the apical foramen and remain
confined to the canal to avoid unnecessary injury
to the periapical tissues. The determination of root
length and the establishment of a working length are es-
sential prerequisites to root canal preparation, for that
reason. The radiograph and electronic apex locators are
helpful in establishing the root length.

Pulp Function

The pulp performs five functions, some formative
and others supportive.

I NDUCTION

Pulp participates in the initiation and develop-
ment of dentin, which, when formed, leads to
the formation of enamel. These events are inter-
dependent in that enamel epithelium induces
the differentiation of odontoblasts, and odon-
toblasts and dentin induce the formation of

FIGURE 2-7
Changes in the anatomy of the tooth
root and pulp space. A, A small crown-
root ratio, thin dentin walls, and di-
vergent shape in the apical third of
the canal are seen. B, Four years later,
a longer root, greater crown-root
ratio, smaller pulp space, and thicker
dentin walls with a convergent shape
are seen.
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enamel. Such epithelial-mesenchymal interactions
are the essence of tooth formation.

FORMATION

Odontoblasts form dentin. These highly special-
ized cells participate in dentin formation in three
ways: (1) by synthesizing and secreting inorganic
matrix; (2) by initially transporting inorganic com-
ponents to newly formed matrix; and (3) by creat-
ing an environment that permits mineralization of
matrix. During early tooth development, primary
dentinogenesis is generally a rapid process. After
tooth maturation, dentin formation continues at
a much slower rate and in a less symmetrical pat-
tern (secondary dentinogenesis). Odontoblasts can
also form a dentin in response to injury, which
may occur in association with caries, trauma, or
restorative procedures. Generally this dentin is less
organized than primary and secondary dentin and
mostly localized to the site of injury. This dentin is
referred to as tertiary dentin. Morphologically ter-
tiary dentin has a variety of appearances. It is also
referred to as reactive, reparative, irritation, or ir-
regular dentin (Figure 2-8).

NUTRITION

Pulp supplies nutrients that are essential for
dentin formation (for example, peritubular den-
tin) and hydration via dentinal tubules.

DEFENSE

As mentioned previously, odontoblasts form den-
tin in response to injury, particularly when the
original dentin thickness has been reduced due
to caries, attrition, trauma, or restorative proce-
dures. Dentin can also be formed at sites where its
continuity has been lost, such as a site of pulp
exposure. This occurs through the induction, dif-
ferentiation, and migration of new odontoblasts
or odontoblast-like cells to the exposure site.1 2,13
However, the structure of dentin produced in re-
sponse to injury such as this may not resemble
that of dentin produced physiologically and
hence may not afford the same degree of protec-
tion to the underlying pulp tissue (Figure 2-9).

Pulp also has the ability to process and identify
foreign substances and to elicit an immune re-
sponse to their presence. This is typical of the
response of the pulp to dentinal caries.

SENSATION

Pulp transmits neural sensations mediated
through enamel or dentin to the higher nerve
centers. These stimuli are usually expressed clin-
ically as pain, although physiologic and psycho-
physiologic studies indicate that pulp can trans-
mit sensations of temperature and touch. 14,15

Pulp also transmits sensations of deep pain,
which may be initiated by disease, principally in-

FIGURE z-s
A, Reactive dentin formation under caries (c). Pulp displays chronic in-
flammation and tertiary dentinogenesis on the inner walls of the pulp
space in the region of the dentinal tubules associated with the base of
the carious lesion. B, Higher-power photomicrograph of tertiary dentin
shown in A. PD, primary dentin; RD1, first period of tertiary dentin for-
mation; CL, calciotraumatic line; RD2, second period of tertiary dentin
formation. Note the progressive irregularities in tubule formation and
changes in the morphology of the odontoblasts (P) in that region.
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flammatory disease. Pulp sensation mediated
through dentin and enamel is usually fast, sharp,
and severe and is transmitted by A5 fibers (my-
elinated fibers). Sensation initiated within the
pulp core and transmitted by the smaller c fibers
is slower, duller, and more diffuse.

Histology

Dentin and pulp are really a tissue complex; there-
fore a discussion of pulp (particularly odonto-
blasts) should include a discussion of dentin
formation and maturation. It should also be re-
membered that their histologic appearance varies
chronologically and in accordance with their ex-
posure to external stimuli. .

Under light microscopy, a young, fully developed
permanent tooth shows certain recognizable as-
pects of pulp architecture. In its outer (peripheral)
regions subjacent to predentin there is the odonto-
blast layer. Internal to this layer is a relatively cell-
free area (the zone of Weil). Internal to the cell-free
zone is a higher concentration of cells (cell-rich
zone). In the center is an area containing mostly
pulp cells and major branches of nerves and blood
vessels referred to as the pulp core (Figure 2-10).

Cells of the Dental Pulp
ODONTOBLASTS

Odonroblasts are the most distinctive cells of
pulp. They form a single layer at its periphery and
they synthesize the matrix, which is mineralized
and becomes dentin. In the coronal part of the
pulp space the odontoblasts are numerous and
relatively large and columnar in shape. They num-
ber between 45,000 and 65,000/mm' in that area.
In the cervical portion and midportion of the root
their numbers are fewer and they are flattened
(squamous) in appearance. Significantly, the mor-
phology of the cell generally reflects its functional
activity, with larger cells having a capacity to syn-
thesize more matrix." Odontoblasts are end cells
and as such do not undergo further cell division
(see "Preodontoblasts"). During their life span,
which could equal the period of pulp vitality, they
go through functional, transitional, and resting
phases, all marked by differences in cell size and
organelle expression.

The odontoblast consists of two major struc-
tural and functional components, the cell body
and the cell process. The cell body lies subjacent to
the unmineralized dentin matrix (predentin). The
cell process extends outwardly through a tubule in
the predentin and dentin. The distance to which

it extends has been debated among anatomists
for years. Some studies have shown that the
process extends only part way through the den-
tin, while others have shown that it extends
through the full thickness of the dentin and ter-
minates at or close to the dentinoenamel junc-
tion (DEJ) or CDJ.17,18 The extent to which the cell
process has been found appears to be influenced
by the method of investigation. Today the issue
remains unresolved; it is likely that there is varia-
tion in its extent.

The cell body is the synthesizing portion of the
cell and contains a basally located nucleus and
an organelle structure in the cytoplasm that is typ-
ical of a secreting cell. During active dentinogene-
sis, endoplasmic reticulum and the Golgi appara-
tus are prominent with numerous mitochondria
and vesicles (Figure 2-11). Cell bodies are joined by
a variety of complex junctions consisting of gap
junctions, tight junctions, and desmosomes whose
locations are variable and determined by function.

FIGURE z-s
Photomicrograph of a mandibular permanent molar that
was mechanically exposed earlier and capped with a paste
of calcium hydroxide and saline. Tertiary (reparative) irregu-
lar dentin (id) at the site of exposure displays irregularities
(arrowheads) that can be traced from surface to pulp. The
clear area at the pulp surface below the irregular dentin is
an artifact.
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FIGURE 2-10

A, Mandibular premolar showing major features of dentin-pulp anatomy. From the periphery inward there is the
mineralized dentin, predentin, odontoblasts, and cell-free and cell-poor zones of the pulp. The central pulp or pulp
core is cellular and contains the major nerves and blood vessels of the pulp. B, Odontoblast-predentin interface
at higher power. Odontoblast cell nuclei (n) are aligned along the predentin. The arrow indicates an odontoblast
process in a tubule in predentin. C, High-power photomicrograph of fibroblasts in the pulp core. At this magnifi-
cation only the nuclei are apparent interspersed between collagen fibers of the extracellular matrix.

The junctions isolate the site where dentin is
formed and regulate the flow of substances into
and out of the area.19 Secretory products of the
odontoblasts are released through the cell mem-
brane at the peripheral end of the cell body and the
basal end of the cell process .2° Initially this in-
cludes organic components of the dentin matrix
and mineralization crystals but subsequent to the
initial mineralization of the dentin only matrix
components are secreted. Odontoblasts are most
active during primary dentinogenesis and during
reparative dentin formation. Activity is substan-
tially reduced during ongoing secondary dentino-
genesis.

PREODONTOBLASTS

New odontoblasts can arise after an injury that re-
sults in a loss of existing odontoblasts. The prob-

ability is that preodontoblasts (cells that have
partly differentiated along the odontoblast line)
do exist and reside in the cell-rich zone. These pre-
cursor cells migrate to, and continue their differ-
entiation at, the site of injury. To date, the specific
circumstances leading to this type of replacement
are unknown, although certain growth factors
such as bone morphogenic protein (BMP) and
transforming growth factor beta in combination
with other tissue components appear to initiate
the change . 21

FIBROBLASTS

Fibroblasts are the most common cell type and
are seen in greatest numbers in the coronal pulp.
They produce and maintain the collagen and
ground substance of the pulp and alter the struc-
ture of the pulp in disease. 12 Like odontoblasts,
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FIGURE 2-11
A, Odontoblast cell body. The nucleus (N) is proximal, and the numerous organelles such as rough endoplasmic reticulum (RER)
and Golgi apparatus (G), which are responsible for synthesis of matrix components, occupy the central-distal regions. B, Pre-
dentin (P) shows the orientation of collagen (C) to the odontoblastic process, which is the secretory organ that extends through
the predentin into the dentin (D). (Courtesy Dr. P. Glick and Dr. D. Rowe.)

the prominence of their cytoplasmic organelles
changes according to their activity. The more ac-
tive the cell, the more prominent the organelles
and other components necessary for synthesis
and secretion. Unlike odontoblasts, however,
these cells do undergo apoptotic cell death and
are replaced when necessary by the maturation of
less differentiated cells.

UNDIFFERENTIATED
(RESERVE) CELLS

These cells represent the cell pool from which
connective tissue cells of the pulp are derived.
These precursor cells are found in the cell-
rich zone and in the pulp core in close asso-
ciation with blood vessels. They appear to be
the first cells to divide after injury.23 They are

reduced in number and this in concert with
an increase in pulp calcification and blood
flow reduces the regenerative capabilities of the
pulp.

CELLS OF THE IMMUNE SYSTEM

Macrophages, T lymphocytes, and dendritic cells
are also normal cellular inhabitants of the pulp.24
Dendritic cells and their processes are found
throughout the odontoblast layer and have a
close association with vascular and neural ele-
ments. These cells are part of the surveillance and
i nitial response system of the pulp. They capture
and present antigens to the resident T cells and
macrophages. Collectively this group of cells
makes up approximately 8% of the cell population
of the pulp.
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Extracellular Components
FIBERS

Type I collagen is the predominant collagen in
dentin whereas both type I and type III collagen
are found within pulp in a ratio of approximately
55:45. 25 Type I collagen is synthesized exclusively
by odontoblasts and incorporated into dentin
matrix, whereas fibroblasts produce both the type
I and type III collagen incorporated into pulp.
Small amounts of type V collagen have also been
found in pulp.26 Fine reticular fibers are also
found, but elastic and oxytalan fibers are not nor-
mally present.

The proportion of collagen types is constant
in the pulp, but with age there is an increase in
the overall collagen content and an increase in
the organization of collagen fibers into collagen
bundles. Normally, the apical portion of pulp
contains more collagen than coronal pulp, facili-
tating pulpectomy with a barbed broach or en-
dodontic file during endodontic treatment.

in the form of a sol-gel that supports the cells
and acts as a medium for transport of nutrients
and metabolites. Alterations in composition of
ground substance caused by age or disease may in-
terfere with normal cell activity and lead to irregu-
larities in cell function and mineral deposition.

CALCIFICATIONS

Pulp stones or denticles were once classified as
true or false depending on the presence or absence
of a tubular structure. However, this classification
has been challenged, and a new nomenclature
based on the genesis of the calcification has been
suggested.27 Pulp stones have also been classified
according to location. Three types of pulp stones
have been described: free stones, which are sur-
rounded by pulp tissue; attached stones, which are
continuous with the dentin; and embedded stones,
which are surrounded entirely by dentin, mostly
of the tertiary type.

GROUND SUBSTANCE

Pulp ground substance is similar to that of other
loose connective tissue. It is composed principally
of glycosaminoglycans, glycoproteins, and water

FIGURE 2-12
Pulp stones in the coronal pulp and linear, or diffuse, calcifi-
cations in the radicular portion. (Courtesy Dr. S. Bernick.)

FIGURE 2-13
Multiple pulp stones (arrows) in the pulp chamber and root
canals of the anterior (A) and posterior (B) teeth of a young
patient.
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Pulp stones may be seen in young and old pa-
tients and may occur in one or several teeth. They
occur in normal pulp as well as in chronically in-
flamed pulp. Contrary to popular opinion, they
are not responsible for painful symptoms, regard-
less of size.

Calcifications may also occur in the form of
diffuse or linear deposits (Figure 2-12). These are
associated with neurovascular bundles in the pulp
core. This type of calcification is seen most often
in the aged or chronically inflamed pulp. Depend-
ing on shape, size, and location, pulp calcifica-
tions may or may not be detected on a dental ra-
diograph (Figure 2-13). Large pulp stones are
clinically significant in that they may block access to
canals or the root apex during root canal treatment.

Blood Vessels

Mature pulp has an extensive and unique vascular
pattern that reflects its unique environment. The
vessel network has been examined using a vari-
ety of techniques including India ink perfusion,
transmission electron microscopy, scanning elec-
tron microscopy, and microradiography.28-31

AFFERENT BLOOD

VESSELS (ARTERIOLES)

One and sometimes two afferent vessels enter the
canal via each apical foramen. These vessels are of
arteriolar diameter and are branches of the infe-
rior alveolar artery, the superior posterior alveolar
artery, or the infraorbital artery, which branch
from the internal maxillary artery.

After the arteriole passes into the canal, there is
a decrease in its smooth muscle coating and a cor-
responding increase in the size of the vessel
lumen. This reduces the rate of blood flow. As the
arterioles course toward the coronal pulp, they
give off smaller branches (metarterioles and pre-
capillaries) throughout the pulp (Figure 2-14).
The most extensive branching occurs in the sub-
odontoblastic layer of the coronal pulp where the
vessels terminate in a capillary bed (Figure 2-15).
The loops of some of these capillaries extend be-
tween odontoblasts and continue as venules. In
addition, 'there is an extensive shunting system
composed of arteriovenous and venovenous anas-
tomoses; these shunts become active after pulp
injury and repair .32 All afferent vessels (except cap-
illaries) and arteriovenous shunts have neuromus-
cular mechanisms to control regional blood flow.
The endothelial cells also respond to a variety of
endogenous and exogenous substances.

EFFERENT BLOOD

VESSELS (VENULES)

Venules constitute the efferent (exit) side of the
pulpal circulation and are slightly larger than the
corresponding arterioles. Venules enlarge as they
merge and advance toward the apical foramen.
After exiting from the foramen, venules coalesce
and drain posteriorly into the maxillary vein
through the pterygoid plexus or anteriorly into
the facial vein.

Efferent vessels are thin-walled and show only
scanty smooth muscle. Because they are not in-
nervated they are largely passive and nonconstric-
tive (Figure 2-16).

FIGURE 2-74
Schematic of the pulpal vasculature. Smooth
muscle cells that surround vessels and
precapillary sphincters selectively control
blood flow. Arteriovenous shunts bypass
capillary beds.
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FIGURE 2-7S
The dense capillary bed in the sub-
odontoblastic region is shown by resin
cast preparation and scanning electron
microscopy. (Courtesy Dr. C. Kockapan.)

VASCULAR PHYSIOLOGY

Normal

The dental pulp is a highly vascularized tissue.
Capillary blood flow in the coronal region is al-
most twice that of the radicular region. Blood
supply is regulated by local factors as well as by
sensory and sympathetic nerves. Smooth muscles
on vessels have both a- and /3-adrenergic recep-
tors; therefore they respond by constricting when
sympathetic nerves are stimulated or when vaso-
constrictors are injected intravascularly.33.34

The presence of cholinergic pulp nerves has
not been confirmed although the presence of va-
soactive intestinal peptide, a neurokinin identi-
fied with cholinergic nerve activity, has been. Nor-
mally the blood flow through the peripheral
capillary bed of a mature tooth is well below max-
imum capacity. Thus the full extent of the sub-
odontoblastic capillary bed is not apparent when
pulp is viewed by standard light microscopy. Cap-
illaries become more apparent when the vascula-
ture is experimentally perfused or when a hyper-
emia occurs.

Pulp tissue pressure has been measured at
6 mm Hg compared with a capillary pressure of
35 mm Hg and a venular pressure of 19 mm Hg.
However, the lack of a reliable and consis-
tent method of recording pulp tissue pressure
makes the accuracy of these measurements
questionable . 35

Pathologic

As with similar types of connective tissue, pulpal
i njury appears to evoke a biphasic vascular re-

sponse. This consists of an initial vasoconstric-
tion followed by vasodilation and increased vas-
cular permeability. This latter phase appears to be
mediated by neuropeptides released from afferent
pain fibers. Localized edema associated with leak-
age from the primary venules then occurs and
raises the local tissue pressure. This, in turn, initi-
ates a regional reduction in blood flow and lymph
drainage that leads to an increase in tissue carbon
dioxide and acidity.36 To compensate, the vascular
flow to the injured area is reduced by a redirection
of blood into arteriovenous shunts and the effer-
ent pulp vessels. This allows for slow resolution of
tissue edema and restoration of a normal flow.32 If
the injury is severe enough, compensation cannot
occur and local ischemia and a progressive exten-
sion of tissue destruction may result.

Recent studies have shown a reciprocal rela-
tionship between the vascular flow and nocicep-
tive nerve activity. 3' An increased rate of flow may
occur during certain stages of inflammation and
contribute to a decrease in the pain threshold of
the larger pulp nerves (A8 fibers) and result in an
increased response to thermal stimuli (hot and
cold). Conversely, the restriction of blood flow can
suppress the activity of the larger (A8) nerves and
again change the nature of the pain experience.

Painful stimuli cause a release of substance P
and calcitonin gene-related peptide from the noci-
ceptive c fibers in the pulp core .38 These peptides
have vasoactive properties that can cause increased
vascular permeability and edema. Because some
teeth share afferent nerve fibers, a painful experi-
ence in one tooth can lead also to vascular changes
in another. This pattern of inflammation is re-
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FIGURE 2-16
A small, thin-walled venule (V) filled
with erythrocytes lies within the cell-
free zone. The peripheral pulp is below,
with odontoblasts (0) and fibroblasts
(F). (Courtesy Dr. T. Cipriano.)

ferred to as neurogenic inflammation and highlights
the interdependence of normal tooth physiology.

LYMPHATICS

The presence of an active lymphatic system in the
dental pulp was once a subject of debate. However,
investigations performed at different times and
with different techniques have confirmed its exis-
tence .39-41 Lymphatic vessels arise as small, blind,
thin-walled vessels in the coronal region. They
pass through its middle and apical regions to exit
as one or two larger vessels through the apical
foramen (Figure 2-17). The lymphatic vessel walls
are composed of an endothelium rich in organelles
and granules. There are discontinuities in the
walls of the vessels similar to those found in capil-
laries. However, unlike the blood vessels, there are
also discontinuities in the subjacent basement
membrane. These openings in the basement mem-
brane and vessel walls permit passage of intersti-
tial tissue fluid and, when necessary, lymphocytes
into the negative-pressure lymph vessel.

The presence of lymphocytes and the absence
of red blood cells in the lumen are characteristic
findings (Figure 2-18). Lymphatics assist in the re-
moval of inflammatory exudates and transudates
as well as irritants such as cellular debris. After ex-
iting from the pulp, some vessels join vessels from
the periodontal ligament; all drain into regional
lymph glands (submental, submandibular, or cer-
vical) before emptying into the subclavian and in-
ternal jugular veins. An understanding of lymphatic
drainage assists in diagnosis of infection of endodontic
origin.

I nnervation

The second and third divisions (V2 and V3) of the
trigeminal nerve provide the principal sensory in-
nervation to the pulp of maxillary and mandibu-
lar teeth, respectively. Mandibular premolars also
can receive sensory branches from the mylohyoid
nerve of V 3 , which is principally a motor nerve.
Branches from this nerve reach the teeth via small
foramina on the lingual aspect of the mandible.
Mandibular molars occasionally receive sensory
innervation from the second and third cervical
spinal nerves (C 2 and C3)." This can create diffi-
culties in anesthetizing these teeth with an infe-
rior dental block injection only.

Cell bodies of trigeminal nerves are located in
the trigeminal ganglion. Dendrites from these
nerves synapse with neurons in the trigeminal nu-
cleus at the base of the brain and upper spinal
chord and then pass on to the higher centers.

Pulp also receives sympathetic (motor) inner-
vation from T1 and to some extent C $ and T2 via
the superior cervical ganglion. These nerves enter
the pulp space alongside the main pulp blood ves-
sels. Other branches from the superior cervical
ganglion supply the periodontium, oral mucosa,
and skin . 43 Activation of these nerves causes vaso-
constriction and reduction of pulpal blood flow.
Without activation there is a passive vasodilation.

NEUROANATOMY

Pulpal and Dentinal Nerves

Sensory nerves supplying the dental pulp are
mixed nerves containing both myelinated and
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FIGURE 2-77
Lymph drainage (black vessels) is depicted in immature den-
tal pulp. Note the confluence with periodontal lymphatics.
(Courtesy Dr. A. Goerig.)

FIGURE 2-78
Lymphatic vessel in pulp (1) associated with an arteriole (a)
and a venule (v). (Courtesy Dr. S. Bernick.)

unmyelinated axons (Figure 2-19). Myelinated
axons are classified according to diameter and con-
duction velocity. Among these the A8 axons (diam-
eter 1 to 6 um), which are slow-conducting myeli-
nated nerves, are the most numerous. A small
percentage of the myelinated axons (1% to 5%) are
faster-conducting A beta axons (diameter 6 to 12 um).
The A beta group can be touch or pressure sensitive.
Myelinated sensory nerves give off an increasing
number of branches as they ascend coronally. Ulti-
mately they lose their myelin sheath and terminate
as small unmyelinated branches either below the
odontoblasts, around the odontoblasts, or along-
side the odontoblast process in the dentinal tubule
(Figure 2-20). There they form a syncytium of
nerves called the subodontoblastic plexus of
Raschkow (Figure 2-21). Stimulation of these fibers
results in a fast, sharp pain that is relatively well lo-
calized. This plexus is best visualized histologically
by the use of special staining methods.44 The nerves
that enter the dentinal tubules do not synapse with
the process but remain in close proximity with it

for only part of its length. Approximately 27% of
the tubules in the area of the pulp horn a of a
young, mature tooth contain an intratubular
nerve. These nerves occur less often in the middle
(11%) and cervical portions (8%) of the crown and
not at all in the root. Their incidence is higher in
predentin than in mineralized dentin."

Nonmyelinated nociceptive axons, or c fibers
(diameter < 1 um), are the most numerous and
are found chiefly in the pulp core. Their conduc-
tion velocity is slower than the A8 fibers, and stim-
ulation of these fibers produces pain that is slower
in onset and dull and diffuse in nature.

DEVELOPMENTAL ASPECTS

OF PULP INNERVATION

The types and relative number of nerves depend
on the state of tooth maturity.5.46 Myelinated
nerves enter the pulp about the same time as un-
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FIGURE 2-19
Pulp nerves in region of the pulp core. A group of unmy-
elinated (UNA) and myelinated (MNA) nerve axons are
shown in cross section. A Schwann cell (SC) associated with
one of the myelinated axons is evident. Nerves are sur-
rounded by collagen fibers (CO).

myelinated nerves but, in most instances, do not
form the subodontoblastic plexus until some
time after tooth eruption has occurred. Because
normal responses to various pulp-testing modali-
ties depend on a fully developed and functional
subodontoblastic plexus of nerves, significant var-
iations in responses of partially developed teeth to
such testing modalities can occur. This undermines
the value of stimulatory tests for determining pulp status
in young patients particularly after trauma."

Intratubular nerves as well as the overall num-
ber of pulpal nerves diminish with chronologic
(55+ years) and physiologic tooth aging. The sig-
nificance of this reduction in terms of pulp response to
testing is undetermined.

Pathways of Transmission from Pulp
to Central Nervous System

Mechanical, thermal, and chemical stimuli initiate
an impulse that travels along the pulpal axons in
the maxillary (V2) or mandibular (W) branches of
the trigeminal nerve to the trigeminal (Gasserian)

FIGURE 2-20
A, Silver-stained section of pulp in a young human molar
demonstrates arborization of nerves in the subodontoblastic
region and a nerve (arrow) passing between odontoblasts
i nto the predentin area. (Courtesy Dr. S. Bernick.) B, Trans-
mission electron micrograph demonstrates an unmyelinated
nerve axon (arrow) alongside the odontoblast process in the
dentin tubule at the level of the predentin. (Courtesy
Dr. G. R. Holland.)

ganglion, which contains the cell body of the neu-
ron. Dendrites from the ganglion then pass cen-
trally and synapse with second-level neurons in the
trigeminal nuclear complex located at the base of
the medulla and the upper end of the spinal cord.
Most of the painful stimuli that originate in the
dental pulp are conducted along axons that
synapse with neurons in the spinal portion of the
complex most notably, the subnucleus caudalis.
Other stimuli travel along axons that synapse with
neurons that are located in other spinal nuclei
(oralis and interoralis) and in the main sensory nu-
cleus located in the base of the brain.

Some neurons in the trigeminal nuclear com-
plex receive only nociceptive impulses; these are
know as nociceptive specific neurons; others,
known as wide dynamic range neurons, receive
both nociceptive and tactile input. Several periph-
eral axons may converge on a single secondary
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FIGURE 2-21
Silver-stained section of pulp in a young human molar. Large
nerve bundles can be identified in the pulp core. These branch

and form the subodontoblastic plexus (plexus of Raschkow),
i dentified by arrows in the cell-free zone. (Courtesy Dr. S.
Bernick.)

histamine, acetylcholine, or potassium chloride to
the dentin surface fails to produce pain. Further-
more, when pain exists, application of local anes-
thetic to dentin gives no relief.

Because of variations in the response of dentin
to normal sensory stimuli, the mechanism re-
sponsible for its sensitivity is unknown. Several
theories have been proposed. Each theory has
shortcomings, which supports the premise that
more than one mechanism may be responsible.
The three mechanisms that have been considered
are (1) direct innervation of dentin, (2) odontoblasts as
receptors, and (3) hydrodynamic theory (Figure 2-22).

Direct Innervation

Nerves are present in dentin. However, these
nerves are present only in the predentin and the
inner third of the mineralized dentin. They are
not present in the outer third, at the DEJ or the
DCJ, which appear to be highly sensitive areas.
Furthermore, unlike other innervated sites, when
pain-producing and pain-relieving substances are
applied to dentin they fail to elicit an action po-
tential (nerve response). The consensus, therefore,
is that although nerves of trigeminal origin are
found in dentin, direct stimulation of these
nerves is unlikely to be the principal mechanism
involved in dentin sensitivity.

Odontoblasts as Receptors

neuron, bringing input from several peripheral
areas to one second-level site.48 Information into
and out of that neuron is determined by the in-
teraction of stimuli conducted along larger and
smaller fibers and the modulating effect of de-
scending input from higher centers of the brain.
This can markedly influence the pain experience
in terms of intensity and localization.49 Informa-
tion recorded at the second-level site then travels
to reflex centers and to the opposite side of the
brain where it is carried via the trigeminothalamic
tract to the thalamus and the cortex. Pain can be
modified by psychologic as well as neurologic factors; the
complexity of all the combinations possible makes the ex-
perience distinctive to each individual.

This theory was initially considered when it was
discovered that odontoblasts were of neural crest
origin and that staining of odontoblasts for
acetylcholine was positive. However, later research
showed that the odontoblast process extended
only part way through dentin and that the mem-
brane potential of the odontoblast was too low to
permit transduction. The theory, however, did re-
gain some credibility when it was discovered that
in some teeth the process did extend through the
full thickness of dentin and that gap junctions
(which permit electronic coupling) did exist be-
tween odontoblasts and possibly between odon-
toblasts and nerves.'° Currently, there is little sup-
port for the transduction theory.

THEORIES OF DENTIN

HYPERSENSITIVITY

Pain elicited by scraping or cutting of dentin or by
application of cold or hypertonic solutions gives
the impression that there may be a nerve pathway
from the central nervous system to the DEJ.
However, no direct pathway has been identified;
application of pain-producing substances such as

Hydrodynamic Theory

The hydrodynamic theory, as originally proposed
by Brannstrom and Astrom," satisfies most of
the experimental and morphologic data associ-
ated with dentin sensitivity. The theory postu-
lates that rapid movement of fluid in the dentinal
tubules (inward or outward) results in distortion
of nerve endings in the subodontoblastic nerve
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FIGURE z-22
Schematic drawing of theoretic
mechanisms of dentin sensitivity.
A, Classic theory (direct stimulation
of nerve fibers in the dentin). B,
Odontoblasts as a mediator be-
tween the stimuli and the nerve
fibers. C, Fluid movement as pro-
posed in hydrodynamic theory.
( Modified from Torneck CD: Dentin-
pulp complex. In Ten Cate AR, edi-
tor, Oral histology, ed 4, St Louis,
1994, Mosby.)

plexus (plexus of Raschkow) that generates an
neural impulse and a sensation of pain. When
dentin is cut, or when hypertonic solutions are
placed on a cut dentin surface, fluid moves out-
ward and pain is initiated. Procedures that block
tubules (such as applying resin to the dentin sur-
face or the buildup of crystals within the tubule
lumen appear to interrupt fluid flow and reduce
sensitivity.52

In intact teeth the application of hot and cold
to the tooth surface produces different contrac-
tion rates in dentin and dentinal fluid; this results
in fluid movement and initiation of pain. This re-
sponse is exaggerated when dentin is exposed.

The hydrodynamic theory has been accepted
but not without obvious criticism. It requires
the presence of a subodontoblastic nerve plexus,
yet dentin hypersensitivity occurs in teeth with
a severely damaged pulp. The "fluid" in the
tubules of intact dentin may be a relatively dense
hydrogel with little hydraulic conductivity rather
than simple tissue fluid as first proposed by
Brannstrom. Finally sensitivity produced by ap-
plication of hot and cold can be explained by the
presence of pulp thermoreceptors and by the hy-
drodynamic theory.

Age Changes in the Dental Pulp

Pulp, like other connective tissues, undergoes
changes with time. Some of these changes are nat-
ural (chronologic), whereas others may be a result
of injury (pathophysiologic) such as caries, peri-
odontal disease, trauma, or restorative dental pro-
cedures. Regardless of the cause, changes in pulp
appearance (morphologic changes) and in pulp
function (physiologic changes) do occur.

MORPHOLOGIC CHANGES

The most obvious morphologic change seen in
chronologic aging of the pulp is a progressive re-
duction in the volume of cellular elements in the
pulp space. This occurs as a result of continued de-
position of dentin (secondary and tertiary dentino-
genesis) and pulp stone formation. Secondary
dentin formation is asymmetrical. In the pulp
chamber of molars, for example, there is greater de-
position on the roof and floor than on the proxi-
mal, facial, and lingual (palatal walls). Root canals
also become smaller and threadlike in size. Pulp
stone formation reduces the space further and re-
stricts access to the apical foramen. Contrary to
popular belief, no correlation has been established
between pulp stones and dental pain. Pulp volume
may also be disproportionately reduced by the de-
position of irregular (reparative) dentin in re-
sponse to odontoblast injury. While the radio-
graphic image of teeth affected by injury may show
absence of a pulp space, histologic examination of
these teeth often reveals one to be present.53

Aging also results in a reduction in number of
pulp cells. Between the ages of 20 and 70, cell den-
sity decreases by approximately SO%. This reduc-
tion affects all cells, from the highly differentiated
odontoblast to the undifferentiated reserve cell.
In addition, reduced formative activity leads to a
reduction in the size and synthesizing capacity of
odontoblasts.

The number of nerves and blood vessels is also
decreased. Furthermore blood vessels often dis-
play arteriosclerotic changes, and an increased in-
cidence of calcification in the collagen bundles
that surround the larger vessels and nerves. The
decrease in sensory innervation may be partially respon-
sible for a deceased responsiveness to pulp testing in
older patients.
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PHYSIOLOGIC CHANGES

Aging of the pulp-dentin complex results in a de-
crease in dentin permeability through a progres-
sive reduction in tubule diameter (dentin scle-
rosis) and through a decrease in tubule patency
(dead tract formation). This provides a more pro-
tected environment for the pulp and may dimin-
ish the injurious effect of conditions such as
caries, attrition, and periodontal disease.

junction protects the underlying periodontium
from potential irritants in the oral cavity.

The pulp and the periodontium form a contin-
uum at sites along the root where blood vessels
enter and exit the pulp such as the apical foramen
and lateral and accessory canals (Figure 2-24). At
times it is difficult to determine where the pulp
ends and the periodontium begins.

CEMENTUM

Periradicular Tissues
The periodontium, the tissues surrounding and
investing the root of the tooth consists of the ce-
mentum, periodontal ligament, and alveolar bone
(Figure 2-23). These tissues originate from the
dental follicle that surrounds the enamel organ;
their formation is initiated when root develop-
ment begins. After the tooth has erupted, the cer-
vical portion of the tooth is in contact with the
epithelium of the gingiva, which in combination
with reduced dental epithelium on the enamel
forms the dentogingival junction. When intact, this

Cementum is a bone-like tissue that covers the
root and provides attachment for the principal
periodontal fibers. Several types of cementum
have been identified.

1. Primary acellular intrinsic fiber cementum. This
is the first cementum formed, and it is pres-
ent before principle periodontal fibers are
fully formed. It extends from the cervical
margin to the cervical third of the tooth in
some teeth and around the entire root in
others (incisors and cuspids). It is more min-
eralized on the surface than near the dentin
and it contains collagen produced initially by
cementoblasts and later by the fibroblasts.

FIGURE 2-23
Maxillary root surrounded by periodontal ligament (pl) and
alveolar bone proper (ab). Periodontal fibers are inserted into
cementum (c) on the tooth and into alveolar bone.

FIGURE 2-24
Apical region of maxillary incisor showing apical foramen.
t, Transitional tissue between periodontal ligament and pulp;
o, odontoblasts; bv, blood vessel.
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2. Primary acellular extrinsic fiber cementum. This
is cementum that continues to be formed
about the primary periodontal fibers after
they have been incorporated into primary
acellular intrinsic fiber cementum.

3. Secondary cellular intrinsic fiber cementum.
This cementum is bone-like in appearance
and only plays a minor role in fiber attach-
ment. It occurs most often in the apical part
of the root of premolars and molars.

4. Secondary cellular mixed fiber cementum. This
is an adaptive type of cellular cementum
that incorporates periodontal fibers as they
continue to develop. It is variable in its dis-
tribution and extent and can be recognized
by the inclusion of cementocytes, its lami-
nated appearance, and the presence of ce-
mentoid on its surface.

5. Acellular afibrillar cementum. This is the ce-
mentum seen on enamel, which plays no
role in fiber attachment.

Although sometimes cellular, cementum is not
vascularized and appears to resist resorption
more than bone. Cementum formation is a con-
tinuing process and is influenced by changes in
tooth position and function.

As mentioned earlier in this chapter the junc-
tion between the cementum and the dentin (ce-
mentodentinal junction) is ill defined and not uni-
form throughout its circumference. Despite this
the CDJ is often cited as the point at which root
canal procedures should terminate especially
when the status of the periodontium is normal.
Although many practitioners debate the probabilities and
practicalities of achieving this goal, most agree that it is
essential to measure canal length accurately and to re-
strict all procedures to the determined canal length.

Despite the relative resistance of cementum, in-
flammatory lesions in the periodontal ligament and
surrounding bone can cause cementum resorption.
If inflammation is eliminated, however, resorption
sites generally undergo repair and the integrity of
the periodontium is restored. Mechanical pressure
such as orthodontic movement can cause cemen-
tum resorption. This is a noninflammatory type of
resorption and also can undergo repair after pres-
sures have returned to physiologic levels. Occasion-
ally cementum undergoes resorption without an
identifiable cause. This is referred to as idiopathic
resorption. This resorption can be self-limiting or it
may progress and lead to loss of dentin.

CEMENTOENAMEL JUNCTION

It was once thought that the junction between
enamel and cementum occurred in one of three
patterns at the cervical part of the tooth: (1) butt

junction, (2) gap between the two, and (3) overlap
of cementum on enamel. Recent studies however,
have shown that all three appear to occur at dif-
ferent sites along the CEJ when the circumference
of the junction is examined.53 It is possible that a sig-
nificant discrepancy between cementum and enamel at
the CEJ can lead to an increased risk ofdentin sensitivity.

PERIODONTAL LIGAMENT

Periodontal ligament (PDL), like dental pulp, is a
specialized connective tissue. Its function relates in
part to the presence of specially arranged bundles of
collagen fibers that support the tooth in the socket
and absorb the forces of occlusion from being
transmitted to the surrounding bone. The PDL
space is small, varying from an average of 0.21 mm
in young teeth to US mm in older teeth. 48 Its uni-
formity (as visualized in a radiograph) is one of the
criteria used to determine its health.

Lining the periodontal space are cementoblasts
and osteoblasts. Interwoven between the principal
periodontal fibers is a loose connective tissue that
contains fibroblasts, reserve cells, macrophages,
osteoblasts, blood vessels, nerves, and lymphatics.
Epithelial cell rests of Malassez are also present
(Figure 2-2S). As already noted, these cells are of
no known significance in the healthy periodon-
tium but can, during inflammatory states, prolif-
erate and give rise to cyst formation.

The vasculature of the periodontium is exten-
sive and complex. Arterioles that supply the PDL
arise from the superior and inferior alveolar
branches of the maxillary artery in the cancellous
bone. These arterioles pass through small open-
ings in the alveolar bone of the socket, at times
accompanied by nerves, and extend upward and
downward throughout the periodontal space.
They are more prevalent in posterior than ante-
rior teeth. Other vessels arise from the gingiva or
from dental vessels that supply the pulp; these lat-
ter vessels branch and extend upward into the
periodontal space before the pulpal vessels pass
through the apical foramen. The degree of collat-
eral blood supply to the PDL and the depth of its
cell resources impart an excellent potential for its
repair subsequent to injury, a potential that is re-
tained for life in the absence of systemic or pro-
longed local disease.

The periodontium receives autonomic and
sensory innervation. Autonomic nerves are sym-
pathetic nerves that arise from the superior cervi-
cal ganglion and terminate in the smooth muscle
of the periodontal arterioles. Activation of the
sympathetic fibers induces constriction of the ves-
sels. As in the pulp, there is no convincing evi-
dence that a parasympathetic nerve supply exists.
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FIGURE 2-25
Epithelial cell rests of Malassez (arrows), in the periodontal
space at the level of mid root. pdl, Periodontal ligament,
c, cementum.

Sensory nerves that supply the periodontium
arise from the second and third divisions (V2 and
V3) of the trigeminal nerve. They are principally
mixed nerves of large and small diameter. Large
fibers are A beta fibers, whereas small fibers are A5
fibers and unmyelinated C fibers. Small fibers
terminate as free endings and mediate pain sensa-
tion. Large fibers are mechanoreceptors and ter-
minate in special endings throughout the liga-
ment but are in greatest concentration in the
apical third of the periodontal space.54 These are
highly sensitive and record pressures in the liga-
ment associated with micro and macro tooth
movements.55 The ability of patients to identify
inflammation in the periodontium is a learned ex-
perience not a physiologic one.

FIGURE 2-26
Mandibular anterior teeth with normal, uniform periodontal

ligament space and identifiable lamina dura (arrows). This
usually, but not always, indicates the absence of periradicu-
l ar inflammation.

accommodate vessels, nerves, and investing con-
nective tissues that pass from the cancellous por-
tion of the alveolar process to the periodontal
space. Despite these perforations alveolar bone
proper is denser than the surrounding cancellous
bone and has a distinct opaque appearance when
imaged in a dental radiograph. On the radio-
graph, alveolar bone proper is referred to as lam-
ina dura (Figure 2-26). Its presence is equated
with periodontal health and its absence (attenua-
tion) with disease. However, radiographic changes
associated with periradicular inflammatory dis-
ease usually follow, rather than accompany the
disease. The lesion is usually present before it is
visible radiographically. Significant bone loss is
necessary before a radiographic image is seen.

Alveolar bone proper is principally lamellar bone
that continually adapts to the stress of tooth move-
ments. Because pressures are not constant, bone is
constantly remodeling (bone resorption and appo-
sition). Current concepts of host response to periodontal
infections identify an alteration in this bone remodeling
as the principal cause of the associated bone loss. 56

ALVEOLAR BONE

The bone of the jaws is referred to as the alveolar
process. Bone that lines the socket and into which
the principle periodontal fibers are anchored is
referred to as alveolar bone proper (bundle bone,
cribriform plate). Alveolar bone is perforated to
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I rritants
Irritation of pulpal or periradicular tissues results
in inflammation. The major irritants of these tis-
sues can be divided into living and nonliving irri-
tants. The living irritants are various microorgan-
isms and viruses. The nonliving irritants include
mechanical, thermal, and chemical irritants.

MICROBIAL IRRITANTS

Microorganisms present in the dental caries are the
main sources of irritation of the dental pulp and
periradicular tissues. Carious dentin and enamel
contain numerous species of bacteria such as Strep-
tococcus mutans, lactobacilli, and Actinomyces.' The
population of microorganisms decreases to few or
none in the deepest layers of carious dentin! How-
ever, direct pulp exposure to microorganisms is not
a prerequisite for pulpal response and inflamma-
tion. Microorganisms in caries produce toxins that
penetrate to the pulp through tubules. Studies
have shown that even small lesions in enamel are
capable of attracting inflammatory cells in the
pulp.3,4 As a result of the presence of microorgan-
isms and their by-products in dentin, pulp is infil-
trated locally (at the base of tubules involved in
caries) primarily by chronic inflammatory cells
such as macrophages, lymphocytes, and plasma
cells. As the decay progresses toward the pulp, the
intensity and character of the infiltrate change.

When actual exposure occurs, the pulp tissue is
infiltrated locally by polymorphonuclear (PMN)
leukocytes to form an area of liquefaction necro-
sis at the site of exposure (Figure 3-1).s After pulp
exposure, bacteria colonize and persist at the site
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FIGURE 3-1
A localized inflammatory reaction containing mainly poly-
morphonuclear leukocytes (arrow) at the site of a carious
pulpal exposure (CE). The remainder of the coronal pulp is
almost free of inflammatory cells. (Courtesy Dr. 1H Simon.)



of necrosis. Pulpal tissue may stay inflamed for a
long period of time and may undergo necrosis
eventually or become necrotic quickly. This de-
pends on several factors: (1) the virulence of bac-
teria, (2) the ability to release inflammatory fluids
to avoid a marked increase in intrapulpal pres-
sure, (3) host resistance, (4) amount of circula-
tion, and (5) most important, lymph drainage.
Yamasaki et al.6 created pulpal exposure in rats
and showed that necrosis extended gradually from
the upper portion of pulp to the apex. A periapical
lesion ensued after pulpal inflammation and
necrosis. The lesions extended first horizontally
and then vertically before their expansion ceased.

As a consequence of exposure to the oral cavity
and to caries, pulp harbors bacteria and their
byproducts. Pulp usually cannot eliminate these
damaging irritants. At best, defenses temporarily
halt or slow the spread of infection and tissue de-
struction. Sooner or later the damage will become
extensive and will spread throughout the pulp.
Then, bacteria or their by-products and other irri-
tants from necrotic pulp will diffuse from the
canal periapically, resulting in development of se-
vere inflammatory lesions (Figure 3-2).

Bacteria play an important role in the patho-
genesis of pulp and periradicular pathoses. A num-
ber of investigations have established that pulpal
and/or periradicular pathosis does not develop
without the presence of bacterial contamination.7-10
Kakehashi et al.' created pulpal exposures in con-
ventional and gnotobiotic (germ-free) rats. This
procedure in the germ-free rats caused only mini-
mal inflammation throughout the 72-day investi-
gation. Pulpal tissue in these animals was not com-
pletely devitalized but rather showed calcific bridge
formation by day 14, with normal tissue apical to
the dentin bridge (Figure 3-3, A). In contrast, au-
toinfection, pulpal necrosis, and abscess formation
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occurred by the eighth day in conventional rats
(Figure 3-3, B).

Other investigators have examined the impor-
tance of bacteria in the development of periradicu-
lar lesions by sealing noninfected and infected

FIGURE 3-2
Egress of irritants (closed arrow) from the root canal into
the periapical tissue causes inflammation (open arrow)
and replacement of normal periradicular structures with a
granulomatous tissue.

FIGURE 3-3
A, No inflammation is seen in an exposed pulp (P) of a germ-free rat. Food particles and other debris (D) are
packed into the chamber. B, Pedradicular lesion is apparent in a conventional rat after pulp exposure. (Courtesy
Dr. H. Stanley.)
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pulps in canals of monkeys.8 After 6 to 7 months,
clinical, radiographic, and histologic examination
of teeth sealed with noninfected pulps showed an
absence of pathosis in periradicular tissues, whereas
teeth sealed with necrotic pulps containing certain
bacteria showed periapical inflammation. The bac-
teriological investigations by Bergenholtz 9 and
Sundgvist10 examining the flora of human necrotic
pulps support the findings of Kakehashi et al . 7 as
well as those of Moller and Fabricius.8 These stud-
ies examined previously traumatized teeth with
necrotic pulps with and without periradicular
pathosis. Canals in teeth without apical lesions
were aseptic, whereas those with periapical patho-
sis had positive bacterial cultures.

Examination of the amount of microbial in-
oculum had demonstrated that higher levels of
contamination led to greater inflammatory re-
sponses." In contrast, lower levels of contamina-
tion led to milder responses and a tendency for
healing and repair of pulpal and/or periapical tis-
sues. A further relationship between the presence
of bacteria and inflammatory reactions became
apparent when bacteria were placed in cavities
prepared in the dentin." This experiment showed
that bacterial compounds can permeate through
the dentin and cause pulpal inflammation with-
out direct pulpal exposure.

MECHANICAL IRRITANTS

In addition to bacterial irritation, pulp or peri-
radicular tissues can also be irritated mechani-
cally. Deep cavity preparations, removal of tooth
structure without proper cooling, impact trauma,
occlusal trauma, deep periodontal curettage, and
orthodontic movement of teeth are the main ther-

mal and physical irritants of the pulp tissue. If
proper precautions are not taken, cavity or crown
preparations damage subjacent odontoblasts
(Figure 3-4). The number of tubules per unit sur-
face area and their diameter increase closer to the
pulp. As a result, dentinal permeability is greater
closer to pulp than near the dentinoenamel junc-
tion or cementodentinal junction.13,14 Therefore
the potential for pulp irritation increases as more
dentin is removed (i.e., as cavity preparation deep-
ens). Pulp damage is roughly proportional to the
amount of tooth structure removed as well as to
the depth of removal.15 Also, operative procedures
without water coolant cause more irritation than
those performed under water spray." Reactions
and vascular changes occurring in experimentally
induced acute and chronic pulpitis demonstrated
increased permeability and dilation of blood ves-
sels in the early stages of pulpitis.17

Impact injury with or without crown or root
fractures may cause pulpal damage (see Chapter
25). The severity of trauma and degree of apical
closure are important factors in recovery of the
pulp. Teeth undergoing mild to moderate trauma
and those with immature apexes have a better
chance of pulpal survival than those suffering se-
vere injury or those with closed apexes.

Application of forces beyond the physiologic
tolerance of the periodontal ligament during or-
thodontics results in disturbance of the blood
and nerve supply of pulp tissue." ," The resulting
changes include atrophy of cells and alteration of
nerve axons. In addition, orthodontic movement
may initiate resorption of the apex, usually with-
out a change in vitality. Deep scaling and curet-
tage may injure apical vessels and nerves, result-
ing in pulpal damage (see Chapter 26).

FIGURE 3-4
Crown preparation through enamel and

i nto 1 mm of dentin resulted in aspira-
tion of odontoblasts (arrows) into the
tubules and infiltration of the pulp by
PM N leukocytes and lymphocytes. The
specimen was taken 48 hours after
crown preparation.
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The periradicular tissue can be mechanically ir-
ritated and inflamed by impact trauma, hyperoc-
clusion, endodontic procedures and accidents,
pulp extirpation, overinstrumentation, perfora-
tion of the root, and overextension of the filling
materials. Mechanical irritation by instruments
may occur during canal preparation. Inaccurate
determination of canal length is usually the cause
of overinstrumentation and inflammation. In ad-
dition, lack of an apical stop after cleaning and
shaping can cause overextension of filling materi-
als into the periapex, resulting in physical and
chemical damage (Figure 3-5).

CHEMICAL IRRITANTS

Chemical irritants of the pulp include various
dentin cleansing, sterilizing, and desensitizing
substances as well as some of the substances pre-
sent in temporary and permanent filling materials
and cavity liners. Antibacterial agents such as sil-
ver nitrate, phenol with and without camphor,
and eugenol were used in an attempt to "sterilize"
the dentin after cavity preparations. However,
their effectiveness as dentin sterilizers is question-
able, and their cytotoxicity can cause inflamma-
tory changes in underlying dental pulp.20 Other
irritating agents include cavity cleansers such as
alcohol, chloroform, hydrogen peroxide, and vari-
ous acids, chemicals present in desensitizers, cav-
ity liners and bases, as well as temporary and per-
manent filling materials.

FIGURE 3-5
I mproper instrumentation and extrusion of filling materials
i nto the periapical tissues cause periradicular inflammation
(arrows).

Antibacterial irrigants used during cleaning and
shaping of root canals, intracanal medications, and
some compounds present in obturating materials
are examples of potential chemical irritants of peri-
radicular tissues. Most irrigants and medicaments
are toxic and are not biocompatible.21,22

Pulpal Pathosis
Apart from anatomic configuration and diversity
of inflicted irritants, pulp reacts to these irritants
as do other connective tissues. Pulpal injury re-
sults in cell death and inflammation. The degree
of inflammation is proportional to the intensity
and severity of tissue damage. Slight injuries, such
as incipient caries or shallow cavity preparations,
cause little or no inflammation in the pulp. In
contrast, deep caries, extensive operative proce-
dures, or persistent irritation usually produce
more severe inflammatory changes. Depending
on the severity and duration of the insult and the
host response, the pulpal response ranges from
transient inflammation (reversible pulpitis) to ir-
reversible pulpitis and then to total necrosis.
These changes often occur without pain and
without the knowledge of patient or dentist.

I NFLAMMATORY PROCESS

Irritation of the dental pulp results in activation
of a variety of biologic systems such as nonspecific
inflammatory reactions mediated by histamine,
bradykinin, and arachidonic acid metabolites.23
Also released are PMN lysosomal granule prod-
ucts (elastase, cathepsin G, and lactoferrin)," pro-
tease inhibitors such as antitrypsin," and neu-
ropeptides such as calcitonin gene-related peptide
( CGRP) and substance P (SP)."

Unlike connective tissues in other parts of the
body, normal and healthy dental pulps lack mast
cells. However, these cells are found in inflamed
pulp (Figure 3-6). 27 Mast cells contain histamine,
leukotrienes, and platelet-activating factors.
Physical injury to mast cells or bridging of two
IgE molecules by an antigen on their cell surfaces
results in the release of histamine and other
bioactive substances present in mast cell gran-
ules. The presence of histamine in the blood
vessel walls and a marked increase in histamine
levels indicate the importance of histamine in
pulpal inflammation.28

Kinins, which produce many signs and symp-
toms of acute inflammation, are produced when
plasma or tissue kallikreins contact kininogens.
Bradykinin, SP, and neurokinin A have been identi-
fied in dental pulp tissue using high-performance
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FIGURE 3-6
Mast cells are readily visible as dark-stained cells in this in-
flamed human dental pulp.

FIGURE 3-7
Numerous plasma cells stain positively for IgG in inflamed
human dental pulp, indicating immunologic activity.

liquid chromatography.29 A recent in vitro study
showed that bradykinin evokes immunoreactive
CGRP released from bovine dental pulp, which is
also positively enhanced by prostaglandin E2.3° As a
result of cellular damage, phospholipase A Z causes
release of arachidonic acid from cell membranes.
Metabolism of arachidonic acid results in forma-
tion of various Prostaglandins, thromboxanes, and
leukotrienes. Various arachidonic acid metabolites
have been found in experimentally induced pulpi-
tis. 31 The presence of these metabolites in inflamed
pulps32 ,33 indicates that arachidonic acid metabo-
lites participate in inflammatory reactions of the
dental pulp.

The dental pulp is densely innervated with sen-
sory fibers containing immunomodulatory neu-
ropeptides such as SP and CGRP. Denervation of
the rat molar pulp, caused by axotomy of the infe-
rior alveolar nerve, resulted in enhanced pulp tissue
damage and a decrease in infiltration of immuno-
competent cells.34 These findings indicate that pul-
pal nerves are protective in nature and that they
may be involved in the recruitment of inflamma-
tory/immunocompetent cells to the injured pulp.34

Mild to moderate pulpal injuries result in
sprouting of sensory nerves with an increase in

immunoreactive (1) CGRP.26,35 However, severe in-
juries have the opposite effect, resulting in either
reduction or elimination of CCGRP and SP.` These
investigations indicate that pulpal neuropeptides
undergo dynamic changes after injury. A number
of recent studies have shown that stimulation of
the dental pulp by caries results in the formation
of various interleukins and recruitment of inflam-
matory cells to the site of injury.36-40

I MMUNOLOGIC RESPONSE

In addition to nonspecific inflammatory reactions,
immune responses also may initiate and perpetuate
pulpal diseases. 13 Potential antigens include bacte-
ria and their by-products within dental caries,
which directly (or via tubules) can initiate different
types of reactions. Studies have shown that normal
and uninflamed dental pulps contain immuno-
competent cells such as T and B (fewer) lympho-
cytes, macrophages, and a substantial number of
class II molecules expressing dendritic cells similar
morphologically to macrophages .34 Elevated levels
of various immunoglobulins in inflamed pulps
(Figure 3-7) show that these factors participate in
defense mechanisms involved in protection of this



tissue . 4' Arthus-type reactions have been shown to
occur in the dental pulp.42 In addition, the presence
of immunocompetent cells such as T lymphocytes,
macrophages, and class II molecules expressing
cells appearing as dendritic cells (Figure 3-8) in in-
flamed pulps indicates that delayed hypersensitivity
reactions can also occur in this tissue . 34 Despite
their protective mechanisms, immune reactions in
the pulp can result in the formation of small
necrotic foci and eventually total pulpal necrosis.

LESION PROGRESSION

Mild pulpal injuries may not result in significant
changes. However, moderate to severe insults re-
sult in localized inflammation 13 and release of a
high concentration of inflammatory mediators.
An increase in protease inhibitors in moderately to
severely inflamed pulp indicates the presence of
natural modifiers.25 As a consequence of release of
a large quantity of inflammatory mediators, in-
creased vascular permeability, vascular stasis, and
migration of leukocytes to the site of injury occur.
Available information shows that the sensory neu-
ropeptide CGRP is responsible for the increase of
blood flow during pulpal inflammation . 44

Elevated capillary pressure and increased capil-
lary permeability move fluid from blood vessels into
the surrounding tissue. If removal of fluid by
venules and lymphatics does not match filtration of
fluid from capillaries, an exudate forms. The pulp is
encased in rigid walls and forms a low-compliance
system; therefore a small increase in tissue pressure
causes passive compression and even complete col-
lapse of the venules at the site of pulpal injury..'
Pressure increases occur in small "compartmental-
ized" regions and progress slowly (Figure 3-9). Thus

FIGURE 3-9
I rritation of pulp resulting from cavity preparation has resulted
i n destruction of tissue in pulp horn (PH); note the band of in-
flammatory lines next to pulp necrosis. There is normal pulp
subjacent to the inflammatory zone. (Courtesy Dr. N. Perrini).

pulp does not die by extensive increases in pressure
with subsequent strangulation.45,46

Pain is often caused by different factors. Re-
lease of mediators of inflammation causes pain di-
rectly by lowering the sensory nerve threshold.
These substances also cause pain indirectly by
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FIGURE 3-s
Many dendritic cells (arrows) are present in an in-
flamed dental pulp. (Courtesy Dr. M. Jontell.)
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increasing both vasodilation in arterioles and vas-
cular permeability in venules, resulting in edema
and elevation of tissue pressure. This pressure
acts directly on sensory nerve receptors.

Increased tissue pressure, the inability of pulp
to expand, and the lack of collateral circulation
may result in pulpal necrosis and the develop-
ment of a subsequent periradicular pathosis.

Classification of Pulpal Diseases
Because there is little or no correlation between
the histologic findings of pulpal pathosis and
symptoms,"," the diagnosis and classification of
pulpal diseases are based on clinical signs and
symptoms rather than on histopathologic find-
ings. Pulpal conditions can be classified as re-
versible and irreversible pulpitis, hyperplastic pul-
pitis, and necrosis. Hard tissue responses include
calcifications and resorption.

REVERSIBLE PULPITIS

By definition, reversible pulpitis is inflammation
of the pulp that is not severe. If the cause is elimi-
nated, inflammation will resolve and the pulp will
return to normal. Mild or short-acting stimuli
such as incipient caries, cervical erosion, or oc-
clusal attrition, most operative procedures, deep
periodontal curettage, and enamel fractures re-
sulting in exposure of dentinal tubules can cause
reversible pulpitis.

Symptoms

Reversible pulpitis is usually asymptomatic. How-
ever, when present, symptoms usually form a par-
ticular pattern. Application of stimuli such as
cold or hot liquids or even air, may produce sharp
transient pain. Removal of these stimuli, which
do not normally produce pain or discomfort, re-
sults in immediate relief. Cold and hot stimuli
produce different pain responses in normal
pulp.49 When heat is applied to teeth with unin-
flamed pulp, there is a delayed initial response;
the intensity of pain increases as the temperature
rises. In contrast, pain in response to cold in nor-
mal pulp is immediate; the intensity tends to de-
crease if the cold stimulus is maintained. Based
on these observations, responses of both healthy
and diseased pulps apparently result largely from
changes in intrapulpal pressures.49

Treatment

Removal of irritants and sealing as well as insulat-
ing the exposed dentin or vital pulp usually result

in diminished symptoms (if present) and reversal
of the inflammatory process in the pulp tissue (Fig-
ure 3-10). However, if irritation of pulp continues
or increases in intensity for reasons stated earlier,
moderate to severe inflammation develops with ir-
reversible pulpitis and eventually pulpal necrosis.

IRREVERSIBLE PULPITIS

Irreversible pulpitis is often a sequel to and a pro-
gression from reversible pulpitis. Severe pulpal
damage from extensive dentin removal during op-
erative procedures or impairment of pulpal blood
flow caused by trauma or orthodontic movement
of teeth may also cause irreversible pulpitis. Irre-
versible pulpitis is a severe inflammation that will
not resolve even if the cause is removed. The pulp
slowly or rapidly progresses to necrosis.

Symptoms

Irreversible pulpitis is usually asymptomatic, or
the patient reports only mild symptoms. How-
ever, irreversible pulpitis may also be associated
with intermittent or continuous episodes of
spontaneous pain (with no external stimuli). Pain
of irreversible pulpitis may be sharp, dull, local-
ized, or diffuse and may last only for minutes or
for hours. Localization of pulpal pain is more dif-
ficult than localization of periradicular pain and
becomes more difficult as the pain intensifies. Ap-
plication of external stimuli such as cold or heat
may result in prolonged pain.

Accordingly, in the presence of severe pain, pul-
pal responses differ from those of uninflamed
teeth or teeth with reversible pulpitis." For exam-
ple, application of heat to teeth with irreversible
pulpitis may produce an immediate response;
also, sometimes with the application of cold, the
response does not disappear and is prolonged.
Occasionally, application of cold in patients with
painful irreversible pulpitis causes vasoconstric-
tion, a drop in pulpal pressure, and subsequent
pain relief. Although it has been claimed that
teeth with irreversible pulpitis have lower thresh-
olds to electrical stimulation, Mumford" found
similar pain perception thresholds in inflamed
and uninflamed pulp.

Tests and Treatment

If inflammation is confined and has not extended
periapically, teeth respond within normal limits to
palpation and percussion. Extension of inflamma-
tion to the periodontal ligament causes percussion
sensitivity and better localization of pain. Root
canal treatment or extraction is indicated for teeth
with signs and symptoms of irreversible pulpitis.
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FIGURE 3-10
A, Mechanically exposed pulp horns of a mandibular molar with signs of reversible pulpitis were capped with
mineral trioxide aggregate. B, On recall, a follow-up radiograph shows no calcific metamorphosis in the pulp
chamber and the presence of normal responses during clinical examination.

Hyperplastic Pulpitis

Hyperplastic pulpitis (pulp polyp) is a form of ir-
reversible pulpitis, which results from growth of
chronically inflamed young pulp into occlusal
surfaces. It is usually found in carious crowns of

young patients (Figure 3-11, A). Ample vascularity
of young pulp, adequate exposure for drainage,
and tissue proliferation are associated with for-
mation of hyperplastic pulpitis. Histologic exam-
ination of hyperplastic pulpitis shows surface

FIGURE 3-11
Pulp polyp, also known as hyper-
plastic pulpitis. A, The involved
tooth is usually carious with exten-
sive loss of tooth structure. B, The
pulp remains vital and proliferaties
from the exposure. (Courtesy Dr.
Matthew Davis.)
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epithelium and underlying inflamed connective
tissue (Figure 3-11, B). Cells of oral epithelium are
implanted and grow over the exposed surface to
form an epithelial covering.

Hyperplastic pulpitis is usually asymptomatic.
It appears as a reddish cauliflower-like outgrowth
of connective tissue into caries that has resulted
in a large occlusal exposure. It is occasionally as-
sociated with clinical signs of irreversible pulpitis
such as spontaneous pain as well as lingering pain
to cold and heat stimuli. The threshold to electri-
cal stimulation is similar to that found in normal
pulps. The teeth respond within normal limits
when palpated or percussed. Hyperplastic pulpitis
can be treated by pulpotomy, root canal treat-
ment, or extraction.

HARD TISSUE CHANGES CAUSED
BY PULPAL INFLAMMATION

As a result of irritation, two distinct hard tissue
changes may be induced: calcification or resorption.

Pulp Calcification

Extensive calcification (usually in the form of
pulp stones or diffuse calcification) occurs as a re-

FIGURE 3-12
Calcific metamorphosis. This does not represent pathosis per
se and may occur with aging or low-grade irritation.

sponse to trauma, caries, periodontal disease, or
other irritants. Thrombi in blood vessels and col-
lagen sheaths around vessel walls are possible nidi
for these calcifications.

Another type of calcification is the extensive
formation of hard tissue on dentin walls, often in
response to irritation or death and replacement of
odontoblasts. This process is calcific metamorphosis
(Figure 3-12). As irritation increases, the amount
of calcification may also increase, leading to par-
tial or complete radiographic (but not histologic)
obliteration of the pulp chamber and root canals'
A yellowish discoloration of the crown is often a
manifestation of calcific metamorphosis. The pain
threshold to thermal and electrical stimuli usually
increases, or often the teeth are unresponsive.

Responses to palpation and percussion are
usually within normal limits. In contrast to soft
tissue diseases of the pulp, which have no radi-
ographic signs and symptoms, calcification of
pulp tissue is associated with various degrees of
pulp space obliteration. A reduction in coronal
pulp space followed by a gradual narrowing of the
root canal is the first sign of calcific metamorpho-
sis. This condition in and of itself is not a patho-
sis and does not require treatment.

Internal (Intracanal) Resorption

Inflammation in the pulp may initiate resorption of
adjacent hard tissues. The pulp is transformed into
vascularized inflammatory tissue with dentinoclastic
activity; this resorbs the dentinal walls, advancing
from the center to the periphery (Figure 3-13)." Most
cases of intracanal resorption are asymptomatic. Ad-
vanced internal resorption involving the pulp cham-
ber is often associated with pink spots in the crown.

Teeth with intracanal resorptive lesions usually
respond within normal limits to pulpal and peri-
apical tests. Radiographs reveal a radiolucency
with irregular enlargement of the root canal com-
partment (Figure 3-14). Immediate removal of in-
flamed tissue and institution of root canal treat-
ment is recommended; these lesions tend to be
progressive and eventually perforate to the lateral
periodontrum. When this occurs, pulpal necrosis
ensues, creating major problems in treatment op-
tions. Teeth with perforated resorption are diffi-
cult to treat nonsurgically.

PULPAL NECROSIS

As stated before, pulp is encased in rigid walls, it
has no collateral blood circulation, and its venules
and lymphatics collapse under increased tissue
pressure; therefore irreversible pulpitis leads to
liquefaction necrosis. If exudate produced during



COLOR FIGURE 3-1
A, After coronal exposure in a monkey molar, amalgam was placed to induce pulp necrosis. Seven months later,
the radiographic appearance of periapical lesions was evident. This molar and surrounding tissues were removed
in block section and prepared for histologic examination. B, The first molar shown in A. The direction of spread
of inflammation is toward the bifurcation. Space occupied by amalgam (A). C, Inflammation is replacing peri-
odontal and bony structures. Root and bone resorption (R) is adjacent to the lesion, which is consistent with
chronic apical periodontitis. D, Region near arrows in C. Note the distinction between the inflammatory lesion
below and the intact periodontium above.

	

continued



COLOR FIGURE 3-1, CONT'D
E, Apical foramen as shown in C. There is funneling resorption of the foramen as well as active root resorption
(R) . Neutrophils (N) are concentrated at the foramen, where irritants are escaping the canal. F, Modified bacter-
i al Gram stain shows that bacteria (arrow) are confined to the canal space. There are not colonies of bacteria in
the periradicular lesion, a common finding. G, Periradicular granulomatous inflammation. There is a mix of
i nflammatory cells: polymorphonuclear leukocytes (N), plasma cells (P), lymphocytes (L), and macrophages (M).
H, Periradicular cyst. The cyst cavity (C) is lined by epithelium (arrows) and contains an amorphous material. The
empty space is an artifact; fluids within the cavity washed out during histologic processing.
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COLOR FIGURE 3- 1, CONT'D
1, Lymphocytes (small arrows). Plasma cells (large arrows) have an eccentric nucleus with adjacent "clear zone"
and a basophilic outer rim of cytoplasm. J, Eosinophil (arrow) with distinct eosinophilic granules and bilobed nu-
cleus. Plasma cells and lymphocytes are also visible. K, Polymorphonuclear leukocytes are concentrated in this field.
These have multilobed nuclei; many of these are degenerating and have disrupted cell walls. L, Giant cells (arrows)
with multiple nuclei. Macrophages (M) with lighter-stained nuclei and diffuse cytoplasm. M, Macrophages (arrows)
are larger and often have ingested material, as indicated by a "foamy" cytoplasm in these cells. N, Lymphocytes,
with their densely basophilic nuclei, dominate this field. (I to N courtesy Dr. C. Kleinegger.)



COLOR FIGURE 3-2
A, An acute apical abscess has created severe and diffuse facial swelling. B, The vestibular swelling is a result of
the necrotic pulp in the right lateral incisor. C, An access cavity was made earlier in the lingual surface of this
tooth in an attempt to obtain drainage. D, Histologic examination of acute apical abscess shows edematous
tissue heavily infiltrated by degenerating PMN leukocytes.

COLOR FIGURE 3-3
A, A sinus tract stoma associated with a necrotic pulp in the left central incisor. B, Histologic examination of the peri-
radicular tissue associated with this tooth shows numerous lymphocytes, plasma cells, and macrophages (foam cells).
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irreversible pulpitis is absorbed or drains through
caries or through a pulp exposure into the oral
cavity, necrosis is delayed; the radicular pulp may
remain vital for long periods. In contrast, closure
or sealing of an inflamed pulp induces rapid and
total pulpal necrosis and periradicular pathosis."
In addition to liquefaction necrosis, ischemic
necrosis of pulp occurs as a result of traumatic in-
jury that causes disruption of the blood supply.

Symptoms

Pulpal necrosis is usually asymptomatic but may
be associated with episodes of spontaneous pain
and discomfort or pain (from the periapex) on
pressure. Unlike in teeth with vital pulps, in teeth
with necrotic pulps, pain provoked with applica-
tion of heat is not due to an increase in intrapul-
pal pressure. This pressure registers zero after
heat application to teeth with necrotic pulps. 49 It
is commonly believed (but is unlikely) that apply-

ing heat to teeth with liquefaction necrosis causes
thermal expansion of gas present in the root
canal, which provokes pains' In fact, cold, heat, or
electrical stimuli applied to teeth with necrotic
pulps usually produces no response.

Tests and Treatment

The presence of various degrees of inflammatory
responses ranging from reversible pulpitis to
necrosis in teeth with multiple canals is possible
and may occasionally cause confusion during
testing for responsiveness. Furthermore, effects of
necrosis are seldom confined within canals. So,
because of the spread of inflammatory reactions
to periradicular tissues, teeth with necrotic pulps
are often sensitive to percussion. Sensitivity to
palpation is an additional indication of periradic-
ular involvement. Root canal treatment or extrac-
tion is indicated for these teeth.

FIGURE 3-73
I nternal resorption in canal. Clast cells (arrow) actively resorb
dentin. This process may be progressive, finally perforating
the root.

FIGURE 3-74
Hard tissue resorption that causes disappearance of normal
radiographic evidence of the root canal usually indicates an
i nternal resorption defect.

Periradicular Pathosis
As a consequence of pulpal necrosis pathologic
changes can occur in the periradicular tissues. In
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contrast to pulp, periradicular tissues have an al-
most unlimited source of undifferentiated cells
that participate in inflammation as well as repair.
In addition, these tissues have a rich collateral
blood supply and lymph drainage. The interac-
tion between the irritants emanating from the
canal space and the host defense results in activa-
tion of an extensive array of reactions to protect
the host. Despite these benefits, some of these re-
actions are associated with destructive conse-
quences such as periradicular bone resorption.
Depending on severity of irritation, duration, and
host response, periradicular pathoses may range
from slight inflammation to extensive tissue de-
struction. The reactions involved are highly com-
plex and are usually mediated by nonspecific me-
diators of inflammation as well as by specific
immune reactions (Figure 3-IS)."

NONSPECIFIC MEDIATORS
OF PERIRADICULAR LESIONS

Nonspecific mediators of inflammatory reactions
include neuropeptides, fibrinolytic peptides, kinins,
complement fragments, vasoactive amines, lysoso-

mal enzymes, arachidonic acid metabolites, and cy-
tokines.23 Neuropeptides have been demonstrated
in inflamed periapical tissues of experimental ani-
mals; apparently these substances play a role in the
pathogenesis of periradicular pathoses."

Severance of blood vessels in periodontal liga-
ment or bone during canal instrumentation can
activate intrinsic as well as extrinsic coagulation
pathways. Contact of the Hageman factor with
collagen of basement membranes enzymes such
as kallikrein or plasmin, or endotoxins from in-
flamed root canals activates the clotting cascade
and the fibrinolytic system. Fibrinopeptides re-
leased from fibrinogen molecules and fibrin
degradation products released during the proteol-
ysis of fibrin by plasmin contribute to inflamma-
tion. Trauma to the periapex during root canal
treatment can also activate the kinin system and,
in turn, the complement system. C3 complement
fragments have been found in periradicular le-
sions.55 Products released from the activated sys-
tems contribute to the inflammatory process and
cause swelling, pain, and tissue destruction.

Mast cells are normal components of connec-
tive tissues and are present in normal periodontal

FIGURE 3-75
Pathways of inflammation and bone resorption by nonspecific inflammatory mediators and specific immune
reactions.
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ligament and in periradicular lestons. 56,57 Physi-
cal or chemical injury causes release of vasoac-
tive amines such as histamine, which are chemo-
tactic for leukocytes and macrophages. In
addition, lysosomal enzymes cause cleavage of
CS and generation of CSa, a potent chemotactic
component, and liberation of active bradykinin
from plasma kininogen." Periradicular lesions
show increased levels of lysosomal hydrolytic
arylsulfatase A and B compared with normal tis-
sues.58 Significant levels of PGEZ and leuko-
triene B 4 have also been found in these lesions.23
Other studies have confirmed these findings,
demonstrating lower levels of PGE Z associated
with either larger periapical lesions59 or cessa-
tion of symptoms subsequent to emergency
cleaning and shaping.60 With immunohisto-
chemical staining PGE Z , - PGF2 alfa , and 6-keto-

PGF1 alfa (a stable metabolite of PGI2) have been
observed in inflamed pulp tissue and periapical
lesions . 61,62 Regions staining positively for
prostaglandins gradually extended apically into
areas not yet inflamed within the pulp tissue.
Periapical lesions demonstrated macrophage
and fibroblast cell types staining most heavily
for the prostaglandins evaluated. Use of in-
domethacin, a prostaglandin inhibitor, experi-
mentally reduces bone resorption, indicating
that prostaglandins are also involved in the
pathogenesis of periradicular lesions . 23.63 , 64

Various cytokines such as interleukins, tumor
necrosis factors, and growth factors are involved in
the development and perpetuation of periradicu-
lar lesions. 38,65-69 Kawashima and Stashenko68 ex-
amined the kinetics of expression of 10 cytokines
in experimentally induced murine periapical le-

sions. Their results showed that a cytokine net-
work is activated in the periapex in response to
canal infection and that T helper cell-modulated
proinflammatory pathways may predominate dur-
ing periapical bone resorption.

SPECIFIC MEDIATORS
OF PERIRADICULAR LESIONS

In addition to the nonspecific mediators of in-
flammatory reactions, immunologic reactions
also participate in the formation and perpetua-
tion of periradicular pathosis (see Figure 3-1S).
Numerous potential antigens may accumulate in
necrotic pulp, including several species of mi-
croorganisms, their toxins, and altered pulp tis-
sue. Root canals are a pathway for sensitization . 23
The presence of potential antigens in the root
canals and IgE immunoglobulin, and mast cells in
pathologically involved pulp and periradicular le-
sions indicates that a type I immunologic reaction
may occur.19

Various classes of immunoglobulins have been
found in these lesions .23,70 These include specific
antibodies against a number of bacterial species
in infected root canals . 71,72 In addition, different
types of immunocompetent cells such as antigen-
presenting cells (Ia antigen-expressing nonlym-
phoid cells), macrophages, 73 PMN leukocytes, and
B as well as T cells have been found in human
periradicular lesions .74,75 The presence of immune
complexes (Figure 3-16) and immunocompetent
cells such as T cells (Figure 3-17) indicates that
various types of immunologic reactions (types II
through IV) can initiate, amplify, or perpetuate
these inflammatory lesions . 23

FIGURE 3-16
Using the anticomplement immunofluo-
rescence technique, immune complexes
are identified (arrows) in human peri-
apical lesions.
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FIGURE 3-77

T lymphocytes (arrows) are identified
i n a human periapical lesion by an im-
munohistochemical technique.

Classification of
Periradicular Lesions

Periradicular lesions have been classified on the
basis of their clinical and histologic findings. As
with pulpal disease, little correlation exists be-
tween the clinical signs and symptoms and dura-
tion of lesions compared with the histopathologic
findings.' Because of these discrepancies and for
convenience, these lesions are classified into five
main groups: acute apical periodontitis, chronic
apical periodontitis, condensing osteitis, acute
apical abscess, and chronic apical abscess. Lesions
associated with significant symptoms such as
pain or swelling are referred to as acute (sympto-
matic), whereas those with mild or no symptoms
are identified as chronic (asymptomatic).

ACUTE APICAL PERIODONTITIS
Etiology

Acute apical periodontitis would be better de-
scribed as symptomatic apical periodontitis. The
first extension of pulpal inflammation into the
periradicular tissues is called acute apical peri-
odontitis (AAP). Eliciting irritants include inflam-
matory mediators from an irreversibly inflamed
pulp or egress of bacteria toxins from necrotic
pulps, chemicals (such as irrigants or disinfecting
agents), restorations in hyperocclusion, overin-
strumentation, and extrusion of obturating mate-
rials. The pulp may be irreversibly inflamed or
necrotic.

cation or occlusal contact. If AAP is an extension
of pulpitis, signs and symptoms will include re-
sponsiveness to cold, heat, and electricity. If AAP
is caused by necrosis, teeth do not respond to vi-
tality tests. Application of pressure by fingertip or
tapping with the butt end of a mirror handle can
cause marked to excruciating pain. "Thickening"
of periodontal ligament (PDL) space may be a ra-
diographic feature of AAP (Figure 3-18). However,
usually there is a normal PDL space and an intact
lamina dura.

Histologic Features

In AAP, PMN leukocytes and macrophages are vis-
ible within a localized area at the apex. At times
there may be a small area of liquefaction necrosis
(abscess). Bone and root resorption may be pre-
sent histologically; however, resorption is usually
not visible radiographically.

Treatment

Adjustment of occlusion (when there is evidence
of hyperocclusion), removal of irritants or a
pathologic pulp, or release of periradicular exu-
date usually results in relief.

CHRONIC APICAL PERIODONTITIS
Etiology

Chronic apical periodontitis (CAP) results from
pulpal necrosis and usually is a sequel to AAP.

Signs and Symptoms

By definition, CAP is without symptoms or is as-
sociated with slight discomfort and would be bet-

Signs and Symptoms

Clinical features of AAP are moderate to severe
spontaneous discomfort as well as pain on masti-
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FIGURE 3-18
After cementing a three-unit bridge, the
premolar developed clinical signs and
symptoms of acute apical periodontitis,
and the radiograph shows a thickened
periodontal ligament space (arrow).

ter classified as asymptomatic apical periodontitis.
Because the pulp is necrotic, teeth with CAP do
not respond to electrical or thermal stimuli. Per-
cussion produces little or no pain. There may be
slight sensitivity to palpation, indicating an al-
teration of the cortical plate of bone and exten-
sion of CAP into the soft tissues. Radiographic
features range from interruption of the lamina
dura to extensive destruction of periradicular
and interradicular tissues (Figure 3-19).

Histolo9ic Features

Histologically, CAP lesions are classified as either
granulomas or cysts. A periradicular granuloma con-
sists of granulomatous tissue infiltrated by mast
cells, macrophages, lymphocytes, plasma cells, and
occasional PMN leukocytes (see Color Figure 3-1
immediately following page 36) Multinucleated
giant cells, foam cells, cholesterol clefts, and epi-
thelium are often found.

The apical (radicular) cyst has a central cavity
filled with an eosinophilic fluid or semisolid ma-
terial and is lined by stratified squamous epithe-
lium (Figure 3-20). The epithelium is surrounded
by connective tissue that contains all cellular ele-
ments found in the periradicular granuloma.
Therefore an apical cyst is a granuloma that con-
tains a cavity or cavities lined with epithelium (see
Color Figure 3-l, H). The origin of the epithelium
is the remnants of Hertwig's epithelial sheath, the
cell rests of Malassez. These cell rests proliferate
under an inflammatory stimulus. The actual gen-
esis of the cyst is unclear.

The reported incidence of endodontic lesions
is inconsistent. Variations may be due to sampling
methods and the histologic criteria used for diag-
nosis. Nobuhara and del Rio" examined peri-

FIGURE 3-19
Chronic apical periodontitis. Extensive tissue destruction in
the periapical regions of a mandibular first molar as a result
of pulpal necrosis. A lack of symptoms and radiographic
lesions is diagnostic.

radicular biopsy specimens of lesions that were re-
fractory to root canal treatment and showed most
(59%) to be granulomas, with some (22%) cysts, a
few (12%) scars, and a scattering (7%) of other
types of lesions." Percentages such as these are
misleading. Many lesions are combinations of
types and contain granulomatous inflammation,
cysts, and areas of scarring; also, the samples usu-
ally do not include abscesses, which would not be
recovered intact during surgery. Also, the entire
lesion is usually not recovered for biopsy; only
fragments are obtained during curettage.
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Treatment

Removal of inciting irritants (necrotic pulp) and
complete obturation usually result in resolution
of CAP (Figure 3-21). There is no evidence that
apical cysts do not resolve after adequate root
canal treatment or extraction.

CONDENSING OSTEITIS
Etiology

Condensing osteitis (focal sclerosing osteomyelitis),
a variant of chronic (asymptomatic) apical peri-
odontitis, represents an increase in trabecular bone
in response to persistent irritation. The irritant dif-
fusing from the root canal into periradicular tissues

FIGURE 3-20
This region of human apical cyst con-
sists of a central cavity filled with
eosinophilic material (EM) and a wall
li ned with epithelium (arrows). (Cour-
tesy Dr. N. Perrini.)

FIGURE 3-21
A, Preoperative radiograph of a first molar shows pulpal necrosis and chronic apical periodontitis. B, A postop-
erative radiograph 1 year after root canal therapy showing complete resolution of the periradicular pathosis.

is the main cause of condensing osteitis. This lesion
is usually found around the apexes of mandibular
posterior teeth, which show a probable cause of
pulp inflammation or necrosis. However, condens-
ing osteitis can occur around the apex of any tooth.

Signs and Symptoms

Depending on the cause (pulpitis or pulpal necro-
sis), condensing osteitis may be either asympto-
matic or associated with pain. Pulp tissue of teeth
with condensing osteitis may or may not respond
to electrical or thermal stimuli. Furthermore,
these teeth may or may not be sensitive to palpa-
tion or percussion. Radiographically, the presence
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of a diffuse concentric arrangement of radiopac-
i ty around the root of a tooth is pathognomonic
(Figure 3-22). Histologically, there is an increase
in irregularly arranged trabecular bone and in-
flammation."

Root canal treatment, when indicated, may re-
sult in complete resolution of condensing osteitis.79
Condensing osteitis is often confused with the
nonpathologic entity, enostosis (sclerotic bone).

ACUTE APICAL ABSCESS

Etiology

Acute (symptomatic) apical abscess (AAA) is a lo-
calized or diffuse (see Color Figure 3-2 following
page 36) liquefaction lesion that destroys peri-
radicular tissues. It is a severe inflammatory re-
sponse to microbial and nonbacterial irritants
from necrotic pulp.

Signs and Symptoms

Depending on the severity of the reaction, pa-
tients with AAA usually have moderate to severe
discomfort or swelling. In addition, they occa-
sionally have systemic manifestations of an infec-
tive process such as a high temperature, malaise,
and leukocytosis. Because this occurs only with
pulp necrosis, electrical or thermal stimulation
produces no response. However, these teeth are
usually painful to percussion and palpation. De-
pending on the degree of hard tissue destruction
caused by irritants, the radiographic features of
AAA range from thickening of the PDL space (in-
frequent) to a frank resorptive lesion (usual).

Histologic Features

Histologic examination in AAA usually shows a
localized destructive lesion of liquefaction necro-
sis containing numerous disintegrating PMN
leukocytes, debris, and cell remnants and an accu-
mulation of purulent exudate (Figure 3-23). Sur-
rounding the abscess is granulomatous tissue;
therefore the lesion is best categorized as an ab-
scess within a granuloma. Significantly, the ab-
scess often does not communicate directly with
the apical foramen; thus an abscess often will not
drain through an accessed tooth.

Removal of the underlying cause (necrotic
pulp), release of pressure (drainage where possi-
ble), and routine root canal treatment lead to res-
olution of most AAAs.

CHRONIC APICAL ABSCESS
(SUPPURATIVE APICAL
PERIODONTITIS)

Also classified as suppurative apical periodontitis
(SAP), chronic (asymptomatic) apical abscess (CAA)
results from a long-standing lesion that has caused
an abscess which is draining to a surface.

Etiology

CAA (SAP) has a pathogenesis similar to that of
AAA. It also results from pulpal necrosis and is
usually associated with CAP that has formed an
abscess. The abscess has "burrowed" through bone
and soft tissue to form a sinus tract stoma on the
oral mucosa (see Color Figure 3-3 following page

FIGURE 3-22
Condensing osteitis. Inflammation followed by necrosis in the pulp of the first molar has resulted in the diffuse
radiopacity of periradicular tissue.
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FIGURE 3-z3
Histologic examination of acute apical
abscess shows edematous tissue heav-
il y infiltrated by many degenerating
PMN leukocytes.

36) or sometimes onto the skin of the face. The
histologic findings in these lesions are similar
to those found in CAP. CAAs may also drain
through periodontium into the sulcus and
may mimic a periodontal abscess or pocket (see
Chapter 26).

shifting toward healing after the early responses
have subsided. However, for convenience and to
simplify the complex inflammatory-resorptive
process, they are studied as two separate entities.

Signs and Symptoms

Because drainage exists, CAA is usually asympto-
matic except when there is occasional closure of
the sinus pathway, which can cause pain. Clinical,
radiographic, and histopathologic features of
CAA are similar to those described for CAP. An
additional feature is the sinus tract, which may be
fined partially or totally by epithelium sur-
rounded by inflamed connective tissue.80

EXTENT OF HEALING

The extent of healing is proportional to the de-
gree and extent of tissue injury and the nature of
tissue destruction. When injury to periradicular
tissues is slight, little repair or regeneration is re-
quired. However, extensive damage requires sub-
stantial healing (see Figure 3-21). In other words,
periradicular repair ranges from a relatively sim-
ple resolution of an inflammatory infiltrate in the
PDL to considerable reorganization and repair of
a variety of tissues.

Healing of Periradicular Lesions
Following Root Canal Treatment
Regeneration is a process by which altered peri-
radicular tissues are completely replaced by native
tissues to their original architecture and function.
Repair is a process by which altered tissues are not
completely restored to their original structures.
Histologic examination of most tissue sections in
experimental animals and humans shows that
healing of periradicular lesions after root canal
therapy is repair rather than regeneration of the
periradicular tissues. Inflammation and healing
are not two separate entities and in fact constitute
part of one process in response to tissue injury.
On the molecular and cellular levels it is impossi-
ble to separate the two phenomena. Inflammation
dominates the early events after tissue injury,

PROCESS OF HEALING

The sequence of events leading to resolution of
periradicular lesions has not been studied exten-
sively. Based on the processes involved in repair of
extraction sites (which may not be totally synony-
mous), after the cause is removed, inflammatory
responses decrease and tissue-forming cells (fi-
broblasts and endothelial cells) increase; tissue or-
ganization and maturation ensue.81 Bone that has
resorbed is replaced by new bone; resorbed ce-
menrum and dentin are repaired by cellular ce-
mentum. The PDL, which is the first tissue af-
fected, is the last to be restored to normal
architecture. Histologic examination of periradic-
ular lesions that were healing showed evidence in
the form of cementum deposition, increased vas-
cularity, and increased fibroblastic and osteoblas-
tic activity.82 Recent studies showed that some cy-



3 / Pulp and Periradicular Pathosis

	

45

tokines play an important role during healing of
periradicular lesions. 83 8'

With some lesions it is apparent that not all
original structures are restored. Variations are
seen in different fiber or bone patterns. These may
be seen radiographically with a widened lamina
dura or altered bony configuration.

Nonendodontic Periradicular
Pathosis
DIFFERENTIAL DIAGNOSIS

A number of radiolucent and radiopaque lesions
of nonendodontic origin simulate the radi-
ographic appearance of endodontic lesions. Be-
cause of their similarities, dentists must use their
knowledge and perform clinical tests in an orderly
manner to arrive at a diagnosis and avoid critical
mistakes. Pulp vitality tests are the most impor-
tant aids in differentiating between endodontic
and nonendodontic lesions. Teeth associated with
radiolucent periradicular lesions have necrotic
pulps and therefore generally do not respond to vi-
tality tests. In contrast, lesions of nonpulpal origin
usually do not affect the blood or nerve supply to
adjacent tooth pulp; therefore the vitality (respon-
siveness) of these teeth remains unaffected.

Unfortunately, many clinicians use only radi-
ographs for diagnosis and treatment without tak-
ing a complete history of the signs and symptoms
and performing clinical tests. Many nonendodon-
tic radiolucent lesions (including those caused by
pathoses and those with normal morphology)
mimic endodontic pathoses and vice versa. There-
fore to avoid grievous mistakes, all relevant vital-
ity tests, radiographic examinations, clinical signs
and symptoms, and details of the patient history
should be used.

NORMAL AND
PATHOLOGIC ENTITIES

Most radiographic changes are, in fact, endodon-
tic and arise from pathologic changes in the pulp.
However, other radiographic variations, such as
anatomic variations as well as benign and malig-
nant lesions, may simulate the appearance of peri-
radicular lesions.85

Normal Structures

Such anatomic variations include large marrow
spaces adjacent to the apexes of teeth, sub-
mandibular fossae, maxillary sinus, apical dental
papillae of developing teeth, nasopalatine fora-

FIGURE 3-24
A mental foramen (arrow) simulating a periapical lesion of
pulpal origin. Pulp tests are within normal limits, indicating
that this radiolucency could not be endodontic pathosis.

men, mental foramen (Figure 3-24), and lingual
depressions in the mandible. Associated teeth re-
spond to vitality tests and show no clinical signs
and symptoms of any disease process. In addition,
by changing the cone angulation, the location of
these radiolucent lesions can be moved relative to
their original positions and to the root apexes.

Nonendodontic Pathoses

Benign lesions with radiographic appearances
similar to those of periradicular lesions include
(but are not limited to) the initial stages of peri-
radicular cemental dysplasia (Figure 3-25), early
stages of monostotic fibrous dysplasia, ossifying
fibroma, primordial cyst, lateral periodontal
cyst, dentigerous cyst, nasopalatine duct cyst,
solitary bone cyst, central giant cell granuloma,
central hemangioma, hyperparathyroidism, myx-
oma, and ameloblastoma. Usually (but not al-
ways) the radiographic lamina dura around the
apexes is intact, and responses to pulp tests are
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normal. The final diagnosis of these lesions is of-
ten based on surgical biopsy and histopathologic
examination .86

Malignant lesions that may simulate endodon-
tic periradicular lesions and are often metastatic

FIGURE 3-25
A periapical radiolucency in the early stages of cementoma
can simulate a periapical lesion of pulpal origin. However, the
pulps are responding within normal limits.

include lymphoma (Figure 3-26), squamous cell
carcinoma, osteogenic sarcoma, chondrosarcoma,
and multiple myeloma. Unlike endodontic le-
sions, these lesions are usually associated with
rapid and extensive hard tissue (bone and tooth)
destruction. Ordinarily the teeth in the affected
region remain responsive to vitality tests, al-
though occasionally the pulps or sensory nerves
are disrupted and are nonresponsive. For a more
complete list and description of lesions that may
mimic the radiographic appearance of endodon-
tic lesions of pulpal origin an oral pathology text
should be consulted.87
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Prognosis

iagnosis and treatment planning
are activities that separate and distin-
guish the dentist from auxiliary person

nel. Expanded-duty personnel may be trained to
perform routine endodontic technical proce-
dures. However, only the dentist has training in
basic and clinical sciences; this entitles the dentist
alone to (1) perform all diagnostic tests, (2) inter-

pret the test results differentially, (3) psychologically

manage the patient during testing procedures, and
(4) formulate an appropriate diagnosis and treat-
ment plan.

Differential diagnosis of orofacial disorders is
demanding and may confuse both patient and
clinician because there is a tendency to equate a
complaint of pain with an endodontic problem.
In addition to teeth, other structures and organs
such as the periodontium, jaws, sinuses, ears, rem-
poromandibular joints, masticatory musculature,
nose, eyes, and blood vessels can induce pain that
may mimic dental pain.1,2 Other pathologic con-
ditions such as neuralgia, multiple sclerosis, my-
ocardial ischemia, or psychiatric disorders may
produce the same symptoms. To avoid misdiag-
nosis (Figure 4-1) and to rule out orofacial pain of
nonpulpal or periradicular origin, a step-by-step
systematic approach to diagnosis and treatment
planning must be followed:

1. Ascertain the chief complaint.
2. Take pertinent information related to the

patient's medical and dental history.
3. Conduct thorough subjective, objective,

and radiographic examinations.
4. Analyze the data obtained.
5. Formulate an appropriate diagnosis and

treatment plan.
Endodontics has a wide scope and includes vi-

tal pulp therapy, nonsurgical root canal treat-
ment, endodontic surgery, retreatment, hemisec-
tion or root amputation, bleaching, intentional
replantation, endodontic endosseous implants,
apexification or apexogenesis, transplantation,
treatment of trauma, periodontal-endodontic
pathosis, and orthodontics-endodontics. Obvi-
ously, the area most commonly dealt with and
the one that receives the most attention is root
canal treatment. In addition, the student and
general practitioner should have sufficient exper-
tise to perform some other endodontic treatment
modalities in clinical practice, but other aspects
are complex and should be considered for refer-
ral. These aspects are discussed further in this
chapter.

This does not mean that the graduating den-
tist should be knowledgeable about diagnosis and
treatment planning in only a limited area of en-
dodontics, that is, root canal treatment. In fact,
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the practicing general dentist should be very skilled in di-
agnosis and treatment planning over a broad base. The
general dentist has initial and repeated contact
with the patient. He or she must be able to recog-
nize the pathosis or disorder, diagnose the entity,
and suggest the appropriate treatment plan. A
further decision then is whether the general den-
tist has enough experience to treat the condition
or whether the patient should be considered for
referral.

The dentist with this knowledge is aware of in-
dications and contraindications for treatment and
can predict success or failure based on his or her
own findings. The choice of who shall perform the
treatment is then decided by consultation with the
patient and is based on the mode of delivery de-
signed for the best care for that patient. To sum-
marize: The graduating dentist should be profi-
cient in diagnosis and treatment planning and
should be treating patients with uncomplicated
problems but referring those with complications.

This chapter suggests a systematic approach to
diagnosis and treatment planning primarily as re-
lated to root canal treatment. Diagnosis, treat-
ment planning, and therapeutic aspects of other
entities are found in their respective chapters.

Diagnosis
CHIEF COMPLAINT

The chief complaint is generally the first informa-
tion obtained. This is the problem expressed in the
patient's own words about the condition that
prompted him or her to seek treatment. The chief
complaint should be recorded as reported in non-
technical language; for example, "I have an infected
tooth and a gum boil," or "I have a toothache that
may be causing my sinus problem."

To avoid obtaining misleading information,
patients should be allowed to verbalize problems
in a way that allows them to voice their desire for
relief "Take care of the problem and stop my
pain." When the patient is unaware of any prob-
lem or has been referred for diagnosis or treat-
ment, these facts should also be recorded (as "no
chief complaint") for future reference.

FIGURE 4-7

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

Demographic Data

Demographic data identify the patient's charac-
teristics.

HEALTH HISTORY

Taking a comprehensive health history for new
patients and reviewing and updating the data of
prior patients constitute the first step in diagno-
sis. A complete health history for a new patient
consists of routine demographic data, medical
history, current medications, dental history, chief
complaint, and present illness.

Medical History

Advances in medicine and public awareness of
dental maintenance have led to treatment being
rendered for patients of all ages, not only the
young or those without medical problems. The
patient population is, on average, of increasing
age and has a higher incidence of pulpal or peri-
radicular pathoses.3 Older individuals tend to
have more medical problems also.
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The end result is that there are more older pa-
tients who are seen with special problems'; these
considerations are discussed in more detail in
Chapter 31. Consequently, many patients (particu-
larly the elderly) have had systemic diseases, in-
juries, or surgery or are taking medications that in-
terfere with treatment procedures. In addition, the
root canal serves as a conduit between the external
environment (oral cavity) and the general system.
There is increasing concern (and emerging data)
that oral conditions may cause systemic manifes-

tations.5,6 There is also the possibility and some ev-
idence' that intracanal bacteria may be introduced
into the general circulation; the significance is at
yet unknown but of concern nevertheless.

A thorough medical history not only aids diag-
nosis but also provides information about a pa-
tient's susceptibility and reactions to infection
and about bleeding, prescribed medications, and
emotional status. Because a medical history is not
intended to be a complete clinical examination,
extensive medical questionnaires are unnecessary.
An abbreviated screening form contains ques-
tions about present and past serious illnesses, in-
juries, and surgery. If there is medical evidence of
severe or obscure physical or psychologic disease

FIGURE 4-2
The presence of short roots, an absence of pathosis in the pe-
riapical tissues of the incisors, and a history of orthodontics
i ndicate that resorption is due to tooth movement.

that might interfere with diagnosis or treatment,
further investigation and consultation with other
health professionals are indicated.

There are no specific medical conditions that
contraindicate root canal treatment other than
those that affect any dental procedure. These con-
ditions include irradiation of local tissues or dis-
eases that compromise the immune system, such as
acquired immunodeficiency syndrome (AIDS)"
and severe heart disease.'" ' Other areas of concern
that may require special measures are the increasing
incidence of latex allergies,12,13 glucocorticosteroid
replacement therapy, hepatitis, delayed hemostasis,
certain cardiac conditions, and joint replacement.

Dental History

The dental history is a summary of present and
past dental experiences. It provides valuable infor-
mation about the patient's attitudes toward oral
health, care, and treatment. Such information not
only has diagnostic importance, but it also affects
treatment planning. The questionnaire should
ask for information about past and present signs
and symptoms. This history is a very important
i nitial step in making a specific diagnosis.

In addition to some obvious findings that are
directly related to endodontic problems, the his-
tory reveals past dental experience and clues to
the patient's psychologic makeup as well as ex-
plaining subtle clinical findings. For example,
asymptomatic short roots or root resorption may
be attributed to orthodontics (Figure 4-2). Pain
may develop in a recently restored tooth or after
extensive periodontal therapy. This information
not only identifies the source of a patient's com-
plaint but also aids in selecting a specific test or
treatment modality.

SUBJECTIVE EXAMINATION

Present Illness

Some routine information related to personal
data, medical history, and dental history as well as
the chief complaint may be obtained by staff.
However, the dentist should review and be famil-
iar with the data before proceeding further. Of-
ten, the first contact between patient and dentist
takes place during collection of data about the
present illness.

Most patients with endodontic pathoses are
asymptomatic or have mild symptoms. If pulp or
periradicular pathosis is suspected because of
other findings, the dentist notes the absence of
significant symptoms and moves on to objective
tests. However, patients may have notable levels of
pain and distress. These patients require a careful,
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systematic subjective examination with pointed,
probing questions. An interesting and often con-
fusing entity is tooth-related pain experienced
with changes in ambient pressure. This phenome-
non is known as barodontalgia and affects pa-
tients who experience a pressure increase or de-
crease. It has been described in high-altitude
flying14 and scuba diving.'

Pain and discomfort associated with pulpal
and periradicular diseases do not usually affect a
patient's physical state and have little or no effect
on vital signs, skin color, or muscle tone. How-
ever, severe pulpal or periradicular pain may affect
vital signs. Regardless of degree, such pain signif-
icantly alters emotional status. Because of appre-
hension and emotional as well as occasional phys-
ical instability, endodontic patients are handled
with extra care. Professional appearance, attitude,
and a proper atmosphere are the main factors
needed to establish good rapport (see Chapter 6).
In a friendly and compassionate environment, pa-
tients express problems openly. With such a thor-
ough approach, patients often volunteer many de-
tails about the location, onset, character, and
severity of the pain. After listening with keen in-
terest, the dentist, in a sympathetic and unhurried
manner, should ask further questions about the
severity, spontaneity, and duration of the pain
and the stimuli that induce or relieve it. Medica-
tions taken for pain relief and their effectiveness
are also important.

Significant Aspects of Pain

Pain of high intensity is usually intermittent,
whereas low-intensity pain is often continuous and
protracted.'-' In contrast to protracted pain, which
is steady and dull, paroxysmal pain consists of a
volley of bright jabs. Pain may also be described as
pricking, stinging, burning, aching, or throbbing.
Often, severe pulpal or periapical pain is synchro-
nized with cardiac systole. Myofascial pain is usu-
ally dull, whereas the pain of neuralgia is bright
and paroxysmal." Identification of the nature of
the pain helps to differentiate dental pain from
pain in other tissues. These important considera-
tions are discussed in detail in Chapter 29.

Pain is a complex entity. Many aspects of pain
are not particularly diagnostic and do not differen-
tiate dental from nondental problems or indicate
the severity. However, some aspects of pain are
strongly indicative of pulpal and/or periradicular
pathosis and thus of the treatment required. These
are the (1) intensity, (2) spontaneity, and (3) persistence.

I ntensity. The more intense the pain (i.e., dis-
ruptive to a patient's lifestyle), the more likely it is
that irreversible pathosis is present. Intense pain

is likely to be of recent onset, is unrelieved by anal-
gesics, and has prompted the patient to seek treat-
ment. Long-standing pain is usually not intense.
Pain of a mild or moderate nature of long dura-
tion is not, by itself, particularly diagnostic en-
dodontically. Intense pain may arise from irre-
versible pulpitis or from symptomatic (acute)
apical periodontitis or abscess.

Spontaneous Pain. Spontaneous pain occurs
without an eliciting stimulus. If pain awakens the
patient or begins without stimulus, it is sponta-
neous. As described previously, spontaneous com-
bined with intense pain usually indicates severe
pulpal and/or periradicular pathosis.

An interesting and very diagnostic occurrence
is intense, continuous pain relieved only by cold.
Patients with this kind of pain often appear for
treatment clutching a glass of ice water that they
sip to retain cold on the aching tooth. This pain is
pathognomonic of irreversible pulpitis.

Continuous Pain. This lingering type of pain
continues and may even increase in intensity after
the stimulus is removed. For example, the patient
reports prolonged pain after drinking cold liq-
uids. Another describes intense continuous pain
after chewing. Continuous pain with thermal
stimulus usually indicates irreversible pulpitis.
Continuous pain after application of pressure to
a tooth indicates periradicular pathosis.

After taking the medical and dental histories
and identifying the main subjective signs and
symptoms of the patient's present illness (as de-
scribed previously), the dentist often arrives at a
tentative diagnosis.

Tentative Diagnosis

By expanding on the present illness and asking
careful subjective questions about the patient's
problem, the dentist can often determine the
presence or absence of pathologic changes in pulp
or periapical tissues. The quality and quantity of
present and past pain as well as other important
subjective findings often rule out confusing
nonendodontic entities. The urgency of treat-
ment is also determined. Careful questioning and
interpretation of the patient's responses often of-
fer strong clues to a tentative diagnosis of pulpal
or periradicular pathosis. The tentative diagnosis
is then confirmed or denied by hands-on oral ex-
amination and clinical tests.

OBJECTIVE EXAMINATION

During this stage, extraoral and intraoral tissues
are examined, tested, and compared bilaterally for
the presence or absence of pathosis.
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Extraoral Examination

General appearance, skin tone, facial asymmetry,
swelling, discoloration, redness, extraoral scars or
sinus tracts, and tender or enlarged facial or cervi-
cal lymph nodes are indicators of physical status.
A careful extraoral examination helps to identify
the cause of the patient's complaint as well as the

presence and extent of an inflammatory reaction
in the oral cavity (Figure 4-3).

Intraoral Examination

Soft Tissue. This examination includes a thor-
ough visual and digital test of the oral soft tissues.
The lips, oral mucosa, cheeks, tongue, palate, and

FIGURE 4-3
Extraoral sinus tract. A, This surface lesion (arrow) was misdiagnosed and treated unsuccessfully by a dermatol-
ogist for several months. Fortunately, the patient's dentist then recognized it to be a draining sinus tract with its
source being a mandibular anterior tooth. B, The pulp was necrotic owing to severe attrition with pulp exposure.
C, After proper root canal treatment only. D, the sinus tract and surface lesion resolved completely (arrow).
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muscles are evaluated and abnormalities are
noted. Alveolar mucosa and attached gingiva are
examined for the presence of discoloration, in-
flammation, ulceration, and sinus tract forma-
tion. A sinus tract stoma parulis usually indicates
presence of a necrotic pulp or suppurative apical
periodontitis and sometimes a periodontal ab-
scess (Figure 4-4). Gutta-percha placed in the si-
nus tract occasionally allows localization of the
source of these lesions.

Dentition. Teeth are examined for discol-
orations, fractures, abrasions, erosions, caries,
large restorations, or other abnormalities. A dis-
colored crown is often pathognomonic of pulpal
pathosis (Figure 4-5) or is the sequela of earlier
root canal treatment. Although in some cases the
diagnosis is very likely at this stage of examina-
tion, a prudent diagnostician should never pro-
ceed with treatment before performing appropri-
ate confirmatory clinical and radiographic
examinations.

Clinical Tests

Clinical tests include use of a mirror and an ex-
plorer and periodontal probing as well as indi-
cated pulpal and periapical tests. There are limita-
tions inherent in most of these tests; some cannot
be used on each tooth, and the test results them-
selves may be inconclusive. Therefore, it is risky to
rely on a single test; other supplemental confir-
matory tests should be performed. These tests are
not absolute and tend to be somewhat crude.
They require care in performance and caution in

interpretation. Importantly, these are not tests of
teeth; they are tests of a patient's response to a vari-
ety of perceived stimuli. The testing response
process is very complex and involves both the pe-
ripheral and central nervous systems as well as oc-
casional complications related to the emotional
status of the patient, thus often giving rise to
false-negative and false-positive test results. The
patient may not understand or may wrongly per-
ceive or misinterpret a stimulus. For these rea-
sons, the series of subjective and objective tests
and findings often are inconsistent and results are

FIGURE 4-4
I ntraoral sinus tract. Purulence is expressed from this asymp-
tomatic lesion associated with pulp necrosis of the first molar.

FIGURE 4-5
The discolored incisor (A) was associated with a necrotic pulp and
chronic apical periodontitis (B).
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confusing for strict interpretation. There is no
easy resolution; patience and insight are required,
and experience is helpful.

Mirror and Explorer. A mirror and an explorer re-
veal gross or recurrent caries, pulp exposures,
crown fractures, defective restorations, and coro-
nal leakage in teeth with previous root canal ther-
apy. In some instances (i.e., gross coronal decay),
the mirror and explorer may provide sufficient in-
formation to arrive at a final diagnosis. However,
because pathologic changes usually cannot be de-
termined by this method alone, other clinical tests
are required.

Control Teeth. An important adjunct to pulp
and periapical tests is the use of controls (com-
parisons). These are healthy teeth that should re-
spond normally. Control teeth have three func-
tions: (1) the patient learns what to expect from
the stimulus; (2) the dentist can observe the na-
ture of the patient's response to a certain level of
stimulus, and (3) the dentist can determine that
the stimulus is capable of invoking a response.
For example, posterior teeth in adults, particu-
larly molars, may be unresponsive to thermal
tests. This would make cold invalid as a testing
modality if ice is placed on a healthy molar and
the patient experiences no sensation.

Periapical Tests

Percussion. Percussion may determine the pres-
ence of periradicular inflammation. A marked pos-

itive response indicates inflammation in the peri-
odontium. Because inflammatory changes in peri-
odontal ligament are not always of pulpal origin
and may be induced by periodontal disease, the re-
sults should be confirmed by other tests. However,
in some cases other tests cannot be performed, and
percussion might be the best indicator of signifi-
cant periradicular pathosis. One difference is that
percussion pain related to periodontal inflammation
is more likely to be in the mild to moderate range.
Periapical inflammation is probable if the pain is very
sharp, causing a withdrawal response.

Percussion is performed by tapping on the in-
cisal or occlusal surface with the end of a mirror
handle held parallel or perpendicular to the crown.
With severe subjective pain, tapping the teeth is
avoided; gentle apical pressure is applied with digi-
tal manipulation of the tooth. To establish a basis
for comparison, the percussion test should also be
performed on control teeth. Another very good test
is to have the patient bite hard on an object, such
as a cotton swab, with the suspected and a control
tooth. This test is confirmatory if the patient re-
ports pain upon mastication (Figure 4-6).

Palpation. Like percussion, palpation determines
how far the inflammatory process has extended pe-
riapically. A positive response to palpation indicates
periradicular inflammation. Palpation is firm pres-
sure on the mucosa overlying the apex (Figure 4-7).
Pressure is applied by a fingertip and, like the per-
cussion test, at least one control tooth should be
included.

FIGURE 4-6
Biting test. Having the patient bite and grind firmly on a cot-
ton swab is effective in confirming pain on mastication.

FIGURE 4-7
Palpation. Applying firm pressure with the little finger over
the apex of the suspect tooth helps confirm periradicular
i nflammation.
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Pulp Vitality Tests

Direct dentin stimulation, cold, heat, and electric-
ity determine the response to stimuli and occa-
sionally can identify the offending tooth by an ab-
normal response. Response does not guarantee a
pulp's viability or health but at best indicates the
presence of some nerve fibers carrying sensory impulses.
There is wide variation in the pulpal response of
both normal and pathologically involved teeth.
Because of inherent limitations, these tests
should always have adequate controls, and results
should be interpreted carefully.

Selecting the Appropriate Pulp Test. The selection
depends on the situation. Additional meaningful
information is collected when stimuli similar to
those that the patient reports will provoke pain
are used during clinical tests. When cold (or hot)
food or drink initiates a painful response, a cold
(or hot) test is conducted in place of other viabil-
ity tests. Replication of the same symptoms in a
tooth often indicates the offender. Overall, elec-
trical stimulation is similar to cold (refrigerant) in
identifying pulp necrosis; heat is the least reliable
stimulus.

Direct Dentin Stimulation. This is probably the
most accurate and, in many cases, the best pulp vi-
tality test. Exposed dentin may be scratched with
an explorer; however, the absence of a response is
not as indicative as the presence of a response.
Caries are probed deeply with an explorer to non-
carious dentin, sudden, sharp sensation indicates
that the pulp contains vital tissue.

When other tests are inconclusive or cannot be
used and a necrotic pulp is suspected, a test cavity
is helpful. For example, a tooth with a porcelain-
fused-to-metal crown often cannot be tested accu-
rately by standard thermal or electrical tests. After

careful subjective examination and an explana-
tion of the nature of the test to the patient, prepa-
ration without anesthesia is done with a small
and sharp bur. With a vital pulp, the surface of the
restoration or the enamel can be penetrated with-
out too much discomfort. If the pulp is vital,
there will be a sudden sensation of pain when
dentin is reached. In contrast, if discomfort or
pain is absent, the pulp is probably necrotic; an
access preparation has already been started and
the procedure may be continued.

Cold Tests. Three methods are generally used
for cold testing: regular ice, carbon dioxide (dry
ice), and refrigerant. Carbon dioxide requires spe-
cial equipment (Figure 4-8), whereas refrigerant in
a spray can is more convenient (Figure 4-9). As to
effectiveness, regular ice delivers less cold and is
not as effective as refrigerant or CO2 ice. One
study found that refrigerant sprayed on a large
cotton pellet markedly reduced temperature
within the chamber.16 Overall, refrigerant spray
and CO2 are equivalent for pulp testing.

After the tooth is isolated with cotton rolls and
dried, an ice stick or large cotton pellet saturated
with refrigerant is applied. This stimulus applied
over a vital pulp usually results in sharp, brief
pain. This short, sharp response may occur re-
gardless of pulp status (normal or reversible or ir-
reversible pulpitis). However, an intense and pro-
longed response usually indicates irreversible
pulpitis. In contrast, necrotic pulps do not re-
spond. A false-negative response is often obtained
when cold is applied to teeth with constricted
canals (calcific metamorphosis), whereas a false-
positive response may result if cold water contacts
gingiva or is transferred to adjacent teeth with vi-
tal pulps.

FIGURE 4-8
Carbon dioxide ice testing. A, A carbon dioxide tank and special "ice maker" are required. B, A carbon dioxide

i ce stick is formed (arrow). The stick is held in gauze and touched to the facial surfaces of suspect and control
teeth. This technique can be used in teeth with various types of restorations. (Courtesy Dr. W. Johnson.)
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Cold is more effective on anterior teeth than
on more insulated posterior teeth. Therefore, lack
of a response to cold on control posterior teeth in-
dicates another vitality test. Electric pulp testing
is reliable after cold testing; the pulp's responsive-
ness is unaffected by cold."

Heat Tests. Teeth may be isolated by a rubber
dam to prevent false-positive responses. Various
techniques and materials are used. Gutta-percha
is heated in a flame and applied to the facial sur-
face. The best, safest, and easiest technique is to
rotate a dry rubber prophy cup to create frictional
heat (Figure 4-10) or to apply hot water. A flame-
heated instrument is difficult to control and
should be handled with care.

A mechanical, battery-powered device, such as
the Touch-n-Heat, is better controlled and will de-
liver heat safely and effectively. Heat is not used
routinely but is helpful when the major symptom
is heat sensitivity, and the patient cannot identify
the offending tooth. After applying heat, the tem-
perature is gradually increased until pain is
elicited. As with cold, a sharp and nonlingering
pain response indicates a vital (not necessarily
normal) pulp.

Significance of Thermal Tests. An exaggerated and
lingering response is a good indication of irre-
versible pulpitis. Absence of response in conjunc-
tion with other tests compared with results on
control teeth usually indicates pulpal necrosis. As
with cold, calcific metamorphosis may cause a
false-negative response. As mentioned earlier, one
test is seldom conclusive for the presence or absence of
pulpal or periapical disease.

Electrical Pulp Testing. Many devices are avail-
able commercially for electrical pulp tests. All are
powered by batteries and deliver a direct current
of high-frequency electricity that is varied. The
stimulus is usually applied to the facial surface to
determine the presence or absence of sensory
nerves and supposedly of a vital pulp.

Electrical pulp testers with digital readouts are
popular. These are not inherently superior to
other electrical testers but are more user-friendly.
All are used in a similar manner. It is very impor-
tant to clean, dry, and isolate the teeth. Scrub the
surface with a cotton roll and isolate it with the
same roll, then dry thoroughly with the air sy-
ringe. A small amount of toothpaste or other con-
ducting medium (the most effective conducting
medium has not been identified) is placed on the
electrode. An electrical circuit is established by us-
ing a lip clip or having the patient touch the metal
handle. 18 The electrode is placed on the facial or
lingual surface (Figure 4-11), and the level of cur-
rent is gradually increased until it surpasses the
perception threshold. Sensation may be tingling,
stinging, "full," or hot. The presence of a response

FIGURE 4-9
Refrigerant sprayed on a cotton roll, swab, or pellet (best) is
convenient and effective for determining pulp responsiveness.

FIGURE 4-70
A prophy cup run at high speed without lubricant generates
controlled heat for pulp testing.
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usually indicates vital tissue, whereas the absence
of such a response usually indicates pulpal necro-
sis. The electrical pulp tester is not infallible and
may produce false-positive or false-negative re-
sponses 10% to 20% of the time." Calcific meta-
morphosis may cause a false-negative response.
Warning: Contrary to popular opinion and persistent
notions, different response levels with different teeth as
shown by the number on the device do not indicate stages
of pulp degeneration. Electrical testers do not mea-
sure the degree of health or disease of a pulp. Be-
cause false-positive and false-negative responses
are common, reactions to these tests should be in-
terpreted (with some skepticism) only as yes or no
responses. Further careful interpretation, com-
parison, and correlation with other findings and
tests must be done; then a tentative determina-
tion of vitality or necrosis is appropriate.

Blood Flow Determination. Instruments that de-
tect pulp circulation are part of a developing tech-
nology that is likely to produce new approaches
for determining the presence of vital pulp tissue
in an otherwise nonresponsive tooth. An example
is the previously traumatized tooth that has an in-
tact blood supply, but no intact sensory nerves
and therefore is unresponsive to stimuli. These
very sensitive devices will detect pulp blood com-
ponents or blood flow in these situations. Sensors
are applied to the enamel surface, usually on both
the facial and lingual nerves. Blood flow is shown
by beams of light (dual wavelength spectropho-
tometry),20 pulse oximetry,21 or laser Doppler
flowmetry.22,23 Blood components are demon-

strated by detecting oxyhemoglobin '24 low con-
centrations of blood,25 or pulsations in the pulp.
These approaches are still more experimental
than clinically practical, and the devices are ex-
pensive. As the technology improves and becomes
less costly, and more experience is gained, their
use as sensitive pulp testers in the future is likely.

Periodontal Examination

Periapical and periodontal lesions may mimic
each other and therefore require differentiation
(see Chapter 26). It is also important to establish
the periodontal health of the tooth or teeth as
part of overall treatment planning.

Probing. Probing is an important clinical test
that is often overlooked and underused for di-
agnosing periapical lesions. Bone and periodon-
tal soft tissue destruction are induced by both
periodontal disease and periradicular lesions
and may not be easily detected or differentiated
radiographically.

A periodontal probe determines the level of
connective tissue attachment. Also, the probe
penetrates into an inflammatory periapical lesion
that extends cervically. Probing is a diagnostic aid
that has prognostic value. The prognosis for a
tooth with a necrotic pulp that induces cervically
extending periapical inflammation is good after
adequate root canal treatment. However, the out-
come of root canal treatment on a tooth with se-
vere periodontal disease usually depends on the
success of periodontal treatment. Teeth with
marked periodontal disease involvement are poor
candidates for endodontic procedures. Probing
depths should be recorded for future comparison.

Mobility. The mobility test partially determines
the status of both the periodontal ligament and
prognosis. Teeth with extreme mobility usually
have little periodontal support. Occasionally an
extensive periradicular lesion may alter the peri-
odontal support markedly; mobility usually de-
creases dramatically after successful root canal
treatment.

Mobility is determined by placing the index
finger on the lingual aspect and applying pressure
with the mirror handle on the opposite facial sur-
face. Movement of more than 2 to 3 mm or de-
pression indicates that the tooth is a poor candi-
date for root canal treatment if the mobility is due
primarily to periodontal disease and not to peri-
radicular pathosis.

FIGURE 4-77
Electric pulp tester. A special minitip (electrode) with a small
spot of conductive medium is useful for electrical pulp test-
i ng where tooth structure availability is limited.

RADIOGRAPHIC EXAMINATION

Perhaps radiographs should be termed "the great
pretenders." Dentists tend to rely excessively on
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FIGURE 4-12
Horizontal as well as vertical bone loss is ev-
ident in this quadrant. All teeth are respon-
sive to vitality tests; therefore, the resorptive
defects represent a severe periodontal con-
dition and not pulp or periradicular pathosis.
Root canal treatment is not indicated.

FIGURE 4-13
Characteristic appearance of an endodontic lesion. This radi-
ograph shows loss of lamina dura and a hanging-drop ap-
pearance. There was a history of trauma in this patient. A film
made at a different angle would show the lesion remaining
at the apex. (Courtesy Dr. L. Wilcox.)

radiographs to supply conclusive diagnostic in-
formation. Certainly they are useful and necessary
as diagnostic and treatment aids. But the use of
radiographs to diagnose pulpal or periradicular
pathosis has been exaggerated, and many limita-
tions are overlooked. Pathologic changes in the
pulp are not visible; likewise, periradicular lesions
produce no radiographic changes in the early
stages. Evidence of pathosis often appears only

when the inflammatory process spreads to
medullary bone, particularly to the cortical
plates .26,27 Radiographs are only two-dimensional;
various projections may allow several views of the
same structures, permitting three-dimensional in-
terpretation. With these and other limitations, it
is evident that good-quality films are only one of
the tools used for diagnosis.

Radiographs allow evaluation of tooth-related
problems (e.g., carious lesions, defective restora-
tions, and root canal treatments), abnormal pul-
pal and periradicular appearances, malpositioned
teeth, relationship of the neurovascular bundle to
the apexes, the general bony pattern, and peri-
odontal disease (Figure 4-12).

Periapical Lesions

Radiolucent and radiopaque entities in the jaws
(both normal structures and nonendodontic
pathosis) may be confused with endodontic
pathosis. Obviously, such confusion may lead to
misdiagnosis and incorrect treatment. Periradicu-
lar lesions of pulpal origin usually have four char-
acteristics: (1) the lamina dura is lost apically; (2)
the lucency remains at the apex regardless of the
cone angle; (3) the lucency tends to resemble a
hanging drop; and (4) usually a cause of the pulp
necrosis is evident (Figure 4-13).

The dentist should remember the most impor-
tant diagnostic radiographic relationship be-
tween the pulp and the periapical tissues: A well-
developed radiolucent periapical lesion is invariably
associated with and results from a necrotic pulp! A siz-
able radiolucency in the periapical region of a
tooth with a vital pulp is not of endodontic origin
and is either a normal structure or a nonen-
dodontic pathosis.
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FIGURE 4-14
Condensing osteitis. A, Surrounding the distal root apex is diffuse trabeculation. B, This contrasts with the con-
tralateral molar, which demonstrates a normal, sparse trabecular pattern.

Radiopaque changes also occur. Condensing os-
teitis is a reaction to pulp or periradicular inflam-
mation and results in an increase in medullary
bone.28 It has a diffuse circumferential medullary
pattern with indistinct borders (Figure 4-14). The
well-circumscribed, more homogeneous normal
structure that occurs commonly in the mandibular
posterior region is enostosis (or sclerotic bone);
this is a nonpathologic condition.

New radiographic technology permits early de-
tection of bony changes, allowing new approaches
to differential diagnosis. Digital subtraction radi-
ography "reads" subtle early changes with periapi-
cal bone resorption." Digital radiometric analysis
and computed tomography may distinguish bony
pathoses such as granulomas and cysts.30 Radiovi-
siography and magnetic resonance imaging
demonstrate changes of resorptive lesions over
time.31 However, all these technologies are still
neither perfected nor cost effective nor offer sig-
nificant diagnostic benefits for routine clinical ap-
plication"; undoubtedly these or similar devices
will prove useful in the future.

Pulpal Lesions

Few specific pathologic entities that relate to irre-
versible pulpitis are visible radiographically. An
inflamed pulp with dentinoclastic activity may
show abnormally altered pulp space enlargement
and is pathognomonic of internal resorption (Fig-
ure 4-15). Extensive diffuse calcification in the
chamber may indicate long-term, low-grade irrita-
tion (not necessarily of irreversible pulpitis).

Dentin formation that radiographically "obliter-
ates" the canals (usually in patients with a history
of trauma) does not in itself indicate pathosis
(Figure 4-16). These teeth ordinarily require no
treatment, but when treatment is necessary (see
Figure 4-15, B), they can be managed with reason-
able success . 33

SPECIAL TESTS

After subjective and objective examinations and
clinical tests have been completed, it is usually
possible to make an accurate diagnosis and cre-
ate a reasonable treatment plan. However, if spe-
cial circumstances prevent making a definitive
diagnosis, additional tests such as caries re-
moval, selective anesthesia, and transillumina-
tion are options.

Caries Removal

Determining the depth of caries penetration is
necessary in some situations for definitive pulp
diagnosis. A common clinical situation is the
presence of deep caries on radiographs, no signif-
icant history or presenting symptoms, and a pulp
that responds to clinical tests. All other findings
are normal. The final definitive test is complete
caries removal to establish pulp status.

Penetration of caries into a symptomatic pulp
indicates irreversible pulpitis, requiring root canal
treatment. Nonpenetration usually indicates re-
versible pulpitis (although a percentage of pulps
are irreversibly inflamed without exposure); the
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FIGURE 4-75
Differing pulp responses to injury. A, Central incisor shows extensive, perforating internal resorption; the lateral
incisor has calcific metamorphosis. B, Special techniques manage these problems with both surgical and nonsur-
gical treatment.

FIGURE 4-16
Calcific metamorphosis. A, This lesion has resulted from repeated insults from caries and restorations. B, This
dentin formation ("obliteration") resulted from trauma and irritation to the pulp. Neither A nor B is pathosis. Oc-
casionally apical pathosis does develop; this is a treatment challenge. (B courtesy Dr. L. Wilcox.)
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tooth is then restored atraumaticalty. The patient
is informed of possible future treatments.

Selective Anesthesia

This test is in contrast to the test cavity, which is
performed in symptomatic as well as pain-free
teeth. The selective anesthesia test is useful in
painful teeth, particularly when the patient can-
not isolate the offending tooth even to a specific
arch. If a mandibular tooth is suspected, a
mandibular block will confirm at least the region
if the pain disappears after the injection.

Individual tooth anesthesia is most effective in
the maxilla. Anesthetic should be administered in
an anterior to posterior direction because of the
distribution of the sensory nerves. Because an in-
ferior alveolar nerve block anesthetizes all teeth in
the quadrant, selective anesthesia is not useful for
the mandible. The periodontal ligament injection
will often anesthetize multiple teeth3' and should
not be used to identify a suspect tooth. Selective
anesthesia is most useful to identify which arch
has the tooth that is the source of pain.

Transillumination

This test helps to identify longitudinal crown
fractures because a fracture will not transmit the
light. Transillumination produces contrasting
dark and light at the fracture site.

LONGITUDINAL CROWN FRACTURES

These fractures seem to be increasing in number
and are a challenge for both diagnosis and treat-
ment. There are some classic signs occurring of-
ten that indicate a cracked tooth. This is a fairly
common cause of endodontic pathosis and there-
fore requires consideration during diagnosis.
More detail about diagnosis and management of
these fractures is in Chapter 28.

DIFFICULT DIAGNOSES

Some perplexing conditions defy diagnosis even
after thorough subjective, objective, and radi-
ographic examinations.35 Usually these situations
do not require immediate treatment and the pa-
tient may be scheduled for a return visit for fur-
ther evaluation or possibly dental and medical
consultations. Collection and careful analysis of
data by consultation with others are prudent to
prevent misdiagnosis and mistreatment of these
patients. It is a mistake to feel compelled to treat
all patients who express symptoms immediately.
Often time or a different approach wilt permit the

correct diagnosis and logical treatment. Also,
symptoms that have significant pathosis as their
source tend to be isolated to the offending tooth
with time. Symptoms unrelated to significant
pathosis will generally subside. Patients usually
accept this explanation and are willing to wait for
a definitive diagnosis.

DIAGNOSTIC FINDINGS
AND TERMINOLOGY

Use of a data form to accumulate diagnostic find-
ings serves three purposes: first, it ensures that all
pertinent information has been assessed and in-
cluded; second, it ensures that findings have been
recorded and may be analyzed; and third, it al-
lows future reference to findings noted at the ini-
tial appointment. Figure 4-17 is an example of
such a form.

The findings are arranged in a rational order to
arrive at a pulpal or periradicular diagnosis. This
process is summarized in Table 4-1. Consistency
of all findings does not always exist because of the
variations and unpredictability of diagnoses and
of patient responses. In addition to diagnosing
pathoses and determining what treatment is indi-
cated, the approach used must fit into the pa-
tient's overall needs and treatment plan. To ac-
complish this, the practitioner should know the
indications and contraindications for root canal
therapy and recognize conditions that make treat-
ment difficult. This knowledge, combined with
the diagnosis, determines the treatment plan.

Treatment Planning
Once the nature of the pathosis has been deter-
mined, treatment decisions must be made. The
major decision is whether root canal treatment is
necessary or some other approaches are preferred.
Some teeth may require extraction or a temporary
measure (i.e., an emergency situation) with defin-
itive root canal treatment at a future appoint-
ment. At times the decision as to the treatment
approach becomes complicated. For example,
with failed root canal treatment, whether to re-
treat or to manage surgically involves a number of
considerations.36 Many patients with these prob-
l ems are best referred to an endodontist.

TO TREAT OR NOT TO TREAT

After diagnosis and treatment plan have been for-
mulated, the next step is to discuss these with the
patient so he or she will understand the problem
and its management. A common question is, "But
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FIGURE 4-17
A sample form used in diagnosis and treatment planning. (Adapted from Krell K, Walton R: Odontalgia: diagnos-
i ng pulpal, periapical, and periodontal pain. In Clark J, editor: Clinical dentistry, Philadelphia, 1987, Harper & Row.)

doctor, it doesn't hurt. Is it necessary to do this at
all, or can't we just wait and see if it does bother
me?" One explanation of the necessity for imme-
diate treatment is that progressive disease (pulp
and/or periapical) is present, and early manage-
ment enhances the chances for successful treat-
ment. A good explanation to the asymptomatic
patient is that this problem is a time bomb ticking
away. The problem is that we cannot know when it
will go off, but it probably will do so at an inop-
portune time. Management is better, easier, and
more predictable before such symptoms occur.

TREATMENT RELATED
TO DIAGNOSIS

The pulpal diagnosis in general dictates the ap-
proach. If the various states of pulp pathosis are
listed, that is, normal pulp, reversible pulpitis,
irreversible pulpitis, and necrosis, a line is
drawn between reversible and irreversible pulpi-

tis. Those entities on the reversible side may or
may not require noninvasive treatment; those on
the irreversible side require extraction or root
canal treatment or at least removal of the in-
flamed portion of the pulp with pulpotomy or
partial pulpectomy.

The periapical diagnosis indicates the specific
nature of the procedure to be followed, usually in
conjunction with root canal treatment. In other
words, a periradicular lesion has developed only
because significant, severe pulp pathosis exists.
This requires root canal therapy (if appropriate)
and sometimes other surgical procedures such as
extraction, or incision and drainage.

NUMBER OF APPOINTMENTS

Although traditionally a point of debate, most
investigations indicate that, in general, single-
appointment root canal treatment is acceptable.37-39
However, the general dentist should approach
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Diagnostic Terminology

this type of treatment with caution and careful
patient selection.

Multiple Appointments

There are situations that require more than a sin-
gle appointment. One is the condition that is
complex or time consuming. Related to this and
most important is patient management and the
tolerance level of patient and operator. If fatigue
or frustration on the part of either occurs, the ap-
pointment is terminated, a temporary filling is
placed, and another appointment is scheduled.

Another situation is the patient with severe peri-
radicular symptoms or persistent canal exudation.
These are often emergencies, and the tolerance level
of the patient is low. Also, flare-ups between ap-
pointments occur more often in these situations."
Posttreatment flare-up is considerably more diffi-
cult to manage if the canals are obturated.

A third indication may be a diagnosis of pulp
necrosis and asymptotic apical pathosis. There is
some preliminary evidence (not conclusive) that
healing may be better if there are two visits and
calcium hydroxide is placed as an intracanal
medicament.41

Effects on Prognosis and Pain

The long-term prognosis and patient symptoms
after treatment are two major concerns related to
the number of appointments. As yet, most stud-
ies indicate that in the asymptomatic patient,
posttreatment pain 37,42,43 i s unrelated to whether
treatment is completed in single or multiple ap-
pointments. Effects on prognosis are uncertain
to date. Again, single-appointment root canal
treatment should always be approached with
some caution and with consideration of each in-
dividual case.
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When to Conclude the Appointment

The questions to be answered are as follows: What
should be completed to minimize interappoint-
ment problems? At what point may a temporary
filling be placed? Studies have not indicated all fac-
tors that dictate what must be accomplished; how-
ever, there is no increase in posttreatment symp-
toms from incomplete cleaning and shaping.40,44
But, when there is pulpal necrosis, there may be
improved healing if debridement is completed and
intracanal calcium hydroxide is placed . 45

DIAGNOSIS AND
TREATMENT PLANS

Specific treatment approaches are indicated, de-
pending on the diagnosis and the individual situ-
ation. The following general recommendations
are made accordingly. Variations or alterations in spe-
cific treatment options are dictated by circumstances.

Pulpal Diagnosis

Normal or Reversible Pulpitis. Root canal treat-
ment is not indicated (unless elective). In patients
with reversible pulpitis, the cause is usually re-
moved and restoration follows (if necessary).

Irreversible Pulpitis. Root canal treatment,
pulpotomy, partial pulpectomy, or extraction is
required. Ultimately total pulp removal is pre-
ferred; attempting to maintain a damaged pulp,
for example, by capping a carious exposure, is
likely to result in long-term failure.46 Partial pulp
removal is a temporary measure in certain cir-
cumstances (emergency or apexogenesis). Total
pulpectomy is not always accomplished with the
use of broaches alone, which leave shreds of pulp
tissue. The pulp is totally removed only when
cleaning and shaping are essentially complete. At
the initial appointment, if circumstances do not
permit complete pulpectomy, pulpotomy or par-
tial pulpectomy is acceptable .4'

Necrosis. Root canal treatment or extraction is
indicated. Necrotic debris may be removed com-
pletely on the first visit. Again, this situation in-
cludes establishing working lengths and complet-
ing cleaning and shaping. Careful instrumentation
and copious irrigation are important. If a situation
does not permit total debridement, partial debride-
ment is acceptable.

Caustic pungent chemical medicaments are
contraindicated; these are of no benefit. If more
than minimal preparation has been done (more
than 25 file), calcium hydroxide paste may be
placed in the canal.

Rarely should these teeth be left open to the
oral cavity. 48,49 Occasionally the tooth might be

left open if a continuous, copious flow of exudate
exists during canal preparation. Adjunctive treat-
ment with pulp necrosis may be necessary, de-
pending on the periradicular diagnosis.

Periradicular Diagnosis

There are more treatment variations related to
periradicular status. With significant periradicu-
lar pathosis, associated pulp necrosis exists. It
should be remembered that the most important
factors in the resolution of periradicular pathosis,
whether acute or chronic, are debridement and re-
moval of irritants from the pulp space! These are
always prerequisites. Of course, ultimate success
depends on coronal and radicular obturation as
well as debridement .so

Normal. No special treatment approach is
required.

Acute Apical Periodontitis. Because this is a small
(but painful) inflammatory lesion, there is no spe-
cial treatment required. It is critical to remove the
inflamed pulp or necrotic debris and other irri-
tants. Pain comes primarily from fluid pressure;
some exudate or transudate may be released into
the canal space when it is opened or during instru-
mentation. This may be a small amount and may
not be visible clinically, but will aid in pain relief.

Intracanal medicaments do not reduce symp-
toms. However, to inhibit bacteria with pulp
necrosis, calcium hydroxide is placed in the
canal(s), and the access is closed with a cotton pel-
let and a temporary filling. Occlusal reduction in
patients with severe percussion sensitivity may
ease symptoms.''

Chronic Apical Periodontitis. This lesion is associ-
ated with pulp necrosis. The size of the lesion gen-
erally is not a factor in choosing the treatment ap-
proach (Figure 4-18). Calcium hydroxide is placed
as an intracanal medicament, and the access
opening is sealed with dry cotton and a temporary
filling.

Acute Apical Abscess

Debridement. Because this lesion is accompa-
nied by pain and/or swelling, different ap-
proaches are necessary. Most critical is debridement of
irritants from the canal space; therefore, complete or
nearly complete cleaning and shaping with copi-
ous, careful irrigation are desired.

Drainage. Next in importance is drainage
through the tooth or soft tissue. Treatment (inci-
sion and drainage, extraction) varies, depending
on the presence or absence of swelling, extent of
involvement, and other factors. Specific details on
managing acute apical abscess are discussed in
Chapter 17.
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Suppurative Apical Periodontitis
(Chronic Apical Abscess)

Because this lesion is asymptomatic owing to in-
traoral or extraoral drainage of an abscess," no
special treatment measures are necessary. Again,
the key is debridement; the tract or parulis should
resolve spontaneously once irritants from the
pulp space are removed (see Figure 4-3). A persis-
tent draining sinus tract indicates a misdiagnosis
(is it a periodontal abscess?), a missed canal, or in-
adequate debridement or obturation. Generally,
the sinus tract resolves a few days to a month af-
ter debridement and obturation. Calcium hydrox-
ide should be placed in the canal(s) and in the ac-
cess cavity, which is always closed temporarily
between appointments.

Condensing Osteitis. This entity requires no spe-
cial treatment. Because it occurs with different
pulp conditions, treatment will vary. Condens-
ing osteitis resolves in approximately 50% of
teeth after successful root canal treatment.'' There
is no apparent problem if the condensing os-
teitis does not resolve; no further treatment is re-
quired unless there are other findings that indi-
cate failure.

TREATMENT CHOICES

Routine Cases

There are some procedures that the graduating
dentist (and general dentist) should be able to
perform. According to the Curriculum Guidelines
for Endodontics (see Chapter 1), sufficient educa-
tional experience in specific procedures must be
provided to the student. Obviously, there is varia-
tion between and even within individual institu-
tions; however, the practicing dentist often ac-
quires additional skills by advanced formal
training, experience, or continuing education.

Most uncomplicated root canal treatment pro-
cedures can and should be done by the general
practitioner. The most important point is to iden-
tify the routine nature of each case and plan ac-
cordingly. So, what is within the capabilities of
the general practitioner, and which patients
should be considered for referral? This informa-
tion is covered in detail in Chapter 5.

Difficult Procedures

Difficult procedures include a wide spectrum of
problems. Managing difficulties depends on the
knowledge and skills of the general practitioner.
Equally important is access to the appropriate in-
struments and materials. With all these consider-
ations, the practitioner (in collaboration with the
patient) decides what to treat. The decision to treat

FIGURE 4-18
Because of its size, this lesion is likely to be an apical radicu-
l ar cyst. The lesion is related to pulp necrosis in the left cen-
tral incisor. Although superimposed over the apex of the ad-
jacent incisor, the pulp is not affected and therefore does not
require treatment. Proper root canal treatment of the left in-
cisor would lead to resolution without surgery.

or refer is based on the individual patient case and not on
a predetermined set of criteria.

TREATMENT MODIFIERS

Complications

While progressing through the diagnostic process,
the practitioner makes observations that modify
the treatment approach. A decision may be made
to extract a tooth that is nonrestorable, has severe
periodontal involvement, or is noncritical to the
overall treatment plan or if the patient is disinter-
ested in comprehensive care. Other conditions
that may require modifications include severe
caries, failed root canal treatment, operative prob-
lems, isolation difficulties (Figure 4-19), abnormal
root or pulp anatomy (Figure 4-20), medical com-
plications, and calcifications (Figure 4-21). Any
one or a combination of these may designate a pa-
tient with a complex problem that should be con-
sidered for consultation or referral (see Chapter 5).
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FIGURE 4-79
I solation problem. Deep subgingival caries require an adjunctive surgical
procedure for adequate isolation and restoration.

FIGURE 4-20
Anatomic difficulties. A, Dens invaginatus has resulted in communication and resultant necrosis of the pulp. In-
complete dentin formation and an irregular internal form make these teeth anatomically difficult to clean, shape,
and obturate. The size of the periradicular lesion does not itself contraindicate nonsurgical treatment. B, A se-
verely curved root and the position make treatment for this third molar difficult.

Adjunctive Procedures

Many procedures often are beyond the training
and experience of the general practitioner.
These include but are not limited to surgery,
complex bleaching, replantation, retreatment,

transplantation, apexification, root resection,
and management of cracked teeth. The general-
ist should understand these techniques and how
they mesh with the overall treatment plan and
explain them to the patient. These adjunctive
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FIGURE 4-21
Anatomic difficulties. A, Numerous insults from caries, restorations, and restorative procedures have resulted in
calcific metamorphosis in the molar. A very small canal contains necrotic tissue sufficient to cause apical patho-
sis. Note that cervical caries are also altering the pulpal anatomy on the adjacent premolar (arrows). B, Removal
of the crown and an extensive search failed to locate the canals. Periradicular surgery with a root end filling will
be necessary.

procedures are described in more detail in other
chapters.

Prognosis
Patients are entitled to the best dental care. Un-
fortunately, this is not always available or is not
presented during discussion of the treatment
plan. The practitioner should calculate a progno-
sis for each situation, including a contingency prog-

nosis if problems are encountered after treatment
has begun.

It has been reported (as a summarization of
relative success and failure rates) that success
rates for treatment by general practitioners are
lower than those of specialists or specialty clin-
ics.'° Although there may be a number of reasons
for this, certainly a major one is the tendency of
general practitioners to attempt treatments that
are inappropriate or beyond their abilities." Thus,
to provide the best treatment, the generalist and
specialist must communicate, share treatment
problems, and exchange ideas for providing the
best treatment for their patients."
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When and How to Refer

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Understand the importance of referral.

2 / Classify complications of endodontic procedures.

3 / Identify factors complicating diagnosis.

4 / Discuss factors that make root canal treatment difficult.

5 / Describe factors that make determination of prognosis difficult.

6 / Identify situations that might require consultation with a physician or a dental specialist.

7 / Identify which procedures should be within the capabilities of the generalist.

8 / Identify which procedures are ordinarily not within the graduating dentist's realm of training or experience

and which patients should be considered for referral.

9 / Recognize reasons for referral after treatment is initiated.

10 / Describe the relationship, responsibilities, and communication modes among the general dentist, patient,

and endodontist.
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I dentification and Classification of Cases

Case Selection System

Patient Considerations

Health and Medical History

Local Anesthesia

Physical Limitations

Objective Clinical Findings

Diagnosis

Radiographs

Anatomic Complications

Additional Factors

Restorability and Isolation

Existing Restorations

Cracked Tooth

Root Resorption

Endodontic-Periodontic Lesion

Traumatic Injuries

Previous Endodontic Treatment

Procedural Accidents

Separated Instrument or Canal Blockages

Ledging

Perforations

Emergencies

Persistent Signs and/or Symptoms

Persistent Radiographic Pathosis

Persistent Probing Defect or Sinus Tract

Referral During Treatment

Flare-ups

Procedural Accidents

I nability to Locate Root Canals

Financial Considerations

Referral to a Specialist

What Is Expected of a General Practitioner

I nstructions to Endodontist

Explanation to Patient

What Is Expected of an Endodontist

Treatment Performed

Feedback to Dentist

Feedback to Patient

I dentification and Classification
of Cases

The decision about what to treat and what to refer
depends on different risk factors, including the
skills of the dentist and the case difficulty.6 There
are three general categories of cases based on their
complexity:

1. Average risk. An experienced practitioner
should expect to achieve a favorable out-
come based on the pretreatment evalua-
tion of the risk factors.

patient deserves the best quality of
care possible. Depending on the treat-
ment, the general dentist may be best

suited to deliver that care. In some situations, ei-
ther a general dentist or a specialist may effica-
ciously perform the procedure. However, in more
complex cases, the specialist will provide the best
care.'

Referrals are part of comprehensive health care
management and are appropriate when the pa-
tient's needs are beyond the generalist's capabili-
ties.2 By definition, standard of care means that the
quality of endodontic care provided to patients by the
general dentist should be similar to that provided by an
endodontist.3 Because of the subjectivity of criteria
used to evaluate degrees of complexity, it is diffi-
cult to determine when to proceed versus when to
refer. Epidemiologic data show that success rates
for root canal treatment are lower for generalists
than for specialists. 4 A possible contributing fac-
tor for this finding is that general dentists often
attempt treatment that is beyond their abilities.
An objective measure of when and which patients
to refer is very important.

This chapter presents guidelines for determin-
ing case complexity using specific risk factors and
then rating them systematically. Application of
this system allows a general dentist to recognize
patients with problems within their scope and
treat them accordingly.' It should also help gen-
eral practitioners to avoid mishaps and misunder-
standings and ultimately to provide the best
treatment for their patients.

Obviously, there are referral considerations
other than case complexity. For example, a general
dentist may have the training and experience to
manage a particular situation but may choose not
to do so, preferring to concentrate on other as-
pects of treatment. Or a dentist may have learned
that he or she cannot complete certain procedures
quickly enough for cost effectiveness. This chap-
ter does not discuss these considerations.
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2. High risk. An experienced practitioner with
advanced training may be able to manage
these situations, but caution should be ob-
served. These patients may be considered
for referral if one or more of the risk fac-
tors fall in this range.

3. Extreme risk. The preoperative conditions
show exceptionally difficult situations;
even the most skilled practitioner will be
challenged. These patients should be con-
sidered for referral.

Complexity may be related to diagnostic, pro-
cedural, or prognostic difficulties.

Diagnostic difficulties include confusing test re-
sults, nonspecific or unusual patterns of pain
from periradicular lesions of nonpulpal origin,
endodontic or periodontal lesions, and resorp-
tion. Radiographic problems may be either tech-
nical or interpretive.

Procedural difficulties may relate to the patient's
physical limitations, medical history, or manage-
ment problems, inadequate anesthesia, isolation
difficulties, tooth restorability, or complex tooth
anatomy. Additional complications include the
presence (or absence) of restorations, the presence
of previous obturating materials or posts, trau-
matic injuries and fractures, endodontic emergen-
cies, and procedural accidents.

Prognostic difficulties are associated with persis-
tent symptoms and or/lesions and failure to heal
after prior treatment.

Case Selection System

This system involves the recognition and rating of
risks associated with endodontic therapy. Every
case has certain unique difficulties that deserve
observation and rating before the dentist makes
the ultimate decision to treat or refer a patient.
This program presents a means of evaluating each
case based on degree of difficulty by considering
risk factors related to the patient and the tooth
and parameters affecting treatment and progno-
sis. Determining the various factors yields a sys-
tematic, measurable rating.

Each factor is given a numerical value. These
values are average risk (rate 1), high risk (rate 2), and
extreme risk (rate 3). If all ratings fall in the average
category, a general practitioner usually can treat
the patient. If one or more factors fall in the high-
risk category, the patient may be treated by an ex-
perienced generalist or referred. Patients with one
or more factors in the extreme range should be con-
sidered for referral to an endodontist. For example,
a relatively straightforward root canal treatment

for a central incisor may be best managed by re-
ferral if the patient has a very limited oral opening
and film placement would be difficult, or if the
canal space is calcified as a result of trauma or
other complicating factors.

Figure 5-1 is a working model reproduction of the
Endodontic Case Difficulty Assessment Form selection
system. Consideration involves a checklist that
rates all factors systematically. At first, the process
seems cumbersome; however, repeated usage and
familiarity will reduce risk for both patient and
dentist. This should allow the dentist to provide
optimum quality care.

Patient Considerations
HEALTH AND MEDICAL HISTORY

General practitioners may treat medical complica-
tions that affect diagnosis and/or treatment and
patients who require premedication. However,
severity must be evaluated. In patients with more
serious disorders, an endodontist may best pro-
vide treatment. Specialist care is generally more
expedient and offers better prevention and man-
agement of complications during treatment. Dia-
betes and anticoagulant therapy are examples of a
systemic condition and a medication that may af-
fect the decision of whether to refer. Consultation
with the patient's physician before deciding
whether to refer is advisable when the medical his-
tory indicates a potential problem.

LOCAL ANESTHESIA

Some patients report an "allergy" to local anesthet-
ics. However, a true allergic reaction to commonly
used local anesthetics, particularly the amides, is al-
most nonexistent.' Tachycardia is often confused
with an allergy. A patient may report adverse reac-
tions to an anesthetic with epinephrine. This is
probably apprehension and not truly an "allergy."

A major dilemma is highly inflamed pulp, par-
ticularly in mandibular molars.8 Difficulty with
anesthesia may transform a cooperative patient
into a budding dental phobic. When difficulty is
encountered in obtaining profound anesthesia,
referral should be considered. Endodontists are
accustomed to dealing with these situations.

PHYSICAL LIMITATIONS

Physical limitations may present problems for
providing proper treatment. If the patient cannot
be suitably reclined or if the mouth opening is
such that access is compromised, referral should
be considered. Even endodontists are challenged,



FIGURE 5-1
Endodontic case difficulty assessment form. (Reprinted with permission from the American Association of Endodontists.)
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and oral anatomy (e.g., shallow palatal vault or
large and narrow dental arches) may hinder this
task. Also, some apprehensive patients are prone
to gag or cannot maintain film position. When
case rating is considered, possible difficulties in
obtaining diagnostic or treatment films must be
kept in mind.

ANATOMIC COMPLICATIONS

A number of anatomic factors are related to de-
velopmental and acquired tooth morphology.

Pulp Chamber

As the tooth ages, pulp chamber space decreases.
Chamber size and pulp stones, as well as the ex-
tent of calcifications in the canal system, must be
considered (Figure 5-3).

Calcific Metamorphosis

In addition to chamber calcification, the canals
may show calcific metamorphosis from dentin de-
position (Figure 5-4).s Considered are the visibil-
ity of the canals, the canal orifices, and the general

but they may have encountered the problem and
devised a solution. A second molar in one patient
may be easier to manipulate than a premolar in
another patient. The area should be inspected
carefully; if problems are detected before the rub-
ber dam is placed, the patient should be referred.

Objective Clinical Findings
DIAGNOSIS

Appropriate treatment follows accurate diagno-
sis. Many procedures are done inappropriately (or
not done) because of diagnostic errors. The end-
odontist is experienced, and the generalist may
be unfamiliar with that particular problem. Re-
ferred pain is a prime example of a condition that often
presents the practitioner with a significant diagnostic
challenge. Unless a definitive diagnosis is obtained,
no treatment should be rendered, and the patient
referred.

RADIOGRAPHS

Diagnostic and treatment films of good quality
are critical (Figure 5-2). Patient characteristics

FIGURE 5-2
A, Periapical radiolucency (A) and mesial radiolucency in the apical third (8). The canals are calcified, the root is
narrow, and there is a hint of a significant mesial concavity in the coronal third (C). The tooth is also crowned,
thereby increasing access complexity. This case is considered as high risk. B, Postoperatively, the mesial radiolu-
cency resulted from the buccal root exiting several millimeters shorter than the palatal root with a significant dis-
tal curvature. The practitioner must manage the unexpected should problems arise during treatment.



FIGURE 5-4
Apical pathosis-the canal is not visible (calcific metamor-

phosis); this situation is rated as extreme risk.

decrease in canal size as evident on radiographs'
(Figure 5-5).

Number of Canals

A good rule is to always expect "extra" canals or
roots unless the preoperative film clearly shows a
distinct number of canals; the reality is that more
may exist (Figures 5-6 and 5-7). There are difficul-
ties with multiple canals. For example, many
mandibular incisors have two root canals and
mandibular premolars may have multiple
canals." ,' ' A significant percentage of mandibular
first molars have two canals in the distal root, and
mesiobuccal roots of maxillary molars often have
two canal systems.'z

Root Curvature

Canals are rarely straight, although roots may ap-
pear so on a facial radiograph. Curvature factors
i nclude the direction, severity, and number of
curves (Figure 5-8). Especially common are "re-
curvatures" of the mesial roots of mandibular
molars, in which the apices bend toward each
other. Another treatment challenge is the bayonet
curve (Figure 5-9). This should be considered ex-
tremely difficult (rate 3).

Root Length

Long root canal systems are a challenge to treat.
Very short roots also pose unique problems.

FIGURE 5-3
Pulp chamber and root canals show calcific metamorphosis; this situation is rated as extreme risk.
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FIGURE 5-5
A, Calcific metamorphosis in the mesial root plus chamber narrowing and orifice angulation, which compromise
the access into the mesial canals. B, The postoperative radiograph reveals four canals, gradual curvature of mesial
canals, and apical delta with accessory canals in the distal root. Slight sealer overextensions should not adversely
affect healing. This tooth should be treated by an experienced practitioner, but with caution.

FIGURE 5-6
Mandibular molars with an "extra" distolingual root; this situation is rated as high risk.
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FIGURE 5-7

A, Unusual anatomy. Note the abrupt curvature in the middle and apical third, suggesting a third canal. B, Post-
operative image. The difficulty of this situation should be a consideration for referral to a specialist.

FIGURE 5-8

A, Extreme curvature of the mesiobuccal root of tooth 14. This nearly 90° curve (A) would place this situation in
the extreme risk category and the patient should be considered for referral. B, Note the curvature of the disto-
buccal root in the postoperative radiograph.
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FIGURE 5-9

A, Dilaceration in the apical third. The degree and location of curvature strongly suggest caution and a consider-
ation for referral. B, Note in the postoperative radiograph that the apical third curvature has been maintained.

Degree of Apical Closure

The size of the apical opening correlates with the
difficulty of the situation. Recently erupted teeth
with immature apices are complicated to treat and
often require special procedures. Outcome and
duration of treatment are unpredictable; these
teeth are difficult to manage (see Chapter 22).
Problems with teeth in which the initial apical
foramen is between file sizes 50 and 70 are catego-
rized as high risk.

Tooth Location and Malpositioning

Generally, second and third molars, especially
maxillary molars, are difficult to reach, particu-
larly in a patient with a limited opening. Buccally
positioned maxillary second molars are associ-
ated with a variety of treatment problems. Ro-
tated, tipped, or crowded teeth may also compli-
cate isolation and access as well as inhibit
adequate cleaning and shaping or obturation
(Figure 5-10).

Additional Factors

RESTORABILITY AND ISOLATION

Severe caries or other damage may render the
tooth too difficult to isolate or to restore; extrac-
tion may be the best alternative. In some instances
crown lengthening may be necessary to create bi-
ologic width. Referral to a periodontist for such
treatment should be considered. Also, an en-
dodontist may combine crown lengthening with
root canal treatment in the same appointment
(Figure 5-11).

EXISTING RESTORATIONS

Many teeth requiring root canal treatment have
castings." Access through gold is easier than that
through nonprecious metals. Porcelain is some-
what fragile, creating difficulties in access and
preparation. If the tooth is a bridge abutment, the
angulation and length of span must be considered.
Often, restoration anatomy does not duplicate the
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FIGURE 5-10
Rotated lateral incisor may create isolation and access problems; this situation is rated as high risk.

FIGURE 5-11
Mesial abutment requires crown lengthening for root canal treatment as well as for the creation of biologic width
for restoration.

original crown anatomy, and the pulp chamber is
difficult to locate. When the chamber and orifices
are not visible in the preoperative film or the
anatomy of the underlying tooth is questionable,
the rating is high risk (see Figure 5-2).

Other considerations include the size of the
crown and the presence of precision attachments
as well as parallelism between the long axis of the
crown and the long axis of the root. These consid-

erations are particularly important in premolars,
maxillary lateral incisors, and mandibular in-
cisors. These teeth are narrow and there is little
room for error.

CRACKED TOOTH

Cracked or fractured teeth are often difficult to di-
agnose and treat. Symptoms can vary from vague
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FIGURE 5-12
A, Complexity caused by trauma. Previous treatment of 23 and 24. Tooth 25 is symptomatic, with percussion sen-
sitivity and non responsiveness to pulp testing. Tooth 26 shows internal resorption that is asymptomatic. Care must
be taken to completely clean and shape the canal system, as is demonstrated in the postoperative image. B, This
situation exhibits a high degree of difficulty.

pain while chewing to extreme pulpalgia. Defini-
tive diagnosis must be achieved before treatment;
then the prognosis must be determined based on
the degree of fracture (see Chapter 28).

ROOT RESORPTION

Resorption can be either internal (intracanal) or
external (extracanal).

All instances of perforating (pulp-periodontal
communication) resorption are complex. External
resorption may take one of the following forms:

1. Inflammatory resorption is related to pulp
necrosis. A periradicular lesion may cause
apical resorption. Lateral resorption usually
results from impact trauma.

2. Replacement resorption occurs after impact
injuries (luxation or avulsion). This resorp-
tion is associated with fusion, then replace-
ment, of tooth structure with bone.

3. Idiopathic (unknown) or known etiology is unre-
lated to pulpal or periradicular pathosis (e.g.,
resorption due to orthodontic treatment).

Patients with tooth resorption, whether inter-
nal or external, are high risk, and should be re-
ferred for evaluation and treatment (Figure S-12).

Limited internal (intracanal) resorption may
not present treatment complications, but external
apical resorption may drastically alter the geome-
try of the root canal. A structure that was once
round may now be irregular and difficult to clean
and seal. Extensive apical resorption may be best
managed by referral.

Endodontic-Periodontic Lesion

Another diagnostic dilemma arises with patients
with periodontal problems who also have pulpal
problems. If there is doubt about whether the
problem is endodontic or periodontal (or has an-
other cause), the patient should be referred. Differ-
ential diagnosis of periodontal and endodontic
lesions is discussed in Chapter 26. Marginal peri-
odontitis is best evaluated by a periodontist. An
endodontist or a periodontist or both can
best differentiate endodontic from periodontal
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FIGURE 5-13

Combined endodontic-periodontal problem. A, This tooth may have been considered hopeless from a periodontal
perspective. B, However, correct diagnosis and root canal treatment resolved most of the periradicular pathosis,
although the periodontal component persists.

pathosis (Figure 5-13). Referral is best for patients
needing surgical procedures such as hemisection
or root resection.

Traumatic Injuries

Trauma to the dentition has two treatment com-
ponents: primary and secondary management.
Primary management is the first contact the in-
jured patient has with a dentist; secondary man-
agement is the follow-up care. Primary care is re-
quired for patients with severe trauma such as
luxations, displaced root fractures, and avulsions;
the general dentist may render treatment immedi-
ately after the injury. Primary care includes pa-
tient management, repositioning, replantation,
splinting, and suturing of soft tissue lacerations.

For secondary follow-up care the patient should
be referred to an endodontist, who can determine
an appropriate schedule for long-term manage-
ment, recall, or treatment as necessary. Some
changes may have a delayed onset. Examples of

complications range from reversible pulpal inflam-
mation to pulpal necrosis. These phenomena may
or may not be obvious owing to variability in pulp
response to testing, lack of symptoms, and so on.
More subtle changes may include resorption (both
external and internal), calcific metamorphosis,
tooth discoloration, and obscure root fractures. Be-
cause many changes occur gradually, these patients
must be followed over a prolonged period of time,
preferably by an endodontist.

Previous Endodontic Treatment

Teeth are more difficult to retreat than to treat
originally. Thus, rating of these cases is limited
to rate 2 or rate 3 (Figure 5-14). These situations
require a variety of approaches, including con-
ventional retreatment, surgery, or combined
treatment. Endodontists are more skilled than
general practitioners in diagnosing and manag-
ing the myriad of problems presented and are
more experienced in crown and post removal. Be-
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FIGURE 5-14
A, Previously attempted root canal treatment with very short
obturation. The mesial root appears ledged. The tooth is per-
cussion sensitive; also note the apical radiolucency of the dis-
tal root. Such retreatment cases should be considered as high
or extreme risk. B, Only an experienced practitioner should
manage this patient; referral is recommended.

be referred. If pain or swelling continues after
emergency treatment and the general practitioner
cannot assist the patient, an endodontist should
be consulted or the patient should be referred.

PERSISTENT SIGNS

AND/OR SYMPTOMS

If pain and/or swelling persist or develop after
treatment, the patient should be referred or an
endodontist should be consulted. The symptoms

Emergencies

Emergencies are not addressed on the rating
form, but are a significant part of decision mak-
ing in the daily practice of general dentistry. Gen-
eral practitioners should be able to diagnose and
treat most uncomplicated preoperative, interap-
pointment, and postobturation emergencies.
However, more severe problems are difficult to
manage. For example, if the generalist cannot
control the patient psychologically or is unable to
obtain profound anesthesia, the patient should

Perforations

Cases involving root or crown perforations can
only be rated as rate 3. Patients with these condi-
tions should be referred to an endodontist. De-
pending on the size, location, and strategic im-
portance of the tooth, several options are
available. These treatment approaches, as well as
long-term assessment, are generally beyond the
expertise of a general practitioner.

LEDGING

If a canal is ledged far from the working length,
prognosis is compromised. The generalist should
refer the patient to an endodontist. Canals that
have not been ledged too far from the working
length can be obturated, and the patient can be
followed by the general practitioner. If retreat-
ment or surgery is subsequently needed, the pa-
tient should be referred.

Procedural Accidents
SEPARATED INSTRUMENT

OR CANAL BLOCKAGES

A separated instrument or other blockage may
have a significant effect on prognosis. Consulta-
tion with an endodontist may be advisable. Dif-
ferent approaches are possible, and probably re-
quire an endodontist's expertise.

cause of the complexity of retreatment, most pa-
tients should be referred. Generally, because end-
odontists commonly retreat teeth that have had
previously unsuccessful root canal treatment,
they have not only the experience but also an ar-
mamentarium useful for both nonsurgical and
surgical approaches. Retreatments are becoming
more commonplace as a result of procedural ac-
cidents of various types, described herein.



Referral to a Specialist
Communicating to the patient the need for refer-
ral for consultation and diagnosis or treatment
must be done skillfully to avoid misunderstand-
ing. The patient must realize that the most impor-
tant consideration is optimal care. The reasons
and timing of referral vary. Factors to be consid-
ered are the expertise of the dentist, treatment
complexity, specialist availability, and other man-
agement factors. The patient is reminded that the
specialist is generally able to handle problems
more skillfully. Most patients understand and ac-
cept referral.
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may have several causes: lack of debridement,
lack of obturation, missed canals, root fractures,
and so on. Extraction, retreatment, or surgical in-
tervention may be required.

PERSISTENT RADIOGRAPHIC
PATHOSIS

If periradicular lesions persist or develop after
root canal treatment, consultation may be indi-
cated. The endodontist may retreat, perform
surgery, or advise the generalist on appropriate
measures to resolve the problem.

PERSISTENT PROBING DEFECT
OR SINUS TRACT

If a probing defect of pulpal origin or a sinus tract
does not resolve after treatment, the patient
should be referred. In addition, a new defect or
sinus tract indicates treatment failure; referral
should be considered.

Referral During Treatment
Timing of referral is important. A poor practice is to
initiate treatment with the idea that if problems arise, a
referral can be made at the time. Patients prefer to
have a procedure started and completed by the
same dentist. This saves appointment time for
both patient and dentist. In addition, an initial
referral prevents potential procedural errors by
the general practitioner. The most important
consideration is the effect on prognosis of a
midtreatment referral. Preferably, the endodon-
tist performs the entire procedure without hav-
ing to correct iatrogenic problems. Also, with
midtreatment referral, the patient may lose confi-
dence in the original dentist. Another major
problem is economics; monetarily, someone
loses. The endodontist certainly is entitled to a
full fee (or often more than a full fee; a treatment
is generally more difficult if started by someone
else). If the patient is responsible for two fees for
the same tooth, ill will is created. It is far better
for the general dentist to study the case and rec-
ommend referral than to "bail out" in the middle
of treatment.

However, during treatment unanticipated
problems may arise that require referral; a call to
the endodontist and an explanation to the patient
are in order. Reasons for possible midtreatment
referral include flare-up (pain and/or swelling),
procedural accidents, inability to achieve ade-
quate anesthesia, and other factors that hinder
completion of root canal therapy.

FINANCIAL CONSIDERATIONS

Monetary considerations are important. Compli-
cated problems, particularly those that involve
prolonged treatment periods of months or years
tend to be financial losses for the general dentist.

INABILITY TO LOCATE ROOT
CANALS

Enhanced lighting and magnification improve
the chances of locating canals. However, the great-
est aid is experience. Rather than gouging or per-
forating while attempting to find a canal, referral
should be considered. The endodontist may also
have difficulty in locating canals. Locating canals is
easier if the chamber has not already been altered.

PROCEDURAL ACCIDENTS

Procedural accidents occur during treatment.
Again, the specialist's experience allows a better
assessment of the probable outcome as well as the
means of addressing the problem.

FLARE-UPS

Usually most pain or swelling occur before initial
treatment. After emergency measures, pain usu-
ally substantially decreases in 24 to 48 hours.
Flare-ups are not common. 14 Occasionally, how-
ever (particularly with an acute apical abscess),
symptoms do not subside or arise de novo. The
generalist may elect to treat such flare-ups with
appropriate local procedures and therapy (anal-
gesics and occasionally antibiotics for severe cel-
lulitis). These flare-ups, however, are considera-
tions for referral. There are rare situations in
which severe endodontic infection results in a po-
tentially life-threatening crisis. When the problem
is out of control or is not responding to treat-
ment, there must be a call for help!
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After briefly explaining the treatment needed
and the options, a simple explanation is in order:
"Mrs. Jones, because of the type of treatment, you
need to obtain the best possible results. I would
like you to see Dr. Smith, who routinely treats
root canal problems. Dr. Smith is an expert in this
field, and it would be to your advantage to go to a
specialist. When Dr. Smith has completed treat-
ment, you will return to me so that I can restore
your tooth permanently."

Patients occasionally are reluctant to venture
into another new office experience; empathy and
words of encouragement help this transition. Ex-
plaining the treatment complexity (if such is the
case) is helpful in supporting the reason for referral.

Sometimes a generalist and endodontist may
meet, each bringing all records and diagnostic
aids, for a "team planning session." Patients ap-
preciate that their health care providers collabo-
rate for optimum diagnosis and treatment plan-
ning. Overall, clear and prompt communication
enhances comprehensive patient care and reduces
patient misunderstandings and dissatisfaction.15
Both referring dentist and endodontist have spe-
cific responsibilities in a referral case.

What is Expected of a General
Practitioner

I NSTRUCTIONS TO ENDODONTIST

Explicit written instructions and appropriate ra-
diographs (original or duplicate) should be sent
to the endodontist. Preferably this is done by mail
because there is less opportunity for error. A call
from one office to the other is acceptable, but
there is more chance for misunderstanding when
communication is verbal. It is undesirable to give
the information verbally only to the patient and
expect the patient to relay the information accu-
rately to the endodontist. Also it is inadvisable to
make patients deliver radiographs and instruc-
tions in writing to the specialist. Of course, at
times this may be necessary, for example, in an
emergency situation.

Generally, the patient is instructed to make his
or her own appointment. As an alternative, the re-
ceptionist contacts the endodontist's office to
arrange an appointment before the patient leaves.
This ensures better patient compliance in seeking
further care. The receptionist should explain the
need for an appointment and should supply
enough information for proper scheduling.

When appropriate, particularly if a key tooth is
involved, the endodontist should be informed (in
writing) how the tooth is to be restored and

briefed on the overall treatment plan. If there are
complications, this information gives the end-
odontist ideas about alternative approaches.

EXPLANATION TO PATIENT

After patient and generalist discuss the treatment
planning, there is an explanation of "what is
going to happen." The patient should understand
that often the first appointment is for examina-
tion and consultation; procedures are performed
when the endodontist and patient agree on a
treatment plan.

Information is supplied about what to expect
at the endodontic office. This information need
not be detailed; that is the responsibility of the en-
dodontist. Patients are concerned and need reas-
surance that the procedure will not be unpleasant
and that no significant problems are likely to
occur. However, there should be no overstating or
overselling of the procedure. Guaranteeing a suc-
cessful outcome by the endodontist is unfair and
gives the patient false expectations.

What is Expected
of an Endodontist

Specialists serve both the patient and referring
dentist. Their responsibilities are to both; they
should deliver appropriate treatment and commu-
nicate with the practitioner as well as the patient.

TREATMENT PERFORMED

Usually the procedure is limited to that requested
by the referring dentist. Occasionally, different
determinations are made, such as diagnostic or
treatment difficulties or periodontal problems.
The endodontist should first contact the referring
dentist before proceeding and should inform the
patient about the new treatment plan.

FEEDBACK TO DENTIST

When treatment is complete, the referring dentist
should receive written confirmation from the end-
odontist that includes a radiograph of the obtu-
ration. A note is included about how the tooth
was treated, anticipated recalls, prognosis (both
short-term and long-term), unusual findings or
circumstances, and, at times, suggestions about
the permanent restoration and when it should be
placed. Other findings related to adjacent struc-
tures or to the treated tooth are also included (for
example, recurrent caries on other teeth, peri-
odontal problems, or defective restorations).
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FEEDBACK TO PATIENT

Before and during treatment, the endodontist ex-
plains all of the important aspects of the proce-
dure and the anticipated outcome. After comple-
tion of treatment, the patient is informed about
prognosis, appropriate follow-up care, and the
need to return to the referring dentist for contin-
ued care and any possible additional future pro-
cedures. At this final appointment, the reception-
ist may call the generalist's office to arrange the
next visit.
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6 1 Patient Education

he word doctor is derived from the
Latin "to teach." Complete treatment of
any patient involves educating the pa

tient about the treatment to be rendered and the
options available. An open exchange is part of the
education of the patient; it establishes communi-
cation between doctor and patient and creates an
open clinician-patient relationship. Such a rela-
tionship fosters trust and relieves anxiety.

Not every patient is interested in learning about
treatment; occasionally patients may tell the dentist
that they do not care to know. However, because
there is always at least one treatment alternative, the
clinician must attempt to communicate information
about treatment options. No single approach can be
used to communicate this necessary information to
patients. To do this appropriately, the doctor must
be sensitive not only to what the patient says but also
to facial expressions and body language of each pa-
tient. The words "root canal treatment" cause dread
in many patients. This sometimes unarticulated fear
interferes with patients' understanding about the
treatment to be provided. The doctor's reassurance
becomes the foundation for the patient's receptivity
to information about root canal treatment.

Nonverbal Messages

The expression "We do not get a second chance to
make a first impression" holds especially true for
the doctor-patient relationship. When a doctor
greets a new patient, the patient forms an impres-
sion from several nonverbal messages, including
the following:

PROFESSIONAL APPEARANCE
AND MANNER

The patient observes whether the doctor and the
staff are dressed appropriately and whether the den-
tal environment (i.e., the reception area and the
treatment room) are clean, modern, and tasteful.

SENSE OF SINCERE CARING

If the staff and the doctor make the patient feel as
if he or she is the most important person at that
moment, it helps to establish a sense of trust and
rapport that provides the foundation for effective
communication.

Listening

Commonly, patients are fearful of the prospect of
having root canal treatment; often they are anx-
ious to discuss their anxieties. If staff and doctor



6 / Patient Education

	

89

make it evident that they are truly listening with-
out distraction to everything the patient is saying,
the patient feels as if he or she is really being
heard. This, too, provides further support for ef-
fective communication. The doctor and staff
must immediately create an environment in
which the patient experiences them as caring pro-
fessionals. This will lessen the fear and anxiety
that are often impediments to effective communi-
cation in the treatment room. Commonly, pa-
tients have had prior personal experience or have
heard of an experience from others that fosters a
stereotypical image of root canal treatment as
painful. A sense of dread can significantly impair
a patient's ability to listen well and to hear what
the doctor is trying to communicate.

The doctor should confront this unspoken anx-
iety immediately by asking the patient, "Do you
have any concerns about root canal treatment?"
This gives the patient an opportunity to express
any concerns and fears about anticipated pain. Be-
cause of what is known about pain control today,
the doctor can, even before the dental examination
and diagnostic testing, provide the patient an al-
most ironclad assurance that root canal treatment
will be relatively painless. The doctor should state
this fact calmly and confidently and allow the pa-
tient to respond with any questions.

A typical inquiry may be, "But will it hurt after

the root canal treatment?" A truthful and reassur-
ing response is that some mild to moderate tran-
sient discomfort is common after anesthesia sub-
sides, but this can be managed with analgesics,
such as nonnarcotic pain control medications
(e.g., nonsteroidal antiinflammatory drugs). Fur-
thermore, the postoperative experience should not
interfere with normal business and social activi-
ties. If any pain occurs that is stronger than ex-
pected, the patient should be assured and reas-
sured that he or she can reach the doctor for
prompt relief at any time any day. This verbal reas-
surance should be reinforced by written instruc-
tions that are easily understood by a layperson.1
Because of the increasing diversity of our society,
reflected in part by the prevalence of English as a
second language for many people, printed instruc-
tions in other languages (e.g., Spanish, Chinese,
etc.) is a helpful adjunct. When the issue of pain
has been fully discussed and the patient's fears al-
layed, the foundation for imparting information
about root canal treatment has been established.

HOW PATIENTS PROCESS
INFORMATION

Each patient processes information in his or her
own way. Some respond to information they read.
For this kind of information, brochures are pub-

lished by the American Association of Endodon-
tists, and a slide series is available through the
American Dental Association. These materials
cover virtually the full range of endodontic proce-
dures. Other patients respond to information
they hear. The doctor (not the staff) must pa-
tiently explain the significant facts about root
canal treatment. Because individuals retain infor-
mation differently, it is prudent to explain the
procedures in detail and to encourage all patients
to read the appropriate brochures as well. This
provides a higher level of assurance that the pa-
tient understands the doctor's examination and
recommended treatment. However, it is impor-
tant for the clinician to use more subtle, nonver-
bal signals to support continued communication.
These more subtle nonverbal signals include the
following.

DOCTOR-PATIENT INTERACTION
Body Positions

The position of a doctor standing above a seated
patient (or a patient lying back in a chair) tends to
infantilize the patient. Rather, the patient should
be seated at the same level as the doctor. This es-
tablishes the patient as an equal and supports re-
sponsible communication.

Eye Contact

The doctor must maintain frequent eye contact
with the patient. Eye contact during transmission
of information connects doctor and patient and
engenders confidence.

Body Language

The doctor should be attentive to the patient's
body language as well as to his or her own. The de-
fensive position of crossed arms or legs indicates
that the patient is not open to receiving informa-
tion. In contrast, the more relaxed position of
holding the hands in the lap with uncrossed legs
suggests that the patient is listening well and un-
derstands what is being said.

I nformed Consent

Not all patients really want to know the details of
root canal treatment. Many doctors have heard
patients say, "As long as it doesn't hurt, I don't
care what you do." In an earlier time these pa-
tients would have been treated without further
discussion. However, today the doctor is required
to inform a patient fully before proceeding with
treatment. For patients who do not want to know
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about root canal treatment, the following proce-
dure is recommended:

The patient is asked to sign and date a writ-
ten informed consent form (Figure 6-1 and
Box 6-1). The dental assistant should note
in the treatment record that the patient de-
clined to receive information about en-
dodontic therapy.
The patient is reminded that if he (or she)
changes his (or her) mind, he (or she) is free
to ask questions at any time.
Fees for service are clearly explained (and
must be understood by the patient) before
treatment is initiated!

Dentist-Patient Dialogue
Most patients are curious about and interested in
their treatment. For these patients, the following
information should be discussed, not in a rote

FIGURE 6-1
Informed consent form.
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manner, but in anticipation of the questions com-
monly asked. Here are examples of typical ques-
tions, with the answers the dentist might give.

• What is endodontics? Teeth are composed of a
hard structure surrounding a soft, living tis-
sue (Figure 6-2). This is called the pulp
(sometimes called "the nerve"), which con-
tains blood vessels, fibers, and nerves. En-
dodontics (root canal treatment) is the diag-
nosis and treatment of inflamed or diseased
pulps.

• Why does the pulp ("nerve") become inflamed or
diseased? Some of the main causes of pulp
problems include tooth decay, the treat-
ment of tooth decay (fillings, crowns, and so
on), trauma, and advanced gum disease
(Figures 6-3 and 6-4).

• How can you tell if the pulp is inflamed or dis-
eased? Some of the symptoms of an inflamed
pulp include prolonged toothache when
you have hot or cold liquids in your mouth,
spontaneous (unprovoked) toothache, pain
with chewing or biting, and pain when you
lie down. Some of the signs of diseased pulp
include evidence of decay or evidence of a
shadow (abscess) at the end of the root,
drainage, or swelling (Figure 6-5).

FIGURE 6-3
The crown may be damaged by decay, which has reached the
pulp (nerve), causing severe damage.

FIGURE 6-2
This and the following diagrams (Figures 6-3 through 6-16)
provide a format and description suitable for patient educa-
tion. This diagram schematically demonstrates normal,
healthy structures.

FIGURE 6-a
A blow may fracture the crown, exposing and damaging the
pulp (nerve).
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FIGURE 6-5
After severe injury, the pulp may die. Bacteria then enter the
space. Irritants from the pulp go into bone and cause an area
of disease, with resorption (erosion) of bone and ligament at
the end of the root. This may form an abscess (arrows).

FIGURE 6-6
After local anesthesia (novocaine), the first step is to apply a
rubber dam with a metal clamp.

FIGURE 6-7
An opening is made into the crown with a bur (drill).

FIGURE 6-8
Small metal instruments (files) plane (rasp) the insides of the
canal. This process cleans and enlarges the canal. Different
numbers indicate different sizes of files.
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FIGURE 6-9
An inert rubber-like material called gutta-percha is packed
tightly into the canal; this seals the end of the root and fills
and seals the length of the canal.

FIGURE 6-10
Different types of restorations (fillings) are required. Some re-
quire placement of a post into the canal to hold the restora-
tion in place.

FIGURE 6-77
A crown (cap) is cemented over the post and tooth.

FIGURE 6-12
I f the patient will need more than one treatment or when
root canal treatment is completed, a temporary filling is usu-
ally placed.
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How do you do root canal treatment? After the
tooth is numb, I apply a rubber sheet to iso-
late the tooth and make an opening into the
center of the tooth to reach the pulp (nerve).
With very small instruments I remove the
pulp and sculpt the space it occupied. I ster-
ilize, fill, and seal the root canal inner space
with a rubber-like material that will prevent
bacteria from entering this space (Figures 6-6
to 6-9). To restore the missing parts or broken
piece of the tooth, a post may be placed inside
the tooth (Figure 6-10). The tooth may also
require a crown (Figure 6-11).

III

	

How many visits will it take to complete this treat-
ment? Today, treatment for most teeth often
can be completed in one visit, which will
take 1 to 1'/z hours. Treatment for other
teeth may require two visits, and a few
might even require more. If more than one
visit is needed, I will place a temporary fill-
ing in the tooth (Figure 6-12).
IfI have root canal treatment, how likely is it that I'll
keep my tooth? When root canal treatment is
done thoroughly, there is a very good chance
of success (Figure 6-13); however, some treat-
ment may fail no matter how well the treat-
ment is done (Figure 6-14). In these instances,
retreatment or endodontic surgery may rem-

FIGURE 6-13
I f the canals are cleaned, filled, and sealed, the bone lost at

the root tip will heal with new bone and ligaments.

edy the lingering problem. These treatments
are usually best done by a specialist.
What is endodontic surgery? Endodontic surgery
corrects the problem from the end of the root
(Figure 6-15). Under local anesthesia the
gum tissue is gently lifted so that the dentist
can find the end of the root (Figure 6-15, A
and B). Then the inflamed tissue is removed
around the end of the root and a filling is
placed there to prevent the problem from re-
curring. To secure the gum tissue, several
stitches are placed (Figure 6-15, C). A few
days later, the stitches are removed. This pro-
cedure usually leads to complete healing
(Figure 6-15, D).
Will this tooth in the front of my mouth turn dark
after root canal treatment? Years ago some
teeth like this eventually darkened over
time. Based on what we do today, it is un-
likely that you will see any change in color.
However, if this should occur, we can often
bleach the tooth back to a normal shade.
Bonding veneers and crowns are additional
choices for the few teeth that might darken.
Will the root canal treatment be painful? Almost
never. Years ago it really was not always pos-
sible to control pain (Box 6-2). Today, with a
better understanding of local anesthesia,

FIGURE 6-14
I f there are defects or problems with the treatment, the area

of disease will spread and an abscess may form. This usually

reauires retreatment of the root canal.
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profound anesthesia is more predictable.
After the anesthetic dissipates, there will
probably be transient soreness for a few
days, which can be controlled with nonnar-
cotic pain pills. However, if there should be

unexpected strong pain, you can call and
talk with me directly any time, any day.
If I don't have root canal treatment, what are my
other choices? It depends on the nature of the
problem. Generally speaking, other choices

FIGURE 6-15
Some treatment failures or other situations may require surgery. A, After anesthesia, the gum tissue is raised to
expose the root end. B, The root end is cut off, and a filling is placed to seal the end. C, Several sutures (stitches)
are placed to hold down the gum to allow healing. D, If the problem is resolved, the bone will heal around the
root tip.
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are doing nothing at present (postpone-
ment) or extracting the tooth (probably re-
quiring a bridge or implant to fill the space).
( NOTE: If the patient is suffering, a delay in
treatment is not reasonable, so the choice is
between endodontiss and extraction.) Some
situations present additional choices, such
as apical surgery or replantation.
Can you explain the steps involved in bridge con-
struction? Yes. After extraction of the in-
volved tooth and healing of the wound, the
adjacent teeth are prepared (ground down),
which can result in pulpal (nerve) inflam-
mation. Finally, a bridge is constructed con-
sisting of two crowns and a fake tooth (Fig-
ure 6-16).
After root canal treatment, will 1 bane a dead
tooth? No. Years ago this is what it was
called. Today we know that the tooth is still
quite alive after root canal treatment be-
cause it has a blood supply to the ligament
that keeps the tooth firmly in its socket. Be-
cause there is a blood supply, the tooth con-
tinues to receive nutrition and remains
quite healthy.

-	Will I need to get my tooth filled after the root
canal treatment? Yes. If your care requires a
specialist who treats complicated situations
(an endodontist), I will refer you. If the pro-
cedure is straightforward and uncompli-
cated, I can do this quite well myself. In ei-
ther case, the treatment should be promptly
completed by final restoration.
After the root canal treatment and the final
restoration ("filling'), will I have to do anything

more? Yes, I will want to examine the tooth 6
months to 1 year later to assess long-term
healing. When you return for follow-up, I
will take an x-ray, check your gum tissue,
and reexamine the final restoration. The
tooth should feel comfortable to you. The
tooth must also be firm, functional, and ap-
pear normal on the x-ray film. Even though
the tooth feels comfortable to you, if I do
not see complete repair on the film, I may
refer you to an endodontist for further con-
sultation and possibly additional treatment.
Why does my tooth have to be retreated? Dr. Doe
just did the root canal treatment 2 years ago. I'll
have to call Dr. Doe to find out what prob-
lems he encountered when he did the root
canal treatment. ( NOTE: If the root canal
treatment is incomplete [i.e., the canal fill-
ing is several millimeters too short from the
apex, or if a root canal is completely
unfilled], the patient must be given this
information in an informative-but not
alarming-manner. The purpose of this por-
tion of patient education is to inform and
not alarm the patient. It is an egregious
error to use harsh and judgmental terms be-
fore knowing all the facts.) This informa-
tion will help me decide what should be
done to try to correct this failure.
How much will root canal treatment cost? The fee
for this treatment is $-. Alternative: I
will ask my financial secretary to explain the
fees for complete treatment. Customarily
there is a set fee, whether it takes one, two,
or more appointments to complete it.
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In the treatment room there is an extended dia-
logue of informing (giving information) and listen-
ing (receiving information). Both patient and doc-
tor are informing. The doctor informs the patient
about treatment, prognosis, alternatives, follow-
up, and so on. Patients inform the doctor about
who they are, what they want, what they fear, and
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FIGURE 6-16
Replacing a missing tooth. A, If a tooth is lost, a space re-
mains; this space is unsightly and can cause problems. B, The
teeth on each side are cut down. C, The bridge is made and
cemented. A replacement tooth is attached to the crowns on
each side.

so on. Both are also listening. The doctor listens for
the subtext that will lead to better care. The patient
listens for information and reassurance.

A doctor both heals and cures; the healing be-
gins with the first opportunity for an extended di-
alogue that we call patient education. Patient ed-
ucation must be preceded by doctor education,
not just the technical information learned in



dental school but also the process of self-discov-
ery that leads to an open heart and compassion.
When patients make a true connection with the
dentist, they are able and willing to learn; only
then does the dentist truly earn the title "Doctor."
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Local Anesthesia

LEARNING OBJECTIVES

Atter reading this chapter, the student should be able to:

1/ Explain why apprehension and anxiety, fatigue, and tissue inflammation create difficulties in obtaining

profound anesthesia.

2/ Define pain threshold and the factors affecting pain threshold.

3/ Describe patient management techniques that will facilitate obtaining adequate anesthesia.

4/ List techniques that are helpful in giving "painless" injections.

5/Describe the "routine" approach to conventional local anesthesia: when and how to anesthetize.

6/ Describe circumstances that create difficulties in obtaining profound anesthesia using conventional

techniques.

7/ Describe when to use supplemental methods of obtaining pulpal anesthesia if standard block or infiltration

methods fail.

8/ Review techniques of intraosseous, periodontal ligament, and intrapulpal injections.

9 / Discuss how to obtain anesthesia for specific pulpal and periradicular pathoses: irreversible pulpitis,

symptomatic teeth with pulpal necrosis, asymptomatic teeth with pulpal necrosis, and surgical procedures.
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7 I Local Anesthesia

Factors Affecting Endodontic Anesthesia

Apprehension and Anxiety

Fatigue

Tissue Inflammation

Previous Unsuccessful Anesthesia

I nitial Management

Psychologic Approach

"Painless" Injections

When to Anesthetize

Adjunctive Pharmacologic Therapy

Conventional Anesthesia

Mandibular Anesthesia

Anesthetic Agents

Related Factors

Alternative Techniques

Maxillary Anesthesia

Anesthetic Agents

Related Factors

Alternative Techniques

Anesthesia Difficulties

Supplemental Anesthesia

I ndications

Anesthetic Agents

I ntraosseous Anesthesia

Periodontal Ligament Injection

I ntrapulpal Injection

Alternative Primary Techniques

Anesthetic Management of Pulpal or

Periradicular Pathoses

I rreversible Pulpitis

Symptomatic Pulp Necrosis

Asymptomatic Pulp Necrosis
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When a tooth which is loose or painful is to be
extracted, the nose of the patient should be
rubbed with brown sugar, ivy and green oil; he is
advised to hold his breath, a stone is then placed
between his teeth, and he is made to close his
mouth. The fluid which causes the pain is then
seen to flow from the mouth in such quantity as

frequently tofill three pots; after having cleansed
the nose with pure oil, rinsed the mouth with
wine, the tooth is no longer painful, and may

easily be extracted.
SCRIBONIUS, 47 AD

his historical anecdote illustrates
Scribonius' description of a method of
obtaining "anesthesia." He was con

vinced that he could perform painless extractions
using what was apparently a rather crude tech-
nique of pressure anesthesia. Our concern for the
patient continues: How are adequate levels of
anesthesia attained to keep our patients relatively
comfortable during endodontic procedures? Ob-
taining profound anesthesia for the endodontic
patient is difficult and challenging. Many patients
recount vivid (and often valid) accounts of
painful experiences. Although routine anesthetic
techniques are usually effective for restorative
dentistry, endodontic procedures present special
situations that require additional techniques and
special approaches.

Factors Affecting
Endodontic Anesthesia

Emotional considerations as well as tissue
changes impair the effectiveness of local anesthe-
sia.' A patient who is psychologically distraught
with an inflamed pulp will have a decreased pain
threshold; that is, less stimulus is required to pro-
duce pain.'

In addition, the trigeminal nerve, which sup-
plies primary sensory innervation to oral struc-
tures, is a complex entity. Knowledge of its more
common anatomical features will aid in success-
ful anesthesia.

APPREHENSION AND ANXIETY

Many endodontic patients have heard horror sto-
ries about root canal treatment. The cause may
not be the treatment but the experience of a
painful or "infected" tooth. They vividly recall the
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pain, swelling, and sleepless nights associated
with the tooth before treatment. The procedure
itself is generally less threatening-a survey of en-
dodontic patients completing therapy indicated
that 96 percent would agree to have future root
canal treatment. 3 Therefore because they fear the
unknown and have heard unfavorable stories, pa-
tients will be apprehensive or anxious. This emo-
tion plays a role in their perceptions and also af-
fects how they react to pain.4,5 Many patients
effectively mask this apprehension!

ties in obtaining anesthesia in such patients. Often,
psychologic management and supplemental tech-
niques are required.

I nitial Management
The early phase of treatment is most important. If
the patient is managed properly and anesthetic
techniques are done smoothly, the pain threshold
elevates. The result is more predictable anesthesia
and a less apprehensive, more cooperative patient.

FATIGUE

Over a course of days many patients with a
toothache have not slept well, not eaten properly,
or otherwise not functioned normally. In addi-
tion, many are apprehensive or anxious about the
appointment. The end result is a patient with a
decreased ability to manage stress and with less
tolerance for pain.

TISSUE INFLAMMATION

Inflamed tissues have a decreased threshold of
pain perception.6 This is the "hyperalgesia" phe-
nomenon. In other words, a tissue that is in-
flamed is much more sensitive and reactive to a
lower stimulus.' Therefore an inflamed tissue re-
sponds painfully to a stimulus that otherwise
would be unnoticed or perceived only mildly. Be-
cause root canal treatment procedures generally
involve inflamed pulpal or periradicular tissues,
this phenomenon has obvious importance. A re-
lated complication is that inflamed tissues are
more difficult to anesthetize.8

A good example of the phenomenon of in-
creased sensitivity (a form of hyperalgesia) is sun-
burn. Exposed tissues that have been burned are
irritated and inflamed. The skin has now become
quite sensitive (decreased pain threshold) to con-
tact and is painful. This same principle also ap-
plies to inflamed pulpal and periradicular tissues.9

PREVIOUS UNSUCCESSFUL
ANESTHESIA

Unfortunately, profound pulpal anesthesia is not
always obtained with conventional techniques. Pre-
vious difficulty with teeth becoming anesthetized
is associated with a likelihood of subsequent un-
successful anesthesia.'° These patients are likely to
be apprehensive (decreased pain threshold) and
generally identify themselves by comments such as
"Novocaine never seems to work very well on me"
or "A lot of shots are always necessary to deaden my
teeth." The practitioner should anticipate difficul-

PSYCHOLOGIC APPROACH

The psychologic approach involves the four Cs:
control, communication, concern, and confi-
dence. Control is important and is achieved by ob-
taining and maintaining the upper hand. Commu-
nication is accomplished by listening and
explaining what is to be done and what the pa-
tient should expect. Concern is shown by verbaliz-
ing awareness of the patient's apprehensions. Con-
fidence is expressed in body language and in
professionalism, giving the patient confidence in
the management, diagnostic, and treatment skills
of the dentist. Management of the four Cs effec-
tively calms and reassures the patient, thereby
raising the pain threshold.

"PAINLESS" INJECTIONS

Patients generally have a fear of dental injec-
tions .3,11 A good practice-builder and a method of
winning confidence and cooperation is to master
injection techniques that are nearly painless.12 As-
suredly, patients will inform their friends and
family that their dentist does not "hurt when
he/she gives me a shot." Although most injections
cannot be totally pain-free, there can be a mini-
mum of discomfort. This also relaxes the patient
and effectively raises the pain threshold and the
tolerance level.

Obtaining Patient Confidence: Patient confi-
dence is critical. Before any injection is given, es-
tablishing communication, exhibiting empathy,
and informing patients of an awareness of their
apprehension as well as their dental problem will
markedly increase confidence levels." Most im-
portant, having the patient's confidence will give
control of the situation to the dentist; this is a
requisite!

Topical Anesthetic: Use of a topical anesthet-
ics is popular as an adjunct to painless injec-
tions.14 Some investigators have shown topical
anesthetics to be effective, whereas others have
not.15,16 The most important aspect of using topi-
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cal anesthesia is not primarily the actual decrease
in mucosal sensitivity but rather the demon-
strated concern that everything possible is being
done to prevent pain. Also operating is the power
of suggestion that the topical anesthetic will re-
duce the pain of injection." When a topical anes-
thetic gel is used, a small amount on a cotton-
tipped applicator is placed on the dried mucosa
for 1 to 2 minutes before the injection."

A relatively new device is an intraoral adhesive,
20% lidocaine patch. When in place for S minutes,
it was shown to reduce the pain of needlestick."

Solution Warming: A common belief is that
an anesthetic solution warmed to or above body
temperature is better tolerated and results in less
pain during injection. However, in a clinical trial,
investigators found that patients could not differ-
entiate between prewarmed and room tempera-
ture anesthetic solutions .2° Therefore warming
anesthetic cartridges is not necessary.

Needle Insertion: Initially, the needle is in-
serted gently into the mucosal tissue. This will be
almost unnoticed by the patient, regardless of the
needle gauge.

Small-Gauge Needles: A common concept is
that smaller needles cause less pain, but this is not
true for dental needles. Patients cannot differenti-
ate between 2S-, 27-, or 30-gauge needles during
injections.21 These sizes also have similar deflec-
tion patterns and resistance to breakage.22,23 As a
recommendation, a 27-gauge needle is suitable
for most conventional dental injections.

Slow Injection: Slow injection is a very effec-
tive means of decreasing pressure and patient dis-
comfort during injection. Slow deposition of solu-
tion permits its gradual distribution into the
tissues. This is particularly important in the max-
illary anterior region (a very sensitive area) and in
regions where tissue is tightly bound (posterior
palate and nasopalatine area). As a general rule,
solution deposition should take approximately
1 minute per cartridge.

Two-Stage Injection: A two-stage injection
consists of initial very slow administration of ap-
proximately a quarter-cartridge of anesthetic
under the mucosal surface; this will be nearly
painless. After regional numbness occurs, addi-
tional anesthetic is given to the full depth at the
target site, usually with minimal pain. The two-
stage injection is indicated for apprehensive and
anxious patients or pediatric patients but may be
used for anyone. It is also useful in any region in-
cluding the inferior alveolar nerve block.

WHEN TO ANESTHETIZE

Preferably, anesthesia should be given at each ap-
pointment. There is a common belief that instru-

ments may be used in canals with necrotic pulps
and periradicular lesions painlessly without anes-
thesia. Occasionally, there may be vital tissue in the
apical few millimeters of the canal. This inflamed
tissue contains nerves and is sensitive.24 Not only is
this vital tissue contacted during instrumentation,
but also pressure is created. These may cause dis-
comfort if the patient is not anesthetized.

There is an antiquated notion that canal
length can be determined in a nonanesthetized
patient by passing an instrument into a necrotic
canal until the patient shows an "eye blink re-
sponse." Unfortunately, patient perceptions and
responses are too variable for accuracy. Pain may
be felt when the instrument is far short of the
apex, or some patients may have no sensation
even when the instrument is several millimeters
beyond the apex. Use of nonanesthesia for length
determination cannot replace radiographs or an
apex locator for accuracy. Another misconception
is that after the canals have been cleaned and
shaped, it is not necessary to anesthetize the pa-
tient at the obturation appointment. However,
during obturation pressure is created and small
amounts of sealer may be extruded beyond the
apex. This may be quite uncomfortable. Many pa-
tients (as well as the dentist) are more at ease if re-
gional hard and soft tissue anesthesia is present.

ADJUNCTIVE PHARMACOLOGIC
THERAPY

Sedation (intravenous, oral, or inhalation) may
enhance local anesthesia, particularly in patients
who want to cooperate but are extremely appre-
hensive. A discussion on agents that control anxi-
ety is included in Chapter 30.

Conventional Anesthesia
Success of local anesthesia is variable. Two surveys
of patients and dentists indicated that some pa-
tients were not adequately anesthetized during
restorative treatment." , " Overall, of 10 patients
treated, 3 may feel pain during the procedure. This
is a significant number! A number of factors affect
anesthesia, such as the type of procedure (en-
dodontic, extraction, restorative, periodontal, and
so on), arch location (maxillary or mandibular),
anxiety level, and the presence of inflamed tissue.

Many clinical studies have subjectively evalu-
ated local anesthetic agents and techniques. A
measurement of pulpal anesthesia before begin-
ning a procedure is obtained with an electric pulp
tester or with application of carbon dioxide (dry
ice) or spray refrigerant. No pulpal response after
administration of anesthetic means probable pro-
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found anesthesia in asymptomatic teeth with vital
pulps.26,27 Experimental studies have investigated
the use of local anesthesia; these are discussed in
the following sections. Conventional injection
techniques are detailed in other textbooks.

Mandibular Anesthesia
ANESTHETIC AGENTS

The most commonly used agent is 2% lidocaine
with 1:100,000 epinephrine. This agent is indi-
cated for procedures in this chapter unless speci-
fied otherwise.

Lidocaine is a safe and effective drug. 2829 Vaso-
constrictors are generally safe. In a few circum-
stances (patients taking tricyclic antidepressants
or nonselective -adrenergic blocking agents, or pa-
tients with moderate to severe cardiovascular dis-
ease), there is the potential for problems . 3o

RELATED FACTORS

Although the most common method of
mandibular anesthesia is the inferior alveolar
nerve block, this injection also has the greatest
number of failures. 25,31 What are the expected
signs of successful or unsuccessful anesthesia
after administering one cartridge?

Lip Numbness: Numbness usually occurs in 5
to 7 minutes.32-37 What does lip numbness mean?
It indicates only that the injection blocked the
nerves to the soft tissues of the lip, not necessarily
that pulpal anesthesia has been obtained .3"-37 If lip
numbness is not obtained, the block has been
"missed." If this occurs frequently, the technique
should be reviewed.

Onset of Pulpal Anesthesia: Pulpal anesthe-
sia usually occurs in 10 to 15 minutes .32-37 In some
patients onset occurs sooner and in others it is
delayed. 32-37

Duration: Duration of pulpal anesthesia in
the mandible is very good.32-37 Therefore if suc-
cessful, anesthesia usually (but not always) per-
sists for approximately 21/2 hours.

Success: The incidence of successful mandibu-
lar pulpal anesthesia tends to be more frequent in
molars and premolars and least frequent in ante-
rior teeth . 27,33-37 Not all patients achieve pulpal
anesthesia after what appears to be a clinically
successful (lip and chin numb) inferior alveolar
nerve block; other approaches are required in
these patients.

ALTERNATIVE TECHNIQUES

Increasing the Volume: Increasing the vol-
ume of anesthetic from one to two cartridges does

not increase the success rate of pulpal anesthesia
with the inferior alveolar nerve block . 33

Alternative Solutions: Mepivacaine 2% with
1:20,000 levonordefrin, 4% prilocaine with
1:200,000 epinephrine, or solutions without vaso-
constrictors (3% mepivacaine plain and 4% prilo-
caine plain) are alternatives to 2% lidocaine with
1:100,000 epinephrine for pulpal anesthesia with
effects that last at least 1 hour .

34,37,38

Alternative Injection Locations: Neither the
Gow-Gates nor the Akinosi technique is superior
to the standard inferior alveolar injection . 39-42

These techniques are not replacements but are
useful when standard approaches cannot be used
(for example, trismus).

Infiltration Injections: Labial or lingual infil-
tration injections used alone are not effective for
pulpal anesthesia in anterior or posterior teeth . 41-15

Long-Acting Anesthetics: Clinical trials of
bupivacaine and etidocaine have been con-
ducted in oral surgery, endodontics, and peri-
odontics." - " These agents provide a prolonged
analgesic period and are indicated when postop-
erative pain is anticipated. However, not all pa-
tients want prolonged lip numbness . 4 7 For those
patients, analgesics may be prescribed. Com-
pared with lidocaine, bupivacaine has a some-
what slower onset but almost double the dura-
tion of pulpal anesthesia in the mandible
(approximately 4 hours).52

Accuracy of Needle Placement: Accurate
anatomic positioning is no guarantee of a suc-
cessful block .53,54 Interestingly, even locating the
inferior alveolar nerve with ultrasound before the
injection did not improve success.55 The anes-
thetic solution may not completely diffuse into
the nerve trunk to reach and block all nerves even
if deposited at the correct site.56

Accessory Innervation: Anatomic evidence
suggests that accessory innervation exists from
branches of the mylohyoid nerve .57,58 An experi-
mental study using a mylohyoid injection lingual
and inferior to the retromolar fossa in addition to
an inferior alveolar nerve block showed no en-
hancement of pulpal anesthesia.59 The contribu-
tion of the mylohyoid nerve to pulpal sensitivity is
probably insignificant.

Cross-Innervation: Cross-innervation from
the contralateral inferior alveolar nerve has been
implicated in failure to achieve anesthesia in ante-
rior teeth after an inferior alveolar injection.
Cross-innervation does occur in incisors but is
not the primary cause of anesthetic failure .43

Pain and Inflammation: Most studies have
evaluated anesthesia in the absence of symp-
toms and inflammation; results differ if these
conditions are present.8,60 Patients who have
symptomatic pulpal or periapical pathosis (or
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who are anxious) present additional anesthesia
problems.'"' ,"

Maxillary Anesthesia
ANESTHETIC AGENTS

Unless otherwise specified, the conventional solu-
tion is used, that is, 2% lidocaine with 1:100,000
epinephrine.

RELATED FACTORS

Anesthesia is more successful in the maxilla than
in the mandible. The most common injection for
the maxillary teeth is infiltration. Several events
can be expected with this technique when one car-
tridge is used.

Lip Numbness: Lip numbness usually occurs
within a few minutes. Lip or cheek numbness
does not correspond entirely to the duration of
pulpal anesthesia because the pulp does not re-
main anesthetized as long as these soft tissues......

Success and Failure: Infiltration results in a
high incidence of successful pulpal anesthesia.
Therefore it is more successful than the inferior
alveolar nerve block .62-65

Onset of Pulpal Anesthesia: Pulpal anesthe-
sia usually occurs in 3 to 5 minutes. Occasionally,
onset is slower in first molars .62-6s

Duration: A problem with maxillary infiltra-
tion is duration .62-65 In about a third of patients,
pulpal anesthesia of the anterior teeth declines
after about 30 minutes, with most losing anesthe-
sia by 60 minutes .64-65 In premolars and first
molars, about a third of patients have no pulpal
anesthesia at 45 minutes, with half losing anes-
thesia by 60 minutes .62-65 Frequently, additional
local anesthetic must be administered depending
on the duration of the procedure and the tooth
group affected.

ALTERNATIVE TECHNIQUES
Volumes of Solution

For infiltrations, increasing the volume (two car-
tridges instead of one) increases the duration of
pulpal anesthesia .6s A suggestion for anterior
teeth and premolars is to give two cartridges ini-
tially, or to give one initially and inject another
approximately 30 minutes later. In first molars,
administration of two cartridges initially will
speed onset and prolong duration .63

Alternative Solutions

In maxillary infiltrations, prilocaine, mepivacaine,
and lidocaine (all with vasoconstrictors) act simi-

larly.64 65 Solutions without vasoconstrictors (3%
mepivacaine plain and 4% prilocaine plain) pro-
vide a short duration of pulpal anesthesia, averag-
ing 15 to 20 minutes .61,65

Long-acting anesthetics do not provide pro-
longed pulpal anesthesia in a maxillary infiltra-
tion (as they do in a mandibular block) .6'. 6 2

Other Techniques

The posterior superior alveolar (PSA) block anes-
thetizes the second and third molars and usually
the first molar.66 On occasion, an additional
mesial infiltration injection is necessary to anes-
thetize the first molar. Generally, the PSA injec-
tion is indicated when all molar teeth require
anesthesia. When one tooth is treated, infiltra-
tions are preferred.

The infraorbital block results in lip numbness
but does not predictably anesthetize incisor
pulps.67,68 It usually anesthetizes the premolars,
but duration is less than one hour .67,68 Essentially,
the infraorbital injection is similar to infiltration
over the premolars.

The second division block usually anesthetizes
pulps of molars and some second premolars but
does not predictably anesthetize anterior tooth
pulps.69 The high tuberosity technique is pre-
ferred to the greater palatine approach because it
is easier and less painful .69

Pain and Inflammation

Again, results will differ from the normal when
anesthesia is given to patients with either or both
of these conditions.

Anesthesia Difficulties
What follows is a classic scenario. The diagnosis is
irreversible pulpitis. The dentist administers the
standard block or infiltration. The patient reports
classic signs of anesthesia (lip numbness and a
dull feeling of the tooth or quadrant). After isola-
tion, access preparation is begun. When the bur is
in enamel, the patient feels nothing. Once the bur
enters dentin or possibly not until the pulp is ex-
posed, the patient feels sharp pain. Obviously,
pulpal anesthesia is not profound; additional
anesthetic is required. Why does the problem
occur? There are three main reasons and theories.

1. The anesthetic solution may not penetrate
to the sensory nerves that innervate the
pulp, especially in the mandible. A local
anesthetic, articaine, was synthesized to
provide good lipid solubility and protein
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binding, with presumably more predictable
anesthesia. However, articaine's action has
proved to be similar to that of other local
anesthetics.'°

2. Local tissue or nerve changes occur because
of inflammation. One popular theory is
that the lowered pH of inflamed tissue re-
duces the amount of the base form of the
anesthetic available to penetrate the nerve
membrane." Consequently, there is less of
the ionized form within the nerve to achieve
anesthesia. This theory has no experimental
support and is an unlikely cause of anesthe-
sia difficulties. It does not explain the major
problem, which is the mandibular molar
with pulpitis that is not anesthetized by an
inferior alveolar injection. The injection site
is distant from the area of inflammation;
changes in tissue pH would be unrelated to
the anesthesia problem. A more plausible
explanation is the hyperalgesia theory:
nerves arising in inflamed tissue have al-
tered resting potentials and decreased ex-
citability thresholds; these changes are not
restricted to the inflamed pulp itself but af-
fect the entire neuronal membrane, extend-
ing to the central nervous system.8,9 Local
anesthetic agents are not sufficient to pre-
vent impulse transmission, owing to these
lowered excitability thresholds."

3. Patients in pain often are apprehensive,
which lowers their pain threshold. A vicious
cycle may be established: Initial apprehen-
sion leads to decreased pain threshold,
which leads to anesthesia difficulties, which
leads to increased apprehension, which re-
sults in loss of control and confidence, and
so on. Therefore if this cycle becomes evi-
dent, the practitioner should stop treat-
ment immediately and regain control or
schedule another appointment or consider
referral to an endodontist. Most patients
will endure some pain during the initial
stages of root canal treatment if they have
confidence in the dentist. However, they will
not tolerate being hurt repeatedly!

Supplemental Anesthesia
INDICATIONS

A supplemental injection is used if the standard
injection is not effective. It is useful to repeat an
injection only if the patient is not exhibiting the
"classic" signs of soft tissue anesthesia. Generally,
if the classic signs are present, reinjection is inef-
fective. For example, after the inferior alveolar (IA)
injection, the patient develops lip, chin, and

tongue numbness and quadrant "deadness" of
the teeth. However, he or she cannot tolerate pulp
or dentin invasion with a bur. To think that rein-j
jection using the IA approach will be successful is
wishful thinking; failure the first time is usually
followed by failure on the second attempt. The
dentist should go directly to a supplemental tech-
nique. Three such injections are (1) the in-
traosseous (10), (2) the periodontal ligament
(PDL), and (3) the intrapulpal (IP). The PDL and
10 injections are the preferred approaches with
the IP injection being reserved for special situa-
tions.

ANESTHETIC AGENTS

With any of the three supplemental techniques, a
conventional anesthetic agent is indicated. There-
fore 2% lidocaine with 1:100,000 epinephrine is
used unless an alternative is suggested.

INTRAOSSEOUS ANESTHESIA

The IO injection is a supplemental technique that
has been shown to be effective through substan-
tial research and clinical usage. It is particularly
useful in conjunction with a conventional injec-
tion when it is likely that supplemental anesthesia
will be necessary, e.g., pulpitis in mandibular pos-
terior teeth." -73 The IO injection allows placement
of a local anesthetic directly into the cancellous
bone adjacent to the tooth. There is an intra-
osseous system of two components (Figure 7-1).
One part is a slow-speed handpiece-driven perfo-
rator, which drills a small hole through the corti-
cal plate. The anesthetic solution is delivered into
cancellous bone through a matching 27-gauge ul-
trashort injector needle (Figure 7-2).

FIGURE 7-7
Components for intraosseous injection. The perforator (top) is
a small, sharp, latch-type drill to make an opening through
soft tissue and bone. The needle (bottom) is a short and small
gauge to insert and inject directly through the opening.
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FIGURE 7-2
I ntraosseous injection technique. A, Location and angulation of the perforator. B, Perforator "breaks through"
cortical bone into medullary space. C, Needle is inserted directly into opening. D, Anesthetic is injected into
medullary bone, where it diffuses widely to block dental nerves.

Technique

The area of perforation and injection is on a hori-
zontal line of the buccal gingival margins of the
adjacent teeth and a vertical line that passes
through the interdental papilla distal to the tooth
to be injected. A point approximately 2 mm below
the intersection of these lines is selected as the
perforation site. The soft tissue is first anes-
thetized by infiltration. The perforator is placed
through the gingiva perpendicular to the cortical
plate. With the point gently resting against bone,
the handpiece is activated in a series of short

bursts, using light pressure, until there is a "break
through" into cancellous bone (taking approxi-
mately 2 to 5 seconds).74-77

Holding the standard syringe in a "pen-
gripping" fashion, the needle is aligned with and
inserted into the perforation. Approximately half
a cartridge of anesthetic solution is SLOWLY de-
livered over a 1- to 2-minute time period with
light pressure! If back-pressure is encountered,
the needle is rotated approximately a quarter turn
and deposition is reattempted. If this attempt is
unsuccessful, the needle should be removed and
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checked for blockage. If the needle is not blocked,
it is reinserted or the site is opened with a new
perforator and the injection is repeated.

A recent, useful innovation is an interosseous
injection system using a plastic sleeve that re-
mains in the perforation. This serves as a guide
for the needle and may remain in place through-
out the procedure if reinjection is necessary.

Perforator "Breakage": Rarely, the metal per-
forator "separates" from the plastic shank. The
perforator is easily removed with a hemostat;
there are no reports of a perforator breaking into
parts. 73,75-80

Injection Discomfort: When the IO injection
is used as a primary injection, neither perforation,
needle insertion, nor solution deposition is
painful for most patients . 15,77 However, when the
IO injection is used as a supplemental injection in
a patient with irreversible pulpitis, moderate pain
may occur. 7L72

Selection of Perforation Site: Distal perfora-
tion and injection to the tooth will result in the
best anesthesia . 75`2 An exception would be in sec-
ond molars where a mesial site is preferred. 15-77

When necessary, a lingual approach may also be
successful.

Onset of Anesthesia: The onset of anesthesia
is rapid ...... There is no "waiting period" for anes-
thesia.

Success: For use as a primary injection, success
rates are good; lower success rates are seen with
3% mepivacaine.75,77

For use as a supplemental injection after the IA
block, excellent success has been reported for 2%
lidocaine with 1:100,000 epinephrine, 2% mepiva-
caine with 1:20,000 levonordefrin, and 1.5% etido-
caine with 1:200,000 epinephrine .76,79,82 However,
because of adverse cardiovascular reactions with
the long-acting anesthetics (etidocaine and 0.5%
bupivacaine with 1:200,000 epinephrine), these
agents should not be used." Mepivacalne 3% is
successful, but the duration of pulpal anesthesia
is shorter.81

For use as a supplemental injection with irre-
versible pulpitis, high success rates (around 90%)
have been reported .72,73 Mepivacaine has a 80%
success rate, which increases to 98% with a second
10 injection."

Failure: If the anesthetic solution squirts out
of the perforation, there will be failure (a rare oc-
currence)." Reperforation or choosing another
perforation site would then be necessary.

Duration: With a primary IO injection, dura-
tion of pulpal anesthesia declines steadily over an
hour . 75 ,77 There is an even shorter duration with
3% mepivacaine or 1.5% etidocaine with 1:200,000
epinephrine compared with 2% lidocaine with

1:200,000 epinephrine .,77,"4 With a supplemental 10
injection after the IA block, duration of pulpal
anesthesia is very good .76,79,82 A solution of 3% me-
pivacaine will result in a shorter duration.81 For
irreversible pulpitis, the 10 injection should
provide anesthesia for the entire debridement
appointment.71-73

Postoperative Problems: With primary and
supplemental techniques, patients report no pain
or mild pain. Less than 5% will develop exudate
and/or localized swellings at the perforation site,
possibly from overheating of the bone during per-
foration."-"°

Systemic Effects: With both primary and sup-
plemental techniques using 1.8 ml of 2% lidocaine
with 1:100,000 epinephrine, most patients per-
ceive an increased heart rate . 751-78,85 With 0.9 ml of
2% lidocaine with 1:100,000 epinephrine, 1.8 ml
of etidocaine with 1:200,000 epinephrine, or
1.8 ml of 2% mepivacaine with 1:20,000 lev-
onordefrin, there is a similar increased heart
rate . 78,79,82 When these agents are used, the patient
should be informed of this tachycardia to lessen
his or her anxiety. No significant heart rate in-
crease occurs with 3% mepivacame plain . 81,85

Medical Contraindications: Patients with car-
diovascular disease or those taking tricyclic anti-
depressants or nonselective /3-adrenergic blocking
agents should not receive 10 injections of epi-
nephrine- or levonordefrin-containing solutions.85
Mepivacaine 3% plain is preferred.

PERIODONTAL LIGAMENT
I NJECTION

The PDL injection is also a useful technique if a
conventional injection is unsuccessful. The PDL
(or intraligamental) injection technique has gen-
erated considerable research and has spawned the
marketing of a variety of special syringes. The
technique (regardless of the device used) is clini-
cally effective and is a valuable adjunct. .38,86,87 It is
particularly useful if a rubber dam is in place; the
needle may be inserted between the tooth and
rubber dam margin.

Technique: The procedure (Figure 7-3) is not
difficult but does require practice and familiarity.
A standard syringe or pressure syringe is equipped
with a 30-gauge ultrashort needle or a 27-or a
25-gauge short needle. The needle is inserted into
the mesial gingival sulcus at a 30-degree angle to
the long axis of the tooth. The needle is supported
by the fingers or hemostat and is positioned with
maximum penetration (wedged between root and
crestal bone). Heavy pressure is SLOWLY applied
on the syringe handle for approximately 10 to
20 seconds (conventional syringe), or the trigger is



108

	

7 / Local Anesthesia

SLOWLY squeezed once or twice with resistance
(pressure syringe). Back pressure is important. If
there is no back-pressure (resistance) -that is, if
the anesthetic readily flows out of the sulcus-the
needle is repositioned, and the technique repeated
until back-pressure is attained. The injection is
then repeated on the distal surface. Only a small
volume (approximately 0.2 ml) ofanesthetic is de-
posited on each surface.

Mechanism of Action: The PDL injection forces
anesthetic solution through the cribriform plate
(Figure 7-4) into the marrow spaces and into the

FIGURE 7-3
Periodontal ligament injection. A, Needle insertion using
the fingers to prevent needle buckling. B, A hemostat may
be substituted for fingers to support and direct the nee-
dle. The injection may be given with or without the rubber
dam in place. C, Note the direction and position of the
needle (arrows). The tip of the needle will be wedged be-
tween the crestal bone and the root surface. D, Angle of
the needle relative to the long axis of the tooth (left). With
approximately a 30-degree orientation, the needle tip will
be positioned close to the midline of the root.

vasculature in and around the tooth (Figures 7-5
and 7-6).88-90 The primary route is not the periodon-
tal ligament; the mechanism ofaction is not related
to direct pressure on the nerves 91,92

Injection Discomfort: When the PDL injec-
tion is used as a primary injection, needle inser-
tion and injection are usually only mildly uncom-
fortable in posterior teeth; in anterior teeth, the
PDL injection may be quite painful.93,95 Patients
must be informed of this possibility.

Onset of Anesthesia: Onset of anesthesia is
rapid; there is no waiting period to begin the clin-
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FIGURE 7-4
An extraction socket of a second
molar. The bone of the cribriform
plate is very porous, particularly in
the cervical region (arrow). During
the periodontal ligament injection,
this is the region of passage of
most anesthetic solution into the
medullary space.

FIGURE 7-5
A single periodontal ligament injection of carbon dye adja-
cent to a dog's tooth demonstrates the distribution of dye
particles. Particles are concentrated at the i njection site (/) as
well as in the medullary bone (MB), the apical foramen (AF),
and the pulp (P) of the injected tooth. Dye particles have
been spread through the periodontal ligament (PDL) of both
the injected and the adjacent teeth.

FIGURE 7-6
A single injection of dye was made in the distal periodontal
l i gament. This frontal section, including the tooth apex and
surrounding structures, shows that dye distributes to the pulp
(P), periodontal ligament space (PDL), medullary bone space
(MB), and mandibular canal (MC). The widespread distribu-
tion of solutions from the periodontal ligament injection may
anesthetize the adjacent teeth.
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ical procedure." 8793-96 If anesthesia is still not ad-
equate, reinjection is indicated.

Success: For use as a primary injection, good
success rates have been reported for restorative
procedures and extractions. More difficulty in
achieving adequate pain control occurs in en-
dodontic treatment. One study showed higher
success rates in posterior teeth than in anterior
teeth.94

For use as a supplemental injection (standard
techniques have failed to provide adequate anes-
thesia), good success rates (83 to 92%) are
achieved .38,86,87,96 Reinjection increases the success
rate . 86,87

Duration: The duration of profound pulpal
anesthesia (either primary or supplemental) is ap-
proximately 10 to 20 minutes . 9 Z -9 4 The operator
must work quickly and be prepared to reinject.

Postoperative Discomfort: When PDL in-
jection is used as a primary technique, postoper-
ative discomfort (mostly mild pain) usually oc-
curs. 93-95 The duration of discomfort ranges
from 14 hours to 3 days .93-95 The discomfort is
related to damage from needle insertion rather
than to the pressure of depositing the solu-
tion. 95 Many patients report that their tooth
feels "high in occlusion. "93,94

Selective Anesthesia: It has been suggested
that the PDL injection may be used in the differ-
ential diagnosis of poorly localized, painful irre-
versible pulpitis. 9 7 However, adjacent teeth are
often anesthetized with PDL injection of a single
tooth.92-95 Therefore this injection is not useful for
differential diagnosis.

Systemic Effects: PDL injection of epineph-
rine-containing solutions may cause systemic
changes (a transient decrease in blood pressure
and increase in heart rate). 98 Generally, in most
dental patients effects are minimal, but tachycar-
dia may be noticed, requiring explanation.

FIGURE 7-7
Example of a special syringe used for the peri-
odontal ligament injection. Although these de-
vices are capable of injecting with more pressure,
they have not been shown to be superior to the
standard syringe.

Other Factors: Different needle gauges (25-, 27-,
or 30-gauge) are effective .86 Special pressure sy-
ringes have been marketed (Figure 7-7); these have
not proved to be more effective than a standard
syringe .86,87,95 Anesthetic solutions without vaso-
constrictors (3% mepivacaine plain) or with re-
duced vasoconstrictor concentrations (bupiva-
caine or etidocaine with 1:200,000 epinephrine)
are not very effective, producing a limited dura-
tion of anesthesia. 93,99,100

Safety to the Periodontium: Clinical and an-
imal studies have demonstrated the relative
safety of the PDL injection.9 2-94,101,104 Minor local
damage is limited to the site of needle penetra-
tion (Figure 7-8); this subsequently undergoes re-
pair. In rare instances, periodontal infections
have occurred. 94 Histologic areas of root resorp-
tion after PDL injections have also been reported,
which also heal with time. 105,106 There are no stud-
ies on the effects of injecting into an area of peri-
odontal disease, but an adverse effect is unlikely.

Safety to the Pulp: Clinical and animal stud-
ies have shown no adverse effects on the pulp after
PDL injections . 92-94,105,107,108 However, physiologic
changes in the pulp do occur, including a rapid
and prolonged marked decrease in blood flow
caused by epinephrine.109 This vascular impair-
ment has no demonstrated damaging effect, even
in conjunction with restorative procedures." 0 The
PDL injection probably would not result in severe
pulpal injury, although this has not been studied
with extensive (crown) preparations or in teeth
with caries.

Safety to Primary Teeth: Minor enamel hy-
poplasia of succedaneous teeth has been seen
after PDL injections in primary teeth."' However,
this effect was caused by the cytotoxicity of the
local anesthetic rather than by the actual injec-
tion. Therefore the PDL injection may be used for
anesthetizing primary teeth.9 1
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INTRAPULPAL INJECTION

Indications: On occasion, the IO and PDL injec-
tions, even when repeated, do not produce pro-
found anesthesia; pain persists when the pulp is
entered. This is an indication for an IP injection.
However, the IP injection should not be used
without first administering an IO or PDL injec-
tion. The IP injection is very painful without some
other supplemental anesthesia.

Advantages and Disadvantages: Although
the IP injection is popular, it has disadvantages as
well as advantages, making it the third supple-
mental injection of choice. The major drawback is
that the needle is inserted directly into a vital and
very sensitive pulp; the injection may be exquis-
itely painful. Also, the effects of the injection are
unpredictable if it is not given under pressure.
Duration of anesthesia, once attained, is short
(1S to 20 minutes). Therefore the bulk of the pulp
must be removed quickly and at the correct work-
ing length to prevent recurrence of pain during
instrumentation. Another disadvantage is that
obviously the pulp must be exposed to permit di-
rect injection; often problems with anesthesia
occur before exposure.

The advantage is the predictability of pro-
found anesthesia if the IP injection is given under

back-pressure. Onset will be immediate, and no
special syringes or needles are required, although
different approaches may be necessary to attain
the desired pressure.

Mechanism of Action: Strong back-pressure
has been shown to be the major factor in produc-
ing anesthesia. 112,113 Depositing anesthetic pas-
sively into the chamber is not adequate; the solu-
tion will not diffuse throughout the pulp.
Therefore the anesthetic agent is not solely re-
sponsible for intrapulpal anesthesia, being depen-
dent on pressure.

Technique: Again, the patient must be in-
formed that a "little extra" anesthetic will ensure
comfort; there will be "a sharp sensation."

One technique creates back-pressure by stop-
pering the access with a cotton pellet to prevent
backflow (Figure 7-9).113,114 Other stoppers, such
as gutta-percha, waxes, or pieces of rubber, have
been used. If possible, the roof of the pulp cham-
ber should be penetrated by a half-round bur; the
needle will then fit snugly in the bur hole.

Another approach is an injection into each
canal after the chamber is unroofed. A standard sy-
ringe is usually equipped with a bent short needle.
With fingers supporting the needle shaft to prevent
buckling, the needle is positioned in the access

FIGURE 7-8
Photomicrographs of the injection site at the time of injection. A, Areas visible are the enamel space (E) and the
cementoenamel junction region (CEJ). The needle tract (T), which ends in a gouge in cementum (arrow), is ap-
parent in the connective tissue. No tissue changes are evident outside the penetration site, including the more
apical tissues. B, Region T in part A. Needle tract and adjacent tissues contain small chips of cementum (C), ery-
throcytes (E), and debris (D), which presumably have been carried in by the needle.
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opening and then moved down the canal, while
slowly expressing the anesthetic, to the point of
wedging. Maximum pressure is then applied slowly
on the syringe handle for S to 10 seconds. If there
is no back-pressure, anesthetic flows out of the ac-
cess opening. The needle is wedged deeper or with-
drawn and replaced with a larger gauge needle (or
stoppered with a cotton pellet), and the injection is
repeated. This may be necessary in each canal.

ALTERNATIVE PRIMARY
TECHNIQUES

Electronic dental anesthesia and transcutaneous
electronic nerve stimulation are two fairly recent
techniques that have been promoted as means of
attaining anesthesia without injection. Both in-
volve electronic devices. These devices use electri-
cal stimulation (of low or high frequency) applied
to tissues surrounding the teeth. Although some

FIGURE 7-9
I ntrapulpal injection technique. A, A 45-degree bend is placed on the needle using the needle cap. B, For stop-
pering the injection site, a cotton pellet is pulled over the needle. C, The needle is placed in the opening in the
roof of the chamber (forewarn the patient of discomfort!). D, The cotton pellet is packed tightly into the access
opening, and the syringe handle is pushed slowly. The patient often feels sharp pain with resistance on the sy-
ringe handle; this resistance usually indicates successful anesthesia.

studies have shown good results, others have
shown little effect on pain suppression when
these techniques are used as the sole means of
anesthesia.115-118 Additional investigations are
needed to clarify the mechanisms of action as well
as clinical effectiveness for endodontic proce-
dures before they can be recommended.

Anesthetic Management of
Pulpal or Periradicular Pathoses
I RREVERSIBLE PULPITIS

With irreversible pulpitis, the teeth most difficult
to anesthetize are the mandibular molars fol-
lowed by (in order) mandibular and maxillary
premolars, maxillary molars, mandibular ante-
rior teeth, and maxillary anterior teeth. The vital
inflamed pulp must be invaded and removed.



Also, pulpal tissue has a very concentrated sen-
sory nerve supply, particularly in the chamber.
These factors, combined with others related to
inflammatory effects on sensory nerves and fail-
ures occurring with conventional techniques,
make anesthetizing patients with painful irre-
versible pulpitis a challenge.

Different clinical situations present surprises.
In some cases, inflamed vital tissue exists only in
the apical canals; the tissue in the chamber is
necrotic and does not respond to pulp testing.
Obviously, in this situation the chamber is en-
tered with no problem, but when the operator at-
tempts to place a file to length, severe pain results.
IO or PDL injections are helpful and an IP injec-
tion may be used. However, irreversible pulpitis
must be differentiated from a symptomatic apical
pathosis because, in the latter condition, IO, PDL,
and IP injections are contraindicated.

General Considerations: Conventional anes-
thesia, using primary techniques, is administered.
After signs of soft tissue anesthesia occur, the
pain abates and the patient relaxes. Frequently,
however, upon access opening or when the pulp is
entered, pain results because not all sensory
nerves have been blocked. A useful procedure is to
pulp test the tooth with cold or an electric pulp
tester before the access is begun.38,70,71 If the pa-
tient responds, an IO or PDL injection is given.
However, no response does not ensure complete
anesthesia . 26,3 ', 70 ,71 The patient is always informed
that the procedure will be immediately discontin-
ued if pain is experienced or if there is a "premo-
nition" of impending pain. Appropriate supple-
mentary injections are then used. Occasionally, all
attempts fail; in this case, it is best to place a tem-
porary restoration and schedule another appoint-
ment or refer the patient to an endodontist.

Mandibular Posterior Teeth: A conventional
inferior alveolar injection is administered, usually
in conjunction with a long buccal injection. Be-
cause of the high failure rate of anesthesia for
these teeth, an IO or PDL injection is routinely ad-
ministered before access is begun . 31,11, 71 If pain is
felt, the IO or PDL injection may be repeated or
an IP injection is given if the pulp is exposed. Usu-
ally, once the pulp is removed, further pain is min-
imal owing to the longer duration of mandibular
anesthesia . 33-37,52

Mandibular Anterior Teeth: An inferior alve-
olar injection is given. If pain is felt, an IO injec-
tion is administered. If this is unsuccessful, an IP
injection is added.

Maxillary Posterior Teeth: Approaches are
the same as those outlined under "General Con-
siderations" except that the initial dose is doubled
(3.G ml) for buccal infiltration. The injection site
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may be a PSA block for molars. Infiltration of
0.5 ml of anesthetic over the palatal apex en-
hances pulpal anesthesia.119 If pain is felt during
the access, an IO or PDL injection is administered.
Seldom is an IP injection needed.

The duration of anesthesia in the maxilla is less
than that in the mandible . 6z-6s Therefore if pain is
experienced during instrumentation, additional
primary or supplemental injections are necessary.

Maxillary Anterior Teeth: Anesthetic is ad-
ministered initially as a labial infiltration and, oc-
casionally, as a palatal infiltration for the retainer.
Rarely is an IO injection needed; the PDL injec-
tion also is not very effective.94 The duration of
anesthesia may be less than 1 hour, requiring ad-
ditional infiltration. 62-65

SYMPTOMATIC PULP NECROSIS

This diagnosis indicates pain and/or swelling
and therefore periradicular inflammation. Be-
cause the pulp is necrotic and apical tissues are
inflamed, anesthesia problems are different.
These teeth may be painful when manipulated
during treatment.

For the mandible, an inferior alveolar nerve
block and long buccal injection are administered.
For maxillary teeth, if no swelling is present, anes-
thesia is given with a conventional infiltration or
block. If soft tissue swelling is present (cellulitis or
abscess), a regional block plus infiltration on ei-
ther side of the swelling is administered. Access is
begun slowly. Usually the pulp chamber is entered
without discomfort if the tooth is not torqued ex-
cessively. File placement and debridement also
can be performed without much pain if instru-
ments are used gently.

Occasionally, conventional injections do not
provide adequate anesthesia. IO, PDL, or IP injec-
tions are contraindicated. Although effective for
vital pulps, these injections are painful and inef-
fective with apical pathosis. Rather, the patient
should be informed that profound anesthesia is
not present owing to inflammation in the bone.
As an alternative with maxillary molars, a PSA in-
jection or second division nerve block (high
tuberosity injection) may be given. In anterior
teeth and premolars, an infraorbital injection is
administered to provide some degree of bone and
soft tissue anesthesia.

In patients with severe preoperative pain with-
out drainage from the tooth (or when no swelling
can be incised), a long-acting anesthetic (such as
bupivacaine or etidocaine) may help control post-
operative pain in mandibular teeth. However, the
duration of analgesia is usually not so long to
preclude use of oral analgesics.
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ASYMPTOMATIC PULP NECROSIS PERIRADICULAR SURGERY

Asymptomatic teeth are the easiest to anesthetize.
Although it may be tempting to proceed without
anesthesia, vital sensitive tissue may be encoun-
tered in the apical portion of canals.

The conventional injections are usually ad-
ministered: inferior alveolar nerve block and long
buccal injection for mandibular teeth and infil-
tration (or PSA block) in the maxilla. Usually the
patient remains comfortable. Rarely, there may
be some sensitivity during canal preparation that
requires an 10 or PDL injection. IP injection is
not indicated because bacteria and debris may be
forced periradicularly. In the maxilla an addi-
tional infiltration may be necessary during longer
procedures.

Anesthesia for
Surgical Procedures
INCISION FOR DRAINAGE

Patients tolerate the procedure better when some
anesthesia is present before incision and drain
placement are begun. However, profound anes-
thesia is difficult, which should be explained to
the patient. In the mandible, inferior alveolar
plus long buccal injections (for posterior teeth)
or labial infiltration (for anterior teeth) are ad-
ministered. In the maxilla, infiltration is given at
several sites peripheral to the swelling. As an al-
ternative, a PSA or second-division block may
suffice for molars and an infraorbital injection
for anterior teeth and premolars. For palatal
swellings, a small volume of anesthetic is infil-
trated over the greater palatine foramen (for pos-
terior teeth) or over the nasopalatine foramen
(for anterior teeth). With swelling over either
foramen, lateral infiltration is indicated. An ad-
junctive measure is to spray ethyl chloride on the
area just before incision.

Injection directly into a swelling is contraindi-
cated. These inflamed tissues are hyperalgesic and
difficult to anesthetize. Traditional beliefs are
that the anesthetic solution may be affected by
the lower pH and is rendered less effective and
that direct injection will "spread the infection";
neither belief is proved. Nevertheless, although
these ideas may have some merit, reasons for
avoiding injection into a swelling are the pain
from the pressure and ineffectiveness. Theoreti-
cally, the area of swelling (cellulitis) has an in-
creased blood supply; thus anesthetic is trans-
ported quickly into the systemic circulation,
diminishing the anesthetic effect. Also, edema
and purulence may dilute the solution.

Additional considerations in periradicular
surgery involve anesthesia of both soft tissue and
bone. Also, inflammation is usually present. In
the mandible the inferior alveolar injection is rea-
sonably effective. Additional infiltration injec-
tions in the vestibule are useful to achieve vaso-
constriction, particularly in the mandibular
anterior region. In the maxilla, infiltration injec-
tions are generally effective; usually larger vol-
umes are necessary to provide anesthesia over the
surgical field.

If the area of operation is inflamed or the pa-
tient is apprehensive, anesthesia may not be to-
tally successful. After the flap is reflected, if anes-
thesia is inadequate, attempts to enhance or
regain anesthesia (through additional infiltra-
tions or injecting the sensitive area) are not par-
ticularly effective.

As a prophylactic measure, an 10 or PDL injec-
tion is administered at the site, after the above in-
jections and before the surgery. This seems to en-
hance depth of anesthesia and may provide better
hemostasis.

Use of a long-acting anesthetic has been advo-
cated.46,47 In the mandible, this is reasonably effec-
tive. In the maxilla, long-acting agents have a
shorter duration of anesthesia and decreased epi-
nephrine concentrations, which result in more
bleeding during surgery." ,"' After periradicular
surgery, administration of a long-acting anes-
thetic has been suggested." However, postsurgical
pain is usually not severe and can be managed by
analgesics. 120
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After reading this chapter, the student should be able to:

1/ Describe the reasons for rubber dam isolation during endodontic procedures.

2/ List a rubber dam clamp selection for anterior, premolar, and molar teeth.

3/ Identify those clamps that have several applications. (Which two are "universal?")

4/ Describe techniques for application of clamp/rubber dam in single-tooth isolation.

5 / Describe techniques to stop salivary or hemorrhage "seepage" into the operative field.

6 / Recognize situations in which special isolation approaches are necessary.

7 / Describe the technique to use in those special situations.

8 / Describe surgical techniques to use as adjuncts to attain required isolation.

9/ Identify patients with difficult isolation situations who should be considered for referral.

Isolation

LEARNING OBJECTIVES
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Reasons for Use of the Rubber Dam

Protection

Facilitate and Increase Efficiency

Minimize Cross-Infection

Legal Considerations

Additional Considerations

Preparation for Placement

Areas of Potential Leakage

Coronal Considerations

Gingival Preparation

Replacement of Missing Crown Structure

Equipment

Rubber Dam Material

Frames

Combinations

Clamps (Retainers)

Additional Instruments

Clamp Substitutes

Application of the Rubber Dam

Hole Placement

Clamp Selection

Placement Techniques

Rubber Dam Positioning

Disinfection of Operating Field

Aids for a Leaking Dam

Prevention

Corrective Methods

Modifications for Difficult Isolation

Situations

Unusual Crown to Root Alignment

Little Remaining Tooth Structure

Root Caries

Unusual Tooth Position

Unusual Tooth Shape

Bridges or Orthodontic Appliances

Porcelain Restoration

Multiple Tooth Isolation

Emergency Situations

When and What to Refer

Problems with inadequate Isolation

Other Situations

solation requires proper placement of
the rubber dam. This device will isolate
the pulp space from saliva and hemor

rhage and protect tissues from irrigating solu-
tions, other chemicals, and instruments.

The rubber dam was first introduced in 1863 by
Sanford Barnum, a New York dentist. His invention
was a way to achieve isolation for the placing of gold
foil. Shortly thereafter his colleague, C. E. Francis,
pleaded, "Gentlemen of the profession-learn to use
Barnum's rubber dam, and when you thoroughly
understand its true value, you will bless the name of
the worthy dentist whose ingenuity gave us so valu-
able a boon."' Surveys indicate that rubber dam
usage is inconsistent, with many dentists seldom or
never using the rubber dam for endodontic proce-
dures.2 Some use it occasionally, and about half use
a rubber dam for isolation almost always.' This in-
dicates a need for better understanding of the ratio-
nale for its use . 4

Reasons for Use
of the Rubber Dam
PROTECTION

The rubber dam prevents aspiration or accidental
swallowing of endodontic instruments and irrig-
ants. It also affords protection from injury caused
by rotary and hand instruments.5 The patient
should not be exposed to these avoidable risks.

The dentist and assistant are also protected.
Aerosol spray from the haridpiece and air-water
syringe are potentially harmful. Use of the rubber
dam minimizes this risk; the aerosol will deflect
off the clean rubber dam rather than mixing with
saliva and oral debris.6,7 Contamination of the en-
vironment is also reduced because the dental
team has less direct contact with the patient's oral
tissues and fluids.

FACILITATE AND
I NCREASE EFFICIENCY

The rubber dam (1) improves visibility; (2) prevents
salivary leakage, thus providing a dry field; (3) pre-
vents fogging of the mirror; (4) relaxes the patient,
who need not fear swallowing instruments nor suf-
fer the unpleasant taste of chemicals or irrigants;
and (5) minimizes conversation and the need (per-
ceived or actual) for frequent rinsing.

MINIMIZE CROSS-INFECTION

There is increasing concern about transmission
of infectious diseases [especially acquired im-
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munodeficiency syndrome (AIDS), tuberculosis,
and hepatitis); use of the rubber dam may reduce
the risk of spreading these diseases.' The rubber
dam, although helpful, must not be considered
total protection; other preventive measures are
essential as well.

LEGAL CONSIDERATIONS

All dental schools in the United States require use
of the rubber dam during endodontic procedures.
Its routine usage during root canal treatment is a stan-
dard of care. In fact, expert testimony is not re-
quired to justify claims of negligence when an in-
strument is swallowed or aspirated. Liability is so
evident that a jury is deemed competent enough
to determine negligence. Although the reasons for
rubber dam application are primarily facilitative
and biologic, legal ramifications make its use
mandatory.

ADDITIONAL CONSIDERATIONS

The necessity for rubber dam isolation is appar-
ent. It is important to recognize early those situa-
tions in which isolation will be difficult or time-
consuming; this is part of treatment planning.
Before treatment is initiated, isolation must be
carefully considered. Occasionally, it is best for
patients with difficult isolation situations to be
referred to an endodontist because special tech-
niques may be required.

Preparation for Placement
Root canal treatment begins with consideration
of several factors before actual rubber dam
placement.

AREAS OF POTENTIAL LEAKAGE

Areas having a potential for leakage include sub-
gingival caries and defects such as fractures, de-
fective restorations, and open margins.

CORONAL CONSIDERATIONS

Margins of existing restorations are evaluated
both radiographically and clinically. Defective
restorations may allow leakage between the oral
cavity and pulp space. The entire restoration, or at
least the defective portion, must be removed early
and before the access preparation is completed.

The extent and presence of caries should also
be an early determination. Caries may communi-
cate with the oral cavity and pulp chamber. Gen-

erally all caries are removed to prevent leakage
during and after treatment.

GINGIVAL PREPARATION

When restorations or carious lesions extend sub-
gingivally or when crown destruction is excessive,
sound tooth structure may require exposure by
gingivectomy or crown lengthening.

Gingivectomy: Gingival tissue is removed to
expose an intact surface to allow clamp place-
ment. When gingivectomy is necessary to restore
normal gingival architecture for restoration, it is
best done before root canal treatment is initiated.
This simplifies isolation and aids in determining
restorability.

Crown Lengthening: Crown lengthening is a
more involved procedure that requires flap reflec-
tion and contouring of bone and gingival° Heal-
ing requires approximately 6 weeks; the tooth
should not be clamped during that time. Root
canal treatment and crown lengthening are often
best accomplished at the same appointment. Be-
cause of the treatment complexity, these patients
may benefit by being referred.

REPLACEMENT OF MISSING
CROWN STRUCTURE

The perfect access preparation for maximal visi-
bility and ease of straight-line access is through a
crown sectioned in the cervical third, thus open-
ing the chamber wide. Therefore adding restora-
tive materials or placing bands or temporary
crowns only hinders treatment. However, pre-
treatment occasionally requires a provisional
restoration before rubber dam placement.

Temporary Restoration: A reinforced ce-
ment, such as IRM (Cavit is not acceptable), is
suitable. This is indicated in regions that are diffi-
cult to isolate (such as subgingival interproximal
caries) but where crown lengthening or gingivec-
tomy is not required. The cement should main-
tain proximal contact or, if little tooth structure
remains, be contoured to help prevent interproxi-
mal food impaction.

Buildups: These procedures are usually not
necessary. However, when gingival procedures or
temporary restorations to facilitate isolation are
not feasible, amalgam, glass ionomer, or compos-
ite buildups may suffice.11-13 Special retentive ap-
proaches are required.14

Disadvantages to buildup procedures are that
they are time-consuming, may hinder visibility
and access to the canal space, and usually must be
redone before the permanent restoration is placed.
Generally, there is no need for such procedures.



Bands: Copper and orthodontic bands have
been advocated as an isolation aid and as a means
of protecting weakened cusps.'' Bands are time-
consuming to adapt properly, generally leak,
often come loose, and usually cause gingival irri-
tation. Therefore they are rarely indicated. If
cusps have been undermined or are otherwise
weakened, it is preferable to reduce their height by
several millimeters and then, if necessary, onlay
with the temporary material.

Temporary Crowns: Temporary crowns are
also of dubious value in aiding isolation. There
are suggestions that temporary crowns be ce-
mented and then access made through the oc-
clusal surface. Temporary crowns have the same
disadvantages as bands (described above). Two
additional disadvantages outweigh any transient
benefits provided by temporary crowns. First, they
are often displaced by the force of the clamp or
tension of the rubber dam. Second, there is loss of
orientation and impaired visibility. Therefore ac-
curate access preparation, canal locating, and
overall treatment through a temporary crown are
more difficult.

Temporary crowns may be used between ap-
pointments after the canal space or chamber has
been sealed off with another temporary material
and after the rubber dam has been removed. The
temporary crown is then adjusted and cemented
temporarily and removed at the next appoint-
ment. Before the root canal treatment begins, it is
usually preferable to remove a temporary crown
that has been placed earlier.

Equipment

RUBBER DAM MATERIAL

Rubber dams are available in several colors and
four thicknesses or weights. There is also a nonla-
tex dam (nonallergenic) material. Although color
choice is largely personal preference, the light-
colored (yellow) dam has advantages. It allows bet-
ter illumination and is transparent enough to fa-
cilitate film placement when making radiographs.
Of the four thicknesses (light, medium, heavy, and
extra heavy),the light and medium are preferred.
The light is easier to slide between the teeth and
puts the least amount of tension on the clamp.
However, it is difficult to tuck and does not seal as
well. Medium weight is slightly more difficult to
apply but fits better at the gingival margin and
provides better soft tissue retraction. Thickness
does not have a consistent effect on tear resistance
properties.16 Experience, different isolation condi-
tions, and personal preference will dictate rubber
dam selection for each situation.

FRAMES

Four frames are commonly used for endodontic
procedures. The Young's frame is metal (ra-
diopaque) and must be removed while taking ra-
diographs. The Nygaard-Ostby and the Star Visi-
frames are radiolucent and need not (should not)
be removed while radiographs are being made.
The Nygaard-Ostby frame attaches the rubber
dam on all four sides and requires more care in
hole placement, because it is more difficult to ad-
just the height of the superior border of the dam.
The Plast--Frame is autoclavable plastic and can be
folded to one side for radiographs. All four frames
comfortably hold the dam away from the pa-
tient's face and require no napkin under the dam.

COMBINATIONS

Recently frame and rubber dam combinations
have been introduced (Figure 8-1). One has a pli-
able oval plastic frame around the perimeter of
the rubber dam and is available in three sizes. An-
other has a plastic tube inserted in prepared holes
in the rubber dam material and comes in one size.
A third is autoclavable. All appear to provide ade-
quate protection, are easy to apply, do not inter-

FIGURE 8-1
Two rubber dam and frame combinations: Quickdam and
HandiDam. These are easily applied and disposable, but are
more costly.
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fere with making radiographs, and eliminate
bulky and cumbersome frames.

CLAMPS (RETAINERS)

Styles and Shapes

Figure 8-2. Winged clamps are preferred for effi-
cient dam application. Recently, a series of clamps
with a dull finish has been introduced to reduce
light reflection. Plastic, disposable clamps are also
available.

Many different styles and shapes designed for dif-
ferent situations are available. One manufacturer
lists an assortment of more than 50 clamps. A
large number of clamps is neither necessary nor
desirable for isolation. A complete selection in-
cludes (1) anterior teeth: Ivory 9 or Ash 9; (2) pre-
molars: SSW 20, 27, Ivory 0, 2, 9, 1, and IA; and
(3) molars: SSW 18, Ivory 14, 14A, and 56, and
Ash 8. Five clamps that will manage most root
canal treatment isolation situations are shown in

Universal Clamp Designs

Two designs (Figure 8-2), the "butterfly" Ivory 9
and the Ivory 56, are suitable for most isolations.
The butterfly design (no. 9) has small beaks and is
deep reaching and is useful for most anterior and
premolar teeth. The no. 56 is used for molars.
Both usually provide isolation, particularly in dif-
ficult situations.

Small radius beaks can be positioned farther
apically on the root; this will stretch the dam cervi-
cally in the interproximal space. With teeth that are
smaller or abnormally shaped, a clamp (no. 14, 9,
or 2) with smaller radius beaks is necessary.

Additional Designs: Clamps that may be nec-
essary when little coronal tooth structure remains
have beaks that are inclined apically. These are
termed deep-reaching clamps (Figure 8-3).

For stability, four-point contact between the
tooth and beaks of the clamp is necessary and dic-

FIGURE 8-2
Top, Butterfly design clamp Ivory 9 for anterior teeth and pre-
molars. Middle left Hu-Friedy 56 for molars. Middle right Ivory
2 for molars when a smaller beaked, deeper-reaching clamp is
necessary. Lower left Hu-Friedy 14. Lower right, Hu-Friedy
14 A for molars of different sizes. Nos. 56 and 9 can be used in
most situations. Note the nonglare finish on Hu-Friedy clamps.

FIGURE s-a
Two styles of deep-reaching clamps: A and B, Ivory 14; C and
D, 14A. These are often more stable when coronal tooth
structure is missing.



rates the size selected. Fatigued anterior and pre-
molar clamps may be used for unusual molar ap-
plications (Figure 8-4). Clamps may also be mod-
ified by grinding to adapt to unusual situations."
Plastic clamps are more easily modified.

ADDITIONAL INSTRUMENTS

Punch: Any punch is acceptable. The punch
should be sharp to make a clean hole and not tear
or nick the dam.

Forceps: Any forceps are acceptable. One type
has projections extending from the beaks to allow
better control in clamp placement. Also, the pro-
jections allow greater pressure gingivally and pro-
vide more maneuverability for seating the front or
rear of the clamp.

Tucking Instruments: A plastic instrument or
spoon excavator slides the dam off the wings of
the clamp and then inverts the edge of the dam. A
stream of air will dry the area and helps to invert
the dam.

Dental Floss: Dental floss is used to pass the
dam between both contacts. With single tooth
isolation, at least the mesial and often the distal
surface should be flossed through the contact.
Checking contacts for tightness before dam place-
ment is advisable. Floss may be used to ligate the
necks of the teeth to hold the dam if a clamp
cannot be used.

Saliva Ejector: A saliva ejector enhances pa-
tient comfort. The tip may be positioned under
the dam, or the patient may maneuver it under
the dam as needed.

FIGURE 8-4
A butterfly design clamp (Ivory 9) may be used on a posterior
tooth. This unusual clamp selection allows isolation gingival
to the caries.

CLAMP SUBSTITUTES

In some circumstances, floss holds the dam in
place by ligating the tooth. In these cases, multi-
ple isolation is usually needed (Figure 8-5). Floss
can also be used with a bead from a necklace, a
rubber polishing disc, or a rubber anesthetic
plunger.' Floss is threaded through the hole in
the bead or rubber disc or around the plunger,
leaving enough to ligate when the bead is placed
on the lingual surface (Figure 8-6). Wedjets (Hy-
genic Corp.) are also a means of holding the rub-
ber dam in position.' Ortho separators may also

FIGURE 8-5
Multiple isolation secured with floss, useful when a clamp
cannot be placed.

FIGURE 8-6
Rubber dam secured with bead (anesthetic cartridge stopper)
and floss ligation.
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FIGURE 8-7
Rubber dam and clamp properly at-
tached to a frame before placement
as a unit. Note that the dam is
stretched tightly across the top and
bottom with slack in the middle for
ease of placement.

A simple method of hole placement is as fol-
lows: (1) engage the dam on the frame, (2) center
the dam over the patient's mouth, (3) push the
dam over the tooth to be isolated, (4) mark the
dam, and (5) remove and punch the dam.

CLAMP SELECTION

The appropriate clamp with four-point contact is
selected. To prevent swallowing or aspiration if
displacement occurs, floss is attached to the
clamp bow. A floss tie is unnecessary if the clamp
and dam are placed together.

FIGURE s-s
Rubber dam, clamp, and frame being placed as a unit; this is
usually faster and more effective than other techniques.

be placed around the neck of the tooth to hold
the dam in position.

Application of the Rubber Dam
HOLE PLACEMENT

The hole is located so that the dam covers the en-
tire mouth and extends up to the nose. The dam
should cover the nose to reduce inhalation of
aerosol particles and to control objectionable
odors. Some patients are uncomfortable with the
dam over their nose. Placing the hole 1 inch off
the center of the dam toward the quadrant being
isolated will usually suffice.

PLACEMENT TECHNIQUES

After the necessary preparation procedures de-
tailed earlier have been completed, the dam is
placed using one of the following three methods.

Method 1: Placement as a unit. Placement of
rubber dam, clamp, and frame as a unit is pre-
ferred. This is most efficient and is applicable in
most cases.

1. Place the dam on the frame so that it is
stretched tightly across the top and bottom
but has slack in the middle (Figure 8-7).

2. Punch the hole in the dam and attach
clamp wings to the dam.

3. Place the dam, frame, and clamp as a unit
to engage the tooth near the gingival mar-
gin (Figure 8-8). Finger pressure is usually
necessary on the forceps or the clamp be-
cause of resistance from the rubber as it is
stretched.
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FIGURE 8-9
Placement of clamp and rubber dam for better visibility of the
neck of the tooth. The rubber dam is attached to the clamp
bow and is held out of the way for unobstructed vision while
the clamp is positioned. Then the rubber dam is stretched
around the clamp and the neck of the tooth.

4. Slide the dam off the clamp wings to allow
the dam to constrict around the tooth
neck. Draw the dam through the contacts
with floss.

5. Adjust the dam on the frame for patient
comfort.

Method 2: Placement of clamp and dam and
then the frame (Figure 8-9). This method is seldom
used but may be necessary when an unobstructed
view is required while the clamp is positioned.

Method 3: Placement of the rubber dam and
frame and then the clamp. This is the preferred
method for applying a butterfly clamp. Better vi-
sualization is possible when the hole is stretched
over the tooth and gingiva first (Figure 8-10) and
then the clamp is placed (Figure 8-11).

RUBBER DAM POSITIONING

FIGURE 8-10
The rubber dam is stretched over the tooth before clamp
placement.

FIGURE 8-11
The clamp is placed to hold the prepositioned and pre-
stretched rubber dam (see Figure 8-10).

After placement, the rubber dam is adjusted on
the frame so that the mouth is completely cov-
ered. Tension is adjusted to minimize bunching
and to retract soft tissue without dislodging the
clamp (Figure 8-12).

DISINFECTION OF THE

OPERATING FIELD

Various chemicals and techniques have been
tried to remove and destroy bacterial contami-
nants from the tooth surface, clamp, and sur-

rounding rubber dam. These include alcohol,
quaternary ammonium compounds, sodium
hypochlorite, organic iodine, mercuric salts, and
hydrogen peroxide. An effective technique is as
follows: (1) plaque is removed by rubber cup and
pumice; (2) the rubber dam is placed; (3) the
tooth surface, clamp, and surrounding rubber
dam are scrubbed with 30% hydrogen peroxide;
and (4) the surfaces are swabbed with 5% tinc-
ture of iodine or with sodium hypochlorite. 2 °
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FIGURE 8-72
Final position of the adjusted rubber dam, clamp, and frame.
Floss should be drawn through the contacts. The tooth, clamp
and surrounding dam may now be cleaned and disinfected.
The dam edge may be folded away from the nose.

FIGURE 8-13
Silicone sealant (OraSeal) is injected in an area of leakage.
The material is then pressed and adapted into place with a
wet cotton pellet.

Aids for a Leaking Dam
PREVENTION

Proper tooth and site preparation, clamp selection,
hole positioning, placement on the tooth, and final
sealing with floss all reduce leakage problems.'-'

CORRECTIVE METHODS

If seepage occurs, one of the following techniques
will usually correct the problem:

Cavit: Cavit is somewhat useful. Cavit is placed
at the site and compacted with a large wet cotton
pellet. A major disadvantage is that, with longer
procedures, Cavit usually will crack and leak, re-
quiring replacement.

Sealants: Special sealants are applied topically
(Figure 8-13), or, if leakage is anticipated, they
may be applied to the undersurface of the dam be-
fore placement.zz

Rubber base adhesive: This is easily painted
on the dam in an area of minor seepage."

Floss ligation: Floss around the cervical re-
gion helps to keep the dam inverted. Ligation is
useful during isolation of multiple teeth but is
time consuming.

Additional corrective methods: Use of cyano-
acrylate, a prosthetic block-out putty, Stomadhe-
sive, or a denture adhesive-zinc oxide mixture has
also been proposed for correction of seepage. 19,24,25

Modifications for Difficult
I solation Situations
UNUSUAL CROWN
TO ROOT ALIGNMENT

Sometimes the crown is misaligned with the root
or has been modified by large restorations. To en-
hance proper angulation or orientation to the
chamber, access preparation in those situations
should be done before rubber dam placement.
First, the location and long axis of the tooth are
determined by visualizing and palpating the root
prominence. Second, as a guide for the bur, a pen-
cil line is drawn on the crown aligned with the
long axis of the root.'° The rubber dam is placed
when the chamber (or canal) is located.

LITTLE REMAINING
TOOTH STRUCTURE

Teeth with severe loss (particularly subgingival) of
coronal tooth structure compromise rubber dam
placement. One of the following can be used to
ensure adequate isolation.

1. Use of a deep-reaching ("A" style or small
beak) clamp often solves the problem and
is the first method attempted (Figure 8-14).

2. Adjacent teeth are clamped, giving multi-
ple isolation. This is slightly less effective
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FIGURE 8-14
A deep-reaching clamp secures the rubber dam on a tooth
with little clinical crown.

FIGURE 8-15
Clamp beaks may be placed on anesthetized gingiva if the
coronal tooth structure is not sufficient to secure the clamp.
This does no permanent damage to the gingiva.

than single-tooth isolation and usually re-
quires the use of other aids such as floss
ligation and/or sealants.

3. The clamp beaks may be placed on anes-
thetized gingiva (Figure 8-15). There
must be sufficient gingival purchase to
prevent the clamp from cutting through
the gingival sulcus and, in essence, per-
forming a crude, unplanned gingivec-
tomy. Plastic clamps create less gingival
trauma. Patients experience minimal dis-
comfort after clamp placement on the
gingiva.

4. Gingivectomy or flap reflection or crown
lengthening can be performed before
isolation.

5. Build-up procedures are generally not
recommended.

ROOT CARIES

Subgingival caries are a challenge. 26 Placement of
the clamp and dam cervical to the caries (see Fig-
ure 8-4) should be attempted, but may be unsuc-
cessful. Caries removal is necessary and often re-
quires a temporary restoration. The challenge is
to avoid introducing restorative material into the
canal space. One technique is to remove caries
first followed by access. Then a tight-fitting file is
placed into the canal apical to the defect. A tem-
porary or permanent restoration is placed. When

set, the blocking instrument is removed, leaving
the canal patent.

UNUSUAL TOOTH POSITION

Teeth that are inclined because of crowding or
that have tipped owing to tooth loss present iso-
lation problems. Isolation can usually be accom-
plished by careful clamp selection. Other methods
include clamping the adjacent tooth (multiple
isolation) or ligation with floss, floss and bead, or
Wedjets.

UNUSUAL TOOTH SHAPE

Occasionally coronal configuration makes tooth
clamping difficult. Beak placement below the
height of contour may not be possible if teeth are
not fully erupted. Crown reduction for full cover-
age usually removes the gripping area. Remedies,
in order of preference are the following:

1. Deep-reaching clamp
2. Gingival clamping
3. Acid etch composite on buccal and/or lin-

gual surface to retain clamp or dam"
4. Grooves on buccal and lingual surfaces for

clamp retention
5. Orthodontic separators over the necks of

the teeth
6. Gingivectomy or crown lengthening
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BRIDGES OR ORTHODONTIC

APPLIANCES

These are usually approached in the same manner as
single-tooth isolation. Because of openings, it may
be necessary to punch two holes, cut a slit between
the holes, and then use a sealant; this is the easiest
technique (Figure 8-16). More elaborate methods
have been designed-for example, cutting a slit and

FIGURE 8-16
I solation with an orthodontic appliance. A slit is made be-
tween the two end punch holes. Seepage is then prevented
by silicone sealant placement. This could also be treated by
removing the arch wire and using single-tooth isolation.
(Courtesy Dr. M. Davis.)

then suturing the dam closed under the pontics or
by ligating interproximally." However, such proce-
dures are complicated and rarely necessary.

PORCELAIN RESTORATION

Placing a clamp on porcelain may cause crazing,
although not consistently... 3 ° It is best to avoid
clamping such restorations if the quality of porce-
lain condensation is uncertain. Damage is
avoided by clamping the adjacent tooth or by
using floss or floss and bead ligation. An alterna-
tive is to stretch an unpunched dam over the
tooth and secure the dam with the appropriate
clamp. Then with a hot instrument a hole is
melted over the access preparation. The access
must be done before rubber dam placement.

MULTIPLE TOOTH ISOLATION

When more than one tooth requires treatment,
isolation is accomplished with multiple clamps
(Figure 8-17) or with clamps and floss ligation or
other combinations (Figure 8-18). For anterior
teeth (or tooth), all teeth would have to be iso-
lated and the rubber dam would be stretched and
clamped over the first premolars.

EMERGENCY SITUATIONS

Occasionally a patient has such intense pain that he
or she cannot tolerate the clamp. Multiple isolation
is usually preferred by clamping another tooth. An
alternative is floss, floss and bead, or Wedjets liga-
tion with either single or multiple isolation.

FIGURE 8-17
Example of multiple isolation when several teeth are under-
going treatment. This may also need to be used when a
clamp cannot be conveniently placed, such as on a crown-
prepared tooth.

FIGURE 8-18
To isolate this double-abutted bridge, a combination of tech-
niques is used. One large rubber dam opening is necessary.
OraSeal is packed around the clamp. A cotton roll on the lin-
gual aspect reduces seepage. (Courtesy Dr. C. Koloffon.)
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When and What to Refer

If isolation is not obtainable, patients should be
considered for referral.

PROBLEMS WITH
INADEQUATE ISOLATION

Patients with the following conditions should be
considered for referral: (1) gross and persistent
bacterial contamination of the pulp space and
possibly the periapex; (2) excessive time required
for treatment; (3) frustration and delays when
leakage occurs or with dam displacement; and (4)
anxiety or discomfort for the patient when isola-
tion fails or when solutions violate the oral cavity.

OTHER SITUATIONS

Patients with the following should be considered
for referral: (1) badly broken-down teeth with
minimal coronal tooth structure remaining.
These are a challenge-attempting multiple-tooth
isolation leads to seepage; (2) bridge abutments
with problem seepage; (3) full crown preparations
that are difficult to clamp, when multiple isola-
tion is difficult, (4) malpositioned teeth with
unique isolation problems; and (5) the most distal
tooth in the arch if it cannot be clamped.

Individual capabilities (experience, training,
and interest) determine which patients the practi-
tioner might treat and which should be referred.
In assessing these capabilities from a legal per-
spective, courts have set the standard of care as
that provided by the specialist, not the general
dentist. Consideration of the patient's time and
comfort are also important factors. Finally, noth-
ing is more upsetting to a full schedule or more
frustrating to both practitioner and patient than
difficulties encountered during treatment. Lower-
ing the practitioner's stress levels is an additional
incentive for considering referral.
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We are sick of the roentgen ray ... you can see
other people's bones with the naked eye, and also
see through eight inches ofsolid wood. On the
revolting indecency of this there is no need to
dwell. But what we seriously put before the
attention of the Government... that it will call
for legislative restriction of the severest kind.
Perhaps the best thing would be for all civilized
nations to combine to burn all works on the
roentgen rays, to execute all the discoverers, and
to corner all the tungstate in the world and
whelm it in the middle of the ocean.

EDITORIAL IN PALL MALL GAZETTE
LONDON, 1896

bviously (and fortunately), the
concern expressed by the editorial in
this London publication did not be

come the popular view of radiography. Radio-
graphs are essential; they are a second set of "eyes"
for the dentist. This is particularly true in en-
dodontics, in which so many diagnostic and treat-
ment decisions are based on radiographic find-
ings. Because most structures of concern are not
visible to the naked eye, there is considerable de-
pendence on radiographs, which are an obvious
necessity and a blessing. But they also may be
somewhat of a liability from the standpoint of
both safety and time, and unfortunately they are
often overinterpreted.

A radiographic exposure is an irreversible pro-
cedure, and therefore only necessary exposures are
made. With the increasing emphasis and justifi-
able concern for radiation safety, overall radiation
exposure must be minimized.' However, the
amount of radiation dosage to oral and other tis-
sues has been calculated to be very low and cause
minimal (but some) risk. 2,3

Another concern is the time required to make
and process individual radiographs-time is
money. Therefore, in the interests of both safety
and time, only the radiographs necessitated by the
procedure should be made.

This chapter will discuss radiography as ap-
plied to endodontic procedures. Radiography as a
discipline in dentistry has increased in impor-
tance with advances in technology and has re-
cently been granted specialty status, thereby re-
placing endodontics as the youngest dental
specialty.' Technology has exploded in recent
years, with new devices and approaches that re-
quire special training and experience. How these
new devices and approaches apply to diagnosis
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and treatment in endodontics will be discussed
later in this chapter.

Importance of Radiography
i n Endodontics

Radiographs perform essential functions in three
areas. However, they have limitations that require
special approaches. A single radiograph is but a
two-dimensional shadow of a three-dimensional
object. For maximum information, the third di-
mension must be visualized and interpreted.' The
three general areas of application are diagnosis,
treatment, and recall; each requires its own special
approach.

DIAGNOSIS

Diagnostic radiology involves not only identifying
the presence and nature of pathosis but also deter-
mining root and pulp anatomy and characterizing
and differentiating other normal structures.

Identifying Pathosis: Radiographs must be
studied carefully by someone with a working
knowledge of the changes that indicate pulpal,
periapical, periodontal, or other bony lesions.
Many changes are obvious, but some are subtle.

FIGURE 9-9
A, The facial projection of this premolar gives some limited
i nformation about pulp/root morphology." Fast break" (small
arrow) usually indicates canal bifurcation. A double root
prominence on the mesial surface (large arrow) indicates two
bulges and a concavity; its absence on the distal surface in-
dicates a flat or convex root surface. B, The same premolar
from the proximal view. The presence of two definitive
canals, each in its own "root bulge," is confirmed.

Determining Root and Pulpal Anatomy: De-
termining the anatomy involves not only identify-
ing and counting the roots and canals but also de-
termining curvatures, canal relationships, and
canal location .6-8 Identification also involves char-
acterizing the cross-sectional anatomy of individ-
ual roots and canals (Figure 9-1).

Characterizing Normal Structures: Numer-
ous radiolucent and radiopaque structures often
lie in close proximity. Frequently, these structures
are superimposed over and obscure crowns and
roots. These must be distinguished and differen-
tiated from pathosis and from dental anatomy.

TREATMENT

"Working" radiographs are made while the rubber
dam is in place, creating problems in film place-
ment and cone positioning. These radiographs
are exposed during the treatment phase and have
special applications.

Determining Working Lengths

Distance from a reference point to the radio-
graphic apex is determined precisely. This estab-
lishes the distance from the apex at which the
canal is to be prepared and obturated."

Moving Superimposed Structures: Radi-
opaque anatomic structures often overlie and ob-
scure roots and apexes. By using special cone an-
gulations, these radiopaque structures can be
"moved" to give a clear image of the apex.

Locating Canals: Canal location is obviously
essential to success. Standard and special tech-
niques allow the practitioner to determine the po-
sition of canals not located during access.

Differentiating Canals and Periodontal Lig-
ament Spaces: Canals end in the chamber and at
the apex. A periodontal ligament space ends on a
surface and in a furcation (molars) and demon-
strates an adjacent lamina dura (Figure 9-2).

Evaluating Obturation: Length, density, con-
figuration, and the general quality of obturation
in each canal are determined.

RECALL

Ultimate success is verified at specified intervals of
months or years after treatment. Because failures
often occur without signs or symptoms, radio-
graphs are essential to evaluate periapical status."

Identifying New Pathosis: The presence and
nature of lesions that have arisen after treatment
are best detected on radiographs. These lesions
may be periapical, periodontal, or nonendodon-
tic. Importantly, such lesions frequently present
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with no overt signs or symptoms and are de-
tectable only on radiographs (Figure 9-3).

Evaluating Healing: Pretreatment lesions
should be resolving or should have resolved. In a
successful (healed) treatment, restitution of gen-
erally normal structures should be evident on re-
call radiographs (Figure 9-4).

SPECIAL APPLICATIONS

Radiographs should be used to their maximum
advantage. There are alternative techniques that
greatly enhance the ability to make an accurate
and definitive diagnosis and to control treatment
procedures. Although the techniques may be ap-
plied to disciplines other than endodontics, the
following apply and are essential to diagnosis and
treatment.

Cone-Image Shift: Varying either the vertical
or, particularly, the horizontal cone angulation
from parallel alters images and enhances interpre-
tation.'" These shifts reveal the third dimension
and superimposed structures. Shifts also permit
identification and positioning of objects that lie
in the facial-lingual plane.

FIGURE 9-3
Failed root canal treatment because of missed root or canal.
This mesial angled radiograph clearly shows the untreated

li ngual root (arrow). (Courtesy Dr. L. Wilcox.)
Working Films

Essential for aid in treatment, working films are
exposed when necessary but with discretion.

FIGURE 9-2
This distal angulation shows the root surface outline (large
arrow) and a periodontal ligament space (small arrow) with
an adjacent lamina dura. The file is in the mesiobuccal canal
(same lingual, opposite buccal [SLOB] rule).

FIGURE 9-4
Same tooth as shown in Figure 9-3. Recall radiograph after
9 months shows almost complete regeneration of bone, indi-

cating a healing lesion. A permanent restoration must be
placed as soon as possible. (Courtesy Dr. L. Wilcox.)
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Radiographic Sequence

Radiographs are made in a recommended order
and number for each procedure. The minimum
number are described here; special situations re-
quire extra exposures.

DIAGNOSTIC RADIOGRAPHS

Number

The number of exposures depends on the situa-
tion. For diagnosis in most cases, only a single ex-
posure is necessary. A properly positioned film and
cone (usually a parallel projection is best) permits
visualization at least 3 to 4 mm beyond the apex.
The initial diagnostic film is used primarily to de-
tect pathosis and to provide general information
on root and pulp anatomy. Usually it is not neces-
sary at this time to make additional films for iden-
tification of extra canals; this will be accomplished
later with shifted working length radiographs.

Frequently, several films are available for study,
for example, if a full mouth survey has been taken.
If other films are at hand, each will give a slightly
different view of the same tooth (Figure 9-5). Ex-
amine that tooth on each film in which it appears.

indicate healing or nonhealing. Paralleling de-
vices enhance reproducibility.

There may be special situations in which the
paralleling technique is not feasible, such as a low
palatal vault, maxillary tori, exceptionally long
roots, or an uncooperative or gagging patient;
these may necessitate an alternative techniques. A
second choice is the modified paralleling tech-
nique, and least accurate is the bisecting angle.

Angulation

Unquestionably, the most accurate radiographs
are made using a paralleling technique. 13 The ad-
vantages are, first, less distortion and more clarity
and, second, reproducibility of film and cone
placement with preliminary and subsequent ra-
diographs. Reproducibility is important when as-
sessing whether changes occurring in the periapex

WORKING FILMS

Special situations require special considerations.
Although the basic principles of doing everything
possible to obtain the best quality radiograph are
followed, there are definite limitations in making
working films. These require cooperation by the
patient if they hold the film in position.

These radiographs are usually neither parallel
nor bisecting angle. The technique used is called
modified paralleling.14 Essentially, the film is not
parallel to the tooth, but the central beam is ori-
ented at right angles to the film surface. In en-
dodontic working films, a further modification is
made by varying the horizontal cone angle. Spe-
cific details of film and cone placement and film
interpretation are discussed later in this chapter.

Working Length: Generally, establishment of
working length should require only a single expo-
sure. If a root contains or may contain two super-
imposed canals, either a mesial or distal angle
projection is absolutely necessary; the straight fa-
cial view is not particularly helpful.'-' Additional
working length films may be required later for
confirmation of working lengths to detect the
presence or lengths of newly discovered canals

FIGURE 9-5
A, Facial projection of incisors
suggests a single canal and a
single root. B, Distal (canine)
projection gives a different per-
spective. The canals of the lat-
eral and central incisors are
seen to bifurcate in the middle
third of the root (arrow) and re-
unite in the apical third.
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(Figure 9-6), or for reexposure if an apex has been
cut off in the first radiograph.

Master Cone: The same principles used with
working length films apply. With proper tech-
nique, only one radiograph is necessary to evalu-
ate the length of the master gutta-percha cone.

Exposure and Film: As with diagnostic
films, adequate clarity (and decreased exposure)
is achieved by using an E film at intermediate
kilovoltage." Clarity is particularly important
when trying to visualize the tips of files or small
apexes to determine working lengths. The F film,
very recently introduced, requires 20% to 2S% less
exposure than E film. There are no studies yet as
to quality and usefulness of this new film type.

Other Considerations: Additional working
films are often required. For example, they are
useful as aids in locating a canal or in determining
the occurrence of procedural accidents (perfora-
tions, separated instruments, or ledges). Varia-

tions in cone positioning and angulation are
made as required.

OBTURATION

The same basic principles used for diagnostic ra-
diographs apply. At least a parallel projection
should be made. It may be desirable to supple-
ment this with an angled film to visualize separate
superimposed canals for separate evaluation of
each. The exposure factors used for diagnostic ra-
diographs are duplicated for obturation. How-
ever, the radiograph gives only a rough indication
of obturation length and quality.17,18

RECALL

The same principles used for diagnostic and ob-
turation radiographs (parallel projection and ex-
posure factors) apply to recall radiographs. There

FIGURE 9-6
I dentifying and locating a canal. This incisor was rotated, requiring mesially angled working radiographs. A, The file
i s off-center as indicated by the mesial root surface (arrows). Therefore, the file is in the facial canal. B, A search to
the lingual locates the lingual canal. There is a common canal apically.
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FIGURE 9-7
A, The film is positioned parallel to the plane of the arch. The cone has the central ray (arrow) directed toward
the film at right angles. This is the basic cone-film relationship used for horizontal or vertical angulations. B, There
i s a clear outline of the first molar but limited information about superimposed structures (canals that lie in the
buccolingual plane). The arrow points to a periodontal ligament space adjacent to a superimposed root bulge, not
to a second canal. (From Walton R: Dent Radiogr Photogr 46:51, 1 973.)

is one exception. If treatment is deemed to be
questionable or a failure, additional angled radio-
graphs are often required to search for a previ-
ously undetected canal or other abnormality.

Exposure Considerations

Proper x-ray machine settings and careful film pro-
cessing are important for maximal quality and in-
terpretative diagnostic and working radiographs.
Both D (Ultraspeed) and E (Ektaspeed) films have
been used and compared. Although D film has
been shown to have slightly better contrast, overall
suitability is equivalent between the two film
types.19 The newer Ektaspeed Plus film produces an
image similar in quality to Ultraspeed film, but re-
quires only half the radiation of Ultraspeed .z°

The optimal setting for maximal contrast be-
tween radiopaque and radiolucent structures is
70 kV. Exposure time and milliamperage should be
set individually on each machine. Therefore, the pre-
ferred film types are E and Ektaspeed Plus to mini-
mize x-irradiation, at 70 kV to maximize clarity.

Cone-Image Shift

The cone-image shift reveals the third dimension.

PRINCIPLES

Image Shift

Superimposed Structures. The cone-image shift
technique separates and identifies the facial and
lingual structures.-' An example is the mesiobuc-
cal root of a maxillary molar that contains two su-
perimposed canals. The cone shift separates and
permits visualization of both canals.

Facial-Lingual Determination. Principles of rela-
tive movement of structures and film orientation
are applied to the differentiation of object posi-
tion (Figures 9-7 and 9-8).

SLOB Rule

As the cone position moves from parallel, whether
toward the horizontal or toward the vertical, the
objects on the film shift away from the direction
of the cone (or in the direction of the central
beam). In other words, when two objects and the
film are in a fixed position and the radiation
source (cone) is moved, images of both objects
move in the opposite direction (Figure 9-9). The
facial (buccal) object shifts farthest away; the lin-
gual object shifts less. The resulting radiograph
shows a lingual object that moved relatively in the
same direction as the cone and a buccal object
that moved in the opposite direction.21 This prin-
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FIGURE 9-8
A, The horizontal angulation of the cone is 20 degrees mesial from the parallel, right angle position (mesial pro-

j ection). B, The resultant radiograph demonstrates the morphologic features of the root or canal in the third di-
mension. For example, two canals are now visible in the distal root of the first molar. (From Walton R: Dent

Radiogr Photogr 46:51, 1973.)

FIGURE 9-9
Central (x-ray) beam passing directly through a root containing two canals will superimpose the canals on the

fil m. When the cone is shifted to the mesial or distal aspect, the lingual object will move in the same direction as
the cone; the buccal object will move in the opposite direction (SLOB rule). (Courtesy Dr. A. Goerig.)

ciple is the origin of the acronym SLOB (same lin-
gual, opposite buccal) (Figure 9-10).

One way to visualize this is to close one eye and
hold two fingers directly in front of the open eye so
that one finger is superimposed on the other. By
moving the head one way and then the other, the
position of the fingers relative to each other shifts.

The same effect is produced with two superim-
posed roots (the fingers) and the way in which they
move relative to the radiation source (the eye) and
the central beam (the line of sight). When the
cone-shift technique is used, it is critical to deter-
mine what is facial and what is lingual. Otherwise,
serious errors may occur.
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I NDICATIONS AND ADVANTAGES

Separation and Identification of Superim-
posed Canals: This is necessary in all teeth that
may contain two canals lying in a faciolingual
plane.

Movement and Identification of Superim-
posed Structures: Occasionally, a radiopaque ob-
ject may overlie a root. An example is the zygo-
matic process, which often obscures the apexes of
maxillary molars.' Because this dense structure
lies facial to the roots, a mesial shift of the cone
"pushes" the zygoma distally (Figure 9-11). In ad-
dition, a decrease in vertical angulation of the
cone "pushes" the zygoma superiorly.

Determination of Working Length: Individ-
ual superimposed canals may be traced from ori-
fice to apex (Figure 9-12).

Determination of Curvatures: The SLOB rule
applies. Depending on the direction of movement
of the curvature relative to the cone, it can be deter-
mine whether this curvature is facial or lingual. The
severity of the curvature can also be determined.

Determination of Facial-Lingual Locations:
The SLOB principle is applied to locating some-
thing on a root surface or within a canal. One ex-
ample might be the site of a perforation: to which
surface does it extend, facial or lingual? Two ra-
diographs at different horizontal angles readily
disclose this (Figure 9-13).

FIGURE 9-10
The SLOB rule.

Identification of Undiscovered Canals

The SLOB procedure applies during access. An
anatomic axiom is that ifa root contains only a single

FIGURE 9-11
A, Malar process of maxillary zygoma (arrow) obscures the apex and blocks the view of the obturation. B, Slight
mesial shift of the cone "pulls" the lingually positioned root apex (arrow) to the mesial for visibility.
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FIGURE 9-12
A, Mesial projection gives limited information about morphologic features and relationship of four canals. B, Cor-

rect distal projection for mandibular molars "opens up" roots. Mesial canals are easily visualized for their entire

l ength. The distal canal is a single wide canal because instruments are close and parallel.

FIGURE 9-13
A, A perforation of the post preparation is indicated by the mesial lesion, although the perforation is not visible
on this facial projection. The perforation will be visible toward the buccal or lingual aspect; this will be revealed
on an additional angled radiograph. B, The tip of the post has moved slightly distal on this mesial projection; the
perforation is therefore located toward the buccal aspect (SLOB rule).
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FIGURE 9-14
Technique for locating a canal missed during access preparation and searching of the chamber. A, Distal radio-
graph with a single file in the mesial root shows the file skewed buccally. Therefore, another canal would be lo-

cated toward the lingual aspect. The vertical radiolucent lines (arrows) are periodontal ligament spaces of the
mesial root. B, A careful search toward the lingual aspect reveals the canal.

canal, that canal will be positioned close to the center of the
root. Ifa single canal is discovered initially on access
preparation, an instrument is placed in the canal.
Then a radiograph must be made either mesial or
distal because another canal may be present. If the
instrument is skewed considerably off center, an-
other canal must be present (Figure 9-14). The lo-
cation of the missed canal is determined by apply-
ing the SLOB rule.

Location of "Calcified" Canals: This proce-
dure also applies during access preparation. An-
other endodontic anatomic axiom is that a root al-
ways contains a canal. The canal may be very tiny, or
it may be difficult or impossible to find or negoti-
ate, but it is present. Also, canals are frequently
not visible on radiographs. A single canal will lie
in the center of the root. Therefore, when search-
ing for an elusive canal by penetrating progres-
sively deeper with a bur, occasionally two working
radiographs must be made. One is made from the
straight facial view and the other from either the
mesial or distal view. The straight facial radio-
graph gives the mesial-distal location of the bur
penetration; the mesial or distal angled radio-
graph indicates the facial-lingual angulation of
the bur. The direction is adjusted accordingly to-
ward the center of the root where the canal surely
lies (Figure 9-15).

DISADVANTAGES

The cone-image shift has inherent problems and
therefore on occasion should not be used, or the
angulation of the cone should be minimized.

Decreased Clarity: The clearest radiograph
with the most definition is a parallel or modified
parallel projection . 22 When the central beam
changes direction relative to object and film (pass-
ing through the object and striking the film at an
angle), the object becomes blurred. Distinctions
between radiolucent and radiopaque objects show
less contrast. This blurred or fuzzy appearance in-
creases as the cone angle increases; other struc-
tures are more likely to be superimposed. There-
fore, for maximum clarity, the cone angle should
deviate only to the extent necessary to obtain suf-
ficient shift for interpretive purposes.

Superimposition of Structures: Objects that
ordinarily have a natural separation on parallel ra-
diographs may, with cone shift, move relative to
each other and become superimposed. One exam-
ple is the roots of a maxillary molar. A parallel ra-
diograph generally shows three separate roots and
separate apexes. A mesial or distal angled radio-
graph moves the palatal root over the distobuccal
or mesiobuccal root, decreasing the ability to dis-
tinguish the apexes clearly (Figure 9-16). Another
example is an increase in the vertical angulation
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FIGURE 9-15
Location of a canal that has undergone severe calcific metamorphosis. Initial searching is done without a rubber
dam. A, A small, receded canal and missing crown make orientation and canal search difficult. B, Facial radio-
graph taken during access shows that preparation is mesial to the canal. (Remember, the canal occupies the cen-
ter of the root.) C, Mesial radiograph shows that access is also misdirected to the buccal aspect; the canal will
be centered (arrow). Therefore, the subsequent search must be to the distal and lingual aspects. D, On redirect-
i ng the bur, the single canal is discovered in the center of the root. Now the rubber dam is placed.

of the cone in the maxillary incisor region; this
may "pull" the apexes "into" the radiodense ante-
rior nasal spine.

Endodontic Radiographic
Anatomy
INTERPRETATION

Radiographs can be termed "the great pre-
tenders"-they often are as misleading as they are

helpful.23,24 There is a definite tendency to try to

extract more information from a radiograph than
is present. The practitioner must remember that
only hard tissues, not soft tissues, are visible.

LIMITATIONS

Studies of interpretation of bony lesions have
shown that considerable bone must be resorbed
before the lesion is clearly visible.25 ,26 This, of
course, varies with root location and thickness of
the overlying cortical bone. In most regions, a
periradicular lesion tends to be most evident ra-
diographically if cortical bone has resorbed.



FIGURE 9-16
A, Facial parallel projection shows maximum clarity on the first molar. B, Mesial shift of 30 degrees reduces con-
trast and the distinction between radiopaque and radiolucent objects. Also, roots are now superimposed, making
interpretation more difficult.

However, resorption of only medullary bone may
be sufficient for visualization. 27,28 In either case, a
periradicular inflammatory lesion must be well
developed and fairly extensive before an obvious
radiolucency can be seen.

Differential Diagnosis
ENDODONTIC PATHOSIS

Radiolucent Lesions

These have four distinguishing characteristics
that aid in differentiating them from nonen-
dodontic pathoses (Figure 9-17):

1. Apical lamina dura is absent, having been
resorbed.

2. A "hanging drop of oil" shape is characteris-
tic of the radiolucency. This is a generaliza-
tion because these lesions may have a variety
of appearances.

3. The radiolucency "stays" at the apex regard-
less of cone angulation.

4. A cause of pulpal necrosis is usually (but
not always) evident.

The ultimate differentiation is not the radio-
graph but the pulp test. If a developed, sizable radi-
olucency is an endodontic lesion, it must result from
a necrotic (and therefore nonresponsive) pulp.

Radiopaque Lesions

These lesions are better known as condensing os-
teitis or, synonymously, focal sclerosing osteomy-
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FIGURE 9-17
Characteristics of apical radiolucency strongly suggest en-
dodontic pathosis. Lamina dura is not present, and the lesion
has a "hanging drop of oil" appearance. The cause of pulpal
necrosis is also evident.
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FIGURE 9- 18
Condensing osteitis. There is diffuseness
and a concentric arrangement of in-
creased trabeculation around the apex.
Close inspection shows a radiolucent le-
sion at the apexes also.

elitis. Such lesions have an opaque diffuse appear-
ance; histologically they represent an increase in
trabecular bone. 29 The radiographic pattern is one
of diffuse borders and a roughly concentric
arrangement around the apex (Figure 9-18). Pulpal
necrosis and a radiolucent inflammatory lesion
may or may not be present. Frequently, condensing
osteitis and apical periodonritis are present to-
gether. The pulp is often vital and inflamed.

NONENDODONTIC PATHOSIS

Radiolucent Lesions: These are varied but infre-
quent. Bhaskar, in his oral pathology handbook,30
lists 38 radiolucent lesions of the jaws, 35 of
which are nonendodontic and have a variety of
configurations and locations. Importantly, many
are positioned at or close to the apexes and radi-
ographically mimic endodontic pathosis. Again,
the pulp test provides the cardinal differentiation-
nonendodontic lesions are associated with a re-
sponsive tooth.

Radiopaque Lesions: Frequently interpretive
errors are made in identifying radiopaque struc-
tures located in the apical region of the mandibular
posterior teeth. Unlike condensing osteitis, these
are not pathologic and have a more well-defined
border and a homogeneous structure. They are not
associated with pulpal pathosis (Figure 9-19).

ANATOMIC STRUCTURES

Several anatomic entities are superimposed on or
may be confused with endodontic pathosis. Al-
though most radiology courses cover identification
of these structures, it is not uncommon for a prac-
titioner to fail to identify these normal structures
when there is an existing or suspected endodontic
problem. Common sources of confusion are the

FIGURE 9-19
Enostosis (or sclerotic bone) is represented by the dense, ho-
mogeneous, defined radiopacity. This is not a pathosis and is
common in the posterior mandible near the apexes, although
it may occur in any region. This radiodense area would have
appeared on earlier radiographs.

areas created by sparse trabecular patterns, particu-
larly in the mandible. Another problem area is the
apical region of the maxillary anterior teeth. One
must remember to look through these radiolucencies
for an apical lamina dura.

Mandible: The classic example of a radiolu-
cency that may overlie an apex is the mental fora-
men over a mandibular premolar.31 This is easily
identified by noting movement on angled radio-
graphs and by identifying the lamina dura (Fig-
ure 9-20). 32

Maxilla: This region contains several struc-
tures (both radiolucent and radiopaque) that may
be confused with endodontic pathosis. Examples
are the maxillary sinus, incisive canals, nasal fossa,
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FIGURE 9- 20
A, Radiolucent area over the apex could be mistaken for pathosis. B, Pulp testing (vital response) and a more dis-
tal angulation show the radiolucency to be a buccally placed (SLOB rule) mental foramen.

FIGURE 9-21
Bitewing radiograph shows important
features clearly: relationship of bone to
gingival extent of caries (arrow) as
well as depth of caries and restora-
tions relative to the pulp (arrows).
(Courtesy Dr. C. Koloffon.)

zygomatic process, and anterior nasal spine.
Again, characteristics of the structure as well as
pulp responsiveness to tests are important in dif-
ferentiation.

Special Techniques
BITEWING PROJECTIONS

Although not truly a "special technique," bite-
wing projections are often helpful in diagnosis
and treatment planning. The relationships of

film, cone, and tooth give a more consistent par-
allel orientation (Figure 9-21).

FILM-CONE PLACEMENT
Film Selection

Posterior packet film should be used for every pro-
jection in all patients except children. The anterior
(narrow) films are unnecessary and in fact are fre-
quently not wide enough to pick up an apex on an
angled radiograph. Use of wider packet film obvi-
ously requires special placement for anterior pro-
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FIGURE 9-22
Narrow palate requires placement of posterior packet film
distally. Note that the superior edge of the film is distal to the
tuberosities.

FIGURE 9-23
A hemostat is used for grasping the film and as a cone posi-
tioning and orientation device.

jections (Figure 9-22). The film type recommended
for diagnostic radiographs is E (Ektaspeed) film.16

Film Holders

There are devices or special adaptations of paral-
leling devices that can be used for endodontic
working films. 33 However, with some practice,
nothing is more effective than a hemostat for
ease and adaptability. The hemostat also is con-
veniently placed and sterilized in a kit with other
instruments. The hemostat handle aligns the
cone in both the vertical and horizontal planes
(Figure 9-23). Having the patient hold the film
with direct finger pressure is discouraged. This is
awkward and frequently results in a bent film
with a distorted radiographic image (Figure 9-24).
The film surface must remain flat!

The hemostat-held film is placed by the opera-
tor. Then the patient holds the hemostat in the
same position. The cone is aligned parallel to the
hemostat in the frontal plane (vertical angula-
tion) (Figure 9-25) and at 90 degrees to the handle
(horizontal plane) (Figure 9-2G). Because the han-
dle is at an angle of 90 degrees to the film surface,
the central beam strikes the film at the same
90-degree angle. This is the modified parallel tech-
nique because the film is often not parallel to the
tooth. However, with the modified parallel tech-
nique, distortion is minimal and is not significant
in working radiographs. 14

FIGURE 9-24
Pressure on film often causes bending, producing a distorted
i mage. This bent film "stretches" the apical half of the root, mak-
i ng accurate interpretation and length determination impossible.
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FIGURE 9- 25
Vertical angulation of the cone is set by
aligning the long axis of the cone (arrow)
with the end of the hemostat handle.

FIGURE 9-26
Horizontal angulation is determined by
looking down from the top of the pa-
tient's head. The position is set by align-
i ng the long axis of the cone (central
beam) 90 degrees (arrow) to the long
axis of the hemostat handle (line). Mesial
and distal horizontal angulations are
then varied accordingly.

Film Placement

Usually films are positioned in the standard peri-
apical projection. However, there are exceptions.
Because of the film width and the relative narrow-
ness of the arches, maxillary and mandibular an-
terior projections require film placement farther
posteriorly.

In the maxillary posterior region, particularly
when imaging molars, the film is placed on the
side of the median raphe opposite the teeth to be
radiographed. This has the effect of positioning
the top of the film in a more superior position rel-
ative to the apexes (Figure 9-27).

In the mandibular posterior region, the film
is positioned toward the midline (under the
tongue). Also, if the mouth is closed slightly, the
mylohyoid muscle relaxes and permits the film
to drop inferiorly.

The rubber dam frame is not removed during
film placement. A lower corner or edge of the rub-
ber dam is released to allow insertion and posi-
tioning of hemostat and film (see Figure 9-25).

Cone Alignment

Indicated cone positions (Figures 9-28 and 9-29)
(facial, mesial, or distal) are as follows.

Facial. Maxillary anterior teeth rarely have
more than a single root and a single canal; only
a facial (straight-on) projection is required. This
is also true for maxillary molars unless a second
mesiobuccal (mesiolingual) canal is detected
and negotiated during access. The straight facial
projection provides maximum resolution and
clarity (which is difficult at best with maxillary
molars).
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FIGURE 9-27
Positioning the film on the opposite side of
the median raphe has the effect of "pulling"
the upper edge of the film more superior rel-
ative to the apexes.

FIGURE 9-28
Correct film-cone placement on the
mandible.

FIGURE 9-29
Correct film-cone placement on the maxilla.
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Mesial. The mesial projection is indicated for
maxillary and mandibular premolars and for
mandibular canine teeth. A mesial projection is
used for maxillary molars with a mesiolingual
canal.

Distal. The distal projection is used for
mandibular incisors and mandibular molars. The
distal is preferred to the mesial projection for
mandibular molars because of the relative posi-
tion of the canals. Generally, the distal angle more
effectively "opens up" the mesial root.

To summarize, angled working radiographs
are made for maxillary premolar and molars with
a mesiolingual canal and for all mandibular
teeth. The maxillary projections are mesial and
the mandibular projections are: incisor-distal;
canine-mesial; premolar-mesial; and molar-
distal. An acronym for the cone angles on the
mandible is DMMD.

RAPID PROCESSING

Different techniques and special solutions are
available for fast processing (less than 1 minute)
of working films and may be of benefit for speed
viewing. If these rapid processing techniques are
used, films may not retain their quality with time
unless they are thoroughly fixed and washed.34
Therefore, if a film is to be processed rapidly, a
double-packet film should be used, with the du-
plicate processed in the routine manner.

ers magnify the image and block out peripheral
light (Figure 9-30). This enhances the readability
and interpretation of the film. 35 Other techniques
or adaptations are also useful, such as a standard
magnifying glass and small slide viewers.

New Technology
New approaches to radiography have been and are
being developed. These are unique; some will im-
prove existing techniques in addition to decreas-
ing the radiation dose to patients. This new tech-
nology includes digital radiography, digital
subtraction radiology, and tomography.36-38

These systems are of considerable interest, of-
fering the advantages of reduced radiation to the
patient, increased speed of obtaining the image,
ability to be transmitted, computer storage and
enhancement, and a system that does not require
a darkroom or x-ray processor.39 However, these
systems generally show no superiority to conven-
tional radiographs for diagnosis or for working
films.40-43 Furthermore, computer-image enhance-
ment does not seem to improve diagnostic inter-
pretation significantly. 44,45

Ease of use and cost are factors that currently
preclude routine use of these systems in the gen-
eral dental office. Endodontists, however, require

VIEWERS

There are several types of radiographic viewers,
both commercial and adapted. Commercial view-

FIGURE 9-30
Magnifier-viewer blocks out peripheral light for better con-
trast. Contained within is a lens that magnifies the image
four times.

FIGURE 9-31
A digital imaging workstation for the dental operatory. The
system integrates filmless digital images with an intraoral
camera into a standard PC. (Courtesy Trophy USA.)
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many working films and are finding the speed and
versatility of digital radiography to be useful. As
costs decrease and technology improves, there is
no doubt that these or similar devices will come
into more common usage by all groups of practi-
tioners. This includes some very elaborate equip-
ment that combines digital radiography and in-
traoral photography (Figure 9-31).

REFERENCES

1. Bengtsson G: Maxillo-facial aspects of radiation pro-
tection focused on recent research regarding critical
organs, Dentomaxillofac Radiol 7:5, 1978.

2. Torabinejad M, Danforth R, Andrews K, Chan C: Ab-
sorbed radiation by various tissues during simulated
endodontic radiography, JEndod 15:249, 1989.

3. Danforth R, Torabinejad M: Estimated radiation risks
associated with endodontic radiography, Endod Dent

Traumatol 6:21, 1990.

4. Berry J: Oral and maxillofacial radiology arrives; first
new dental specialty in 36 years, Am Dent Assoc News

30:1, 1999.

5. Walton R: Endodontic radiographic techniques, Dent

RadiogPhotog46:51, 1973.

6. Serman N, Hasselgren G: The radiographic incidence
of multiple roots and canals in human mandibular
premolars Int Endod J 25:234, 1992.

7. Skidmore AE: The importance of preoperative radio-
graphs and the determination of root canal configura-
tion, Quintessence Int 10:55, 1979.

8. Sion A, Kaufman B, Kaffe I: The identification of
double canals and double rooted anterior teeth by
Walton's projection, Quintessence Int 15:747, 1984.

9. Tamse A, Kaffe 1, Fishel D: Zygomatic arch interfer-
ence with correct radiographic diagnosis in maxillary
molar endodontics, Oral Surg Oral Med Oral Pathol

50:563, 1980.

10. Stein TJ, Corcoran JF: Radiographic "working length"
revisited, Oral Surg Oral Med Oral Pathol 74:796, 1992.

11. Zakariasen K, Scott D, Jensen J: Endodontic recall
radiographs: how reliable is our interpretation of
endodontic success or failure and what factors affect
our reliability? Oral Surg Oral Med Oral Pathol 57:343,

1984.

12. Slowey R: Radiographic aids in the detection of extra
root canals, Oral Surg Oral Med Oral Pathol 37:762, 1974.

13. Bhakdinaronk A, Manson-Hing LR: Effect of radio-
graphic technique upon prediction of tooth length in
intraoral radiography, Oral Surg Oral Med Oral Pathol

51:100, 1981.

14. Forsberg J: Radiographic reproduction of endodontic
"working length" comparing the paralleling and the
bisecting-angle techniques, Oral Surg Oral Med Oral

Pathol 64:353, 1987.
15. Klein R, Blake S, Nattress B, Hirschmann P: Evalua-

tion of x-ray beam angulation for successful twin canal
identification in mandibular incisors, Int Endod J

30:58, 1997.

16. Powell-Cullingford A, Pitt Ford T: The use of E-speed
film for root canal length determination, Int Endod J

26:268, 1993.

17. Kersten H, Wesselink P, VanVelzen T: The diagnostic
reliability of the buccal radiograph after root canal fill-
ing, Int Endod J 20:20, 1987.

18. Eckerbom M, Magnusson T: Evaluation of technical
quality of endodontic treatment-reliability of intrao-
ral radiographs, Endod Dent Traumatol 13:259, 1997.

19. Kleier D, Benner S, Averbach R: Two dental X-ray film
compared for rater preference using endodontic views,
Oral Surg Oral Med Oral Pathol 59:201, 1985.

20. Brown R, Hadley J, Chambers D: An evaluation of
Ektaspeed Plus film versus Ultraspeed film for en-
dodontic working length determination, J Endod

24:54, 1998.

21. Richards AG: The buccal object rule, Dent Radiogr Pho-

togr 53:37,.1980.

22. Biggerstaff RH, Phillips JR: A quantitative comparison
of paralleling long-cone and bisection-of-angle peri-
apical radiography, Oral Surg Oral Med Oral Pathol

41:673, 1976.
23. Goldman M, Pearson AH, Darzenta N: Endodontic

success-who's reading the radiograph? Oral Surg Oral

Med Oral Pathol 33:432, 1972.

24. Reit C, Hollender L: Radiographic evaluation of en-
dodontic therapy and the influence of observer varia-
tion, Scand jDentRes 91:205, 1983.

25. Bender 1, Seltzer S: Roentgenographic and direct ob-
servation of experimental lesions of bone, J Am Dent

Assoc 62:153, 1961.

26. Schwartz S, Foster J: Roentgenographic interpretation
of experimentally produced bony lesions. Part I, Oral

Surg Oral Med Oral Pathol 32:606, 1971.

27. Pitt Ford T: The radiographic detection of periapical
lesions in dogs, Oral Surg Oral Med Oral Pathol 57:662,

1984.

28. Lee S, Messer H: Radiographic appearance of artifi-
cially prepared periapical lesions confined to cancel-
lous bone, Int Endod J 19:64, 1986.

29. Maixner D, Green T, Walton R, Leider A: Histologic ex-
amination of condensing osteitis,JEndod 18:196, 1992

(abstract).
30. Bhaskar SN: Radiographic interpretation for the dentist,

ed 6, St Louis, 1981, Mosby.
31. Phillips JL, Weller RN, Kulild JC: The mental foramen:

Part 11. Radiographic position in relation to the
mandibular second premolar, JEndod 18:271, 1992.

32. Fishel D, Buchner A, Hershkowith A, Kaffe 1:
Roentgenologic study of the mental foramen, Oral

Surg Oral Med Oral Pathol 41:682, 1976.

33. Gound T, DuBois L, Biggs S: Factors that affect rate of
retakes for endodontic treatment radiographs, Oral

Surg Oral Med Oral Pathol 77:514, 1994.

34. Pestritto ST: Comparison of diagnostic quality of den-
tal radiographs produced by five rapid processing
techniques, JAm DentAssoc 89:353, 1974.

35. Brynolf 1: Improved viewing facilities for better
roentgenodiagnosis, Oral Surg Oral Med Oral Pathol

32:808, 1971.

36. Hedrick R, Dove SB, Peters D, McDavid W: Radio-
graphic determination of canal length: direct digital
radiography versus conventional radiography, J Endod

20:320, 1994.

37. Pascon E, lntrocaso J, Langeland K: Development of
predictable periapical lesion monitored by subtraction
radiography, EndodontDent Traumatol 3:192, 1987.



150

	

9 / Endodontic Radiography

38. Kullendorf B, Grondahl K, Rohlin M, Nilsson M: Sub-
traction radiology of interradicular bone lesions, Acta
Odontol Scand 50:259, 1992.

39. Baker W, Loushine R, West L, et al: Interpretation of
artificial and in vivo periapical bone lesions comparing
conventional viewing versus a video conferencing sys-
tem, J Endod 26: 39, 2000.

40. Borg E, Kallqvist A, Grondahl K, et al: Film and digital
radiography for detection of simulated root resorp-
tion cavities, Oral Surg Oral Med Oral Pathol 86:110,
1998.

41. Holtzmann D, Johnson W, Southard T, et al: Storage-
phosphor computed radiography versus film radiogra-
phy in the detection of pathologic periradicular bone
loss in cadavers, Oral Surg Oral Med Oral Patbol 86:90,
1998.

42. Sullivan J, Di Fiore P, Koerber A: RadioVisiography in
the detection of periapical lesions, JEndod 26:32, 2000.

43. Burger C, Mork T, Hutter J, Micoll B: Direct digital ra-
diography versus conventional radiography for esti-
mation of canal length in curved canals, J Endod
25:260, 1999.

44. Kullendorff B, Petersson K, Rohlin M: Direct digital
radiography for the detection of periapical bone le-
sions: a clinical study, Endod Dent Traumatol 13:183,
1997.

45. Scarfe W, Czerniejewski W, Farman A, et al: In vivo ac-
curacy and reliability of color-coded image enhance-
ments for the assessment of periradicular lesion di-
mensions,. Oral Surg Oral Med Oral Patbol Oral Radiol

Endod 88:603, 1999.



Endodontic Instruments

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Define a basic set of instruments appropriate for these procedures: diagnosis, emergency treatment, canal

preparation, obturation, and bleaching.

2 / Describe the general physical properties of endodontic instruments and show how these characteristics

are related to their use.

3 / Describe the design (longitudinal, cross-sectional, and tip configuration) of the more common canal

preparation instruments and their mode of use.

a / Explain the basis for sizing and taper (standardization) of hand-operated instruments.

s / Describe proper use of instruments to prevent breakage within the canal.

6 / Recognize visible changes in instruments that will predispose to breakage.

7 / Describe techniques used for sterilization and disinfection of instruments.

s / Select appropriate sterilization methods for each instrument type.

9 / Identify procedures and chemicals that might cause deterioration of files and how to recognize that

deterioration.

10 / Describe and differentiate between conventional files and files of alternative designs.

11 / Define the differences between stainless steel and nickel titanium intracanal instruments including both

physical properties and usage characteristics.

12 / Describe the action and use of rotary instruments for both cleaning and shaping canals.
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Physical Characteristics

I nstrument Fabrication

Hand-Operated Instruments

Physical Properties

Standardization

Variations

Engine-Driven Instruments

I ntracanal Usage

Hand Instruments

Rotary Instruments

Obturation

Lateral Condensation

Vertical Condensation

Adjunctive Instruments

Diagnostic Instruments

I nstruments Unique to Root Canal Treatment

Sterilization and Disinfection

Sterilization

Disinfection

I nstruments for Different Procedures

Examination

Cleaning and Shaping

Obturation

Emergency

Bleaching

n considering endodontic instru-
ments, those that are hand-operated
(such as files and reamers) are the most

important. However, other specialized instruments,
such as explorers and excavators, have been de-
signed to adapt to root canal treatment require-
ments. Originally, instruments for root canal treat-
ment were few in number and crude in design.` The
earliest hand-operated devices had long handles
that were best suited for preparation of anterior
teeth. As root canal treatment diversified, smaller
"finger" instruments were developed for posterior
teeth. In addition to being more adaptable, these
provided improved tactile sense for the operator.'
New designs in endodontic instruments have been
introduced, and will continue to evolve.

This chapter reviews the types of metals used
as well as important aspects of the physical prop-
erties and usage characteristics of endodontic in-
struments. A basic armamentarium will be de-
scribed for each procedure as well as systems for
effective sterilization. Detailed information about
all aspects of manufacturing and testing of intra-
canal instruments is beyond the scope and intent
of this chapter. However, certain essential facts, as
identified in the learning objectives, will be pre-
sented to enable effective use (and not abuse) of
these instruments.

The nomenclature follows the recommenda-
tions of the international Organization for Stan-
dardization (ISO):

1. Hand-operated include K-type reamers and
files, broaches, Hedstrom-type files, and
so on.

2. Engine-driven are hand types that have a
latch that inserts into a slow-speed hand-
piece. These include rotary (Gates-Glidden
and Peeso) engine-driven reamers and files
and reciprocating files or reamers.

3. Ultrasonic and sonic are diverse in design.
Some resemble barbed broaches, some re-
semble files, and others are diamond-
coated wires. All insert into a dedicated vi-
bratory handpiece that energizes the
instrument. These are further described in
Chapter 13.

4. Nickel titanium has been adapted both for band
instruments and rotary applications. Several
designs have developed. Both hand- and
engine-driven instruments have various
configurations. The cross section of the in-
struments takes many shapes.

In addition to canal preparation, other hand-
operated instruments are adapted for other as-
pects of root canal treatment, for example, canal
identification and obturation.
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FIGURE 10-1
Longitudinal and cross-sectional
shapes of various hand-operated
i nstruments. (Those marked with
an asterisk are brand names.)
Note that small sizes of K-reamers,
K-files, and K-Flex* have a different
shape than the larger sizes.

Physical Characteristics

To debride a region of the canal space completely,
the instrument must contact and plane all walls.'
Despite continual improvements in design and
physical properties, there are still no instruments
that totally clean and shape all root canal spaces.
Irregular canal spaces do not correspond to and
cannot always be well prepared by an instrument
with a regular (round) shape. In addition, stain-
less steel instruments are relatively inflexible,
which renders them not particularly adaptable to
canal curvatures. Nickel-titanium instruments
are more flexible and adapt more readily to fine,
curved canals' but have no advantage over stain-
less steel files in irregular canal spaces .s' These in-
congruencies between reality and ideal shape re-
quire judicious and skillful use of canal
preparation instruments to maximize debride-
ment and to avoid procedural errors.

INSTRUMENT FABRICATION

A hand-operated reamer or file begins as a round
wire that is modified to form a tapered instru-
ment with cutting edges. The instrument is used
with a twisting (reaming) or pulling (filing) mo-
tion in an attempt to produce clean, smooth, sym-
metrical canal walls. However, the prepared canal
is rarely round when viewed in cross section.

Several factors inherent in the stainless steel
wire that hand-operated instruments are made
from have to be considered. How is adequate flexi-
bility maintained without instrument fatigue?
How much abuse can these files endure before fa-
tigue and failure ensue? How does the operator
know when the file has been fatigued to a critical
point? And finally, how does an operator maintain
an efficient cutting edge while at the same time
avoid cutting new, nonanatomic canal spaces?

With nickel-titanium files, these same ques-
tions must be addressed. These instruments have
different physical properties and different usage
characteristics. Importantly, they can also fatigue
and separate when used incorrectly or overused.

HAND-OPERATED INSTRUMENTS

Several cross-sectional shapes of files are commer-
cially available (Figure 10-1). Two techniques for
manufacturing these instruments have been
developed.

Machined

This technique involves machining (grinding)
the instrument directly on a lathe; an example is
the Hedstrom-type file (Figure 10-2). All nickel-
titanium instruments are machined.

Some manufacturers produce K-type files
using the machined (lathe-grinding) process (Fig-
ure 10-3). This change from the grinding and
twisting manufacturing process results in differ-
ent physical and working properties from the
original K-type file.$ ,9 For instance, the machined
file has less rotational resistance to breakage than
a ground-twisted file of the same size. 9

Ground-Twisted

Another technique consists of first grinding, then
twisting. Raw wire is ground into tapered geomet-
ric blanks; (square, triangular, and rhomboid)
(Figure 10-4). The blanks are then twisted coun-
terclockwise to produce helical cutting edges.
These are K-type files and reamers. K-type files
have more twists per millimeter of length than the
corresponding size of K-type reamer. Both have a
pyramidal tip (7S ± IS degrees) that is produced
by grinding after twisting.
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FIGURE 10-2
Hedstrom file, machined by rotating a wire on a lathe. Note
the spiral shape. These are efficient cutters (on the pull
stroke) but are more susceptible to separation when locked
and twisted.

FIGURE 10-3
A and B, A machined K-type file. Note that the transition
angle at the leading cutting edge of the tip is rounded, ren-
dering it noncutting.

Clinical Use

Besides their configuration, the difference between
files and reamers is their intended use. Files are
manipulated with a rasping, or push-pull planing,
motion. This motion is more efficient when there
are many flutes or spirals on the instrument shaft
making contact with the canal walls; the flutes are
at right angles to the long axis. Reamers are
twisted and withdrawn; therefore, cutting takes
place during rotation. This motion is most effi-
cient with a cutting edge that more closely paral-
lels the instrument shaft. Reamer configuration is
created by imparting fewer twists, resulting in in-
creased flute spacing; this tends to prevent clog-
ging of the cutting edge.'° Files can be both filed
and reamed; reamers can only be reamed. Because
they are less versatile, reamers are seldom used.

FIGURE 10-4
Ground-twisted instruments. A, A square file blank ground
from wire. After twisting counterclockwise, the appearance of
a file (more flutes) (B) and reamer (fewer flutes) (C).

PHYSICAL PROPERTIES

Materials researchers and manufacturers have cer-
tain theories or hypotheses about file properties,
such as "Flexibility is increased by increasing the
length or decreasing the cross-sectional diameter"
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and "The more acute the cutting angle, the more
efficient a blade is in removing a substance."" ,"
These theories are more applicable to the labora-
tory than to the clinical situation. Because of
bench-top research, certain important limits to
specific physical properties have been identified
and incorporated into a series of standards for the
manufacture of hand-operated instruments.
However, clinical behavior may not directly relate
to such in vitro testing.

Standards for K-type files and reamers were first
published in 1976 as American Dental Association
(ADA) specification No. 28. 13 These standards were
developed specifically for hand-operated instru-
ments used in the canal. Therefore, standards were
established for fracture resistance by twisting, stiffness
of the files and reamers, and corrosion resistance. In
addition to physical characteristics, these stan-
dards established dimensions as well as acceptable
tolerances in manufacturing.

Flexibility, sharpness, and corrosion resistance
are properties related to metal and design. Tradi-
tional metals have included stainless or carbon
steel. Compared to stainless steel, many carbon
steel instruments have been shown to cut some-
what more efficiently"; they are similar in other
respects. However, carbon steel is little used be-
cause it is more susceptible to corrosion by auto-
claving and irrigating solutions."

By changing the cross-sectional design from
square to triangular or rhomboid and decreasing the
number of flutes per millimeter, greater flexibility is
gained. Blank nickel-titanium wire is even more
flexible. Nickel-titanium alloy possesses a modulus
of elasticity that is one-fourth to one-fifth that of
stainless steel, allowing a wide range of elastic defor-
mation. 16 An advantage of this increased flexibility
is that a file follows the canal curvature with less de-
formation (transportation) during enlargement. A
disadvantage of the increased flexibility is the inabil-
ity to precurve the file for introduction into canals
of posterior teeth when there is a decreased interoc-
clusal opening. Another disadvantage is that cutting
efficiency of nickel-titanium files may be reduced
with clinical usage compared with stainless steel be-
cause of the greater elasticity. Therefore to best uti-
lize the properties offered with nickel-titanium files,
engine-driven configurations have been developed.
All of the present nickel-titanium instruments in-
corporate a U shaped groove with a flat land area.
When the instrument is rotated, the flutes will plane
the canal wall while the land area keeps the instru-
ment centered, primarily in fine, curved canals.

among different brands as to taper or tip configu-
ration. ADA specification No. 28 established stan-
dards for instrument taper, tip geometry, and size
criteria for 19 different sizes of instruments as well
as acceptable tolerance of manufacturing error."
Also implemented was a color code for instrument
handles for identification and an additional file
size (No. 06). 1 ' In 1982, ADA specification No. 58
standardized and established the minimal physi-
cal criteria for Hedstrom files. 18 The most recent
revisions of ADA specifications No. 28 and No. 58
were published in 1989. These further clarified
minimal physical criteria and added newer criteria
for plastic handle retention on files.l 9 To date, no
standards have been developed for nickel-titanium
or the lathe-cut K-type instruments.

Despite specific size and shape requirements,
hand-operated instruments do not demonstrate re-
liable and consistent dimensional standardization."

Lengths

Files and reamers are available in three shaft
lengths: 21, 25, and 31 mm. Shorter instruments
afford improved operator control and easier ac-
cess to posterior teeth, to which limited opening
impairs access. The 25- and 31-mm instruments
are used for longer roots.

Sizing

Dimensions of K-type files and reamers are desig-
nated according to the diameters of the instru-
ment at specified positions along its length (as
stated in ADA specification No. 289) (Figure 10-5).
File tip diameters increase in 0.05-mm increments
up to the size 60 file (0.60 mm at the tip), and then
by 0.10-mm increments up to size 140. The diam-
eter at the tip of the point is known as Do . The spi-
ral cutting edge of the instrument must be at least
16 mm long, and the diameter at this point is Dl ,.
The file diameter increases at a rate of 0.02 mm per
running millimeter of length.

Another "standard" introduced by one of the
nickel-titanium rotary series (Profile)is a 29% con-
stant increase in tip diameters between sizes; each
file tip increases by a constant percentage rather
than the random increases seen in ISO sizing.

The nickel titanium rotary instruments have
other variable tapers of 0.04 and 0.06. For every
millimeter of length, the diameter increases by 0.04
or 0.06 mm. These greater tapers make these more
aggressive in creating marked flaring preparation.

STANDARDIZATION Tip Design

Original (conventional style) K-type files were
available in only six sizes with no uniformity

Originally the tip angle of K-type files and ream-
ers was approximately 75 degrees plus or minus
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FIGURE 10-5
The specifications for standardiza-
tion of files and reamers.

15 degrees (see Figure 10-1). This design was in-
tended to provide cutting efficiency without an ex-
cessively sharp transition angle. Newer designs
have different tip angles and designs in an attempt
to minimize canal alterations. Some machined
K-files incorporate a so-called nonaggressive tip or
noncutting tip (see Figure 10-3) to provide less
dentin cutting by reducing the sharp tip transition
angle. The flexible file type (Flex-R) has a conical
noncutting file tip with a tip angle of 70 degrees
and a guiding collar angle of 35 degrees. The in-
tent is to guide the file through the curve rather
than cutting only the outer canal wall. 21,22

Another modification in file design is the
Lightspeed. Unlike other instruments that have
several millimeters of cutting or planing area, this
nickel-titanium instrument has a cutting area of
about 3 mm. The tip is noncutting and looks sim-
ilar to a small Gates-Glidden drill. (A further de-
scription of the Lightspeed instrument is found
under "Unique Designs").

Torsional Limits

less plastic deformation before failure occurs.'
Therefore, this tendency toward less visible defor-
mation before separation requires more caution
with the use of machined files to avoid instru-
ment failure. 9

Under test conditions, the nickel-titanium files
(all are machined) have increased resistance to frac-
ture compared with stainless steel files . 23 Only
Lightspeed instruments have incorporated a desig-
nated separation point at 18 mm to allow for re-
trieval of broken instruments. The ADA and ISO
are presently working on new torsionalz4 standards
for all nickel-titanium and stainless steel rotary in-
struments." Nickel titanium metal may have ad-
vantages over stainless steel, although these advan-
tages have not been conclusively demonstrated in
clinical usage or in clinical trials . 6,16

Color Coding

Color coding of file handles designates size. Color
coding of the newer nontraditional instruments
varies according to the manufacturer.

Torsional limit is the amount of rotational torque
that can be applied to a "locked" instrument to the
point of breakage (separation). Obviously, an in-
strument should have sufficient strength to be ro-
tated and worked vigorously without separating in
the canal. Standards for steel hand-preparation in-
struments were established for rotational limits
(point of breakage) at various forces. Smaller in-
struments (less than size 20) can withstand more
rotations without breaking than larger (greater
than size 40) instruments.

Machined K-type files have different physical
and working properties than ground-twisted files.
There is no difference in torsional strength be-
tween ground-twisted and machined files. How-
ever, machined files are weaker, demonstrating

VARIATIONS

Broaches: Barbed broaches are stainless steel in-
struments with plastic handles. The tapered wire
broach is barbed by scoring and prying a tag of
metal away from the long axis of the wire (Fig-
ure 10-6). Barbs entangle and remove canal con-
tents. This instrument should be neither bound in
the canal nor aggressively forced around a canal cur-
vature. Either action may cause the barbs to engage
the canal wall, preventing the broach from being re-
moved intact or fracturing. Barbed broaches should
not be reused. Single barbed broaches are available
in presterilized bubble packaging.

Unique Designs: An innovative nickel-titanium
instrument, the Lightspeed (Figure 10-7), has been



FIGURE 10-6
Barbed broach showing the barbs pulled away from the in-
strument shaft.

recently introduced that incorporates three distinct
features: a noncutting pilot tip, a small fluted area,
and a small flexible shaft. Both hand-operated and
engine-driven instruments are available. These in-
struments tend to stay centered in curved canals if
used properly.ZS Although interesting, these have
not been shown to be superior to conventional
hand instruments and are prone to separation if
overused. 26,27

ENGINE-DRIVEN INSTRUMENTS

Rotary Instruments: Some preparation tech-
niques require slow-speed rotary instruments to
facilitate preparation, primarily in establishing
straight-line access (Figure 10-8), although engine-
driven reamers and files for cleaning and shaping
are also marketed. Most common are Gates-
Glidden drills and Peeso reamers. Table 10-1
shows the comparative ISO sizes of both Gates-
Glidden drills and Peeso reamers.

Gates-Glidden drills and Peeso reamers are
made from either carbon or stainless steel. Carbon

FIGURE 10-7
I nnovative file design of the rotary nickel-titanium Lightspeed
i nstrument. The end of the instrument does the work; the
noncutting tip and the small flexible shaft tend to stay cen-
tered during preparation of the canal.
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FIGURE 10-8
A, Gates-Glidden drill. Note the noncutting tip and the ellip-
tical shape. B, Peeso reamer. Note the noncutting "safe" tip
and parallel sides. These are stiffer and more aggressive than
the Gates-Glidden drill. Both can be used for straight-line ac-
cess preparation.
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FIGURE 10-9
Nickel-titanium rotary files of varying design. A, 0.04 and
greater tape (GT) titanium files (Profile). B, Quantec files by
Analytic; note the aggressive taper of the file on the bottom.

steel has inferior properties, particularly less
strength, and therefore should not be used. Corro-
sion is not a problem with stainless steel, but
dulling occurs with sterilization procedures and
repeated usage.

Gates-Glidden Drills: These drills are ellipti-
cally (flame) shaped burs with a latch attachment.
Gates-Glidden drills are used to open the orifice.
They also achieve straight-line access by removing
the dentin shelf and rapidly flaring the coronal
and middle third of the canal.

Gates-Glidden drills are designed to break high
in the shank region. This allows easier removal of
the broken instrument from a tooth; fracture near
the cutting head may block a canal. No ADA spec-
ification exists for torsional failure of rotary in-
tracanal instruments, but Gates-Glidden devices
usually do fracture where intended . 28,29 Impor-
tantly, these drills must be continuously rotated.
If they stop, the head may lock in the canal, with
torsional failure and fracture. Gates-Glidden
drills are available in 15-and 19-mm lengths. The
shorter instruments are helpful in posterior teeth,
where access to the canal orifice is limited.

Peeso Reamers: These reamers are also used as
adjunctive devices in canal preparation. They are
basically similar to Gates-Glidden drills but have
parallel cutting sides rather than an elliptical
shape. These instruments are available with or
without safe tips. Peeso reamers have been sug-
gested as a means of improving straight-line ac-
cess, although they are less well controlled than
Gates-Glidden drills . 3° Both types are aggressive
and can rapidly overenlarge the canal.

Rotary Flaring Instruments

Engine-Driven Reamers: These instruments
are used for cleaning and shaping. The traditional
types are of stainless steel. Because of their
relative stiffness, they are difficult to control and
generally create irregular, poorly debrided prepa-
rations, particularly in curved canals. These ag-
gressive instruments also generate large amounts
of debris, which packs apically. Their use is not
recommended.

Engine-Driven Nickel-Titanium Files: Nickel-
titanium engine-driven files allow greater control in
tiny, curved canals. These instruments do not have
a cutting end and have less tendency to transport
the apical preparation .31,32 The files are available in a
variety of shapes and designs (Figure 10-9). Utiliza-
tion of these instruments by dental students in
technique laboratories have demonstrated fewer
preparation errors than with use of stainless steel
instruments in the same courses. 33-3 s

I ntracanal Usage
HAND INSTRUMENTS

Broaches: Removal of pulp requires a broach that
will not bind and yet is large enough to ensnare
the tissue. Binding should be minimized because
of possible breakage.

Reamers and Files: Two types of motion
(Figure 10-10) are common in root canal prepa-
ration, reaming and filing." Reaming consists of
rotating the instrument clockwise and scribing
an arc from one cutting edge to the next. For ex-
ample, a triangular reamer has three 60-degree
cutting edges and therefore requires 120 degrees
of rotation (one-third of a turn), whereas a file
with a 90-degree angle necessitates only a quar-
ter turn before withdrawal. Rhomboidal files
require a 180-degree turn to make an edge-to-
edge arc.

Filing requires a series of repetitive motions.
First, the instrument is advanced to its full
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FIGURE 10-10
Filing and reaming motions. Tooth structure is removed pri-
marily on the pull stroke with filing and on rotation with
reaming.

FIGURE 10-11
Defects created during instrumentation. Each file shown
must be discarded because of possible breakage. A, Unwind-
ing of the flutes. B, "Roll-up" of the flutes. C, Unwound and
bent instrument.

length into the canal space using a passive "twid-
dling" (teasing without planing) motion. Next,
the file is rotated (a quarter turn or more) and
then withdrawn from the canal space while the
tip is pushed against a canal wall, much as a
paintbrush is applied to a wall when painting.
The twiddling, reaming, and withdrawal mo-
tions are repeated with the file tip pushed
against a different portion of the canal wall on
each outstroke until all walls have been planed
(circumferential filing).

Hedstrom and similar design (S or U) files are
used only with a filing motion because they have
less torsional resistance to breakage. In other
words, Hedstrom-type files are more prone to sep-
aration because of the decreased cross-sectional
diameter of equivalent-sized instruments. Also,
their design does not facilitate reaming.

Avoidance of Instrument Separation: Sepa-
ration of hand files in the canal is prevented by
regularly inspecting the instrument for defects
(Figure 10-11) such as (1) unwinding of the
flutes (twisting clockwise and opening of the
flutes); (2) roll-up of the flutes (excessive contin-
ued clockwise twisting after unwinding); (3) tip
distortion (the tip has been bent excessively);
and (4) corrosion. If an instrument exhibits any
signs of wear, it should be discarded immedi-
ately. Prevention is the key to avoiding untimely
instrument separation.

ROTARY INSTRUMENTS

All of the engine-driven nickel-titanium files rely
on rotational motion only and therefore have a
reaming action.

Avoidance of Instrument Separation

The manufacturer of the nickel-titanium 0.04
and 0.06 mm taper rotary files suggest using
them in high-torque slow-speed handpieces that
rotate at 150 to 300 rpm. The number of canals
that can be prepared with a nickel-titanium in-
strument varies from 4 to 16, depending on the
size and curvature of the canals and pressure
used with the files. The smaller and more curved
the canal, the more wear and tear on the instru-
ment. All manufacturers suggest discarding the
files if any deformation occurs. Recent studies
have suggested that lower speeds reduce the like-
lihood of instrument fracture . 37-39 Figure 10-12
shows instrument fatigue and "roll-up" and
breakage of nickel-titanium instruments after
use in canals.

The Lightspeed nickel-titanium instruments
are also used in high-torque slow-speed hand-
pieces at 750 to 2000 rpm. Within this limit,
faster rotational speed does not appear to increase
the likelihood of fracture." The manufacturer
suggests discarding each file after 10 uses.
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FIGURE 10-12
Overused rotary nickel-titanium files exhibiting "roll-up"
(small arrow), and "unwinding" (large arrow).

Obturation
Several filling techniques are available. The in-
struments used for the two most practiced tech-
niques, lateral and vertical condensation, are de-
scribed here.

LATERAL CONDENSATION

The instruments used for lateral condensation are
spreaders and small pluggers (Figure 10-13). They
are used for condensing and adapting gutta-
percha and creating space for accessory cones.
They are either handled, having a shank attached
to a metal handle, or finger-type, having only a
plastic handle (Figure 10-14). The handled instru-
ments are stiff because they are generally made of
annealed stainless steel. Finger spreaders and
pluggers are not annealed and therefore are dead
soft, giving them more flexibility. Handled instru-
ments do not negotiate curved canals. Finger
spreaders and pluggers are best suited for obtu-
rating curved canals.

Finger spreaders and pluggers have different
tips (see Figure 10-13). Pluggers are flat, whereas
spreaders are pointed. Finger spreaders and plug-
gets behave similarly and are used interchange-
ably in lateral condensation.

The taper of spreaders varies among instru-
ments. Highly tapered spreaders increase in diam-
eter at a greater rate than do standardized instru-
ments, which increase 0.02 mm per mm of length.
The greater the taper, the more the canal space

FIGURE 10-13
Fine finger spreader (left) and fine finger plugger (right). Both
are used similarly for lateral condensation. Spreaders are
pointed and pluggers are flat at the tip.

FIGURE 10-14
D11 handled spreader (left) and a fine finger spreader (right).
Both are designed for lateral condensation. The finger
spreader (or plugger) is more versatile and safer.



must be enlarged or flared to facilitate spreader
penetration.

Both stainless steel and nickel-titanium
spreaders are available. The obvious advantage of
nickel-titanium spreaders over stainless steel
spreaders is greater spreader penetration in highly
curved canals .41 Nickel-titanium spreaders also
create less stress in curved canals compared with
stainless steel spreaders . 42 The disadvantage of
nickel-titanium spreader is the inability to pre-
curve it for patients with limited interocclusal
space.

VERTICAL CONDENSATION

In this obturation technique the filling material is
alternately softened (with heat) and then vertically
compacted with pluggers. The softened gutta-
percha filling material is pushed into the interstices
of the canal, but this technique offers less apical
control of the material than lateral condensation.

Vertical condensation instruments can be di-
vided into two categories: those that are heated
to transfer heat to the gutta-percha, and those
that condense the gutta-percha (pluggers) (Fig-
ure 10-15). Heat transfer instruments have han-
dles, as do most pluggers. Finger pluggers may
be used in lieu of handled instruments in small
curved canals.

Adjunctive Instruments
DIAGNOSTIC INSTRUMENTS

The conventional explorer, periodontal probe,
and mouth mirror are pulpal, periradicular, and
periodontal diagnostic aids that have special en-
dodontic applications (Figure 10-16).

INSTRUMENTS UNIQUE TO
ROOT CANAL TREATMENT

Explorers are double-ended instruments with long
tapered tines at either a right or an obtuse angle.
This design facilitates the location of canal ori-
fices. They are very stiff and should not be in-
serted into canals or used for condensing gutta-
percha. Explorers should never be heated.

The spoon excavator is another long-shank in-
strument. The excavator is used to remove caries,
deep temporary cement, or coronal pulp tissue.
The endodontic excavator has a right or left orien-
tation similar to that of operative hand excavators.

The Glick No. 1 instrument is used for place-
ment of temporary restorations with the paddle
end and removal (and then condensation) of ex-
cess gutta-percha with the heated plugger end.
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The rod-shaped plugger is graduated in 5-mm
increments.

Lentulo spiral drills are twisted wire instruments
used in the slow-speed handpiece (Figure 10-17).
They have been used to spin pastes, sealer, ce-
ments, or calcium hydroxide into the canal. They
must be used with care to avoid "throwing" quan-
tities of unset material out of the apex. In fact,
there is no reason to use lentulo drills other than

FIGURE 10-15
Heat transfer (left) and condenser (heater-plugger) (right) for
vertical condensation of gutta-percha.



162

	

10 / Endodontic Instruments

FIGURE 10-16
Specialized endodontic instruments. A, D16 explorer. B, 31 L
spoon excavator. C, Glick No. 1. The plugger end (bottom) is
for heating and removal of gutta-percha; the paddle (top) is
for placing temporary materials.

FIGURE 70-77
Lentulo spiral drill is used to spin calcium hydroxide into
canals.

to place calcium hydroxide paste. The drill must
be rotated so that it will not "screw" itself into the
canal; they may lock and separate.

Sterilization and Disinfection
Endodontic instruments are contaminated with
blood, soft and hard tissue remnants, and bacte-
ria and bacterial byproducts. Thus they must be
cleaned often and disinfected during the proce-
dure and then sterilized. Also, because the instru-
ments may be contaminated when new, they must

be sterilized before initial use. Different tech-
niques are available.

Small kits such as those used for examination
may conveniently be bagged, sterilized, and stored
in the package until needed. Larger kits for treat-
ment may be more rapidly and easily handled in
cassettes for sterilization and storage.

STERILIZATION

Cold- or heat-labile instruments such as some rub-
ber dam frames may be immersed for a sufficiently
long period of time in solutions such as glu-
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taraldehyde. Generally, 24 hours are required to
achieve cold sterilization. Immersion may be effec-
tive for disinfection but will fail to kill all organ-
isms. Because this method of sterilization is not
presently verifiable with biologic indicators, it is
least desirable in the office and should be reserved
for instruments that cannot withstand heat.

Pressure Sterilization

A common method of sterilizing all files and com-
mon hand instruments is the steam or chemical
autoclave. Instruments that have been wrapped
in gauze should be autoclaved for 20 minutes at
121' C and 15 psi. 43 This will kill all bacteria,
spores, and viruses. Various sodium nitrite dips
will retard rust. These "milk baths" help spare the
carbon steel Gates-Glidden drills.

Pressure sterilizers using a chemical rather than
water have the advantage of causing less rusting.
However, both steam and chemical autoclaving
will dull the edges of all cutting instruments owing
to expansion with heat and contraction with cool-
ing, resulting in permanent edge deformation.

Dry Heat Sterilization

Dry heat is superior for sterilizing sharp-edged in-
struments such as scissors to best preserve their
cutting edge. The time cycle for dry heat steriliza-
tion is temperature dependent. After the tempera-
ture reaches 160° C, the instruments should be
left undisturbed for 60 minutes. The disadvan-
tage of this method is the substantial time re-
quired, both for sterilization and subsequently for
cooling. If the temperature falls below 160' C, the
full 60-minute heat cycle must be repeated.43

probe, (3) an explorer, such as the double-ended
No. 5 explorer, and (4) cotton forceps.

CLEANING AND SHAPING

Instruments used for access and cleaning and
shaping include (1) a 5- to 6-ml Luer-Lok syringe
with a 27-gauge needle, (2) locking cotton pliers,
(3) rotary instruments (Gates-Glidden drills), (4) a
plastic instrument (Glick No. 1) for temporary
placement, (5) broaches and files, (6) a lentulo spi-
ral drill; and 7) a millimeter rule.

OBTURATION

Instruments used for obturation include (1) spread-
ers or pluggers, (2) Glick No. 1 for heat transfer and
temporary placement, (3) locking cotton pliers,
and (4) 5/7 plugger or pluggers used for vertical
condensation.

EMERGENCY

The instruments necessary for emergency treat-
ment are dictated by the diagnosis. For instance,
irreversible pulpitis requires pulpotomy or pulpec-
tomy. An acute apical abscess may require incision
and drainage.

Basic instrumentation for most emergency
procedures includes (1) an examination kit, (2) an
anesthetic armamentarium, (3) canal preparation
(cleaning and shaping) system, and (4) occasion-
ally, an incision for drainage kit. Incision and
drainage instruments include (1) scalpel handle
and blade; (2) periosteal elevator; (3) rubber dam
drain; (4) needle holder; and (5) irrigating syringe
with an 18-gauge needle, sterile saline, and suc-
tion tip.

DISINFECTION

Surface disinfectann during canal debridement is
accomplished by using a banker's sponge soaked
in 70% isopropyl alcohol or proprietary quater-
nary ammonium solutions. Files can be thrust
briskly in and out of this sponge to dislodge de-
bris and contact the disinfectant. This procedure
cleans but does not sterilize the instrument.

BLEACHING

Bleaching usually is done with the instruments
included with the cleaning and shaping tray. A
walking bleach technique requires only the plastic
instrument to place the sodium perborate mix-
ture in the chamber and then to temporize.

I nstruments for Different
Procedures
EXAMINATION

A kit for examination and diagnosis includes (1) a
front surface mouth mirror, (2) a periodontal
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n terms of success of treatment,
knowledge of pulp anatomy cannot be
overstated. As a cause of treatment fail

ures, lack of a working knowledge of pulp
anatomy ranks second only to errors in diagnosis
and treatment planning. It is critical to know the
normal or usual configuration of the pulp and to
be aware of variations. Special techniques are re-
quired to determine the internal anatomy of the
tooth under treatment.

Knowledge of the pulp anatomy must be three-
dimensional. The pulp cavity must be mentally vi-
sualized both longitudinally (from coronal aspect
to apical foramen) and in cross section. In addi-
tion to general morphologic features, irregulari-
ties and "hidden" regions of pulp are present
within each canal. To clean and shape the pulp
system maximally, intracanal instruments must
reach as many of these regions as possible to plane
the walls to loosen tissue and tissue remmants.1
Lack of attention to this important principle may
lead to treatment failure.

Methods of Determining
Pulp Anatomy
TEXTBOOK KNOWLEDGE

Knowledge of anatomy gained from textbooks is
the most important and most useful method.
Common and frequent variations must be memo-
rized for each tooth. This means having a working
knowledge of the number of roots, number of
canals per root and their location, longitudinal
and cross-sectional shapes, most frequent curva-
tures (particularly in the faciolingual plane), and
root outlines in all dimensions.2-6 It is useful to
know the approximate percentage of each.

Anatomic features are diagrammed in the
Appendix.

RADIOGRAPHIC EVIDENCE

Certainly radiographs are useful, but they are
somewhat overrated for this purpose, particu-
larly conventional periapical films.' The standard
parallel facial projection gives just two dimen-
sions; a common error is to examine only this
view, overlooking the important third dimension
(Figure 11-1). In addition, radiographs tend to
make the canals look relatively uniform in shape
and taper. In fact, the aberrations often found are
generally not visible (Figure 11-2).

Standard projections indicate general anatomic
features. Special radiographic techniques disclose
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FIGURE TVI
A, Facial projection. Both the second premolar and the first molar appear to have fairly straight roots and an un-
complicated anatomy. B, Mesial angled projection. The more proximal view shows severe "bayonet" dilaceration
of the second premolar with marked buccal curve in the apex (arrow). Sharp curves of molar roots and two de-
finitive canals in the mesiobuccal root are now evident. Both are difficult problems to treat.

FIGURE 11-2
A, The impression of pulp anatomy received from viewing
a radiograph. B, The reality: internal anatomy actually

has many aberrations and intercommunications. (Courtesy
Dr. A. Goerig.)

missed canals and determine curvatures.' ,' These
techniques are discussed in detail in Chapter 9.

and root. 11,12 In other words, because the pulp
tends to form the surrounding dentin uniformly
on opposite walls, the pulp is generally a minia-
ture version of the tooth and conforms to the
tooth surface. `3

ROOT AND CANAL ANATOMY

Although root shape in cross section is variable,
there are seven general configurations: round, oval,
long oval, bowling pin, kidney bean, ribbon, and hour-
glass (Figure 11-3). Shape and location of canals
are governed by root shape (in cross section). Dif-
ferent shapes may appear at any level in a single
root. For example, a root may be hourglass-
shaped in cross section at the cervical third, taper
to a deep oval in the middle third, and blend to
oval in the apical third; the number and shape of
canals in each level will vary accordingly." Impor-
tantly though, a canal is seldom round at any
level. To assume that it is may result in improper
canal preparation.

EXPLORATION

Additional determinations of pulp anatomy are
made during access preparation and when search-
ing for canals. These methods also have limita-
tions because canals often are neither readily ap-
parent nor easily discovered with instruments."

General Considerations
A basic tenet in pulp-root anatomy is the shape of
the pulp system reflects the surface outline of the crown

I DENTIFICATION OF CANALS AND

ROOTS

Obviously, to clean, shape, and obturate a canal, it
must be located." In roots that may contain two
canals, a basic rule is to assume that the root contains
two canals until proved otherwise. Rather than mem-
orize roots that often contain two canals, it is eas-
ier to remember those few that are unlikely to
have two canals. Maxillary teeth contain roots
that rarely have two canals: anterior root, premo-
lars with two or three roots, and distobuccal and
lingual roots of molars. All other maxillary roots
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FIGURE 11-3
Common variations in root or pulp cross-sectional anatomy.
Note that the pulp outline tends to reflect the root outline.
Deep concave roots have a greater variety of pulp anatomies.

FIGURE 11-4
Note the disclike configuration of the pulp chamber in the
first molar because of the predominance of dentin formation
i n the roof and floor of the chamber. These chambers are dif-
ficult to locate during access preparation.

FIGURE 11-5
Severe attrition has resulted in tertiary dentin formation on
the roof and floor of the chamber.

and all mandibular roots require a careful search
for two (or possibly more) canals.

Alterations in Internal Anatomy

floor of the chamber show more dentin forma-
tion, eventually making the chamber almost
disclike in configuration (Figure 11-4). Treatment
implications (difficulty in locating chamber and
canals) are obvious.

Again, initial pulp shape reflects root shape. How-
ever, because pulp and dentin react to their envi-
ronment, changes in shape occur with increasing
tooth age and in response to irritation.

Although dentin formation tends to occur with
age on all surfaces, it occurs predominately in cer-
tain areas. For example, in molars, the roof and

IRRITANTS

Anything that exposes dentin to the oral cavity
can potentially stimulate increased dentin forma-
tion at the base of tubules in the underlying
pulp." Causes of such dentin exposure include
caries, periodontal disease, abrasion, erosion, at-
trition, cavity preparations, root planing, and
cusp fractures (Figure 11-5). Vital pulp therapy
such as pulpotomy, pulp capping, or placement of

AGE
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irritating materials in a deep cavity may cause an
increase in dentin formation, occlusion, calcific
metamorphosis, resorption, or other unusual
configurations in the chamber or canals. These
tertiary (irregular secondary) dentin formations
tend to occur directly under the involved tubules
(Figure 11-G).

It is imperative that the clinician study radi-
ographs and visually examine the tooth being
treated to identify factors that may cause alter-
ations in anatomy. Failure to do so may result in
serious errors, lost time, and inadequate treatment.

CALCIFICATIONS

Calcifications take two basic forms within the
pulp: pulp stones (denticles) and diffuse calcifica-
tions. Although pulp stones are usually found in

the chamber and diffuse calcifications within the
radicular pulp, the reverse may also occur. These
calcifications may form either normally or in re-
sponse to irritation. Pulp stones are often seen on
radiographs 16; diffuse calcifications are visible
only histologically.

Pulp stones in the chamber may reach con-
siderable size and can markedly alter the inter-
nal chamber anatomy (Figure 11-7). Although
they do not totally block a canal orifice, they
often make the process of locating an orifice
challenging. These large pulp stones may be at-
tached or free and are often removed during ac-
cess preparation. Although pulp stones are not
common in canals, if present, they are usually
attached or embedded in the canal wall in the
apical region. Rarely do they form a barrier to
instrument passage.

FIGURE 11-6
As shown on this micrograph, tertiary
or irregular secondary dentin (10) has
formed in large amounts in the pulp (P)
directly under the caries (C. At times
this may significantly alter internal
anatomy. (Courtesy Dr. W. Dowden.)

FIGURE 11-7
Calcifications (pulp stones [or denticles]) are visu-
alized in the chambers. Their discrete appearance
surrounded by radiolucent spaces shows these cal-
cifications to be natural and not formed in re-
sponse to irritation. (Courtesy Dr. T. Gound.)
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INTERNAL RESORPTION Components of Pulp System
Such resorptions are uncommon and when present
are usually not extensive. They also are a response to
irritation that is sufficient to cause inflammation.
Most resorptions are small and are not detectable
on radiographs or during canal preparation. When
visible radiographically, they are usually extensive
and often perforate. Internal resorptions usually
create operative difficulties (Figure 11-8).

The pulp cavity is divided into a coronal (the pulp
chamber) and a radicular portion (the root canal).
Other features include pulp horns, canal orifices, ac-
cessory (lateral) canals, and the apical foramen (Fig-
ure 11-9). The internal anatomy of these pulp
components is altered by secondary dentin or ce-
mentum formation.

FIGURE 11-8
A, Extensive internal resorption defect (arrow). B, Four years after treatment. Special cleaning, shaping, and ob-
turating techniques (lateral condensation plus thermoplasticized) were required, resulting in successful treatment.

FIGURE 11-9
Major anatomic components of the pulp cavity. A, Anterior tooth. B, Posterior tooth.
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FIGURE 11-10
A technique for determining the distance from the occlusal
surface to the roof of the pulp chamber. This is of obvious
benefit during access preparation to prevent perforation.

PULP HORNS

Pulp horns represent what the dentist does not
want to locate during restorative procedures but
does want to locate during access preparation. Al-
though they may vary in height and location, a
single pulp horn tends to be associated with each
cusp in a posterior tooth, and mesial and distal
horns tend to be in incisors. Generally, the oc-
clusal extent of the pulp horns corresponds to the
height of contour in a younger tooth but lies
closer to the cervical margin in an older tooth.
Occasionally, an aberrant horn extends occlusally
and is exposed as a result of caries or routine cav-
ity preparation. Such abnormally high pulp horns
may or may not be visible on radiographs.

During access preparation, the height and lo-
cation of pulp horns may be more accurately de-
termined by measuring from cusp tip to pulp
horn or chamber roof using a bur and a handpiece
(Figure 11-10).

PULP CHAMBER

The pulp chamber occupies the center of the
crown and trunk of the root. Again, its shape, in
both longitudinal and cross-sectional dimen-
sions, depends on the shape of the crown and
trunk; this configuration varies with tooth age
and/or irritation."

FIGURE 11-11
Maxillary first premolar roots. A common finding: cross sec-
tion through buccal (e) and lingual (L) roots shows a concav-
ity on the lingual surface and an irregular canal shape in the
middle third of the buccal root. (Courtesy Dr. A. Tamse.)

ROOT CANALS

Root canals extend the length of the root, begin-
ning as a funneled orifice and exiting as the apical
foramen. Significantly, most canals are curved,
often in a facial-lingual direction. Therefore a
curved canal is often undetectable on facial pro-
jection radiographs. As a result, the uninitiated or
uninformed clinician may assume that a canal is
straight and may overenlarge what is, in reality, a
facial or lingual curvature, resulting in ledging or
perforation. The operator should always assume that a
canal is curved.

Canal shape varies with root shape and size, de-
gree of curvature, and the age and condition of
the tooth (see Figures 11-2 and 11-3). As a rule,
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FIGURE 11-12
Three-dimensional reconstruction from histologic sections shows complex anatomic structure of apical pulp
anatomy. (Adapted from Meyer W: Dtsch Zahnaertzl Z 25:1064, 1970.)

when two canals occur in a root, they tend to be
more oval. In the deep facial-lingual root with
mesial or distal (or both) concavities (hourglass-
or kidney bean-shaped), a single canal may have a
bowling pin, kidney-bean, hourglass, or ribbon
shape. Regardless of the shape in the cervical
third, in the apical curvature the root (and canal)
tends to become more oval but may be somewhatflattened.17

The shape and number of canals in a root re-
flects the facial-lingual depth and shape of the
root at each level (Figure 11-11); the deeper the
root, the more likely that there are two separate,
definitive canals. If the root tapers toward the api-
cal third, there is a greater likelihood that the
canals will converge to exit as a single canal.

Irregularities and aberrations are common-
place. This is particularly true in posterior teeth.
Such aberrations include hills and valleys in canal
walls, intercanal communications (isthmuses be-
tween two canals), cul-de-sacs, fins, and other vari-
ations (Figure 11-12). Again, these aberrations are
usually not accessible to instruments or irrigants.

Remember that the chamber tends to occupy
the center of the crown; a canal occupies the cen-
ter of the root. When there are two canals in a
root, each will often occupy the center of its own
root "bulge."

ACCESSORY CANALS

Accessory (or lateral) canals are lateral branches of
the main canal that form a communication be-
tween the pulp and periodontium. They contain
connective tissue and vessels and may be located
at any level from funation18,19 to apex, but tend to
be more common in the apical third and in poste-
rior teeth .z° In other words, the more apical and
the farther posterior the tooth, the more likely
that accessory canals will be present. The relation-

ship of accessory canals to pulp health and dis-
ease as well as to treatment is debatable . ' They do
not supply collateral circulation and therefore
contribute little to pulp function and probably
represent an anomaly that occurred during root
formation.

These canals do form an exit for irritants from
the pulp space to the lateral periodontium. They
probably cannot be debrided during cleaning and
shaping' but are occasionally filled with obturat-
ing materials during canal filling (Figure 11-13).
The importance of obturating accessory canals isunknown.22

APICAL REGION

Development: The apex is the root terminus. It is
relatively straight in the young mature tooth but
tends to curve more distally with time. This cur-
vature results from continued apical-distal appo-
sition of cementum in response to continued
mesial-occlusal eruption. Alterations in the apical
region may also result from resorption and irreg-
ular cementum apposition. Thus apical anatomy
tends to be nonuniform and unpredictable."

Apical Foramen: The apical foramen varies in
size and configuration with maturity. Before mat-
uration, the apical foramen is open. With time
and deposition of dentin and cementum, it be-
comes smaller and funneled. Significantly, the
foramen usually does not exit at the true
(anatomic) root apex" , -' but is offset approxi-
mately 0.5 mm and seldom more than 1.0 mm
from the true apex. The degree of deviation is un-
predictable and may vary considerably from the
average, particularly in the older tooth that has
undergone cementum apposition (Figure 11-14).
For this reason, root canal preparation and obtu-
ration end short of the anatomic root apex (Fig-
ure 11-15) as seen in the radiograph.26 Usually, the
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FIGURE 11-13
A, Resorptive bony lesion is visible (arrow); this usually indicates an accessory canal (not visible) that is a path-
way for irritants. B, The accessory canal is now obvious after obturation.

apical foramen is not visible radiographically. The
clinician relies on averages or on electronic mea-
suring devices to determine the extent of canal
preparation and obturation.23,24

Variations in Anatomy: The only consistent
aspect of the apex region is its inconsistency.2 7,28
The canal may take twists and turns, divide into
several canals to form a delta with ramifications on
the apical root surface, or exhibit irregularities in
the canal wall (Figure 11-16). Generally, these aber-
rations are neither detectable nor predictably nego-
tiable and are neither well debrided nor obturated.

A common concept is that canals round out in
this apical region. This is not always true. Canals
are frequently a long oval or even ribbon-shaped
apically. 29 These nonround canals cannot be en-
larged to a round shape without perforating or
weakening the roots. 29

Apical Constriction: The presence of an api-
cal constriction is unpredictable. It has been pro-
posed that the cementodentinal junction forms
the apical constriction; this is an incorrect con-
cept. In fact, the junction is difficult to determine
clinically with accuracy,24 and the intracanal ex-
tent of cementum is variable. If an apical constric-
tion is present, it is not visible on a radiograph
and usually is not detectable by touch, even by the
most skilled practitioner.

Variations of Root
and Pulp Anatomy

Representative examples of the tooth groups are
diagrammed in the Appendix, where both cross-
sectional and longitudinal aspects are outlined. In
addition, the pulp anatomy of each is shown in re-
lation to the design of the access preparation.

Occasionally, teeth vary significantly in root or,
more likely, in pulp anatomy. Such variations and
abnormalities are most common in the maxillary
lateral incisors, maxillary30,31 and mandibular pre-
molars," and maxillary molars .

33,34 Unusual root
morphology tends to be bilateral . 3s

DENS INVAGINATUS
(DENS IN DENTE)

Dens invaginatus is most common in maxillary
lateral incisors36 that results from an infolding of
the enamel organ during proliferation and is an
error in morphodifferentiation (Figure 11-17). It
often results in an early pulp-oral cavity commu-
nication requiring root canal treatment. 37 Dens
invaginatus is most common in the maxillary lat-
eral incisor and shows varying degrees of severity
and complexity.38 39 The more severe cases should
be referred to a specialist because special treat-
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FIGURE 71- 14
Variations in apical canal anatomy. A, The radiograph often
does not demonstrate the size, shape, or curvature of canals
apically. B, Mesial root apex showing abrupt curve and api-
cal foramen exiting on the mesial well short of the anatomic
apex. C, Distal root apex showing uniform canal with no con-
striction and variable levels (arrows) of cementodentinal
j unctions; these variabilities are common. (Cadaver specimen
courtesy Dr. D. Holtzmann.)
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FIGURE 11-15
A, Note that the apical foramina (small
arrows) do not correspond to the true
anatomic apex (large arrows). B, in
most situations the apical terminus or
seat of the preparation will vary from
the apical foramen and radiographic
apex. (A courtesy Dr. D. Melton.)

DENS EVAGINATUS

FIGURE 11-16
The apical region of the canal and apical foramen (AF) are
often very irregular.

A variation of invaginatus,4° dens evaginatus is
most common in mandibular premolars and in
individuals with Oriental ancestry (this includes
Native Americans and Hispanics). Clinically, dens
evaginatus initially appears as a small tubercle
"bulge" on the occlusal surface, but it may not be
obvious radiographically (Figure 11-18). These
malformations often contain an extension of the
pulp. When these fragile tubercles fracture off, the
pulp is exposed and will become necrotic, requir-
ing apexification. They are generally not difficult
to treat, prophylactically, by removing the tuber-
cle and capping, then restoring with amalgam."

HIGH PULP HORNS

Occasionally, a pulp horn extends far into a cusp
region, resulting in premature exposure by caries
or accidental exposure during cavity preparation.

LINGUAL GROOVE

Usually found in maxillary lateral incisors, a lin-
gual groove appears as a surface infolding of dentin
oriented from the cervical toward the apical direc-
tion (Figure 11-19). 42 Frequently, this results in a
deep narrow periodontal defect that occasionally
communicates with the pulp, causing an endodon-
tic/periodontal problem (Figure 11-20). Treatment
is difficult and unpredictable; prognosis is poor.

DILACERATION

ment, such as surgery, is frequently required. The
prognosis of any treatment often is questionable.
The invagination is usually visible on radi-
ographs; however, it is often small and obscure.
The lingual pit on maxillary anterior teeth repre-
sents a minor form of dens invaginatus.

By definition, dilaceration is a severe or complex
root curvature (see Figure 11-1). During root for-
mation, structures such as the cortical bone of the
maxillary sinus or mandibular canal or nasal fossa
may deflect the epithelial diaphragm, resulting in
a severe curvature. Many of these curvatures are
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FIGURE 11- 17
Dens invaginatus. A, The invagination is visible on the lingual surface (arrow) of this abnormally shaped incisor.
B, The invagination is lined internally by enamel (arrow). By communicating with the pulp, the exposure resulted
i n pulp necrosis, apical pathosis, and arrested root development. These situations are difficult to treat.

FIGURE 11-18
Dens evaginatus. The chamber extends to the occlusal surface. A, The defect is visible from the occlusal surface
(arrow). B, There is a communication through this to the pulp space (arrow), with resultant necrosis and apical
periodontitis. (Courtesy Dr. R. Johnson.)
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FIGURE 11-19
Lingual groove, which is an apparent infolding during root and
crown formation. A, The groove is faintly visible on the periapical
radiograph (arrow). B, The groove is often detected on the surface
with probing and is usually untreatable.

FIGURE 11-20
A, Lingual groove defect proved untreatable periodontally
and endodontically. B, Cross section shows that the groove
i nvagination (arroM communicates with the pulp.
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FIGURE 11-21
Premolar with three canals-a challenge to treat.

found in a facial-lingual plane and are not obvi-
ous on standard radiographic projections.

OTHER VARIATIONS

Many other pulp and root anomalies may
occur ...... Some occur in association with genetic
disorders,48 such as variations in the number of
canals or roots (Figure 11-21), and teeth with un-
usual root canal configurations have an impact
on treatment. 49,5° The astute clinician will be alert
to these possibilities and will study radiographs
and occlusal anatomy carefully. A not uncommon
abnormality is the C-shaped canal (Figure 11-22).
This usually occurs in mandibular molars. Be-
cause of the complex internal anatomy, prognosis
of root canal treatment is questionable owing to
difficulty in adequate debridement and obtura-
tion.s ' Additional treatment measures may be re-
quired, and patients with such canals should be
considered for referral.

New technologies, using computer reconstruc-
tion of microtomography, are able to provide
three-dimensional morphologic information on
tooth and pulp anatomy. ' z °s2

FIGURE 11-22
A, C-shaped pulp chamber. The C-shaped space may be continuous throughout the length of the root but is vari-
able anatomically. More commonly, three separate canal orifices may be found within the groove. B, Obturated
C-shaped molar with three canals joined by an interconnecting isthmus.
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Access Preparation
and length Determination

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / I dentify major objectives of access preparation in both anterior and posterior teeth.

2 / Describe why straight-line access is critical.

3 / Explain why removal of pulp horns in anterior teeth is important.

4 / Relate reasons and indications for removing caries or restorations during access preparation.

5/ Explain the reason and technique for removing the dentin shelf in anterior and posterior teeth.

6 / Describe the procedure, burs used, and sequence of operations to start and complete access preparations

on various teeth.

7 / Identify common errors for specific teeth that may occur during access preparation.

8 / Recognize when these errors occur and know how to correct them (if they are correctable).

9/ Describe techniques for locating difficult-to-find chambers or canals.

10 / Account for conditions under which working length (distance from radiographic apex) varies.

11 

/ Demonstrate the step-by-step technique for obtaining estimated and final working lengths.

12 / Describe how to designate and maintain (and create, when necessary) a stable reference point.

13 / Describe electronic apex locators-how they function and when they are useful.

Refer to the Appendix:

14 / Diagram the portions of the tooth that must be removed to attain straight-line access to the canals.

Illustrate this on sagittal sections of both anterior and posterior teeth.

15 / Diagram the outline form of the access preparation for all teeth.

16 / Show the location of each canal orifice relative to the occlusal or lingual surface.
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Access Preparation

Major Objectives

Access in Special Situations

Access Techniques

Errors

Working Length Determination

Reference Point

Technique for Determination

Alternative Techniques

12 / Access Preparation and Length Determination

	

183

his chapter and the following two
chapters (Chapters 13 and 14) cover the
technical aspects of root canal treat

ment. Discussed are access and working length,
cleaning and shaping, and obturation. These pro-
cedures occupy much of the clinician's effort; the
steps involved are critical for success.

There are many ways to accomplish various
tasks. A variety of techniques, instruments, and
materials can be used to perform root canal treat-
ment successfully. These three chapters represent
basically one general approach. The recom-
mended methods follow a sequence of procedures
that have proved to be successful based on re-
search and clinical usage. Other approaches or
modifications may also result in success. There is
not enough space here to describe all variations;
these will be found in individual courses on en-
dodontics or in other publications.

Access Preparation

MAJOR OBJECTIVES

Access preparation is the most important phase of the
technical aspects of root canal treatment! Access is the
key that opens the door to maximize cleaning,
shaping, and obturation. These three procedures
are difficult at best; without adequate access
preparation, instruments and materials are diffi-
cult to control within the pulp system. Impor-
tantly, the time and effort devoted to access
preparation pay dividends in the treatment steps
that follow.

The three major objectives of access prepara-
tion are (1) attainment of straight-line access, (2) con-
servation of tooth structure, and (3) unroofing of the
chamber to expose orifices and to remove pulp
horns in anterior teeth. Of course, the approach
and specific details for each of these vary in differ-
ent teeth.

Straight-Line Access

As stated earlier, access preparation is very impor-
tant; straight-line access is the most critical aspect.
The ideal procedure would be to have instruments
pass through the chamber without touching the
walls and through the straight part of the canal
undeflected. The initial curve of the instrument
would then occur at the first bend of the canal,
usually in the apical third of the root. This, of
course, is not always possible because of crown-
root relationships; however, this straight-line access to
the first canal curvature is attempted (Figure 12-1).

I mproved Instrument Control. Minimizing in-
strument curvature and deflection increases the
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FIGURE 12-1
I n the ideal straight-line access
preparation, the instrument is
not deflected until it reaches
the first curve of the canal.

FIGURE 12-2
A, Small hand instruments (No. 20 or less) usually negotiate
curves. B, Larger files overcome dentin resistance by straight-
ening themselves and cutting raw dentin on the outside of
the curve. Adequate straight-line access decreases this ten-
dency for files to transport a curved canal.

operator's ability to manipulate files in as many
areas of the canal as possible without grossly al-
tering the internal canal anatomy.' Stainless steel
files are relatively inflexible and resist deforma-
tion, particularly those of size 25 or above. Nickel-
titanium files have more flexibility in larger sizes.
In either case, any instrument in a curved canal al-
ways tries to straighten itself. A sharp stainless
steel file larger than size 25 in a curved canal over-
comes the resistance of confining dentin. It there-
fore cuts straight ahead and does most of its work
removing raw dentin on the outside of the curve
(Figure 12-2). This straight-ahead cutting is ac-
centuated according to the severity of the curve
and the size of the file. Therefore less curve in the
coronal portion of the instrument makes the
straightening effect toward the tip less pro-
nounced. The end result is improved instrument
control, resulting in better cleaning and shaping
of the canal system with less chance of undesir-
able internal alterations such as transportation,
ledging, and "zipping. "Z,3

Another advantage of straight-line access is the
ease of introducing instruments into canals.
Achieving straight-line access involves controlled
funneling of canal orifices. These funnels guide
the instrument tips into the canals, minimizing
the frustration of repeated tap tap tapping of the
file on the chamber floor while attempting to lo-
cate the canal orifice(s).

I mproved Obturation. The same principles stated
under instrument control apply to obturation.
Straighter access to the apical portion (and the

greater the funneling of the canal orifice),
makes the obturation easier and more effective.
Because spreader or plugger depth is critical
for a better seal throughout the length of the
canal, it is important to introduce these instru-
ments (with minimal curve) close to the apical
preparation.'

Decreased Procedural Errors. The principle of im-
proved instrument control through reduced cur-
vature also applies to decreased procedural errors.
The curved instrument straightens itself. Larger
instruments have greater stiffness; therefore they
more readily cut straight ahead (Figure 12-2).
Straight-line access decreases canal curvature and
provides better instrument control. There are
three potential unfortunate accidents that may be
result from inadequate straight-line access, which
results in more transportation.

Ledge Formation.' The canal is straightened.
Suddenly the file no longer negotiates the curve
but bumps into a dead end. A radiograph made
with the file in place shows the tip of the instru-
ment now straight and pointing toward the out-
side of the curve.' It is now difficult (usually im-
possible) to renegotiate the original curve to
complete debridement and obturation.

Apical Perforation. If the operator persists, the
instrument will continue to straighten both itself
and the canal; the eventual outcome will be a zip-
ping perforation. Again, this possibility is reduced
with straight-line access.

Furcal (Stripping) Perforation. Stripping results
usually from over-rigorous planing and forcing in-
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FIGURE 12-3
Using large rotary instruments such as this No. 5 Gates-
Glidden bur against the furcation wall of a canal in molars
i s dangerous.

FIGURE 12-4
A, Totally inadequate access. The instrument tends to do all its
work by cutting toward the facial aspect and will never reach

i nto and debride portions of the canal toward the lingual as-
pect (arrows). Straight-line access is achieved by removing the
lingual dentin shelf (8) and the enamel triangle (A). B, The re-
sult is straight access and improved instrument control.

struments or burs toward the furcation wall.' Strip-
ping perforation of the furcation is usually devas-
tating and is difficult to repair with predictable
long-term success. Of course, stripping may also re-
sult from improper use of rotary instruments to
achieve straight-line access (Figure 12-3). Files and
burs should not be overused against the furcation
portion of canal walls (the so-called danger zone)
but directed toward the periphery (the safety
zone).7,8

Tooth Structure Removal. Straight-line access
consists of removal of dentin and enamel in se-
lected regions (Figure 12-4). Dentin is removed in-
ternally at or just apical to the canal orifice
(dentin or lingual shelf). Enamel is removed from
the incisal surface of anterior teeth (enamel trian-
gle) and toward the crown periphery (cusp tips)
on posterior teeth.

The preferred site for removal and the most efficient
in terms of improved instrument control and straight ac-
cess is reduction of the dentin shelf. Not only does this

provide the desired decrease in instrument curva-
ture, but it also "opens up" regions of the canal
that would otherwise be sequestered. Such hidden
areas tend to occur in roots that contain only a
single canal. Because of canal constriction near
the orifice, concavities will be found (usually to-
ward the lingual aspect) in the midroor that are
not otherwise accessible (Figure 12-4).

An axiom of canal preparation is that instru-
ments must physically contact and plane the walls to
loosen the tissue and debris for removal. Unplaned
areas often retain existing or potential irritants.
Removal of a constriction or shelf during
straight-line access permits files to reach more
surface areas.

Conservation of Tooth Structure

Removal of excess enamel and dentin (in particu-
lar) weakens the tooth and increases the possibility
of fracture or perforation. Generally, a preparation
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that allows adequate straight-line access need not
require removal of much tooth structure. The key
is to remove dentin and enamel in strategic areas,
leaving other areas intact. A properly designed ac-
cess preparation generally has little effect on de-
creasing cusp strength.'o

Minimal Weakening of Tooth. Gouging out por-
tions of the dentin wall invariably weakens the
cusps and compromises the integrity of the
marginal ridges, leading to diminished cuspal
strength and an increased incidence of fracture."
In molars, the orifice location and access outlines
show that it is generally unnecessary to extend the
preparation into marginal ridges. 'z Marginal
ridges with their underlying dentin are the basic
facial-lingual strength of the tooth.13 Unless they
are already involved with caries or restorations,
marginal ridges should be left alone!

Excessive removal of dentin apically beyond
the orifice increases the chances of vertical root
fracture. Extreme lateral forces may be created
during condensation or placement of posts. With-
out doubt, the key factor affecting the strength of
the crown and root is the amount of dentin re-
maining and not the so-called brittleness of
dentin per se.13,14

The design and extent of permanent restora-
tions are also affected by the amount of tooth
structure removed during access preparation. Ex-
cessive removal may require a more complex
restoration than would otherwise have been nec-
essary. At times, a cusp that has adequate dentin

support and is bound by a strong, intact marginal
ridge need not be covered.

Prevention of Accidents. Accidents mean perfo-
rations! Obviously, excessive removal of tooth
structure in any region increases the likelihood of
perforation. Except for vertical root fracture, per-
foration is the most devastating occurrence. Spe-
cific details on root perforations and their prog-
nosis and repair are discussed in Chapter 18.

Unroofing of Chamber and Exposure
of Pulp Horns

Unroofing of the chamber in all teeth is important
to locate canals and permit adequate access to
them. It also decreases the incidence of discol-
oration in anterior teeth. An attempt to economize
on unroofing the chamber in an effort to preserve
a small amount of dentin only increases the frus-
tration level. However, unroofing the chamber
does vary according to tooth groups, as follows.

Maximal Visibility. It is counterproductive to
work through a "mousehole." Inadequate open-
ings (Figure 12-5) through the occlusal surface or
chamber roof do not permit adequate light to
enter the chamber. In addition, clear visualization
is compromised in all aspects of the chamber
floor. Visibility is important in the posterior teeth.
Molars, in particular, present difficulties in iden-
tifying canal orifices.

Location of Canals. Unroofing the chamber in
molars is a prerequisite for locating canals, partic-

FIGURE 12-5

A, Inadequate opening would permit neither good visibility to locate canals nor adequate straight-line access.
B, Wide opening through occlusal surface of crown is correct. Note that the access does not extend to the porce-
lain to prevent its chipping.
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ularly those that have displaced orifices. An exam-
ple is the mesiobuccal (MB) canal in both maxil-
lary and mandibular molars. These canals are the
most difficult to locate because they lie farthest at
the periphery and under the mesiobuccal cusp.

A particular challenge is the second (mesiolin-
gual [ML]) canal in the MB root of maxillary
molars." This orifice is usually obscured by a
shelf of dentin and requires special techniques of
exposure. 16,17

I mprove Straight-Line Access. Areas of the roof of
the chamber and dentin shelves that overlie canal
orifices are particularly likely to impede straight-
line access. They must be removed (Figure 12-6).

Exposure of Pulp Horns. Exposure of pulp horns
in all teeth is critical, particularly in anterior
teeth, because of future aesthetic considerations.
Pulp horns contain debris and trap sealer rem-
nants; both are liable to cause eventual discol-
oration, which may become manifest months or
years after treatment. Pulp horns should be
opened conservatively and with care. It is not nec-
essary to remove excessive amounts of enamel or
dentin to obtain access for removal of debris and
sealer. The technique is described later in this
chapter.

ACCESS IN SPECIAL SITUATIONS

Usually, access preparation is done under less
than ideal conditions. Most teeth requiring root
canal treatment have been affected by caries,

restorations, fractures, attrition, and so on. Fre-
quently, these irritants have promoted deposition
of dentin. This means that the preparation itself
will not be "ideal" and must be altered to accom-
modate variations. It is critical for the operator to rec-
ognize these variations and plan the access accordingly
(Figure 12-7) before picking up the handpiece!

Caries

Ordinarily, all caries are removed early in the ac-
cess preparation phase. Ideally, caries are exca-
vated before the chamber is entered to avoid con-
taminating the chamber and canals with later
caries removal. The reason for not leaving caries is
obvious; the pulp chamber will be heavily conta-
minated with bacteria, which may be introduced
into the pulp system during canal preparation.
Also, a temporary seal is not obtained unless the
sealing material is in direct contact with clean and
noncarious dentin.

There is one exception. When caries removal
may lacerate the gingiva or compromise isola-
tion, it is advisable to leave a very small remnant
of caries temporarily. This thin band of caries at
the gingival margin may remain until root canal
treatment is complete (Figure 12-8). Then the
carious remnants are removed before the postob-
turation temporary restoration is placed. How-
ever, to repeat, all caries internal to this region
must be removed, preferably before the chamber is
unroofed.

FIGURE 72-6
A, Inadequate access opening because dentin shelves obscure orifices, particularly the mesiobuccal and mesi-
olingual orifices (arrows). B, Removal of these shelves gives good straight-line access to the canals in this max-
illary molar.
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FIGURE 12-7
Unusual situations. A, Extensive caries permits access
from the facial surface. B, The dentist did not recognize
that the retainer was misoriented on the tooth; the bur
was misaligned and perforated the mesial surface.

A hint: When caries under enamel are re-
moved, a portion of enamel is left undermined.
This undermining should be at the proximal
edges, not under a cusp. These undercuts in the
facial and lingual aid in retaining the temporary
restoration.

Existing Permanent Restoration

There is a general idea that when a restoration is
present, a textbook outline access preparation
should be done through the restoration. This is
not the case! A restoration generally provides
more flexibility in designing the preparation be-
cause of the opportunity for a wider opening.
Tooth structure is not being removed, only the
restorative materials.

I deal Situations. Removal of the entire restora-
tion, whether a small occlusal amalgam or a full
crown, is preferred. Total removal increases visi-
bility and simplifies the search for and prepara-
tion of canals. However, total removal is often nei-
ther feasible nor desirable. Retaining the proximal
component of an intact class II restoration that
extends subgingivally will aid in isolation. A
crown that is still serviceable and that will not be
replaced ordinarily is retained because the casting
may be destroyed on removal.

Extent of Opening. When the existing restora-
tion will not be removed entirely, the opening
should be expanded. This allows the operator to
widen the access to attain better visibility and
straighter access (see Figure 12-5). Obviously, a
decision must be made early in treatment (prefer-
ably as a first consideration) whether to replace or
repair the restoration (see Chapter IS). If it is to
be repaired, the opening is minimized. An excep-

tion is a full gold crown, which permits a very
wide access.

Porcelain Restorations. Access through these
presents some special problems. Edge chipping
and cracks are common; shattering or loss of seg-
ments of porcelain occasionally occurs. 18 To min-
imize these effects, preparations should be done
slowly, with copious water spray.

Restoration Repair. Restoring the access open-
ing through a crown with amalgam is permanent
and maintains crown retention at original levels.19
Therefore access usually does not ultimately com-
promise retention or strength.

Defective Restoration. Before access is begun and
the rubber dam is placed, the margins of the
restoration are checked carefully with an explorer.
This is particularly important subgingivally. Open
margins, recurrent caries, or other factors that
may lead to communication with the pulp space
after access preparation may jeopardize isolation
during treatment and between appointments. If
defective, the restoration must be removed en-
tirely. It is very important not to discover a defec-
tive restoration after the access preparation is com-
plete! This wastes time and compromises
treatment. Such a determination is made before
the rubber dam is placed and access is begun.

Existing Temporary Restoration

Frequently, a tooth requiring root canal treatment
has been restored temporarily. The same basic prin-
ciples apply as with the permanent restoration;
that is, the entire temporary restoration is removed
when feasible. When the entire temporary restora-
tion will not be removed, the opening is overpre-
pared at the expense of the material. Occasionally,
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FIGURE 12-8
A, A band of caries may be left peripherally at the gin-
gival margin (arrow to prevent laceration during caries
removal and loss of isolation. B, Caries (arrow) should
be totally removed when treatment is complete.

a portion (usually proximal) of the temporary
restoration may remain to improve isolation.

Temporary Crowns. Unless there are extenuating
circumstances, temporary crowns are removed be-
fore isolation. This improves visibility, enhances
access and canal preparation, and facilitates obtu-
ration. When left in place, temporary crowns fre-
quently become loose and are displaced by the
rubber dam clamp or leak during treatment and
between appointments.

Bands. Ordinarily it is safer to remove bands
because of their potential for leakage. However, if
a band has been placed to help retain a temporary
crown, it may aid in isolation. A well-fitting or-
thodontic band may remain and does not im-
pinge on or hamper occlusal access. However, a
rubber dam clamp may displace a band during the
procedure. If the band is not removed, the clamp
should be placed on an adjacent tooth.

Copper bands are notoriously poor for main-
taining a seal (Figure 12-9). If they are already in
place, the adequacy of adaptation should be de-
termined. If in doubt, the band is removed and
another isolation system is used (see Chapter 8).

Previous Partial Treatment

Root canal treatment started by another operator
offers special challenges. The practitioner must

make a periapical radiograph before instituting
treatment (Figure 12-10). This is done for two rea-
sons: first, to become aware of the situation and
any previous mishaps (e.g., perforations, sepa-
rated instruments, or misoriented access); and
second, if such a mishap was caused by the first
operator, the patient is made aware of the situa-
tion. Radiographs are made partly for protection;
otherwise, responsibility for the mishap may be
attributed to the second operator by the patient
or by a jury.

Although some phases of treatment have been
completed, it should not be assumed that treat-
ment has been satisfactory to that point. For ex-
ample, if access preparation and partial canal in-
strumentation have been done, the access may not
have good straight-line preparation. The operator
should be ready to correct another's faults or
errors.

Timing and Reasons for Removal
of a Restoration

Restoration removal, either total or partial,
should be completed before the opening into the
chamber is made. This saves time and also helps
to prevent particles of the temporary or perma-
nent restoration from precipitating into and
blocking the canals. If it becomes necessary to
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FIGURE 12-9
A, Two teeth requiring retreatment that will present isolation and access problems. B, Two methods of isolation
for access are shown. The copper band on the premolar is poorly adapted and will irritate the gingiva and prob-
ably leak. The IRM on the molar is the preferred approach for temporary isolation.

FIGURE 12-10
The reason for making preoperative radiographs is evident. A
treatment attempt by an earlier operator left amalgam shav-

i ng (arrows) in the canals of the first molar. The shavings
could easily be packed deeper and could block the canals.

(Courtesy G. Obermayr.)

remove more restoration after unroofing the
chamber, a cotton pellet is packed tightly onto the
chamber floor to protect the orifices. This is only
partially satisfactory; frequently the bur grabs and
displaces the cotton pellet.

Altered Internal Anatomy

External irritants and age change the morphology
of the pulp space. Anything that exposes dentin to
the oral cavity often results in formation of addi-
tional layers of dentin in the chamber.

Dentin Formation. Generally, dentin that forms
in response to surface irritants is irregular, thus
giving rise to the term "irregular secondary (or
tertiary) dentin". This dentin results from either
the stimulation of existing odontoblasts or the
destruction and replacement of odontoblasts by
a unique cell that forms a hard tissue. Invariably,
this irregular dentin forms at the base of tubules
that communicate with the exposure or the
irritation.

Areas of Altered Dentin. In most cases, the irri-
tants responsible for dentin formation are obvi-
ous. These include things such as caries, restora-
tions, areas of attrition or abrasion, and
fractures. Each results in dentin exposure and ir-
ritation of the underlying pulp. A second means
of identification is careful viewing of radio-
graphs, directing particular attention to the pulp
regions under areas of dentin irritation or expo-
sure (Figure 12-11). Access should be designed
accordingly.
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Difficult-to-Locate Canals

Difficulty in locating canals is common; a canal or
canals are certainly present in the root (as they al-
ways are) but cannot be located. Frequently, this
difficulty can be anticipated. Isolation and radi-
ographs assist in finding the canal.

Delay Isolation. Teeth may have extensive
restorations or caries or may contain canals not
visible on radiographs; these and other factors
suggest difficulties in orientation and location of
orifices. Occasionally, placement of a rubber dam
may be delayed until the chamber or canals are lo-
cated; this permits improved bur orientation to
the long axis of the crown and root. Radiographs
are studied to determine root direction, and the
alveolus is examined to detect root prominence.
The inclination of the root relative to the crown
and to adjacent teeth is noted. A canal (if single) is
located in the approximate center of the root. All
these factors serve as a guide for the operator and
the bur.

Although the best means of searching for and
determining the location of a canal is to use a
small file as an explorer, caution is needed because
the airway is not protected unless a rubber dam is
in place. A piece of floss is placed through the hole
in the handle of the file or a gauze pack posi-
tioned at the back of the tongue for protection.

Once a canal is discovered or suspected, the
rubber dam is placed immediately. A confirma-
tory radiograph with a file in place is recom-
mended if there is a possibility that the "canal"
might, in fact, be a perforation.

Exploratory Radiographs. Occasionally, as the bur
search goes deeper into the root, radiographs are
made to determine the position of the access
preparation in the root. Two radiographs are
made, one from the straight facial perspective and
another from a mesial or a distal perspective. The
canal is centered, and therefore the preparation
should also be directed toward the center of the
root. The facial projection gives a mesiodistal ori-
entation; the angled radiograph provides a facial-
lingual direction relative to where the canal should
lie. Appropriate adjustments are made to direct
the bur toward the center of the root. For specific
details of this technique, refer to Chapter 9.

FIGURE 12-11
Caries, restorations, and pins on the premolar all alter the in-
ternal anatomy by stimulating formation of irregular sec-
ondary dentin. Thus, access is difficult and must be modified
accordingly.

lyze each situation, formulate an approach, and
then proceed with caution. If on initial assess-
ment the case seems complex, the clinician should
not attempt access preparation and thus create er-
rors. The patient should initially be referred to an
endodontist.

Burs

ACCESS TECHNIQUES

There is a basic approach to access preparation
that applies in principle to all situations. Varia-
tions occur according to position, orientation,
restoration, extent of caries, and other factors.
Specific details for all situations are not discussed
in this chapter. The operator must carefully ana-

Although different designs and types of burs have
been advocated, none has been demonstrated to
be superior.20 Special burs are manufactured pri-
marily for access (Figure 12-12). These are effec-
tive but require practice. Conventional burs that
function well include the straight and tapered fis-
sure burs (Figure 12-13), occasionally supple-
mented by round burs.
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FIGURE 12-12
Access burs. A, Gates-Glidden drills; size is identified by the grooves on the shank. The drills also are available in two

l engths. The shorter are useful in molars. B, These special end-cutting burs are good for opening through porcelain or

metal. Left to right. Beaver by Dentsply Midwest, GW#2 by S S White, Transmetal by Dentsply Maillefer, H34L by

Braessler. C, Non-end-cutting burs are for removing dentin shelves and finishing the outline. Left to right Endo Access

Bur, Endo Z, Multipurpose Bur-all three by Dentsply Maillefer; 269GK by Braessler. (B and C courtesy Dr. W. Johnson.)

Procedure

To repeat, there are three general objectives. (1)
Expose and unroof the chamber for visibility. This
includes removal of pulp horns in anterior teeth;
removal of pulp horns is not always necessary in
posterior teeth. (2) Conserve tooth structure by
removing only the portions that must be re-
moved. Restorations should be removed or at
least opened widely. (3) Most important is to ob-
tain straight-line access.

These objectives are accomplished as follows
(Figure 12-13):

1. Rough out the access cavity well into the
dentin, close to the chamber, with a high-
speed handpiece (Figure 12-13, A).

2. Penetrate and unroof the chamber with a
high-speed bur (Figure 12-13, B). It is pru-
dent to measure on the radiograph the dis-
tance between the occlusal or incisal sur-
face and the roof of the chamber. This
marking is transferred onto the bur to
serve as a landmark. It indicates the ap-
proximate bur depth to the chamber roof.
When difficulty in locating the chamber is
anticipated, a search should be made for
the chamber region of greatest dimension
(for example, over the lingual canal region
in maxillary molars and over the distal
canal in mandibular molars).

3. Locate canal orifices with the endodontic
explorer. These are confirmed as canals by
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FIGURE 12-13
Basic steps in access preparation. A, The access cavity is outlined deep in the dentin and close to the chamber
roof by the high-speed bur. B, Penetration and unroofing are achieved by low-speed latch-type burs or, as in this
example, a tapered fissure high-speed bur. Other shaped burs are suitable also. C, Canal orifices are located with
an endodontic explorer and are identified and negotiated to their estimated length with small files. D, The dentin
shelves that overlie and obscure the orifices are removed.

penetrating them with small (No. 15 and
25) files (Figure 12-13, C). If there is doubt
about which canal has been discovered, an
angled radiograph is made with a file or
files in place before proceeding. Frequently
a canal that is thought to be of one type
turns out to be another.

4. Remove dentin shelves that usually overlie
and obscure canal orifices in molars with
long-shank, small round, or small tapered
fissure or diamond burs (Figure 12-13, D).
Standard-length burs may be converted to
surgical length by extension in the hand-
piece chuck. Gates-Glidden burs are not
for removal of dentin from the chamber;
these are for use at or beyond the orifice
and in the canal.

5. Before obtaining straight-line access,
canals are explored with small files to de-
termine patency and whether the canal is
large enough to accommodate Gates-
Glidden burs. This evaluation is carried
out as follows:
a. A series of small files ( No. 10 to 25) is

set at the estimated working length for
each canal.

b. Each canal is explored starting with the
smallest and progressing to the larger
files at estimated length to establish
patency.

G. Occasionally small instruments cannot be
inserted to length; this may be caused by
one of two problems:
a. Blockage. The file passes easily but

strikes a dead end, possibly owing to a
small ledge or calcification deep in the
canal. A small curve or bend is made at
the tip of the file and an attempt is
made to wiggle and tease the file tip
past the blockage.

b. Constriction. The instrument increas-
ingly binds and then stops in the small
canal. A lubricant (glycerin, liquid sur-
gical soap, or topical anesthetic) is
placed at the orifice with the tip of cot-
ton pliers or with a small syringe. The
lubricant is worked ahead of the file by
pumping and spinning counterclock-
wise. This usually permits the file to
slide several millimeters farther. Lubri-
cant is also useful in initial enlargement
and in placing larger files in the canal
after the corrected working length is de-
termined. Also, opening a canal coro-
nally often facilitates passage to the api-
cal end of the canal. More information
on managing constrictions and block-
ages is found in Chapter 13.

7. Small canals must be sufficiently large and
patent to permit passage of Gates-Glidden
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FIGURE 12-14
Gates-Glidden drill usage. A, No. 3 extends well past the orifice. B, No. 4 is used
shorter than the No. 3 and can be used peripherally for straight-line preparation.

C, These burs must be used only on peripheral walls and away from the furcation.

burs. In these smaller canals, this is best
achieved by a "passive step-back" (preflaring)
of the canals.21 This provides nonforced
enlargement and slight canal flaring; there
is a reduction in procedural errors, which
allows use of larger working length files,
with more control.22 The technique is as
follows:
a. The estimated working length (EWL) is

determined (radiographic tooth length
minus 3 mm).

b. Irrigant (in larger canals) or a lubricant
(in smaller canals) is worked apically.

c. Small files that will pass without force
to or close to EWL are then rotated
(reamed) a few times to remove a small
amount of dentin.

d. Progressively larger files at successively
shorter lengths are again rotated to re-
move small amounts of dentin. This
is continued through several sized
instruments.

8. After passive step-back preparation in
small canals or in already larger canals, the
coronal segment of the canal is ready for
Gates-Glidden burs. These burs will now
have a definite canal to follow and are less
likely to bind or create a blind ending.
Gates-Glidden burs (see Figure 12-12, A)
for most situations are stainless steel in

sizes 2, 3, and 4 (as indicated by the num-
ber of bands on the shank). No. 1 burs are
too small to be effective, dull quickly, and
break easily.23 Sizes 5 and 6 are overly large
and dangerous.

9. The No. 2 or 3 bur is run at medium speed
and with light force several millimeters
(the distance depends on canal size and
curvature) into the canal, allowing the bur
to make its own way, but away from the
danger zone. The bur should be inserted in
the same direction as the canal exits the
chamber. It should not be forced laterally,
and no attempt to gain straight-line access
should be made with the No. 2 or 3 bur
(Figure 12-14, A).

10. Use of the No. 4 bur follows almost to the
depth of the No. 3 bur. To obtain straight-
line access, the No. 4 bur is worked on the
outstroke (Figure 12-14, B). This motion is
directed toward the lingual aspect in ante-
rior teeth and toward the periphery (or line
angles) in posterior teeth, staying away
from the danger zone (Figure 12-14, C).

NOTE: Gates-Glidden burs are always worked
away from the furcation in molars to avoid
a stripping perforation. For example, to ob-
tain straight-line access on the mesiobuccal
canal of a maxillary molar, the No. 4 bur is
worked toward a "standing up" position
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FIGURE 12-15
A, The dashed lines show where dentin must be removed to achieve straight-line access. B, The access so at-
tained. C, The original canal (a) is modified by Gates-Glidden burs by removing tooth structure at Band C.

(safety zone region) on the mesiobuccal
wall (Figure 12-15).

11. Straight-line access is checked with files,
which should pass undeflected deep into
the canals. Smaller (No. 3) Gates-Glidden
burs carefully used in the canal close to
the curve facilitate straight-line access
(Figure 12-16).

Anterior Teeth

The procedure followed is basically that outlined
in the preceding section, with the following spe-
cial considerations.

Straight-Line Access. Access is evaluated with a
file. When placed deep in the canal, the file should
not be deflected from the incisal enamel. Ideally,
the file should sit passively in the canal. If it does
not, tooth structure may be removed from the in-
cisal triangle' or, preferably, from the lingual shelf
(see Figure 12-4). Usually lingual access extends
deep under the cingulum. Also, a lingual canal in
mandibular anterior teeth or premolars is often
missed because of inadequate lingual extension
and lack of straight-line access. In some cases (es-
pecially in mandibular anterior teeth), the prepa-
ration is extended close to the incisal edge to gain
direct access .24

Pulp Horns Removed. Removal of pulp horns is
evaluated with the small hooked end of an ex-
plorer (Figure 12-17). There should be no incisal

FIGURE 12-16
Gates-Glidden burs may be used deep in the canal or until re-
sistance is felt at the curvature. The more these burs improve
the access, the more efficient is the overall preparation of the
canal.
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FIGURE 12-17
The hook end of an explorer detects unremoved pulp horns.
This preparation requires opening and exposure of the horns
and removal of the lingual shelf.

FIGURE 12-18
Mesial and distal files demonstrate good straight-line access.
The middle file (arrow) is deflected by dentin shelves and of-
fers poor straight-line access.

catch. The remaining pulp horns are opened and
removed with small round burs.

Posterior Teeth

Straight-Line Access. Access is evaluated with
files, which should not deflect off the enamel. In a
single-canal premolar, the file should pass
straight into the canal. 25 In a multicanaled tooth,
the file handles ideally are parallel when all are
placed in their respective canals simultaneously
(Figure 12-18). This result is usually not totally
feasible, but at least the file shaft should not de-
flect from the enamel on an opposite wall. A cur-
vature on the thicker upper portion of the file im-
parts more straightening force on the apical
portion of the file. Therefore a straighter approach of
the file in the curved canal decreases the probability of
preparation error in the apical region.

In other words, straight-line access to the canal
in a curved root provides an opportunity to reach
the apical region and to prepare the apical curva-
ture more efficiently (by having to deal with only
one curvature rather than two).

Pulp Horns Removed. It is not necessary to open
the access excessively to remove pulp horns in mo-
lars and premolars.

Specific Preparations

In the diagrams of molar access (see the Appen-
dix), the outline is centered mesiodistally. Canal
orifices and chamber are centered and are not lo-
cated mesially as commonly reported.12 The Ap-
pendix illustrates pulp morphology and access
preparations for each tooth group.

ERRORS

Unfortunately, mistakes occur. Most result from
inadequate diagnosis and failure to recognize
problems early. Others reflect a lack of knowledge
either of internal anatomy or the desired end
point of access preparation.

Misorien to tion

I nternal Excess Removal. Excess removal of
dentin constitutes needless destruction of dentin
either in searching for the chamber or canals or in
placing the access improperly.

Anterior Teeth. Usually the bur is directed too
far labially or lingually and gouges the dentin in-
ternally (Figure 12-19).

Premolars. As with anterior teeth, the bur is di-
rected too far labially or lingually as well as
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FIGURE 12- 19
A common error encountered in achiev-
i ng access on mandibular anterior
teeth: gouging the facial or lingual
surface internally.

FIGURE 12-20
A common error encountered on
maxillary premolars: misdirection
and gouging internally toward
the mesial concavity. D, Distal;
M, mesial.

FIGURE 12-21
Common errors in access preparation of mandibular
molars. A, Gouging toward the lingual surface be-
cause of the lingual inclination of the crown and lin-
gual tipping of the tooth. L, lingual; B, buccal. B, Un-
dermining of the marginal ridge and near-perforation
on the mesial surface. The error was created by start-
i ng access too far mesially and directing the burs
straight inferiorly. D, distal; M, mesial. C, Example of
misdirected access preparations.

mesially or distally.25 These teeth leave little room
for error, particularly toward the mesial or distal
aspect, which is narrow with cervical concavities
(Figure 12-20).

Mandibular Molars. Two regions tend to be
abused: the mesial aspect under the marginal
ridge and the lingual surface beneath the lingual
cusps. The teeth and the crowns tip mesially and

lingually. A bur directed straight inferior will
gouge these areas (Figure 12-21).

Maxillary Molars. As in mandibular molars,
there is a tendency to remove dentin beneath the
mesial marginal ridge (Figure 12-22).

Mistaken Canal. As stated earlier, it is common
to become misoriented during molar access
preparation and mistake one canal for another.
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When in doubt, a file is placed and then an ap-
propriate angled radiograph is made to identify
the discovered canal.

Perforation

Perforation usually results from misorientation
(Figure 12-23) or while searching for a canal. All
perforations adversely affect prognosis; some
doom the tooth to extraction.

Causes. The major cause for perforation is lack
of knowledge of the internal tooth anatomy and
failure to consider alterations. The second major

FIGURE 12-22
A maxillary molar error: direct-
i ng access too far mesially with
undermining of the margin
ridge. D, Distal; M, mesial.

cause is rushing to treat without careful evalua-
tion. These considerations were described earlier
in this chapter and are related to restorations, al-
tered tooth position, or changes in internal
anatomy caused by caries. When the practitioner
is searching for canals in molars, most perfora-
tions occur into the furcation.

Treatment. Techniques for repairing perforations
depend on their location, size, and other factors.
Specific techniques are described in Chapter 18.

Prevention. Many errors can be prevented, min-
imized, or corrected before they become serious.
One such preventive technique is to make a bitew-
ing radiograph, which often identifies an impend-
ing problem (Figure 12-24).

Two tricks can be used to minimize misorien-
tation by staying in the long axis of the root and
crown during initial access: (1) A rubber dam is
not placed until the canal is located; and (2) a pen-
cil line is scribed on the crown, showing the long
axis of the root (Figure 12-2S).

Bur Separation

Using burs or drills improperly may result in
breakage in the canal. Delicate tapered fissure
burs should not be used deep into an orifice.
Gates-Glidden drills should be worked into canals
with continuous rotation; stopping probably will
cause the drill to bind and then separate. These
often lock in the canal and cannot be removed
(Figure 12-26).

FIGURE 12-23
Misorientation resulting in perforation. A, Molar is inclined mesially and lingually. 8, Incorrect access approach
resulting in severe perforation on mesial and into furcation.
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FIGURE 12-24
Misorientation of the access is obvious
(arrow) on the bitewing radiograph.
Identifying such an error early often pre-
vents a serious consequence and permits
correction. (Courtesy Dr. C. Koloffon.)

FIGURE 12-25
Techniques that help with difficult access. A line is scribed on
the facial surface in the long axis of the tooth. Preparation is
started without a rubber dam (until the canal is located); this
aids in orientation.
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FIGURE 12-26
Gates-Glidden drill separation. A, Drill was stopped, causing binding and breakage up the shaft. B, The drill could
not be removed, but was bypassed. C, The canal was prepared and obturated; the prognosis is good because
canal is sealed apically and coronally.

Working Length Determination

The objective is to establish the length (distance
from the apex) at which canal preparation and
subsequent obturation are to be completed. Opti-
mal length is 1 to 2 mm short of the apex, al-
though this may vary slightly with different diag-
noses. 26 Procedures may be terminated 0 to 2 mm
from the apex if the pulp is necrotic and 0 to
3 mm if the pulp is vital . 21 Of course, lengths will
vary according to many factors; these ideals are
not always attainable. Apex location varies; these
variations can be approximated but not usually
determined using only a diagnostic radiograph. 28-so

Therefore this determination must be an esti-
mate, using average measurements of distances
from the apical foramen to the true apex and
from the apical constriction (or within the canal)
to the apical foramen." Electronic apex locators
are also helpful with length determination in
many situations.

Prognosis and microbiologic studies as well as
histologic experiments involving healing after ob-
turation consistently show that it is preferable to

confine instruments, chemicals, and obturating
materials to the canal space. 12-11

REFERENCE POINT

The reference point is the site on the occlusal or
incisal surface from which measurements are
made. This point is used throughout canal prepa-
ration and obturation.

Selection

A reference point is chosen that is stable and eas-
ily visualized during preparation. Usually this is
the highest point on the incisal edge on anterior
teeth and a buccal cusp tip on posterior teeth. The
same reference point is best used for all canals in
multirooted teeth. The mesiobuccal cusp tip is
preferred in molars.

Stability

A reference point that will not change during or
between appointments is selected. Examples of
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unstable reference points are undermined cusps
or cements. If it is necessary to use an undermined
cusp, it should be reduced considerably before ac-
cess preparation. Areas other than cusp tips, such
as marginal ridges or the floor of the chamber, are
unreliable or difficult to visualize.

TECHNIQUE FOR DETERMINATION

After coronal access preparation and passive step-
back, the working length is determined . 38

Different techniques have been used, studied,
and advocated for determining working length,
including radiographic (conventional or digital),
electronic, and tactile methods; none are totally
accurate or infallible . 39 Electronic techniques are
best used in certain situations, but must be con-
firmed radiographically; tactile methods are too
unreliable. Radiographs are usually made to de-
termine the working length. A workable tech-
nique is as follows.

Estimated Working Length

and are usually not visible. On molar radi-
ographs, No. 15 file tips are often obscure.

5. In a multicanaled tooth, files are usually
placed in all canals.

6. If a root contains two canals (or may have
an undiscovered canal), the cone should be
positioned at a 20-to 30-degree horizontal
deviation from the standard facial projec-
tion. (Exceptions are maxillary molars, for
which at least a facial radiograph should be
provided.)

7. A film is exposed with the instruments in
place. Either conventional or digital radiog-
raphy is suitable.'"' Usually one radi-
ograph is sufficient; occasionally an addi-
tional film is necessary.

Corrected Working Length

The corrected working length is determined by
measuring the discrepancy between the tip of the
file and the radiographic apex. The file is then ad-
justed to 1 to 2 mm short of the radiographic apex.

1. The diagnostic film, which is made using a
paralleling technique, is measured from the
reference point to the apex with a millime-
ter endodontic ruler.

2. From the radiographic tooth measure-
ment, 3 mm is subtracted for the estimated
working length. This takes into account
the following:

a. The relation of the radiographic apex
to the actual apical foramen or con-
striction (approximately 1 mm).

b. The magnification effect of the radi-
ograph. Magnification of 2 mm (be-
cause of divergence of the central
beam) is allowed for all teeth.

c. This 3-mm decrease should generally
leave the initial instrument placement
slightly short of working length (a
good "fudge" factor).

3. An instrument stop measured to the esti-
mated working length is placed on each of a
series of small files.

4. These files are used in successively larger
sizes to explore the canal until a size is
reached that binds (locks) at or slightly
short of the estimated working length. If
this is No. 25 or larger, a working length
film is made with this file in place. If smaller
than this, passive step-back is performed
(described earlier). A radiograph is then
made with a file binding tight. No. 8 or 10
files should not be used to take working
length radiographs; small file tips fade out

Variations

The proper working length distance from the ra-
diographic apex varies (Figure 12-27). A periradic-
ular lesion resorbs bone and apical tooth struc-
ture .'Z The apical resorption may or may not be
visible radiographically, but significantly alters
apical anatomy (Figure 12-28). Working length
distance from the apex is determined when the
following are seen radiograpbically:`

1. No bone or root resorption: 1 mm from
apex.

2. Bone but no root resorption: 1.5 mm from
apex.

3. Bone and root resorption: 2 mm from apex.

The distance from the file to the apex is mea-
sured and then the file is adjusted to obtain the
correct working length. An additional radiograph
is not necessary for verification unless there is a
discrepancy greater than 3 mm. If so, a confirma-
tory radiograph should be made.

ALTERNATIVE TECHNIQUES
Electronic Apex Locators

Electronic devices have been designed to deter-
mine canal length by "reading" when periodontal
ligament has been reached by the file tip at the api-
cal foramen. The electronic principle is relatively
simple and is based on electrical resistance; when a
circuit is complete (tissue is contacted by the tip of
the file), resistance decreases markedly and current
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suddenly begins to flow (Figure 12-29). 4 " Accord-
ing to the device, this event is signaled by a beep, a
buzz, a flashing light, digital readouts, or a pointer
on a dial.

The original electronic apex locators operated
on the direct current principle. A problem with
these devices was that conductive fluids such as he-
morrhage, exudate, or irrigant in the canal would
permit current flow and therefore a false reading.
Newer devices (Figure 12-30) are impedance-based,
using alternating current of two frequencies; these
measure and compare two electrical impedances

that change as the file moves apically. The benefit
is that these devices are much less affected by fluid
conductive media in the canal." The impedance-
type apex locators have been demonstrated to be
80 to 95% accurate in identifying the apical fora-
men. 46,47 Therefore after obtaining a reading, 1 to
2 mm is subtracted as the corrected working
length.

Although there are some variations with newer
devices, most operate similarly. One electrode is
attached to the patient (commonly a lip clip); the
other electrode is clipped to the file. The patient

FIGURE 12-27
Determination of proper working length distance from apex. This distance varies according to radiographic find-
i ngs: A, When there is no bone or root resorption: 1 mm from apex. B, Bone but no root resorption: 1.5 mm from
apex. C, Both bone and root resorption: 2 mm from apex. (Courtesy Dr. A. Goerig.)

FIGURE 12-28
Apical resorption. A, Bone and root resorption at the
apex. B, Viewing this histologically, the apex appears
blunt and the canal has funneling resorption (arrow).
The working length must be decreased to confine in-
struments to the canal. (Cadaver specimen, courtesy
Dr. D. Holtzmann.)
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therefore forms part of the circuit. When current
flows, the operator is notified by one of the afore-
mentioned signals. After the length adjustment is
made, a confirmatory radiograph is made (angled
when indicated) with an appropriate size file at
this length.

These heavily marketed devices have engen-
dered the interest and attention of clinicians and
have been the subject of considerable research."
The apex locators are most useful for determining
or confirming lengths on apices that are not
clearly visible radiographically (Figure 12-31).
They also are a good supplement to working radi-
ographs and may improve length determina-
tion." Importantly, this method does not replace
radiographic techniques." Radiographs not only
determine working lengths, but angled working
films also provide information regarding tooth
and canal anatomy, curvatures, and relationships.

Electronic apex locators are also useful for
identifying the presence and location of a perfora-
tions' If a perforation is suspected, a file may be
clipped to an apex locator. The file tip is then
teased into the area of the suspected perforation.
A positive reading would indicate contact with
lateral periodontium.

Feeling the Apical Constriction

A popular belief is that a dentist with well-
developed fingertip tactile sense can detect

when the file tip has reached the apical constric-
tion. In most instances, this is unreliable."
Many apical regions do not in fact have a con-
striction; even those that do are at variable dis-
tances from the apical foramen.

FIGURE 12-29
Electronic apex locators (EALs) operate on direct current,
which is supplied by the unit on the upper right. One electrode

is in contact with the metal shaft of the file; the other contacts
soft tissue, usually by a lip clip. When the tip of the file touches
tissue at the apical foramen, current begins to flow.

FIGURE 12-30
Examples of impedance-based electronic apex locators. These will function fairly accurately in either a wet or dry canal.
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FIGURE 72-37
An apex locator would be very useful in determining the work-
i ng length of this molar; all apices cannot be visualized radi-
ographically because of superimposition over the other molar.

Patient Response

Another fallacious belief is that if the pulp is
necrotic or if canal preparation is complete, an
unanesthetized patient will detect the file tip
when it reaches and contacts the vital tissue at the
apical foramen. Supposedly, the patient then sig-
nals this event with an "eye blink" or other pain
response. There are problems with this approach
also. First, the procedure is painful for the pa-
tient. Second, a necrotic pulp frequently contains
vital inflamed tissue that extends several millime-
ters into the canal . 34 This tissue may be very sensi-
tive and respond to instrument contact short of
the apex. Third, a patient feels pain after canal
preparation is complete from hydraulic pressure
even though instruments do not reach the apical
region.

The opposite of pain with instruments short of
length is lack of pain response when instruments
are beyond the apex. This has been observed in
some situations when, in an unanesthetized pa-
tient, an instrument has passed several millime-
ters out of the apex without being detected.
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Objectives
The end points of cleaning and shaping must be
recognized. In other words, is canal preparation
complete, and what criteria are used to make that
determination? Schilder' defined the general ob-
jectives of canal preparation as follows: "Root
canal systems must be cleaned and shaped:
cleaned of their organic remnants and shaped to
receive a three dimensional hermetic filling of the
entire root canal space."

Cleaning and shaping are action words that
identify precisely the two major goals of canal
preparation. In fact, the goals are quite different,
even though both are accomplished simultane-
ously and with the same instruments and agents.
Therefore, criteria for each are considered sepa-
rately. In addition to cleaning and shaping, apical
preparation is also an important goal.

CLEANING

Debridement

By definition, debridement is the removal of exist-
ing or potential irritants from the root canal sys-
tem. The goal is elimination; in actual practice,
there is usually only a significant reduction. These
irritants consist of the following, either singly or
in combination: bacteria, bacterial byproducts,
necrotic tissue, organic debris, vital tissue, salivary
byproducts, hemorrhage, and other contami-
nants. The components in a necrotic pulp space
represent a potent irritant.

Technique. The principle of debridement is sim-
ple. Ideally, instruments contact and plane all
walls to loosen debris. The chemical action of irri-
gants further dissolves organic remnants and de-
stroys microorganisms. Irrigants then flush the
loosened and suspended debris from the canal
space. This rids the canal space of irritants. How-
ever, experiments have shown clearly that with the
canal preparation techniques currently available,
such complete debridement is very difficult and in
most cases nearly impossible.` Despite a practi-
tioner's best efforts, remnants usually persist after
the most careful chemomechanical preparation of
the canal (Figure 13-1). So, realistically, the objec-
tives are (1) to reduce these irritants to a subsig-
nificant level and (2) to obturate so that the rem-
nants are sequestered within the canal. Histologic
and ultrastructural studies have demonstrated the
presence of tissue elements and debris at all levels
and in all areas of the canal, particularly in regions
inaccessible to files (Figures 13-1 and 13-2).

Limitations. The root canal system is a very dif-
ficult environment in which to operate. To reem-
phasize an important concept, files must contact and
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FIGURE 13-1
A, Remnants of tissue and debris are present in apical ramifications (arrows) and in a concavity in the canal wall.
B, Remnants in the concavity comprise a mixture of connective tissue, dentin chips, and other debris. This is a re-
gion in which the wall was not contacted by files during canal preparation.

plane the walls to debride effectively (see Figure 13-1).
Such contact is often impossible owing to the de-
sign and physical properties of instruments and the
irregularities of the pulp system.

Intracanal instruments were designed origi-
nally without consideration to the space in which
they were to do their work. Reamers and files are
best suited to enlarge a relatively straight, slightly
tapered canal for post space. Their design and
physical properties preclude effective debride-
ment of actual canals. The interior of canals is
bumpy with dips, concavities, intercanal commu-
nications, cul-de-sacs, inaccessible fins, apical
ramifications, and other sequestered regions that
these instruments have no chance of reaching. An
additional complication is the usually curved
canal that must be negotiated with relatively in-
flexible intracanal instruments.

It would seem that these debridement prob-
lems could be overcome by enlarging canals to
greater sizes and by using irrigants or other chem-
icals that would break down tissue and bacterial
remnants. However, increasing canal enlargement

may not improve debridement and has other dis-
advantages, such as weakening the tooth.' Irrigat-
ing solutions also have limitations; these are dis-
cussed in detail later in this chapter.

Because of the difficulties with and inadequa-
cies of instruments, irrigants, and techniques, the
outcome is usually incomplete debridement of
canals. There may be sufficient debris to compro-
mise success, however, obturation may sequester
these irritants, but this sequestration may not last
indefinitely. With time, sealer may be washed out,
or other communications may develop. Thus, the
debris may now harbor and feed bacteria. Then ir-
ritants are produced that pass via the main or lat-
eral canals to the periodontium. The result may
be short-term treatment success but long-term
failure. Thus, it is important to maximize canal
debridement during cleaning and shaping.

Criteria. Unfortunately, there are no totally re-
liable, easily definable criteria for determining the
end point of debridement. One suggestion has
been to obtain clean shavings. However, shavings
are difficult to see on files at all, whether clean or



FIGURE 13-2
Facial-lingual section through the mesial root of a first molar.
The intercommunicating isthmus (arrow) contains tissue after
canal preparation. These regions are common and are inac-
cessible to instruments and irrigants.

dirty. When this criterion has been used in studies
evaluating canal debridement, there is little rela-
tionship between clean shavings and the quality
of debridement.' Attainment of clean irrigating
solution is another criterion. However, this is also
inaccurate and serves only as a crude indictor.

Achievement of glassy smooth walls is the pre-
ferred result.' Smoothness is evaluated by firmly
pushing the side of the tip of a small instrument
along each wall on the outstroke. The walls
should become and feel smooth in all dimensions.
Although the best indicator to date, this criterion
is not totally accurate either. Other and better de-
terminants are yet to be identified.

SHAPING

Schilder' outlined the principles of shaping as fol-
lows: "To develop a continuously shaped conical
form from apical to coronal. The apical prepara-
tion should be as small as is practical and in its
original position spatially." In addition, removal of
a uniform layer of dentin in all dimensions and all
regions of the canal is also desirable. Is such uni-
form removal of dentin from all canal walls achiev-
able? The answer is "seldom" for either straight or
slightly curved canals and "almost never" for more
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FIGURE 13-3
Canal cross section (after preparation) shows the ineffective-
ness of debridement at times. The dashed line indicates the
approximate dimension of the original canal. Residue in-
cludes intact tissue with blood vessels (BV) mixed with
dentin chips (DC). Note that instruments have done most of
their work by stripping away the dentin outside the original
canal and have left other areas untouched.

curved canals. The same problem occurs in shap-
ing as in cleaning. The nature of canal dimensions,
shape, and curves as well as the physical properties
of shaping instruments prevents the possibility of
a uniform, tapered, flowing preparation.

Essentially all canals are curved, and most in-
struments are relatively inflexible. It has been sug-
gested that instruments be precurved to fit the
canal. However, the files will cut to the outside of
the curvature ("transportation") regardless of
whether files are precurved 7 ' and whether the files
are stainless steel or nickel- titanium. 9 In curved
canals, files do most of their work by stripping
away layers of raw dentin from one or two walls in
certain areas (Figure 13-3); they may not touch or
may enlarge many other regions of the canal."
Recognizing these deficiencies, the dentist at-
tempts to minimize this action by using certain
techniques of preparation.
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Enlargement

The eternal question is, how much should the
canal be enlarged? The answer is simple (although
implementation is difficult): enough to permit
adequate debridement as well as manipulation
and control of obturating materials and instru-
ments, but not so much that the chances of mak-
ing procedural errors and needlessly weakening
the root are increased.

taper is sufficient to permit spreader penetration
deep into the canal (0 to 1 mm from the apical
stop) with some space adjacent for gutta-percha,
the flare is adequate (Figure 13-4)." With lateral
condensation, the deeper the spreader penetrates
during its initial insertion alongside the gutta-
percha, the better the apical seal." With vertical
condensation, sufficient flare is required to allow
placement of pluggers within 3 to 5 mm of work-
ing length.

Taper

Generally, taper should be sufficient to permit
deep penetration of spreaders or pluggers when
obturating with gutta-percha. Excessive taper
may result in unnecessary removal of dentin and
weakening of the root.

Criteria

Adequate shaping basically reflects adequacy of
preparation for obturation. That is, whether the
technique is lateral or vertical condensation, the
canal must be flared and enlarged to permit con-
trol and to achieve adequate depth for spreader or
plugger insertion during obturation."

To test adequacy, selected obturating instru-
ments are "tried-in" during canal shaping. When

MASTER APICAL FILE
DETERMINATION

The master apical file (MAF) is by definition the
largest file that binds slightly at the corrected
working length. The MAF is determined by pas-
sively placing successively larger files at the cor-
rect working length until a size is reached that
slightly binds at the tip. This determination is
made after straight-line access (see Chapter 12).
Straight-line access allows files to be introduced
without binding through the chamber and into
the canal until the first canal curve is reached,
thus eliminating interference cervical to the
apical constriction." After MAF determination,
the next procedure is step-back cleaning and
shaping.

FIGURE 13-4
A, Canal preparation has inadequate flare, limiting spreader penetration. B, Canal preparation has greater taper
to allow deep spreader penetration and better obturation.
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APICAL PREPARATION

An additional objective is adequate preparation
of the apical region. Length is important, but
even more critical is the creation of an apical
"matrix" or constriction. The apical matrix has
two purposes: (1) to help confine instruments,
materials, and chemicals to the canal space; and
(2) to create (or retain) a barrier against which
gutta-percha can be condensed. Depending on
apical foramen configuration and canal shape
and size, an apical stop, apical seat, or open apex
will be created (Figure 13-5). Whichever of these
three occurs, the result will influence the choice
of the obturation technique and possibly affect
the ultimate prognosis."

The apical patency concept has been proposed
as another means of managing the apex.'-' The
technique is to perform apical "trephination,"
i.e., to pass small files through the apical fora-
men (without widening it) at times during canal
preparation. The idea is that this will prevent
hard or soft tissue blockage of the foramen,
thereby improving debridement and reducing
irritants. There is no experimental support for
the apical patency approach. In fact, repeated
use of files through the apex and extruded sealer
will damage periradicular tissues and cause
inflammation.

Variations

Apical Stop. A barrier at the preparation end is
an apical stop.

Apical Seat. Lack of a complete barrier but the
presence of a constriction represents an apical seat.

Open Apex. The apical preparation resembles
an open cylinder (neither barrier nor constric-
tion). Open apex is undesirable and will probably
not confine materials to the canal space. In addi-
tion, there is no semblance of a matrix against
which to condense gutta-percha; often, no apical
seal will be created.

Criteria

An instrument one or two sizes smaller than that
used for apical preparation (i.e., the MAP) is the
instrument used for evaluation. If this smaller in-
strument is placed to length, tapped around, and
hits a dead end in all areas, this is an apical stop. If
the file meets some resistance but can be passed
through the constriction, this is an apical seat. If
the instrument passes unimpeded through the
apical preparation, neither seat nor stop is pre-
sent; this represents an open apex. Lack of a stop or
seat is undesirable and is usually preventable.

A mnemonic that can be used to remember
stop, seat, and open is as follows: Santa Claus at-
tempts to go down the chimney. If the damper is
closed, his feet strike that impediment and he
proceeds no farther; that is a stop. If the damper is
open but small, his feet and legs will pass through
but not his seat. If a damper is not present, his feet,
legs, seat, and torso pass through with ease (an
open apex); the same thing tends to occur with
gutta-percha and sealer during condensation.

FIGURE 73-5
Apical preparations. A, Apical stop: Creation of a small ledge at working length. B, Apical seat: Permits passage
of a small instrument through the apical foramen. C, Open apex: Preparation is wide open with no barrier or con-
striction. It is difficult to obtain a seal and to contain obturating materials. (Courtesy Dr. A. Goerig.)
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Techniques of Pulp Extirpation
and Cleaning and Shaping
Preparation includes removal of vital pulp (extirpa-
tion) as well as cleaning and shaping. Cleaning and
shaping methods have historically varied according
to the situation and the obturating material se-
lected. However, at present, two basic approaches
are used: the standardized taper and the flaring (step-
back or crown-down) taper. There are several varia-
tions in methods used to achieve these.

The broach is measured at estimated length
and teased into the canal short of working length.
The handle is rotated a few times and then with-
drawn. The broach is not reused if it is bent or has
bound in the canal-a new instrument is selected.
If tissue is not removed, a larger size is tried. A
technique used in larger canals is the "broach
wrap." Two smaller broaches are inserted, and
then the handles are wrapped several times
around each other; this often engages and dis-
lodges the pulp.

PULP EXTIRPATION
Bulk Removal

Pulpotomy is removal of the coronal vital pulp.
Extirpation of the vital radicular pulp with a

broach does not represent pulpectomy, which is
total removal of pulp tissue. Rather, portions of
pulp are dislodged and pulled out, leaving shred-
ded remnants. This is a partial pulpectomy. Com-
plete removal is not accomplished until working
length is established and considerable canal
preparation has been done.

Complete removal of necrotic and vital radicu-
lar pulp is referred to as debridement (cleaning
and shaping). To perform a pulpotomy or pulpec-
tomy, there must be vital pulp tissue present.
There is no descriptive term for the removal of
necrotic pulp tissue; however debridement of the
canal space is necessary. The description "access
with no vital pulp" or "debridement with no vital
pulp" should be used instead of "pulpotomy" or
"pulpectomy" to describe situations in which the
pulp is necrotic.

The preferred time for pulp extirpation is dur-
ing access. Completion of access preparation is
difficult without good visibility, which is difficult
with continuous hemorrhage into the chamber
from a torn pulp stump. The best time to extir-
pate is when the chamber is unroofed and canals
are discovered. Another indication for extirpation
is persistent tissue sensitivity in a particular canal.
The hyperreactive pulp is broached out quickly,
facilitating canal preparation if the patient is
comfortable.

Technique

A barbed broach should fit the canal dimensions
approximately (according to radiographic size)
but does not bind. The larger the instrument, the
better it will "grab" tissue. However, a too-large in-
strument risks binding in dentin with possible
breakage. Caution must be used with broaches be-
cause they are somewhat fragile instruments and
are difficult to remove when separated.

STANDARDIZED PREPARATION

This is the classic technique initially described as
the preferred method of cleaning and shaping. ' 6

Objective

The desired end result is the creation of a prepara-
tion that has the same size, shape, and taper as a
standardized instrument. The technique was an
outgrowth of size standardization, which was intro-
duced in the 1950s as a guide for endodontic in-
strument manufacturers." At that time, an attempt
was made to apply these standards as a guide to
canal enlargement. In fact, creating a true standard-
ized tapered preparation is difficult in ideal situa-
tions and impossible in curved canals.10,18,19

Standardized preparation is indicated for silver
cone obturation but may also be used for gutta-
percha.20 However, the operator must exercise
care, particularly in curved canals. Preparation
with large instruments around curves transports
the preparation, which tends to create irregulari-
ties (ledges and zips) and subsequent problems.

Method

The technique is shown in Figure 13-6.

FLARING PREPARATION

This is a tapered preparation, using a step-back or
crown-down technique or a combination of the
two. The concept of the step-back (also known as
flaring or serial preparation) technique is rela-
tively recent. It was first described by Clem" in
1969 and became popular when a series of re-
search reportS2,4 indicated its superiority over the
standardized preparation techniques. In addition,
the step-back technique creates a smoother flow
and a more tapered preparation from apical to
coronal direction. The step-back technique with
stainless steel instruments is currently the most
widely taught and used technique . 22 The crown-
down (also known as step-down) technique is also



relatively new and also creates a tapered prepara-
tion. Flaring techniques that use nickel-titanium
hand or engine-driven rotary instruments are be-
coming increasingly popular. Also popular are
techniques that use a combination of step-back
and crown-down with hand and/or rotary instru-
mentation. These will be further discussed later in
this chapter.

Objective

The objective is to keep the apical preparation as
small as practical (but well debrided) with an in-
creasing taper throughout the canal. Also, the
final apical preparation should be at or close to
the original canal position. It is desirable to re-
move a layer of dentin from all canal walls from
apical to coronal. Such removal has been shown
to be difficult but is more achievable with the flar-
ing techniques.

Method

The basic method of canal preparation for any
flaring technique is as follows:

1. Negotiate the canal space with small files to
length.

2. Remove coronal dentin (enlarge the coronal
canal) to facilitate placement of larger files
in the middle and apical regions. This is per-
formed with Gates-Glidden burs, orifice
openers, or hand files.

3. Determine the size of the file that corre-
sponds with the size of the most apical
canal space. This is the "master apical file."
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FIGURE 13-6
Standardized technique. A to C, The objective is to at-
tempt to prepare the canal to uniform size using suc-
cessively larger instruments to working length. D, In re-
ality, instruments larger than No. 20 or 25 (depending
on curvature) tend to cut straight ahead, resulting in
apical "transportation," ledges, or creation of a new
canal, as indicated by the dotted and dashed lines.

FIGURE 13-7
Step-back technique. A, Canals are prepared to a small
size at the apical length. B and C, Larger files are used
sequentially to decreasing lengths. D, The result is a
preparation with small apical enlargement and a marked
taper from apical to coronal. Small steps usually remain
i n the apical area.

4. Enlarge the apical and middle canal spaces
with a flaring preparation (step-back or
crown-down) to clean and shape.

The description to follow is a hand prepara-
tion technique with stainless steel and/or nickel-
titanium files. First, access preparation, passive
step-back ,23 and working length are performed as
detailed in Chapter 12.

Straight-line access is also completed and MAF
size is determined. The step-back technique (Fig-
ure 13-7) is then executed as follows. Note that
apical preparation has two phases, initial and
final. The initial phase is small to minimize trans-
portation. In the final phase the apical prepara-
tion is increased three to four sizes larger during
apical clearing; this will improve debridement and
obturation. The apical clearing technique is ex-
plained later in this chapter.

Apical Preparation. This is the next step after
straight-line access is made and the MAF size is
determined. To keep the canal small but debrided,
the apical 1 to 2 mm of the canal is enlarged by
reaming (cutting by rotation), generally to only
one or two sizes larger than the MAR Care is re-
quired to not overprepare the apical region, particularly
in the curved canal!

As the curvature becomes greater, a smaller
apical preparation is needed. If the canal is small
and the curvature is more than slight, the MAF is
usually no larger than a No. 20 file. A straight or
slightly curved canal allows more latitude for a
larger MAR

If the apical portion of the curved canal is
anatomically larger than a No. 25 file, to minimize
transportation, no attempt should be made to enlarge
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this region further than the size of the file that shows slight
binding. Again, whichever instrument binds slightly
at length is used; this will be the MAF. Step-back is
begun from this point.

Taper. After apical preparation, tapering of
the remaining canal is created by shortening
the working length of each successively larger
instrument by 0.5 mm and by performing pe-
ripheral filing (Figure 13-8)." This creates the
step-back.

Recapitulation. After each step-back file is used,
recapitulation is performed by returning to length
with the MAF (or smaller file) (Figure 13-9)." The
instrument is rotated carefully to loosen debris
but not enlarge the apical canal.

I rrigation. At least 2 ml of irrigant is used
between each file size after recapitulation (Fig-
ure 13-9).

Size of Preparation. Step-back instrumentation
up to at least a size 70 file is usually necessary. This
should give adequate debridement of most of the
canal as well as sufficient taper to permit deep
spreader (or plugger) penetration. A larger step-
back is indicated in larger canals.

Final Apical Enlargement. This will improve
debridement of the apical portion of the canal.
See the upcoming section on "Apical Clearing."

Crown-Down

The "crown-down pressureless" technique26 and
the step-down technique27 are modifications of
the step-back technique. Crown-down, step-
down, and step-back procedures produce a simi-
lar outcome, resulting in a flaring preparation
with small apical enlargement. Like the step-back,
these techniques are particularly useful in fine
curved canals of maxillary and mandibular mo-
lars (Figure 13-10). Advocates propose that the
canals will be somewhat debrided before the in-
struments are placed in the apical region, thereby
decreasing the chance of debris extrusion.

The crown-down is often suggested as a basic
approach using nickel-titanium rotary instru-
ments. Although there is some evidence that these
techniques are effective and result in a desirable
preparation shape ,26.27 there is no proof that they
are superior clinically to step-back instrumenta-
tion with hand files. However, the logic of these
approaches makes them good alternatives.

PASSIVE STEP-BACK

The passive step-back technique uses a combina-
tion of hand instruments (files) and rotary instru-
ments (Gates-Glidden drills and Peeso reamers) to
achieve adequate coronal flare before apical root
canal preparation.

The passive step-back technique provides an
unforceful and gradual enlargement of canals in
an apical-coronal direction. In addition, it is ap-
plicable in every canal type, is easy to master, re-
duces procedural accidents, and is convenient for
both operator and patient.

Instruments

No. 10 to 40 K-type files, No. 2 and 3 Gates-Glidden
drills, and Peeso engine reamers as well as high-
speed round and diamond burs will suffice for most
situations.

FIGURE 13-8
Peripheral filing. The end portions of the files are pressed suc-
cessively against each of the four walls (arrows). The action
i s similar to that used with a paintbrush. (Courtesy Dr. G.
Scott.)

Clinical Techniques and Rationale

Step One: Access Preparation. With the use of an
appropriate sized bur in a high-speed handpiece,

FIGURE 13-9
Sequencing during preparation.



13 / Cleaning and Shaping

	

21 5

the pulp chamber is penetrated and unroofed.
After the canal orifice is located, the access cavity
wall(s) are flared adjacent to the orifice with a
thin, tapered diamond bur. With use of the diag-
nostic film, a No. 15 file is placed in the canal at
the estimated working length of the root canal ei-
ther as determined radiographically or with an
electronic apex locator.

Step Two: Passive Step-Back Hand Instrumentation.

After depositing sodium hypochlorite in the pulp
chamber, a No. 10 or 15 K-type file is placed to the
radiographic apex with a very light one eighth to
one quarter turn and push-pull strokes to establish
apical canal patency with little or no resistance.
With the same motion, No. 20,2S, 30,3S, and 40 K-
type files are carried into the canal as far as they can
be inserted passively to remove small amounts of
dentin. After passage of these files, the canal is irri-
gated with sodium hypochlorite solution.

Step Three: Passive Use of Gates-Glidden Drills. A
No. 2 Gates-Glidden drill is inserted into the
mildly flared canal to a point where it binds
slightly. It is then pulled back about 1 to 1.5 mm
and the slow-speed handpiece is activated. With
an up-and-down motion and slight pressure, the
desired canal wall(s) is planed and flared. A simi-
lar technique is used to plane and flare the coro-
nal region with No. 3 Gates-Glidden drill. A No. 4
Gates-Glidden drill is used in large canals. The
root canals should be irrigated with sodium
hypochlorite solution between the engine-driven
instrument.

Step Four: Passive Use of Peeso Reamers. A No. 2
Peeso reamer is placed into the canal to a point

where it binds slightly. It is then pulled back
about 1 to 1.5 mm and the slow-speed handpiece
is activated. With a gentle up-and-down motion,
the coronal portion of the canal is shaped and
flared further. With the use of a similar technique,
the coronal 2 to 3 mm can be flared with a No. 3
Peeso reamer.

Step Five: Confirmation of Working Length. Be-
cause flaring and removal of curvatures reduce
the working length, it is essential to confirm the
corrected working length before apical prepara-
tion. After placing a No. 15 (patency file) or
No. 20 file in the canal, the working length should
be confirmed either with a radiograph or an elec-
tronic apex locator.

Step Six: Apical Preparation. After the canal is
flared and the corrected working length is deter-
mined, a No. 20 file should penetrate to the work-
ing length without any resistance. The canal is then
prepared with sequential use of progressively larger
instruments placed successively short of the work-
ing length. Narrow or curved root canals should
not be enlarged beyond the size of No. 25 or 30 files.

Evaluation Criteria

There are basically three criteria for evaluation of
canal preparation.

1. Dibridement. After preparation, the MAF tip
is pressed firmly against each wall on the
outstroke. All walls should feel smooth.

2. Taper. The selected spreader passes easily to
or within 1 mm of the working length with

FIGURE 73-10
A summary of the step-down preparation. The
diagram indicates the instruments or burs used

i n each region. Other combinations of burs and
hand and/or rotary instruments can be used.
This approach is designed for straight unim-
peded access to the apical region. (Courtesy
Dr. A. Goerig.)
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APICAL CLEARING

FIGURE 13-77
Apical clearing has two steps: final
apical enlargement and dry reaming.
Note removal of dentin chips apically
and accentuation of the apical stop.
The last instrument used is the final
apical file (upper right lower center).

space alongside for the master gutta-percha
cone.

3. Apical Preparation. A seat or a stop or neither
(open apex) is identified by using a file
smaller than the MAF at the working
length.

These three criteria were described earlier in
this chapter.

APICAL CLEARING

Apical clearing results in (1) better debridement,
(2) enhanced obturation, and (3) a more defined
apical stop.28 Performed in a prepared canal with an
apical stop, apical clearing enlarges the apical re-
gion at the corrected working length (Figure 13-11).
There are two steps: final apical enlargement and dry
reaming.

Apical clearing is indicated only if there is an
apical stop. Further apical enlargement in the
presence of an apical seat or open apex configura-
tion increases the chance of an overfill by remov-
ing dentin chips that are forming a partial plug or
seal, or it may actually open the apex further.

Final Apical Enlargement. This step is performed
after canal preparation is complete and has met
the criteria of adequate cleaning and shaping. In-
stead of final recapitulation, instruments three to
four sizes larger than the MAF are carefully spun
(reamed) in a clockwise manner at the working
length in the wet canal. Therefore, the final apical
size in a smaller canal would be No. 35 or 40. Final
irrigation with 2 to 3 ml of irrigant per canal is

followed by drying with paper points. This mini-
mal, careful use of files in a tapered (flared) canal
will better debride the apical few millimeters and
will not cause transportation or ledging.28

Final apical enlargement is not done in canals
greater than a size 40. If MAF size is already
greater than 40 and there is an apical stop, dry
reaming is done with the MAF only.

Dry Reaming. The files used will remove dentin
chips that pack apically during drying (Fig-
ure 13-12). Dry reaming is done after final apical
enlargement and irrigation and drying with paper
points. The last size file used for final apical en-
largement (or the MAF if larger than a size 40) is
then spun carefully in a clockwise manner to
length. This is the final apical file.

ANATOMIC ABERRATIONS

The root canal system, contrary to the usual dia-
grammatic representation, is irregular. Mother
Nature does not form dentin internally with a
uniform pattern; therefore, there are many re-
gions containing tissue that lie outside the main
canal. These relatively inaccessible areas must be
considered during preparation and are recognized
as potential causes of long-term failure.

Types

These aberrations are subclassified as intercanal
isthmi, cul-de-sacs, lateral canals, apical ramifica-
tions, and concavities. Numbers and irregularities
of anatomic aberrations increase in the posterior
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FIGURE 13-12
Apical clearing. Apical enlargement has been done with Nos.
25, 30, and 35 files (left to right). Note the dentin shavings
(arrows) on the apical regions of the files.

teeth
,
29 reflecting the larger roots of molars and

most premolars as well as their complex pattern
of formation.

Significance

All these aberrations are relatively inaccessible to
intracanal instruments . 3° Regardless of the tech-
nique or chemicals used, isthmi (see Figure 13-2),
cul-de-sacs, lateral canals (Figure 13-13), and apical
ramifications (Figures 13-1 and 13-14) are gener-
ally not debrided at all. Fins and concavities, if ex-
posed to irrigants, may be partially cleaned, proba-
bly owing to the surface solvent or flushing action
of the irrigant. Not only are all these aberrations
largely undebrided, but also bits of tissue and
dentin chips may actually be pushed into these
areas after being loosened from the main canal.

NOTE: Maximal debridement will occur pre-
dictably only when the files contact and plane all
walls. The ability to achieve maximum instru-
ment contact is enhanced with good straight-line
access (Figure 13-15).

FIGURE 13-13
A lateral canal (arrow) in this cross section of a root in the api-
cal third. Although the main canal has been well debrided, tis-
sue remains intact in the lateral canal. This is a typical finding.

FIGURE 13-14
Apical ramifications. These are similar to the lateral canals in
that they communicate pulp-to-periodontium. These regions
also contain tissue and preparation debris (arrow) that is not
removed by instruments and irrigants.
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FIGURE 13-15
I nadequate straight-line access on the mesial canals (A) has
been corrected (B). C, The resultant preparation and obtura-
tion shows small apical enlargement and continuous flaring.

The importance of minimizing the volume of
tissue remnants in canals after preparation is obvi-
ous. If these irritants are sufficiently large and po-
tent, have access to the periodontium, and are not
otherwise "neutralized" by host defenses, disease
and eventual failure will occur because of inflam-
mation. This principle was discussed in detail ear-
lier in this chapter. The bottom line is that there
are regions that cannot be debrided and these may
compromise treatment and, ultimately, success.
Therefore, some factors that cause failure are be-
yond the capability of the dentist to manage.

Chemical Adjuncts
As man does not live by bread alone, the pulp sys-
tem is not cleaned and shaped by instruments
alone. Important adjuncts are irrigants and agents
that aid in debridement and that may alter dentin
to facilitate enlargement. All vary in relative effec-
tiveness. Other adjuncts are lubricants, which facil-

irate the negotiation of small canals, and desic-
cants, which aid in drying before obturation.

I RRIGATION

With filing, the other important process in canal
debridement is irrigation. In theory, files loosen
and disrupt materials within canals and remove
dentin from the walls as shavings; the whole
sludge is then flushed out with an irrigant. This
process is more theoretical than actual. Irrigants
and irrigation are only moderately effective. The
most important factor is the delivery system of
the irrigant and not the solution per se.

Irrigants

Many types of solutions have been used, such as
distilled water, concentrated acids, and antimicro-
bials. Unfortunately, although numerous studies
have been done in vitro (not in a clinical mode),
the relative effectiveness of different irrigants has



not been clearly demonstrated in clinical usage.
Therefore, much information is theoretical.

Although the major function of an irrigant is
to flush debris from the canal, the irrigant may
have additional properties that aid in cleaning
and shaping. Below are outlined the characteris-
tics of an ideal irrigant.

Properties of Ideal Irrigant

Tissue or Debris Solvent. In regions inaccessible
to instruments, the irrigant could dissolve or
disrupt soft tissue or hard tissue remnants to
permit their removal . 31-33

Toxicity. The irrigant should be noninjurious to
periradicular tissues.
Low Surface Tension. This property promotes
flow into tubules34 and into inaccessible
areas . 3 ' Alcohol added to an irrigant de-
creases surface tension and increases penetra-
bility36 ; whether this enhances debridement
is unknown.
Lubricant. Lubrication helps instruments to
slide down the canal. All liquids have this ef-
fect, some more than others.
Sterilization (or at Least Disinfection).37.38
Removal of Smear Layer. The smear layer is a
layer of microcrystalline and organic particle
debris spread on the walls after canal prepara-
tion. There are solutions that chelate and de-
calcify remove the smear layer .39-41 At present it
is not known whether the smear layer should
be removed. One advantage is that the smear
layer seems to inhibit bacterial colonization."
Other Factors. Other factors relate to irrigant util-
ity and include availability, moderate cost, user
friendliness, convenience, adequate shelf life,
and ease of storage. An additional important re-
quirement is that the chemical not be easily neu-
tralized in the canal to retain effectiveness.

Solutions. Sodium hypochlorite, in various
concentrations, is the most popular and most ad-
vocated irrigant. This inexpensive, readily avail-
able, easily used chemical usually rates the best in
research. However, experimental evidence does
not necessarily correspond directly to clinical ef-
fectiveness. Although in vitro studies" indicate
that sodium hypochlorite dissolves tissues read-
ily, experiments in extracted teeth and clinical
usage in patients are less impressive. Most histo-
logic and scanning electron microscope studies" -
" do not show that the tissue dissolution or ster-
ilization properties of sodium hypochlorite are
consistently effective.

The difference between in vitro and in vivo
studies may be that in the clinical situation, irri-
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gating solutions have limited surface contact and
are buffered (neutralized). In the canal, irrigants
would not have extensive and intimate contact
with all areas of tissue.47 In addition, the irrigant
has little access to sequestered areas and aberra-
tions and, therefore, leaves regions undebrided.46

The same phenomenon of noncontact may
limit the antibacterial action of irrigants. Al-
though experiments have shown that sodium
hypochlorite is very effective in vitro48 and does
reduce bacterial populations in canals and in
tubules," bacteria usually are not totally elimi-
nated. 50-52 The same problem of limited contact in
hidden areas compromises bactericidal action.

Another disadvantage of sodium hypochlorite
is toxicity. It is capable of causing tissue damage
and has access to periradicular tissue in small
amounts .53,54 However, the limited extrusion of
sodium hypochlorite is unlikely to be significant
because it is diluted and buffered by tissue fluids
apically.

Chelators (calcium removers), such as ethylene-
diaminetetraacetic acid (EDTA) or citric acid, re-
move the smear layer. The combination of chela-
tors alternating with sodium hypochlorite has
potential as the ultimate clinical debriding agent
to soften dentin'-' and to reduce the smear layer
and organic debris." As yet, this theory has been
tested only in bench-top studies and not in clini-
cal trials.

The use ofhydrogen peroxide (H2O2), alone or al-
ternating with sodium hypochlorite, is not benefi-
cial. This once popular method was thought to
have a nascent bubbling action to facilitate debris
removal; however, improved debridement does
not occur.56,57

Other sterilizing agents have been tested. A com-
mon antimicrobial solution used in dentistry is
chlorhexidine. In both in vivo and in vitro experi-
ments chlorhexidine has been shown to signifi-
cantly reduce numbers of bacteria." However,
sodium hypochlorite is probably more effective"
and offers the distinct advantages of ease of use,
some tissue dissolution, and much lower cost.

Recommendation. A suggested concentration of
sodium hypochlorite is common household
bleach (5.25%) diluted with equal parts of water
for a 2.6% solution. This is just as effective as full
strength and is safer and more pleasant for both
natient and dentist.

Technique

Needles. Different types of needles are avail-
able, but none has a demonstrated advantage.
What is important is the gauge, which should be
small. A 27- or 28-gauge needle is preferred. These
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needles have the potential to pass farther into the
canal for better delivery and flushing. Smaller nee-
dles tend to clog; this tendency is minimized by
aspirating air into the needle after each irrigation.

Usage. Needle penetration and volume of irrig-
ant are the most important factors. The needle in-
troduces irrigant to flush the canal only coronal to
the extent of penetration .57,60 Therefore, a smaller
gauge needle, in conjunction with canal enlarge-
ment and copious and frequent irrigation, will
produce better flushing (Figure 13-16).

An interesting recent innovation is the use of
nickel-titanium needles. These are flexible and re-
portedly can be inserted deeply into small, curved
canals. If this claim proves to be correct, they
should provide improved flushing of canals.

Safety. To avoid forcing irrigant or debris out
of the apex, the needle tip must not bind in the
canal. Careful insertion and slight withdrawal
after binding (or a slight pumping action during
irrigation) minimizes this potentially serious oc-
currence that creates a "hypochlorite accident.""
This free backflow is particularly important when
there is no apical stop or when the apical foramen
opens directly into the maxillary sinus.

FIGURE 13-76
Depth of irrigating needle penetration is critical. A 27-gauge
needle (left) is closer to length (preferred) than the 25-gauge
needle (right). No flushing occurs except coronal to the needle.

DENTIN SOFTENING

Dentin softeners can potentially facilitate instru-
ment passage and canal enlargement by removing
mineral components from the dentin walls or
eliminating obstructions .

62,63 Whether dentin
softeners are clinically advantageous is doubtful.

Chelators

By definition, the organic substances called chela-
tors remove metallic ions (such as calcium) by
binding them chemically. These agents have been
promoted as commercial products, usually in
combination with lubricating or bubbling agents
(oxygen releasers).

Types. The two most common chelators are
EDTA and dilute (10%) citric acid.64

Action. As dentin-softening agents, chelators
have not provided impressive results in either in
vitro or in vivo studies. EDTA works very slowly,65
probably more slowly than the cutting action of
the file. This is particularly true in the apical re-
gions of small canals, where the amount of chelat-
ing agent that can be introduced is limited.66 The
combination of EDTA and bubbling agents also
does not seem to increase the volume of tissue re-
moved or aid in flushing. Limited information is
available about citric acid .64

Effectiveness. A time and motion study67
demonstrated that chelators alone or in combina-
tion with sodium hypochlorite did not reduce the
time required for canal preparation. EDTA was in-
effective; the combination of 10% citric acid used
alternately with sodium hypochlorite slightly de-
creased the time needed for enlargement.

There is no proof that chelators soften or re-
move canal obstructions sufficiently to permit
passage of instruments. In fact, softening agents
for this purpose are contraindicated because they
slightly alter the walls, thereby limiting the ability
of instruments to be guided along hard dentin. If
these softening chemicals are used, they should be
placed in canals only after instruments have been
used to length and the canal preparation has been
started. As a further precaution, these chemicals
should not remain in the canal for any period of
time without instrumentation.

Decalcifiers

By definition, decalcifiers are chemicals that re-
move mineral salts in solution. Decalcifying
agents are commonly used in histologic prepara-
tion of mineralized tissues, but they have not been
demonstrated to be useful in canal enlargement.

Acids. Strong inorganic acids, such as hy-
drochloric and sulfuric acids, have been used as
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enlargement aids. Organic acids such as concen-
trated citric acid (30% to 50%) have also been pro-
posed for irrigation and softening. These concen-
trated acids are too potent. Therefore, their
toxicity is high and their decalcifying action too
rapid to control. They are not recommended.

LUBRICANTS

Lubricants are helpful in passing of instruments
to length during exploration and negotiation of
small constricted canals. If small files bind pro-
gressively tighter and stop short of working
length, this indicates a need for a lubricating sub-
stance. Lubricants may not be beneficial when the
file stops abruptly, which indicates a ledge or ob-
struction that must be bypassed.

Types

Glycerin is a good lubricant. This mild alcohol is
very slippery, self-sterilizing, inexpensive, and
nontoxic. Also it is slightly soluble, permitting re-
moval once it has completed its function. Soap
(liquid or bar) or topical anesthetic may also be
used. However, liquid soap (unless sterile) or bar
soap may be contaminated with bacteria.

Commercial preparations of EDTA usually
contain lubricants (wax or glycerin). These are
suitable as lubricants but should be used with
caution when one is negotiating a tight canal;
EDTA may soften the walls slightly, thus permit-
ting the file tips to gouge and ledge.

Usage

For glycerin or sterile liquid soap, a drop is placed
at the orifice by picking up a small amount with
cotton pliers, placing the tip at the orifice, and
opening the pliers slightly. This introduces small,
controlled amounts of the liquid (Figure 13-17).
Another method is to introduce glycerin with a
tuberculin (or other small) syringe.

The file is worked up and down through the
glycerin and into the canal using a pumping ac-
tion and counterclockwise spin. This carries the
lubricant ahead of the file. Usually the file can
then be worked (teased) closer to length. Lubri-
cant may even be used to facilitate initial enlarge-
ment through two or three file sizes.

DESICCANTS

determined. The same irrigating syringe used in
the same manner as that used for chemical irriga-
tion is indicated for alcohol. Only a small amount
of alcohol (1 to 2 ml per canal) is needed.

Avoidance of Preparation Errors

Preparation errors are most common in small,
round, curved, long canals. As stated earlier, instru-
ments are not designed to enlarge small curves; they
attempt to straighten themselves68 and cut the out-
side of the curve in the apical region . 7,69 Histologic
sections of these curved canals after preparation are
dramatic. The files have done most of their work by
stripping away layers of raw dentin from certain
areas but accomplishing nothing in other regions
(see Figure 13-3) .'° Using increasingly larger instru-
ments only aggravates the effect. The outcome will
be largely undesirable. Careful instrument use is the
key. 71 In addition, a flaring (step-back or crown-
down) technique involves small instruments in the
apical curvature and larger, less flexible instruments
in the straighter portion of the canal. This prepara-
tion tends to create fewer problems. More informa-

Concentrated solutions of 70% to 90% alcohol
( methanol or ethanol) may be used as a final irri-
gant to dry the canal and remove traces of other
chemicals. Whether this is beneficial has not been

FIGURE 13-17
Glycerin is an excellent lubricant. A drop (arrow) is trans-
ported from a dappen dish to the canal orifice in the beaks of
cotton pliers or may be introduced with a syringe.



222

	

13 / Cleaning and Shaping

FIGURE 13-18
Hazards of overenlarging the apical curvature. A, Correct preparation is maintained when small flexible instru-
ments, less than No. 25, are used to negotiate the curvature. B, Larger instruments increase stiffness and cutting
efficiency and transport the apical preparation. C, Continued enlargement results in perforation. D, Apical region
i s zipped when large instruments are continually forced apically.

FIGURE 73-19
Transportation, creating a small ledge. The apical region of a
curved canal shows too-large file overpreparation and
straightening of the canal with creation of a small ledge out-
side the curvature. (Courtesy Dr. P. Ardines.)

tion on preventing and managing canal prepara-
tion problems is found in Chapter 18.

PROBLEMS

Overinstrumentation

A major mistake is overenlargement of small,
curved canals. The files cut to the outside of the
curvature (a process called transportation) in an at-
tempt to straighten themselves and cut to the in-
side of the curve in the cervical region. This re-
sults from using too-large instruments or
overusing smaller instruments in the apical
curved portion of the canal (Figure 13-18). The
greater the curvature72 and the longer and smaller
the canal, the higher is the potential for the fol-

FIGURE 13-20
Both mesial and distal canals were straightened, ledged, and
obturated short of working length. The preparation and the
obturation are not centered in the root. The long-term prog-
nosis is compromised; significant areas of canals remain
undebrided and unobturated.

lowing unfortunate occurrences.69,73 Each prob-
lem adversely affects short-term or long-term
prognosis by compromising obturation74 or by
creating a frank perforation.

Ledge Formation

Degree of curvature is the problem: the greater the
curve, the more likely is the formation of a ledge .'z
As the instrument straightens, the tip begins to
gouge into raw dentin (Figure 13-19). It also tends
to cut straight ahead; the operator may accentuate
this action by boring deeper in dentin in an at-
tempt to regain lost length. The file now has the
sensation of banging into a dead end short of
length; this is the feeling of a ledge. A radiograph
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FIGURE 13-21
The consequences of ledging and "bor-
i ng" a new canal. A, Not only did per-
foration occur, but also an area of the
canal (arrow) remains undebrided and
unobturated. B, At 2-year recall, the
periradicular lesion remains, thus consti-
tuting a treatment failure.

FIGURE 73-22
Correcting a ledge. A, Ledges or obstructions are occasionally bypassed by placing a
small bend at the instrument tip. B, To negotiate the file past blockages or ledges, the
tip is teased along the canal wall to attempt to locate the original canal.

shows that the instrument or obturation no
longer follows the original curve (Figure 13-20).
Relocating and renegotiating the original canal is
a problem; correcting the ledge is difficult, even if
the original canal is renegotiated (Figure 13-21).

Trying to regain the original working length
will result in boring straight ahead into raw

dentin. Continued boring will create a perfora-
tion away from the apical foramen.

A technique (usually unsuccessful, but worth a
try) that may aid in relocating the main canal is to
place a bend in the apical 1 to 2 mm of a No. 15,
20, or 25 file (Figure 13-22). The tip is teased
along the wall in the direction of the original
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FIGURE 13-23
A and B, Safety zones and danger zones of molar roots. Rotary and hand instruments should be used in the canal
toward the safety zone. (Adapted courtesy Dr. M. Abou-Rass.)

FIGURE 13-24
I nadequate access and overzealous
enlargement in the danger zone
are evident in this mesial root of
a mandibular molar. Dashed lines
(arrows) indicate approximate original
canal dimensions. (Courtesy Dr. H.
Rodriguez.)

canal. Also, this technique is helpful in bypassing
created blockages.

Zipping of the Apical Canal

Transportation may create a reverse funnel of the
apical preparation as the file straightens the
curved canal. If the preparation is continued past
the apex and is straightened, a long or "zipping"
perforation results. It is then difficult to control
obturating materials adequately to obtain a good
seal" owing to the reverse funnel shape.

Stripping Perforation

Strip perforation is, in most cases, very damaging.
The cervical portion of the instrument (file or
Gates-Glidden bur) straightens the canal in multi-
rooted teeth, leading eventually to communication
with the furcation. The canal and dentin facing the
furcation constitute a "danger" zone (Figure 13-23).

In the danger zone there is less tooth structure
compared with the more peripheral portion (safety
zone) of the root dentin.75 There is a tendency, par-
ticularly in canals without straight-line access, to re-
move dentin from the danger zone (Figure 13-24).' 6
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FIGURE 13-25
Stripping perforation. Overpreparation in the danger zone
perforated the furcation. Obturating materials are forced in-
terradicularly. Prognosis is very poor.

FIGURE 13-26
Recapitulation. Small files are used often to working length
to loosen debris to permit removal by irrigation.

Recapitulation is another preventive technique
(Figure 13-26).25 This removal of debris with small
files helps to avoid canal straightening. Also, fre-
quent and copious irrigation, particularly after re-
capitulation, minimizes packing of dentin chips.
This apical accumulation of chips promotes de-
flection and straightening of the instrument tip.

OTHER ERRORS

A stripping perforation may also occur during
straight-line access preparation by overusing Gates-
Glidden burs into the danger zone.

A stripping perforation into the furcation gen-
erally results in failure" if obturating material ex-
trudes into the periodontium (Figure 13-25). Pre-
vention is the key; these types of perforations are
very difficult to correct.

Mistakes such as separated instruments, canal
blockages, overpreparation beyond the apex, and
the preceding procedural errors are discussed in
more detail in Chapter 18. Also discussed are pre-
vention and management.

Review of Basic Principles
of Instrumentation

PREVENTION

These problems are easy to create; to prevent
them is a challenge. The most important steps are
passive step-back for preflaring, then good
straight-line access, and then judicious use of in-
struments around curves to maintain a small api-
cal preparation! Larger files used around curves
accomplish relatively little debridement. To re-
peat, small canals with more than a slight curva-
ture should usually undergo apical preparation
with no larger than a size 20 MAR

Another approach for more curved canals is a
repeat step-back technique. This involves minimal
dentin removal (about 1-mm increments) around
the curve during the first step-back. Then more
aggressive dentin removal is done at 0.5-mm in-
crements during the second step-back.

Some principles apply regardless of the technique
of instrumentation used.

1. Files are always worked in a canal filled
with irrigant.

2. Copious irrigation is done between each
file size.

3. Exploration is always done with smaller
files to gauge canal size and configuration.

4. Passive step-back (preflaring) with hand
instruments will facilitate placing larger
working length files (either hand or rotary)
and will reduce transportation.

5. Canal enlargement is gradual, using se-
quentially larger files from apical to coro-
nal, regardless of flaring technique.

6. Debris is loosened and dentin is removed
from all walls on the outstroke (circumfer-
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FIGURE 13-27
Extrusion of a "worm" of debris through the apical foramen.
This represents an irritant that may be sufficient to initiate or
exacerbate existing periapical inflammation.

ential filing) or with a rotating (reaming)
action at or close to working length.

7. Instrument binding or dentin removal on
insertion should be avoided. Files are
teased to length using a "twiddling" ac-
tion. Twiddling is a back-and-forth rotat-
ing motion of the files (giving a quarter
turn) between the thumb and forefinger,
continually working apically. Careful file
insertion (twiddling) followed by planing
on the outstroke will help to avoid apical
packing of debris and minimize extrusion
of debris apically (Figure 13-27).

8. Reaming is accomplished by twiddling the
instrument to length and then working it
back and forth until it rotates freely and
continuously in a clockwise direction.
Reaming is accomplished using either
reamers or K-type files.

9. Filing is a dentin stripping or planing mo-
tion accomplished on the pull stroke. The
file is twiddled to length, rotated clockwise
until it locks (the amount of rotation
needed depends on the size of the canal
and the instrument), and then withdrawn
while the instrument tip is pushed alter-
nately against all walls (Figure 13-28). The
pushing motion is analogous to the action
of a paintbrush. Overall, this is a turn and
pull motion.

FIGURE 13-28
Files should be used peripherally in an attempt to remove a
layer of dentin from all walls, recognizing that the canals are
usually irregular in shape.

10. After each insertion and planing pull of
the file, the file is removed and the flutes
are cleaned of debris; the file is then rein-
serted into the canal to plane the next wall.

11. Debris is removed from the file by wiping
it with an alcohol-soaked gauze or cotton
roll." An alternative but less effective tech-
nique is to spear the file up and down in
the alcohol-soaked sponge or in other
sponge systems used for instrument stor-
age (Figure 13-29).

12. The canal is effectively cleaned only
where the files actually contact and plane
the walls. Inaccessible regions are poorly
debrided.

13. Recapitulation is done to loosen debris by
often returning to working length and ro-
tating the MAF or a smaller size (see Fig
ure 13-2G). The walls should not be
planed, nor should the canal be enlarged
during recapitulation.

14. Small, long, curved, round canals are
the most difficult and tedious to en-
large. They require extra caution during
preparation, being the most prone to
transportation.

15. Too-aggressive overenlargement of curved
canals by files attempting to straighten
themselves is likely to lead to procedural
errors (Figure 13-30).

16. Overpreparation of canal walls toward the
furcation leads into the danger zone; root
dentin is thinner in this area.
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FIGURE 13-29
A, A sponge in a glass or plastic dish soaked with alcohol is
ideal for organizing, cleaning, and storing files and Gates-
Glidden burs during the appointment. B, A special storage
and measuring device is conveniently fit on the index finger.
(B courtesy Dr. G. Glickman.)

17. It is neither desirable nor necessary to
try to remove created steps or other
slight irregularities created during canal
preparation.

18. Everything (instruments, irrigants, debris,
and obturating materials) should be con-
tained within the canal. These are all
known physical or chemical irritants that
will induce inflammation and may delay or
compromise healing.

19. Creation of an apical stop may be impossi-
ble if the apical foramen is already very
large. An apical taper (seat) is attempted,
but with care. Overusing large files aggra-
vates the problem by creating an even
larger apical opening.

20. Forcing or continuing to rotate (either
clockwise or counterclockwise) a file that
binds is dangerous. This tends to untwist,
wrap-up, weaken, and break the instrument.

Nickel-Titanium Instrumentation

FIGURE 13-30
Overenlargement has resulted in perforation (arrow) and an
open apex. The canal contains blood, a frequent finding after
apical perforation.

The importance of nickel-titanium (NiTi) instru-
ments has recently become significant.79 This
metal, when cut to the shape of a file, has desirable
physical properties .

80 These relate to the flexibility
of the instrument without memory (the instru-
ment can be bent significantly, but returns to its
original shape). In contrast to stainless steel

(which is less flexible), NiTi may be used in a ro-
tary, slow speed (150 to 300 rpm) handpiece. The
physical properties of NiTi instruments (variable
tapering cross-sectional flat radial land design,
noncutting tips, and parallel core) are discussed in
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greater detail in Chapter 10. NiTi is used for both
hand and engine-driven rotary instruments."

HAND

NiTi hand files have advantages and disadvan-
tages compared with more commonly used stain-
less steel files . 82 The major advantages are flexibil-
ity and superelastic behavior (memory) upon
deformation. These are useful when a small,
curved canal is prepared; there is evidence of less
transportation.83 Other claimed advantages in-
clude strength, anticorrosive properties, and no
weakening after sterilization.

Disadvantages include cost (much more ex-
pensive), inability to precurve, lack of some stiff-
ness (stiffness is desirable when trying to locate or
negotiate a small canal), and a tendency for break-
age if overused. NiTi hand instruments seem to be
less efficient in removing dentin compared with
stainless steel files because of their cross-sectional
and flute designs.

NiTl hand files are used in a manner similar to
that used for stainless steel files. These techniques
are described earlier in this chapter.

ENGINE-DRIVEN ROTARY

Systems

A variety of NiTi rotary file systems have been de-
veloped by different manufacturers (each with its
own instrumentation technique). General features
will be described in this chapter; specific features

and techniques are described in promotional ma-
terials, videotapes, and other publications for each
system.

Many designs ofNiTi instruments are available.
Most resemble a basic file, with flutes along the
length and a latching or attaching system to affix
the file to a handpiece. Some are available in differ-
ent tapers and with noncutting tips (Figure 13-31).
Another unique design (Lightspeed) resembles a
Gates-Glidden drill, with a small shaft and a short,
flame-shaped cutting head; this instrument also
has a latch to attach to a rotary handpiece (see
Chapter 10, Figure 10-7). Both types can be used
with either conventional or special low-torque,
controlled speed motor systems, (Figure 13-32) in-
cluding battery-operated handpieces.84

Techniques

After negotiating the canals and determining the
corrected working length, NiTi rotary instru-
ments are used to flare either with the step-back
or the crown-down methods. Straight-line access
to the canal space is established (usually with
Gates-Glidden drills or with special orifice
shapers). A small hand file ( No. 10 stainless steel)
is used to explore the canal to the corrected
length. Hand instrumentation (reaming) is per-
formed at the corrected length through two or
three sizes with either stainless steel or NiTi files.
This is followed by rotary instrumentation.

The rotary NiTi instruments are used in the
apical portion of the canal at or short (usually

FIGURE 73-37
Nickel-titanium rotary file. One design
shows a flat "land" area (arrow) and a non-
cutting tip. These help the file stay more
centered in the canal during preparation.
(Courtesy Tulsa Dentsply Dental.)
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2 to 4 mm) of the corrected working length. The
files are continuously rotated with the foot pedal
of the electric or air turbine motor handpiece
fully depressed for constant speed and torque.
Very light pressure is used along with lubrication
(irrigant) to place the NiTi rotary instrument
into the canal until resistance is felt. The in-
strument is then immediately withdrawn in a
smooth motion from the canal space, although
recommendations of advancement of the instru-
ment apically in an up-and-down "pecking" mo-
tion have also been made. Slow speed is preferred
to minimize instrument distortion . 85,86 Light
pressure (force is never used!) is applied; the in-
strument is withdrawn when resistance is felt to
prevent breakage . 87 After each withdrawal, the
flutes are cleaned with wet gauze or an alcohol
sponge, and the file is examined for distortions
and/or deformations (unwinding or wrapping-
up of the flutes).

This process is repeated by using a sequence of
larger instruments to the desired length, with re-
capitulation and irrigation between each instru-
ment size. Patience and careful insertion with
light pressure is necessary, allowing the system to
do the work, particularly in canals with calcific

metamorphosis. Instrumentation of the apical
portion of the canal space is usually performed in
a step-back manner with hand (stainless steel or
NiTi) instruments to form an apical matrix.

The Lightspeed technique has a somewhat dif-
ferent approach, using only the "pecking" action
to prepare the canal; this is also done in a crown-
down mode." Debridement effectiveness with
these unique instruments seems similar to that
with hand preparation. 89

NiTi rotary instrumentation has advantages as
well as disadvantages compared with stainless steel
hand instrumentation. Because of their flexibility,
the files have less tendency to transport curved
canals. Finger fatigue is less because the handpiece
is doing much of the work. Somewhat less time is
required to prepare the canal. Preliminary evidence
indicates that debridement effectiveness is compa-
rable to that with hand instrumentation.90 There
are also disadvantages. Expense is greater if one of
the special motor systems is purchased; in addi-
tion, the files are costly. Files are prone to breakage,
without warning, particularly if overused. 91 Over-
all, no difference is seen with NiTi rotary instru-
ments for either quality of debridement or progno-
sis; there are no substantive data on either.

FIGURE 73-32
Two control units ("motors") for handpieces that drive nickel-titanium rotary files. The unit on the left allows control
of speed and torque; that on the right is programmable for these two functions plus a variety of other functions.
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COMBINATION OF PASSIVE
STEP-BACK AND ROTARY
INSTRUMENTATION

The crown down or step down technique with ro-
tary instruments is advocated by the manufacturers
for shaping of canals with rotary NiTi files. The main
disadvantage of this recommendation is the possi-
bility of instrument separation. To reduce the fre-
quency of this procedural accident, coronal flaring
as recommended for the passive step-back tech-
nique (as described earlier in this chapter) is used
before rotary instruments are used to shape the api-
cal portion of the canal. This flaring enhances irri-
gation of the apical third and removes irritants. In
addition, the use of this technique before the use of
rotary instruments creates straighter line access to
the apical canal and less transportation during api-
cal preparation with rotary instruments. 23 This pro-
cedure reduces the chances for instrument separa-
tion, packing debris, ledging, straightening the
apical portion of the canal, and root perforation.

The steps are as follows:

1. After the pulp chamber is completely un-
roofed, an estimated working length is de-
termined from a preoperative radiograph.
After apical-canal patency is established
with a No. 10 or 15 K-type file, the canal is
passively (without binding) flared using No.
15 to 45 K-type files.

2. After filing, Gates-Glidden drills (Nos. 2 and
3 and in large canals No. 4) are used in an
up-and-down motion without lateral pres-
sure. To further enlarge and flare the coro-
nal portion of the canal, Nos. 2 and 3 Peeso
reamers are used passively.

3. After copious irrigation with sodium
hypochlorite, a new working length with an
apex locator is determined and confirmed
radiographically.

4. With the use of rotary NiTi files (sizes 15
to 25) and a "pecking" motion, the apical por-
tion of the canal is enlarged to the working
length. With the use of larger rotary NiTi files
(sizes 30 to 40), the coronal portion of the
canal is flared progressively at successively
shorter lengths (increments of 0.5 to 1mm).

5. The canal is irrigated with sodium hypo-
chlorite, and the working length is con-
firmed by a radiograph or an apex locator
before obturation.

Alternative Techniques
of Cleaning and Shaping

est and enthusiasm, whereas others have attracted
little attention. Because conventional preparation
with hand instruments is somewhat difficult and
time-consuming, the search continues for some-
thing more effective and less involved. Interest-
ingly, automated devices that create cavitation
and hydrodynamic turbulence with continuous
irrigant exchange are being tested.92 These or
other devices probably will evolve in the future to
simplify treatment modalities.

Some unique approaches have been intro-
duced, including ultrasonic and sonic devices as
well as the newer engine-driven, slow-speed hand-
pieces that make use of special nickel-titanium
files; these techniques and devices have generated
much interest. Other, older mechanical devices
(handpieces) are also in use. These, including al-
ternative hand techniques, are briefly reviewed
here.

BALANCED FORCES

The balanced forces method is a somewhat differ-
ent approach; the technique also uses an altered
instrument design.•' The files used have a modi-
fied tip that is noncutting. Canal preparation in-
volves counterclockwise rotation combined with
apical pressure. There is evidence that this
method allows the instrument to stay more cen-
tered in the canal during preparation, causing less
transportation.94,95 However, it has not been
demonstrated whether this ultimately results in
better clinical success or whether there is a signif-
icant advantage in cleaning and shaping with this
technique or instruments. 96

ENERGIZED VIBRATORY SYSTEMS

Sonic and ultrasonic techniques were introduced
in the 1980s. Some authors proposed that these
techniques were the "wave of the future." They
have not, however, proved to be panaceas. In addi-
tion, some questions remain unanswered and
there has been insufficient clinical usage over time
to allow endorsement with or without reserva-
tions. Ultrasonic and sonic techniques have been
suggested to have a role when used in combina-
tion with hand instruments..'

These vibratory systems were developed in the
hope of replacing or supplementing hand instru-
mentation. Nickel-titanium rotary instruments
seem to be filling that role; the vibratory systems
currently are little used for canal preparation.

Ultrasonic Instruments

Other approaches to canal preparation have been
devised. Some of these have generated great inter-

Physics. Essentially, endosonic machines are an
adaptation of the ultrasound apparatus used for
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scaling. The power source (either electromagnetic
or piezoelectric) is transferred to a special insert
that holds an instrument similar to a file. The file
is energized as ultrasonic energy is transmitted
through the insert. The file then vibrates at ap-
proximately 25,000 vibrations per second.

The energy from the file is transmitted to a
fluid medium (irrigant) within the canal, which
transfers the energy to the dentin walls. This en-
ergized solution shows acoustic streaming, which
is the "rapid movement of particles of fluid in
vortex-like motion about a vibrating object.""
The swirls and whirlpools of moving fluid sup-
posedly help loosen debris from the canal walls.

Application. The devices seem to be most effec-
tive for cleaning and shaping canals that are eas-
ier to prepare. 99 For more difficult situations,
such as small curved canals, ultrasonic instru-
ments are no more or less effective than standard
hand instrument techniques.100-103 In more uni-
form canals, where the instrument can be fully en-
ergized, ultrasonic devices may provide superior
debriding qualities. However, if the instrument is
curved or binds in the canal, it may not have the

FIGURE 13-33
Theory of the difference in ultrasonic vibrations noted in a
straight versus a curved canal. Instrument and irrigation pat-
terns may be very active in the straight canal (left). The curve
dampens the energy of the file and reduces or eliminates its
vibratory action (right).

same vibratory activity and therefore is less ener-
gized (Figure 13-33).' 0'

Effectiveness. Research and clinical usage have
led to the following conclusions. Debridement may
be quite good in the straighter canals but less so
in small, curved canals. Flushing seems to be effec-
tive, with irrigant flowing to the tip of the file
when it is energized properly.105 Whether this
technique is superior to conventional irrigation
with a syringe has not been shown.

Endodontists have found ultrasonic instru-
ments useful for removing posts, silver points,
paste fills, and separated instruments. 103,106-108

Sonic Instrumentation

Special handpieces have been developed that vi-
brate root canal instruments of various designs.
The handpiece is run from the standard high-speed
air line of the dental unit. When activated, the in-
struments whip in an oval, whirling motion at a
frequency of approximately 1500 to 8000 vibra-
tions per second (Figure 13-34). The file vibrates
against and scrapes the canal walls. Irrigating solu-
tion (water) is delivered to and directed along the
file into the canal. In limited tests, the sonic instru-
ment appeared to enlarge and debride the canal
safely and effectively.109,110 In usage tests under rig-
orous conditions (in small curved canals), sonic
handpieces did not perform as well as the step-back

FIGURE 13-34
A sonic handpiece transmits a whipping vibration and an ir-
rigant to a specially designed file.
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preparation but results were approximately equal
to those with ultrasonic devices.100,101

Sonic handpieces seem to have fallen into dis-
use because of their limitations.

OTHER MECHANIZED TECHNIQUES

Stainless Steel Rotary. It seems like a great idea
to adapt conventional stainless steel instruments
to standard handpieces that would mechanically
clean and shape canals. This should be faster and
less tedious than manipulating files with fingers.
However, because of the relative inflexibility of
stainless steel, these techniques are ineffective
and fraught with danger, particularly in curved
canals.

Many approaches, instruments, and special
handpieces have been designed to perform canal
preparation. Reamers have added latches for at-
tachment to standard handpieces. Instruments
similar to a broach are latched to fit into a special
handpiece that vibrates alternately back and
forth. Handpieces that rotate back and forth in a
quarter circle and up and down a few millimeters
are available; these also grasp the handles of cer-
tain files.

There are problems with these devices that use
stainless steel instruments. First, they generally
do not debride well. 76,111 Second, they tend to
push debris in an apical direction, particularly the
instruments using an up-and-down motion."'
Third, they tend to markedly straighten and ledge
curved canals without creating a taper.76,111 These
are not recommended.

LASERS

phorated monochlorophenol (CMCP), formocre-
sol, and Cresatin. Calcium hydroxide (Ca(OH)2) is
of a different class and is promising as an antimi-
crobial agent.

Uses and actions of most of these agents are
largely based on empiricism and opinion.114 Clin-
icians and lecturers in the past applied these
agents without investigation. Thus, popular In-
tracanal medicaments were designed and pro-
posed for (1) antimicrobial activity in the pulp
and periapex, (2) neutralization of canal rem-
nants to render them inert, and (3) control or
prevention of post-treatment pain. Again, the
phenolic and fixative agents have no beneficial ef-
fects when used as Intracanal medicaments be-
tween appointments.

Habits, beliefs, and clinical impressions are po-
tent influences. Pressured by the focus of infec-
tion theories of the early 1900s, practitioners
adapted strong antimicrobial agents for root
canal treatment. The goal was to render the canals
and periradicular tissues sterile and to prevent
supposed dissemination of dangerous bacteria
throughout the body.

As the focal infection theory diminished in im-
portance, the use as well as the significance of an-
timicrobial medicaments also diminished. Intra-
canal bacterial populations are best reduced or even
eliminated by careful instrumentation and irriga-
tion.,","-' Thus, the use of traditional medicaments,

Groupings of Commonly Used
I ntracanal Medicaments

Lasers have been experimentally applied as aids in
root canal treatment. As yet, there are no demon-
strated useful applications in canal preparation.

I ntracanal Medicaments
Intracanal medicaments have traditionally been
integral to root canal treatment and have been
considered important to success (Box 13-1). In
fact, at one time, a common assumption that suc-
cess, both short-term and long-term, depended
on the chemical placed in the canal between ap-
pointments. It was also recognized that medica-
ments possess potentially harmful side effects;
each is an active, toxic chemical or therapeutic
agent. The question was and still is, Are the bene-
fits worth the risks? The answer is mainly no. 113

There is no demonstrated usefulness for the tra-
ditional phenolic or fixative agents such as cam-

From Walton R: Intracanal medicaments, Dent Clin North Am 28:783,
1984.



owing to lack of evidence of usefulness and toxicity,
is in decline. In contrast, calcium hydroxide
(Ca(OH) 2) usage is increasing because of its demon-
strated antimicrobial properties, coupled with
some initial evidence of its aiding in reducing peri-
apical inflammation. 116 However, the long-term
outcome (success or failure) with the use Ca(OH)2
as an intracanal medicament is uncertain.' 17

APPLICATIONS

Studies to test medicament effectiveness show
that they either do not perform as expected or oc-
casionally have the opposite effect. There are,
however, exceptions, including steroids and cal-
cium hydroxide.

Antibacterial Action. The most popular antimi-
crobials are calcium hydroxide, CMCP, and
formocresol. These are potent microbe killers
under ideal laboratory test conditions; their effec-
tiveness in clinical use is doubtful,"' although
calcium hydroxide does inhibit intracanal bacter-
ial growth119 and alters the biologic properties of
bacterial lipopolysaccharide. 120

Pain Relief. Certain intracanal medicaments are
claimed to reduce pain by anodyne, antimicrobial
effect, or both. Reducing or preventing inflamma-
tion presumably decreases its byproduct, pain.

Clinical studies on phenolics, formocresol, and
calcium hydroxide show that routine use as intra-
canal medicaments has no effect on prevention or
control of pain. 121-124 However, steroids have been
demonstrated to decrease post-treatment pain
somewhat, but with mixed results. These drugs,
whether applied topically (for example, through
the canal) 125 or systemically, alter the inflamma-
tory or vascular response sufficiently to affect
lower levels of pain.126 However, steroids do not
reduce the incidence of flare-ups (severe pain).124
In endodontic applications their action seems to
be minor and affects only milder degrees of pain.

Canal Contents Rendered Inert. Chemicals used
for this purpose are fixatives, or aldehyde deriva-
tives. They fix fresh tissues for histologic study;
however, aldehydes do not effectively fix necrotic
or decomposed tissues. Fixed tissues are not
inert."' In fact, when both necrotic and vital tis-
sues are fixed with aldehydes, they become more
toxic and antigenic.

LIMITATIONS AND
CONTRAINDICATIONS

I ntracanal Environment. The chemical or thera-
peutic action of medicaments depends on direct
contact of the agent with microbes or tissue. This
is a drawback to chemicals used in the pulp space;
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these substances probably do not reach all areas
in the canal and into dentinal tubules where bac-
teria or tissues are hidden and their action is lim-
ited to the surface only.

Duration. To be effective, most agents should
remain chemically active during the time between
appointments. Phenolics dissipate and may lose
their activity within 24 hours."' Calcium hydrox-
ide retains antimicrobial activity for prolonged
periods and can inhibit regrowth of bacteria. The
duration of steroid activity is unknown.

Sustained-release delivery systems of various
intracanal medicaments have been evaluated in
vitro, but their clinical effectiveness has not been
clearly demonstrated. 1 28-130

Toxicity. Any chemical that kills bacteria will
also kill host cells. Both in vitro (bench type) and
in vivo (animal and clinical use) studies show that
phenolics and aldehydes are generally potent cell
killers. 131,132 Another potential adverse side effect
is allergeniciry. Some medicaments act as haptens
and alter tissues to become foreign substances,
which then elicit an immune response. '33 This ac-
tion may be responsible for their localized adverse
effects on pulp or periapical tissues.134 Neither
calcium hydroxide nor steroid compounds have
significant toxicity.

Distribution. There is ample evidence that sub-
stances placed in the pulp, with or without tissue,
have ready access to periradicular tissues and even
to the systemic circulation. 135-137 Although the
dangers of this distribution are unknown, 131 the
use of potent chemicals that have no demon-
strated beneficial effects is questionable.

Taste and Smell. The phenolics in particular
possess a pungent odor and foul taste. These
medicaments soak into and through the tempo-
rary restoration into the oral cavity. Patients re-
port a disagreeable medicinal taste; many find this
most objectionable. Some dentists believe that if a
patient reports a bad taste, the temporary seal is
defective and will leak saliva into the canal; there
is no evidence to support this presumption.

CALCIUM HYDROXIDE

Properties. Calcium hydroxide is available in
different forms, combinations, and proprietary
compounds."' When sealed in the canal for either
short- or long-term use, a number of actions have
been attributed to it.119 ,140 Most have not been
clearly substantiated in clinical trials. Calcium hy-
droxide may be used as a canal dressing between
appointments, particularly when pulp necrosis
has been diagnosed.

Although the antibacterial properties of cal-
cium hydroxide pastes are effective when evalu-
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FIGURE 13-35
Calcium hydroxide placement. Powder is mixed with glycerin to toothpaste consistency (A) and placed with a
l entulo spiral (B). Proper fill appears dense (C). Slight overfill is not a problem.

ated over short time periods, 119,140 little is known
concerning their long-term antimicrobial efficacy.
This is a clinically relevant concern, because high
numbers of bacteria within the canal space and/
or tubules may represent a source of continual
microbial challenge to originally placed calcium
hydroxide." 9

Calcium hydroxide also has some tissue-altering
effects, 1 41-143 but it does not aid in debridement
when placed in the canal space 46

Placement. Calcium hydroxide should ideally be
placed deep and densely in the canal space so that
its biological effect can be exerted in close proxim-
ity to the appropriate tissues. Techniques that de-
liver dry calcium hydroxide powder alone are diffi-

cult or impossible in smaller, more curved canals.
In most cases, the calcium hydroxide must be
mixed with a liquid such as anesthetic solution
water, glycerin, other intracanal medicaments, or
methyl cellulose to facilitate placement. 144 To use,
calcium hydroxide is mixed with glycerin (water is
less effective in terms of density to length) to a
thick paste and placed in the canal with either a
plugger or spun into a lentulo spiral (Figure 13-35)
using a counter-clockwise motion.145 The lentulo
spiral (use with caution!) is most effective device
for carrying calcium hydroxide paste to length in
small, curved canals. 145,146 The powder alone may be
placed with a Messing gun or pluggers in large,
straight canals. 147
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Obturation

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Recognize the clinical criteria that determine when to obturate.

2 / List the criteria for the ideal obturating material.

3 / Describe the purpose of obturation and the reasons why inadequate obturation may result in treatment failure.

4 / Identify the two core obturating materials most commonly used and list their constituents and physical
properties.

5/ Describe the advantages and disadvantages of each core material.

6 / Discuss the indications and contraindications for obturating with each core material.

7 / Differentiate between "standardized" and "conventional" sizes of gutta-percha cones and discuss when
each is indicated.

8/ Define and differentiate between lateral and vertical condensation and suggest where each is indicated.

9 / Describe the lateral condensation technique.

10/  Discuss the significance of depth of spreader penetration during condensation.
11 / Describe the vertical condensation technique.

12 
/ Describe briefly other techniques used for obturation, including thermoplasticization, thermocompaction,

paste injection, gutta-percha carrier systems, and sectional obturation.

13 / Describe the custom cone (chloroform-softened) technique and discuss when it is indicated.

14 / Describe the preparation of the canal for obturation.

15 / Review the techniques for final drying and apical clearing.

16 / Discuss the technique for fitting the master cone.

17 / List criteria for the ideal sealer.

18 / Describe a technique for mixing and placing sealer.

19 / Discuss the technique for removing excess sealer and obturating material from the chamber and why this
process is necessary.

20 / Discuss the clinical and radiographic criteria for evaluating the quality of obturation.

239



240

	

1 4 / Obturation

Objectives of Obturation

Objectives of Obturation

Potential Causes of Failure
Apical Seal
Coronal Seal
Lateral Seal
Length of Obturation
Lateral Canals
Vertical Root Fractures

Timing of Obturation
Patient Symptoms
Pulp and Periradicular Status
Degree of Difficulty
Culture Results
Number of Appointments

Core Obturating Materials
Solid Materials
Pastes (Semisolids)

Sealers
Desirable Properties
Types
Mixing
Placement

Obturation Techniques with Gutta-Percha
Selection of Technique
Lateral Condensation
Solvent-Softened Custom Cones
Vertical Condensation
Alternative Techniques

Evaluation of Obturation
Symptoms
Radiographic Criteria

The obturation phase of root canal treatment re-
ceives a great deal of attention. Historically, obtu-
ration has been accorded the role of the most crit-
ical step and the cause of most treatment failures.
An early and often quoted report' stated that
most treatment failures could be attributed to in-
adequate obturation. Such retrospective surveys
have major limitations. This study consisted of
radiographic assessment of healing at various pe-
riods of time after root canal treatment.' The ob-
served failures were correlated with apparently
poorly obturated canals (as evaluated on radi-
ographs). The fallacy in this reasoning is evident;
just because two events are associated does not
prove cause and effect.

In other words, although canals in these
failed treatments may not have demonstrated
dense fills, other factors may have caused irrita-
tion of the periradicular tissues and failure.
These include (1) loss of the corona' seal, (2) in-
adequate debridement, (3) missed canals, (4)
vertical root fractures, (5) significant periodon-
tal disease, (6) corona' fractures, and (7) proce-
dural errors such as loss of length, ledging, zip-
ping, and perforations.

Significantly, a periradicular lesion may heal
after debridement without obturation. Although
this is not an acceptable treatment option (an un-
obturated canal would result in long-term treat-
ment failure), it does demonstrate an important
concept: What is removed from the root canal system is
more important than what is inserted in the system. Ob-
turation is important, but not the most signifi-
cant factor for success.

The objective of obturation is to create a com-
plete seal along the length of the root canal sys-
tem from the corona' opening to the apical termi-
nation. The importance of establishing and
maintaining a corona' seal has been overlooked;
the corona' seal is probably more important than
the apical seal in long-term success. 2

Potential Causes of Failure
Most treatment failures related to deficiencies
in obturation are long-term failures. A low vol-
ume of irritant or slow release of irritant into
periradicular tissues produces damage that is
not apparent in the short term. Persistence or de-
velopment ofperiradicular patbosis may not be evident
for months or even years after treatment. Therefore,
recall evaluation to assess the response to treat-
ment is important.



Obturation-related failures occur in different
ways.

APICAL SEAL
Irritating Remnants in Canals

Bacteria, tissue debris, and other irritants are usu-
ally not totally removed during cleaning and
shaping (refer to Chapter 13). These constitute a
potential source of irritation that may lead to fail-
ure. It is likely, and there is evidence, that sealing
in these irritants during obturation may prevent
their escape into the surrounding tissues. Obvi-
ously, this seal must remain intact indefinitely be-
cause this reservoir of irritants persists forever. In-
terestingly, some bacteria sealed in the canal may
lose viability, probably because of lack of sub-
strate.3 Possibly, other bacteria remain dormant,
waiting for the introduction of substrate, to pro-
liferate and create havoc. Even dead bacteria or
their remnants can be irritating or antigenic and
cause inflammation.

Percolation

By definition, percolation is movement of fluids
into a small space, usually by capillary action. The
potential for communication exists between the
pulp space and the periapex.1,4-7 Tissue fluids with
plasma proteins may seep into this space and then
degrade into irritating chemicals; these irritants
may then diffuse back into the periapical tissues
and induce inflammation. Another possibility is
that periradicular tissue fluids supply substrate
(growth medium) to bacteria remaining in the
root canal space. With proliferation, bacteria and
their toxins could then return to periapical tissues
to cause inflammation.

A vicious cycle is established. Periapical inflam-
mation produces exudation and transudation of
fluid as well as an accumulation of cellular debris
composed primarily of inflammatory and tissue
cells. These irritants and inflammatory fluids then
pass into the canal space, and the cycle is repeated.

CORONAL SEAL
Irritants from Oral Cavity

A coronal seal is important. If the myriad of irri-
tants in the oral cavity gain access to periradicular
tissues, they may cause inflammation and treat-
ment failure. Irritants include substances in saliva
such as microorganisms, food, chemicals, or other
agents that pass through the mouth.

If coronal gutta-percha or sealer obturation is
exposed to saliva, dissolution of sealer and leak-

age over a relatively short period of time may
occur.8-11 This results in leakage of bacteria, tox-
ins, and chemicals into and around the gutta-
percha.12,13 The consequences of sealer loss are ob-
vious; communication from the oral cavity to the
periapex or periodontium will eventually be com-
plete via a lateral canal or apical foramen.

It is not possible to determine clinically
whether communication from the oral cavity to
the periapex has been established. Therefore, it is
unwise to restore a tooth with a canal that may
contain saliva, bacteria, food debris, or other irri-
tants. Coronal exposure of the obturating mater-
ial for more than a short period of time through
loss of restoration, recurrent caries, or open mar-
gins requires retreatment. The time of exposure
requiring retreatment is undetermined, but prob-
ably depends on varied factors, such as quality of
obturation, length of canal(s) and surface area of
exposure.

Restoration

Both design and placement of the final restora-
tion are critical. This aspect of treatment is an in-
tegral part of obturation. The restoration acts as a
protector and is the primary coronal seal, whether
temporary or final. 14 These factors are discussed
in detail in Chapter 15.

LATERAL SEAL

Although not as critical as the apical and coronal
seals, establishment of a seal in the inner middle
aspect of the canal is also important. Lateral
canals are occasionally found in these regions;
they constitute a potential communication for ir-
ritants or, possibly, percolation from the canal in-
terior to the lateral periodontium (Figure 14-1).

LENGTH OF OBTURATION

Extent of obturation relative to the apex is also
important. Ideally, obturating materials should
remain within the canal.

Overfill

Overfills are undesirable. Prognosis studies con-
sistently show that failures increase with time
when the primary obturating material has been
extruded. 12-17 Histologic examination of periapi-
cal tissues after overfilling typically shows in-
creased inflammation with delayed or impaired
healing.", " Patients probably experience more
postobturation discomfort after overfills. Two

14l Obturation
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FIGURE 14-1
A, Pulp necrosis with apical and lateral radiolucent lesions. B, On obturation, a lateral canal was detected com-
municating with periodontium. This lesion should heal after removal of necrotic pulp tissue in the main canal and
then obturation.

other problems with overfills are irritation from
the material itself and lack of an apical seal.

Obturating Materials. Whether the obturating
material is core or sealer, both are irritants to a
greater or lesser degree.'"' Silver points and
gutta-percha (slightly) as well as sealers (in partic-
ular) are toxic when they are in contact with tis-
sues. Sealers invoke a foreign body response and
inflammation .21-23

Lack of Apical Seal Secondary to Overfill. This may
be even more important than irritation from the
materials. Gutta-percha, like amalgam, requires a
matrix to condense against. Imagine trying to
condense and form amalgam into a class II prepa-
ration without a metal matrix! The same is true of
gutta-percha and sealer. Absence of an apical ma-
trix may prevent lateral spreading and sealing
during condensation.

A tapered apical preparation with no core ma-
terials and a small amount of sealer passing out of
the foramen is not a significant problem. The
taper forms an adequate matrix for gutta-percha
condensation; irritation from the sealer should
resolve. However, when there is gross overfill of
both primary obturating materials and sealer, per-

sistent inflammation" and failure often ensue
(Figure 14-2).

Underfill

Underfill results when both preparation and ob-
turation are short of the desired working length
or when the obturation does not extend to the
prepared length. Either instance may contribute
to treatment failure, particularly long term (Fig-
ure 14-3).

The "ideal" preparation or obturation length
is 1 to 2 mm short of the apex (Figure 14-4). 24
Preparation or obturation short of this length
leaves existing or potential irritants in the apical
canal. Periapical inflammation may develop
over an extended period of time, depending
on the volume of irritants or the balance estab-
lished between irritants and the immune
system.

Compared with overfill, underfill is less of a
problem, as indicated by prognosis and histologic
studies. Therefore, the axiom is, ifthere isgoing to be
an error, err on the short side; try to confine every-
thing to the canal space.
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FIGURE 14-2
Gross overfill. A, The mass of gutta-percha has been extruded, indicating lack of an apical stop or seat. B, At
1 0-year recall, persistent pathosis (arrow) suggests a poor apical seal (lack of an apical matrix).

FIGURE 14-3
Failure caused by operator errors. The mesial canals are un-
derprepared (inadequate debridement) and incompletely ob-
turated; the distal (arrow) has a poorly adapted restoration
(coronal leakage).

FIGURE 14-4
Desired lengths and preparations. The canals are prepared
and obturated to a tapered shape approximately 2 mm from
each apex.
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LATERAL CANALS VERTICAL ROOT FRACTURES

The role of lateral (accessory) canals in root
canal treatment has been a subject of debate . 2s

These canals connect pulp space and periodon-
tium. Irritants in the root canal system, such as
bacteria and necrotic debris, may leak into the
lateral periodontium and initiate inflammation
(see Figure 14-1).

Histologic examination of roots after debride-
ment shows that lateral canals are rarely if ever
debrided. 26 There is no significant difference in
the ability of various obturation techniques to
fill the main canal. However, certain techniques
tend to force materials into the lateral canals
(Figure 14-5) .27

When the main canal space is adequately
debrided and obturated, lateral lesions adjacent
to lateral canals heal as readily as periapical le-
sions. This occurs whether or not obturating ma-
terial has been expressed into the lateral canal.

The conclusion is that obturation of lateral
canals is inconsequential to the outcome of
most root canal treatments despite proponents
of certain techniques that claim to fill lateral
canals .28

Vertical root fracture is a devastating occurrence
that usually requires removal of the tooth or frac-
tured root. Signs and symptoms as well as radi-
ographic findings show that bone loss and soft
tissue lesions are common." ," Lateral forces ex-
erted during obturation or postplacement are
major etiologic factors owing to their wedging ac-
tion. 31-37 The pathogenesis, findings, and preven-
tion of vertical fractures are discussed further in
Chapter 28.

Timing of Obturation
To answer the questions, When is treatment to be
completed? Is it time to obturate?, the following
factors are considered: signs and symptoms, pulp
and periapical status, and difficulty of procedure.
Combinations of these factors affect decisions
made about number of appointments and timing
of obturation.

PATIENT SYMPTOMS

FIGURE 14-5
This premolar was obturated using a procedure (the diffusion
technique) that involves dissolving the gutta-percha in chlo-
roform. This tends to obturate the accessory and lateral
canals but provides a poor apical seal.

In general, if the patient presents with severe
symptoms and the diagnosis is acute apical peri-
odontitis or abscess, obturation is contraindi-
cated. These are emergency situations, and it is
preferable to manage the immediate problem and
delay definitive treatment. Even an acute apical
abscess may be treated in a single appointment. 38
However, this is not good treatment; if the patient
continues to have problems, management is more
difficult if the canal is filled.

Painful irreversible pulpitis is a different situ-
ation. Because the inflamed pulp (which is the
pain source) is to be removed, obturation may be
completed at the same appointment. However,
treatment of these problems requires caution be-
cause of difficulties in management of a patient
in pain.

PULP AND PERIRADICULAR STATUS

Vital Pulp

Regardless of the inflammatory status of the
pulp, and if time permits, the procedure may be
completed in a single visit.

Necrotic Pulp

Without significant symptoms, obturation may be
completed during the same appointment as canal
preparation. Pulp necrosis with asymptomatic
periradicular pathosis (that is, chronic apical peri-



odontitis, suppurative apical periodontitis, or con-
densing osteitis) alone is not necessarily a con-
traindication to single-appointment treatment at
least as related to postobturation symptoms.

There may be an advantage, however, to mul-
tiple appointments related to healing of apical
pathosis. Recent studies indicate the benefits of
treating these patients in two visits. 39-41 Place-
ment of an intracanal antimicrobial dressing
such as calcium hydroxide reduces bacteria and
reduces inflammation somewhat. Calcium hy-
droxide in the canal for 7 days can effectively
inhibit bacteria.42 A recent prognosis study com-
paring single-visit versus two-visit with intra-
canal calcium hydroxide treatment did not
demonstrate differences in long-term prognosis,
however. 13 At present, there are no definitive
conclusions about when single- or multiple-visit
procedures are indicated.

One situation that contraindicates single-visit
care is the presence and persistence of exudation
in the canal during preparation. The potential
for post-treatment exacerbation is increased if
the periapical lesion is productive and generates
continual suppuration. If the canal is sealed,
pressure and corresponding tissue destruction
may proceed rapidly. In these cases, canal prepa-
ration is completed, followed by calcium hydrox-
ide placement. A dry cotton pellet is placed over
the calcium hydroxide and the access is sealed
with a temporary restoration. Generally, exuda-
tion will be diminished and controllable at a
subsequent appointment; obturation may then
be completed.

DEGREE OF DIFFICULTY

Complex cases are time consuming and are better
managed in multiple appointments.

CULTURE RESULTS

Some practitioners rely on culturing canal con-
tents to indicate timing of completion of treat-
ment. Although the evidence is not clear about
the value of cultures as an aid in increasing suc-
cess in root canal treatment, culture results are an
indicator of long-term prognosis." 44,4S Some
practitioners believe that persistent positive cul-
tures may indicate a poorly debrided canal,
missed canals, or resistant strains of bacteria;
these conclusions have not been proved and are
debatable. However, proponents recommend that
at least one negative culture be obtained before
obturation, which requires more than one ap-
pointment. Currently, this approach is seldom
used.

NUMBER OF APPOINTMENTS

The decision about the number of appointments
needed usually occurs during initial treatment
planning. The decision to schedule another ap-
pointment, when made during an appointment,
reflects a change of circumstances such as the pa-
tient or dentist is tired or has lost patience.

Core Obturating Materials
Primary obturating materials are usually solid or
semisolid (paste or softened form). They comprise
the bulk of material that will fill the canal space
and may or may not be used with a sealer. How-
ever, a sealer is essential with all core obturating
materials.

These materials may be introduced into the
canals in different forms and may be manipulated
by different means once inside. Imaginations (and
marketing) run rampant, resulting in a variety of
materials and techniques. However, a small num-
ber of widely accepted and taught materials and
techniques are used for obturation. These are dis-
cussed in some detail; alternatives are mentioned
briefly.

SOLID MATERIALS

Solids have major advantages over semisolids
(pastes). Although various materials have been
tried, the only one universally accepted currently
is gutta-percha as the primary material. This has
withstood the test of time and research, and is by
far the most commonly used material .47-49A major

Desirable Properties of Obturating
Materials
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advantage of gutta-percha over semi-solid paste
types is the ability to control length as well as the
reasonable ability to adapt to irregularities and to
create an adequate seal.

Gutta-Percha

Composition. The primary ingredient of a
gutta-percha cone is zinc oxide (±75 percent).
Gutta-percha accounts for approximately 20 per-
cent and gives the cone its unique properties such
as plasticity. The remaining ingredients are
binders, opaquers, and coloring agents.

Shapes. Gutta-percha cones are available in
two basic shapes: the "standardized" and the
"conventional" (Figure 14-6). Standardized cones
are designed to have the same size and taper as the
corresponding endodontic instruments. That is, a
No. 40 cone should correspond to a No. 40 file.

Interestingly, there is no uniformity in gutta-
percha sizing. For example, the contents of a box

FIGURE 74-6
Comparison of conventional with standardized cones. The
three conventional cones (from left to right. fine fine,
medium fine, and fine) have a heavier body and a finer tip
and are easier to manipulate than the small, standardized,
color-coded cones (sizes 35 and 40) on the right. (Courtesy
Dr. W. Johnson.)

or vial ofNo. 40 standardized gutta-percha cones
vary in size from No. 35 to No. 45 and has incon-
sistent tips and shapes.50 This lack of uniformity
is not critical; canal shape after preparation is also
variable.

Conventional cones use a different sizing sys-
tem. The tip of the cone has one size and the body
of the cone another. They are available in various
combinations. For example, a fine tip end-
medium body would be referred to as a fine-
medium cone. Generally, conventional cones have
a smaller tip with a relatively wider body com-
pared with standardized cones.

Gutta-percha master cones tend to be selected
according to the method of canal preparation or
to match the master apical fill size. This is not
universal, however; operator preferences vary con-
siderably, indicating that size and shape of the
cone are relatively unimportant.

Advantages. Gutta-percha has withstood the
test of time, having been introduced as an obtu-
rating material more than 160 years ago. It is the
standard to which other obturating materials are
compared. First, because of plasticity, gutta-
percha adapts with compaction to irregularities in
prepared canals; second, it is relatively easy to
manage and manipulate despite some complex
obturation techniques; third, gutta-percha is easy
to remove from the canal, either partially to allow
post placement or totally for retreatment; and
last, gutta-percha has relatively little toxicity,
being nearly inert over time when in contact with
connective tissue.20,51 Another advantage of gutta-
percha is that it tends to be self-sterilizing, as it
will not support bacterial growth. If there is a pos-
sibility of cones being contaminated, they are pre-
dictably sterilized by immersion in 1% (or greater)
sodium hypochloride for 1 minute.52

Sealability. Regardless of the technique used
(condensation or plasticization), studies have
consistently shown that gutta-percha without
sealer will not seal .4,53-55 Disadvantages of gutta-
percha are a lack of adhesion to dentin and a
slight elasticity, which causes a rebound and
pulling away from the canal walls. Warmed
gutta-percha shrinks during cooling. Gutta-
percha mixed with solvents such as chloroform
or eucalyptol shrinks with evaporation of the
solvent.56 Therefore, a sealer must be used to fill
and seal the spaces between the gutta-percha
cones and between the gutta-percha and the
canal wall. Also gutta-percha should be added to
the canal in increments.

Methods of Placement. As stated earlier, place-
ment methods are varied and imaginative. Most
popular is lateral condensation, followed by verti-
cal condensation. Other techniques involve either
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chemical or physical alteration of the gutta-percha
in an attempt to render the material more plastic
or more adaptable.

Another variation is a system that includes a
solid core (carrier) surrounded by a cone of gutta-
percha. The carrier may be stainless steel, tita-
nium, plastic, or a segment of a file. After prepa-
ration, the carrier and gutta-percha are warmed
and placed in the canal as a unit.

Other devices have been introduced that involve
warming to plasticize and inject gutta-percha.
These will be discussed in more detail later in this
chapter.

I ndications. Gutta-percha is the material of
choice in most situations. Some exceptions are se-
verely curved, inaccessible canals in which gutta-
percha or obturating instruments would be diffi-
cult or impossible to manage. However, if curva-
tures of canals are that severe, the patient should be
referred to an endodontist.

Silver Points

Silver points were designed to correspond to the
last file size used in preparation, to presumably fill
the canal precisely in all dimensions. Because of
the complexity of shape of the root canals, this is
fallacious; it is impossible to predictably prepare
canals to a uniform size and shape .57

Although the short term sealability success of
silver points seemed comparable to that of gutta-
percha, silver points are a poor long-term choice as
a routine obturating material . 11,16,58,59 Their major
problems relate to nonadaptability (Figure 14-7)
and toxicity from corrosion.60 Also, because of their
tight frictional fit and hardness, silver cones are dif-
ficult to remove totally (retreatment) or partially
(post space preparation) .6 1 Also, if silver cones are
contacted with a bur, their seal may be broken.

In summary, silver cones are contraindicated as an
obturating material.

Files as Core Materials

Files used as core materials are an interesting con-
cept. Because preparation is accomplished with
files, why not fill the canal with sealer, force or
"screw" a file into place at the correct working
length, and then cut it at the canal orifice? This
technique has not gained popular acceptance, al-
though there have been advocates.

A major disadvantage is that, because of their
design and the complexity of root canals, files do
not provide a complete seal.59 Their fluting pre-
cludes a close fit, and sealer will not occupy the
rest of the space. In addition, retrieval is difficult
if retreatment or a post space is needed. Files as a
primary core material are contraindicated.

FIGURE 14-7
A, Apparent good obturation, but a persistent lesion (arrow) is seen on the lateral incisor, indicating treatment
failure. B, The reason for the failure is poor adaptation; a No. 25 file readily passes lingual to the silver point.
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PASTES (SEMISOLIDS)

Why not develop a paste or cement that can be
mixed in a liquid or putty form, inject the mate-
rial to length, fill the entire canal, and then allow
the material to set? This would be fast, the paste
would fill the entire canal space, and obturation
would be much simpler. In addition, this method
would permit use of a material that would adhere
to dentin and create an absolute seal.

Although the concept is appealing, there are
significant practical difficulties. However, it cer-
tainly has been attempted, and work on develop-
ing such a material continues. The major disad-
vantages of paste materials are lack of length
control, unpredictability, and shrinkage.

Types

Zinc Oxide and Eugenol. Zinc oxide and eugenol
may be mixed pure (no additives) to intermediate
thickness. Other formulations combine zinc
oxide-eugenol (ZnOE) with various additives. The
types known as N2 or RC2B are most common.
These are derivations of Sargenti's formula and
contain opaquers, metallic oxides (lead) or chlo-
rides (mercuric), steroids (at times), plasticizers,
paraformaldehyde, and various other ingredients.
Claims of antimicrobial properties, biologic ther-
apeutic activity, and superiority are made for
these paste formulations; no proof exists that
they contribute any beneficial aspects to obtura-
tion. In fact, most of these additives are quitetoxic.62

Plastics. It has been suggested that a resin-
based sealer such as AH26 and Diaket be used as
the sole obturating material. These sealers have
the same disadvantages as pastes and, therefore,
have not attained popular use.

coated, and then it is placed and spun deep in
the canal. As with the syringe device, the canal is
supposedly filled with paste as the drill is slowly
withdrawn.

Both techniques are more attractive in theory
than in fact. Neither technique has demonstrated
an ability to seal effectively or to fill the root canal
system. Because of lack of control, both injection
and placement by lentulo spiral drill have major
deficiencies and are contraindicated.

Advantages and Disadvantages of Pastes

The advantages are obvious: paste techniques are
fast and relativity easy to use and involve the use
of a single material. The equipment needed, at
least with the lentulo spiral technique, is relatively
simple, comprising only a limited assortment of
special drills.

The disadvantages outweigh the advantages
by far. First, the universal problem with any non-
solid core material is length control. It is difficult
to avoid overfills (Figure 14-8) or underfills (Fig-
ure 14-9). Theoretically, radiographs should be
made many times during obturation to assess
length and density as the material is being in-
jected or placed. Obviously, this is time consum-
ing and subjects the patient to needless radiation.

Another major disadvantage is sealability.
These techniques seal inconsistently: sometimes
well, other times poorly. 64,65 This unpredictability
may be related to three factors: (1) large voids or
discrepancies within the material or adjacent to
the walls; (2) shrinkage of ZnOE on setting, which
leaves a space for microleakage; and (3) solubility
of pastes in tissue or oral fluids. In addition, in-
jection devices are difficult to clean and maintain.

Techniques of Placement Sealers
Various approaches and instruments have been
devised or modified for insertion of pastes or seal-
ers. Two popular methods are injection and place-
ment with a lentulo spiral.

Injection is accomplished using a syringe-type
device with a barrel and special needles.63 The
paste is mixed and placed in the barrel, a screw
handle is inserted and twisted, and the paste is ex-
truded through the special needle-like tips. The
needles are placed deep in the canal, and the paste
is expressed as the needles are slowly backed out
of the canal. Advocates claim that this method
completely fills the canal from the apical portion
to the canal orifice.

Instrument placement is done with lentulo
spiral drills. The paste is mixed, the drill is

A basic concept is that sealer is more important
than the core obturating material. Sealer accom-
plishes the objective of providing a fluid-tight
seal; the core occupies space, serving as a vehicle
for the sealer . 66 Sealer must be used in conjunc-
tion with the obturating material regardless of
the technique or material used. This makes the
physical properties and placement of the sealer
important.

DESIRABLE PROPERTIES

Grossman outlined the criteria for an ideal
sealer . 66 None of the currently available sealers
possesses all these ideal properties, but some have
more than others. His criteria are as follows.
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FIGURE 14-8
Mandibular paresthesia after treatment. A, Using an injection technique, unset paste was forced out the apex into
the mandibular canal causing chemical damage to the inferior alveolar nerve. B, Periradicular surgery corrected
the endodontic problem, but failed to resolve the paresthesia.

Tissue Tolerance

The sealer and its components should cause nei-
ther tissue destruction nor cell death. All com-
monly used sealers show a degree of toxicity.21
This toxicity is greatest when the sealer is unset
but tends to diminish after setting and with
time.67,68

No Shrinkage with Setting

Sealer should remain dimensionally stable or even
expand slightly on setting.

Slow Setting Time

Sealer should provide adequate working time for
placement and manipulation of obturating mate-
rial, then set reasonably soon after obturation is
complete. It is desirable to have sealer unset if
post space is made immediately.

FIGURE 14-9
Frequent problems with inadequate preparation combined
with paste fills: gross underfill and numerous voids, leading
to long-term failure.

Adhesiveness

Adhesiveness is a most desirable property. A truly
adhesive material would form an absolute bond
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between the core material and dentin, closing off
any spaces. ZnOE-based sealers have no adhesion;
plastics have some.

Radiopacity

Sealer should be readily visible on radiographs.
However, the more radiopaque the sealer, the
more it obscures voids in the obturation. Some
clinicians prefer a highly radiopaque sealer to
mask discrepancies.

Absence of Staining

Remnants should not cause future staining of the
crown. Currently, all tested sealers, particularly
ZnOE-based sealers or those containing heavy
metals, stain dentin. 69,70

Solubility in Solvent

Occasionally post space or retreatment may be
necessary days, months, or years after obturation.
The sealer should be soluble in a solvent. Differ-
ent sealers have different degrees of solubility in
different solvents and with varying mechanical
techniques . 71,72

Insolubility to Oral and Tissue Fluids

Sealer should not disintegrate when in contact
with tissue fluids. Sealers are somewhat soluble,
particularly when in contact with oral fluids. 9,73

tion. This has withstood the test of time and
usage, although some of plastics (resins) also now
are widely used and have many desirable proper-
ties. Calcium hydroxide and glass ionomer types
are newer and have interesting properties but also
significant drawbacks.

Zinc Oxide-Eugenol-Based

The major advantage of ZnOE-based sealer types
is their long history of successful usage. Obvi-
ously, their positive qualities outweigh their nega-
tive aspects (staining, very slow setting time, non-
adhesion, and solubility).

Grossman's Formulation. The formula is as fol-
lows:

Powder: zinc oxide (body), 42 parts, stabellite
resin (setting time and consistency), 27 parts;
bismuth subcarbonate, 15 parts; barium
sulfate (radiopacity), 15 parts; sodium bo-
rate, 1 part

Liquid: eugenol

Most ZnOE sealers in use and available today
are variations of this original formula. A problem
with this formulation is the very slow setting
time, more than 2 months, as studied in a usage
test.75

Other Types. ZnOE forms the base for other
sealers, some of which have been used more com-
monly than others. These will not be discussed
further here.

Bacteriostatic Properties

Although a bactericidal sealer would seem to be
desirable, a substance that kills bacteria will also
be toxic to host tissues. At a minimum, the sealer
should not encourage bacterial growth .74

Creation of a Seal

This is an obviously important physical property.
The material must create and maintain a seal api-
cally, laterally, and coronally.

TYPES

Generally, there are four major types of sealers:
ZnOE-based, plastics, glass ionomer, and those
containing calcium hydroxide. Other variations
and compounds have been proposed or are mar-
keted as sealers; these should be considered
experimental.

Certainly, the standard sealer with which all
others are compared is the Grossman formula-

Plastics

Plastics are much less commonly used and ac-
cepted, at least in the United States. Some have
very desirable properties, however.

Epoxy. Epoxy is available in a powder-liquid
formula (AH26). Its properties include antimicro-
bial action, adhesion, long working time, ease of
mixing, and very good sealability.76,77 Its disadvan-
tages are staining, relative insolubility in solvents,
some toxicity when unset, and some solubility to
oral fluids. A recently introduced variation (AH-
Plus) has similar physical properties, but better
biocompatibility because it releases less formalde-
hyde and a supposed decrease in dentin staining
by elimination of silver from the formula . 71

Other Plastics. These are primarily of the methyl
methacrylate type and are not commonly used.

Calcium Hydroxide

Calcium hydroxide sealers have been introduced
in which the calcium hydroxide is incorporated
i n a ZnOE or plastic base. These sealers suppos-
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edly have biologic properties that stimulate a cal-
cific barrier at the apex; however, these properties
have not been conclusively demonstrated in clin-
ical or experimental use. Calcium hydroxide seal-
ers show antimicrobial properties79 and adequate
short-term sealability." Questions have been
raised about their long-term stability (greater sol-
ubility) and tissue toxicity.81 Until further experi-
mental and clinical data are available, these seal-
ers have no demonstrated advantages and are not
recommended.

Glass lonomer

Endodontic formulations of glass ionomer" have
been introduced recently. This material has the
advantage of bonding to dentin, seems to provide
an adequate apical and coronal seal, and is bio-
compatible.83-86 However, its hardness and insolu-
bility make retreatment and post space prepara-
tion more difficult.$'

Others

Various luting agents and basing and restorative
materials have been tried and tested as endodon-
tic sealers.88 " Examples are zinc phosphate ce-
ment, composite, and polycarboxylate cement.
These materials have not proved satisfactory.

MIXING

The common sealer types should be mixed care-
fully to a thick consistency. They should string
approximately 2 to 3 inches. The thicker the mix,
the better are the properties of the sealer, particu-
larly in regard to stability, superiority of seal, and
diminished toxicity. 90

PLACEMENT

Various techniques have been advocated for
placement of sealer, which is done before inser-
tion of the core material. The sealer may be
placed with paper points, with files, with ultra-
sonic activation of files, with special drills
(lentulo), as a coating on the primary cone, or by
injecting with special syringes. Although differ-
ent methods have shown varying degrees of effec-
tiveness in sealer application, no technique has
proved superior.91-94 I n fact, sealers may not com-
pletely cover the interface between gutta-percha
and canal wall after obturation. 95

A simple and effective technique is to coat the
walls by picking up sealer on the final apical file or
a one-size smaller file (Figure 14-10). The file is
teased to length and spun counterclockwise,

FIGURE 14-10
An easy, effective method of sealer application. The file cov-
ered with sealer will be inserted and spun counterclockwise
to coat the canal walls.

which has the effect of carrying the sealer apically
and coating the walls. Flooding the canal with
sealer is neither necessary nor desirable.

Sealer is not placed in all canals at once unless
it gives a long working time. Removing sealer that
has set is difficult. The Grossman formulations
and epoxy resins are slow setting and may be
placed in all canal S.75

Obturation Techniques with
Gutta-Percha
Different approaches are available, depending on
the size of the prepared canal, the final shape of the
preparation, and irregularities within the canal.
The overriding factor is operator preference. 96

SELECTION OF TECHNIQUE

The two traditional techniques are lateral and
vertical condensation; sealability is similar in
both.97,98 Again, the choice is dictated primarily
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by preference and custom, although there may
be special situations indicating a particular use
of each technique. Both must be used with a
sealer.

More recent approaches have been introduced
that depend upon warming and softening formu-
lations of gutta-percha with special devices and
instruments and then placing the gutta-percha
incrementally. Some of these techniques and de-
vices are heavily promoted and will be discussed
later in the chapter.

Other methods are also used; most involve al-
teration of the entire gutta-percha cone with a sol-
vent such as chloroform or eucalyptol. These are
technique sensitive and therefore are not widely
used or taught in the United States. They are not
discussed in this textbook; details are found in
other published sources.

A variation of lateral condensation is the solvent-
softened (or custom-fitted tip) technique, which is
outlined later in this chapter.

LATERAL CONDENSATION

Lateral condensation is the most popular tech-
nique of obturation, both in practice and as
taught in most institutions.99 Therefore, this tech-
nique will be described in detail.

Indications

Lateral condensation of gutta-percha may be
used in most situations. Exceptions are severely
curved or abnormally shaped canals or those
with gross irregularities such as internal resorp-
tion. However, lateral condensation may be com-
bined with other obturation approaches. In gen-
eral, if the situation is not amenable to lateral (or
vertical, if that is the usual approach) condensa-
tion, it is too difficult for the general practi-
tioner and the patient should be referred to an
endodontist.

Advantages

Lateral condensation is relatively uncomplicated,
requires a simple armamentarium, and seals and
obturates as well as any other technique in con-
ventional situations.100,101 A major advantage it
has over most other techniques is length con-
trol." With an apical stop and with careful use of
the spreader, the length of the gutta-percha filling
is managed well. Additional advantages include
ease of retreatment, adaptation to the canal walls,
positive dimensional stability, and the ability to
prepare post space.100,101

Disadvantages

There are no major disadvantages to lateral con-
densation other than difficulties in obturating se-
verely curved canals, an open apex, and canals
with internal resorptive defects.

Technique

Although there are variations, a workable and ac-
ceptable technique is presented here. Variations of
lateral condensation are described in other text-
books and manuals.

Spreader or Plugger Selection. Selection and try-
in should be performed during the cleaning and
shaping of the canal. Finger spreaders or plug-
gets are preferred over standard (long-handled)
spreaders because of better tactile sensations,
improved apical seal, better instrument control
(Figure 14-11), and reduced dentin stress during
obturation.3 4,102 Use of these finger instruments

FIGURE 14-77
Hand spreaders may be precurved to improve manipulation
into curved canals.



likely decreases the incidence of vertical root
fractures during obturation. Finger spreaders/
pluggers also can be inserted more deeply than
standard hand spreaders (Figure 14-12).

Nickel-titanium finger spreaders have been in-
troduced recently. Because of their flexibility,
these spreaders seem to produce less wedging
force while penetrating deeper. 103,104 Their advan-
tage may be less tendency to produce vertical root
fractures. These spreaders do behave differently
because of their flexibility and require practice for
efficient use.

Master Cone Selection. Either a standardized or
a conventionally shaped, fine gutta-percha cone
may be adapted as a master cone. Apical prepara-
tions that are very irregular in shape, are larger
than a No. 50 file, have no apical stop, or have an
apical seat greater than a No. 40 file should have
the custom solvent-softened cone (described
later).

Large standardized cones (No. 50 and above)
are used in the custom cone technique in canals
larger than a No. 50 file. Conventional cones are
cut and adapted to canals less than a No. 50 file.

Fitting the Master Cone. Apical clearing (when
indicated) is important before the master cone is

fitted (see Chapter 13). After apical clearing is
:ompleted, the steps are as follows:

1. Because the master cone fits only in the api-
cal portion of the apically cleared, flared
canal, the amount of resistance shown to re-
moval is slight (Figure 14-13). A slight fric-
tional fit is acceptable; the so-called tugback
is unnecessary."' However, there should be
a definite stop when the cone fits into place.
The cone is fitted to within 1 mm of work-
ing length.

FIGURE 14-13
The master cone needs only a slight frictional fit in the very
apical region. This permits deep spreader penetration be-
tween the gutta-percha and the canal wall.

1 4l Obturation

	

253

FIGURE 14-12
Comparison of hand spreader with finger pluggers or spreaders. A, The stiff, more tapered hand spreader will not
negotiate the curve. B, The smaller, more flexible finger spreader permits deeper penetration and produces a su-

perior apical seal.
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2. A cone may be too small as indicated by a
buckling in the apical few millimeters (Fig-
ure 14-14, A). A larger sized apical end is
made by cutting 1-mm segments off the mas-
ter cone until the slight fit is obtained (Fig-
ure 14-14, B). Frequently, the cone cannot be
inserted quite to working length. This is ac-
ceptable only if (a) the apical area has been
cleared of debris and (b) the spreader pene-

trates to within 1 mm of the prepared length.
A cleared apical area and deep spreader pene-
tration will usually push the gutta-percha
and sealer apically to fill the remaining 1 mm
(Figure 14-15).106

3. The master cone is removed by grasping it
at the reference point, and the length is ver-
ified by measuring it on a ruler, then cor-
rected if necessary.

4. Master cone length (not lateral fit) is evalu-
ated radiographically. Again, the cone
should be no more than 1 mm short of the
prepared length. The traditional close radi-
ographic fit of the master cone in the apical
third is unrelated to the quality of the final
Seal.' °s

5. If the master cone length is not within
1 mm of the prepared canal length, either
(a) dry reaming is repeated to be certain
there is no debris, or (b) another, smaller
cone is adapted.

FIGURE 14-14
A, A cone that appears buckled on the radiograph or on re-
moval is much too small. B, A larger cone should be selected
or clipped to form a larger size at the tip.

FIGURE 14-15
A, The master cone need not extend along the entire length
i f the preparation (arrow) has been apically cleared. B, Deep
spreader penetration then often pushes the gutta-percha
and sealer apically to fill the prepared space. (Courtesy Dr. J.
Parsons.)



6. A gutta-percha cone that extends beyond
the apical foramen shows the lack of an api-
cal stop. This requires a custom solvent-
softened cone or selection and modification
of a shorter, larger cone.

FIGURE 14-16
An assortment of obturation instruments and gutta-percha
cones. From left to right: A 21-mm fine plugger with measure-
ment markings on the shaft; a 25-mm medium fine plugger; a
25-mm fine plugger; a conventional fine gutta-percha point;
and No. 35 and No. 40 standardized gutta-percha cones. A
good combination for most situations is the fine gutta-percha
point (right arrow) and the fine finger plugger (left arrow).

Steps in Obturation. Although there are many
combinations of obturating instruments and dif-
ferent types of gutta-percha, a suggested combi-
nation for routine situations is a fine finger plug-
ger and fine accessory cone (Figure 14-16). There
is no precise correlation between size of accessory
point and size of finger spreader.'°' Specific steps
are as follows (Figure 14-17):

1. Sealer is mixed and applied to canal walls.
2. The master cone (without sealer coating) is

inserted slowly to allow air and excess ce-
ment to escape.

3. Before the spreader is inserted and re-
moved, an accessory cone is picked up with
locking pliers at the measured length, ready
to be inserted.

4. The measured spreader is inserted between
the master cone and the canal wall using
firm (apical only) pressure (5 to 7 pounds as
for amalgam condensation) to within 1 to
2 mm from working length. Spreader taper
is the mechanical force that laterally com-
presses and spreads gutta-percha, creating a
space for an additional accessory cone.

5. The spreader is freed for removal by back-
and-forth rotation around its axis. The
spreader is removed and the measured ac-
cessory (fine) gutta-percha cone is immedi-
ately inserted into the space created.

6. ( Optional) A radiograph may be made after
one or two cones are placed. If there are
length problems, the cones are retrieved. A
new master cone is fit at a connected length.

7. This procedure is repeated until the
spreader can no longer be pressed beyond
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FIGURE 14-17
The steps of lateral condensation. A, The master cone is fitted. B, A finger spreader or plugger is inserted, ideally
to 1 to 2 mm of the prepared length. C, The spreader is rotated and removed, and an accessory cone is placed in
the space created. D, The process is repeated.
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the apical third of the canal (approximately
three to seven accessory cones). The last in-
sertion is an accessory cone, not the
spreader! The spreader need not be stepped
all the way out of the canal, adding acces-
sory cones. Obturation may be evaluated
with a radiograph at this time.

8. Excess gutta-percha is seared off with a hot
instrument (Glick No. 1, a heated plugger,
or a battery-controlled heating device (Fig-
ure 14-18). This is done approximately
1 mm apical to the gingival margin in ante-
rior teeth and 1 mm apical to the canal ori-
fice in posterior teeth.

9. The cervical portion of the warm gutta-percha
is vertically condensed firmly using the Glick
No. 1 or a No. 5-7 heater-plugger.108

Finishing Touches

The procedure is completed as follows:

1. The chamber is cleaned thoroughly with
cotton pellets soaked in alcohol or chloro-
form; unset sealers are soluble in these solu-
tions. Remnants of gutta-percha or sealer
(in particular) may cause future discol-
oration (Figure 14-19).

2. A temporary or permanent restoration is
placed. Appropriate temporization or
restoration (semipermanent or permanent)
is discussed in Chapter 15.

3. A radiograph is made with the restoration
in place and the clamp removed.

Correcting Obturation Problems

Ultrasonic Condensation. A variation is lateral
condensation with ultrasonic activation of the
spreader. With this technique the spreader is
placed next to the master cone and activated with-
out a water coolant. Apical pressure is exerted, and
the spreader is inserted to a predetermined length.
Advantages are that the ultrasonic action may
spread the sealer, the friction of the spreader may
thermoplasticize the gutta-percha, and the force
required to place the spreader may be less. 109,110

Occasionally, voids or length problems will be ap-
parent on the radiograph taken during or after
obturation. These should be corrected now, before
the sealer sets!

For voids, gutta-percha is removed with hot
pluggers until the spreader can be reinserted just
beyond the void or discrepancy. Then, a fresh
mix of sealer is prepared. Lateral condensation is
performed as described previously; sealer is
added back to the canal by coating each acces-
sory cone.

An advantage of making an obturation verifi-
cation radiograph before the excess gutta-percha
is seared off is that the entire mass can usually be
removed by grasping the cones with the fingers.

FIGURE 14-18
A, A convenient battery-controlled heating device
holds an assortment of tips. B, The tip is rapidly heated
for removal of excess gutta-percha from the chamber,
or from the canal when creating a post space.
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Fitting a new master cone and reobturation is
then possible.

If the excess gutta-percha has been seared off,
an overfill can sometimes be corrected before the
sealer sets by removing all gutta-percha with files
or broaches. When extruded beyond the apex, the
overfilled gutta-percha is difficult to recover
through the canal, particularly after the sealer sets.
Extruded sealer can only be retrieved surgically.

Obturating materials extruded beyond the apex
are irritants and affect healing, but generally they
do not completely prevent resolution (Figure 14-20)
unless there is gross overfill of core material.
ZnOE-based sealers often resorb from periapical tis-
sues over time.111 These situations should not be
treated surgically unless failure to heal is evident on
recall examination.

An impression of the apical 3 or 4 mm of the
canal is made in the gutta-percha master cone. It
is basically a "cone within a cone," as only the
cone surface is softened and then shaped. The ob-
jective is to fit the cone closely into the apical por-
tion to try to create a better seal but primarily to
prevent extrusion of gutta-percha beyond the
apex. In fact, solvent softening does not result ul-
timately in a better apical seal. 114-116

Indications

Basically there are two indications: (1) an apical
stop is lacking or (2) a stop is present but the api-
cal portion of the canal is very large or irregular.

Technique

SOLVENT-SOFTENED CUSTOM

CONES

Different solvents have been proposed and
tested. The two that have been proven to be use-
ful clinically and that are used most often are
chloroform and halothane; however, concerns
about toxicity have been expressed. Some con-
cerns about chloroform are unfounded; recent
evaluations show that, if used judiciously, chlo-
roform is safe for retreatment and for the forma-
tion of custom cones.112,113 Described here is a
technique using chloroform; halothane is used in
a similar manner.

The steps are as follows:

1. The master cone selected is usually a larger
standardized cone that, when inserted, stops
2 to 4 mm short of the working length.

2. The master cone tip (apical 3 to 4 mm) is
softened by dipping it in chloroform for 1
to 2 seconds (Figure 14-21). Halothane dip-
ping is done for 3 to 4 seconds.

3. The cone is tamped apically in the canal sev-
eral times. Then, the cone is grasped at the
reference point, removed, and measured.
Softening and tamping are repeated until
the cone goes to working length. The cone is

FIGURE 14-19
Often discoloration is caused by improper technique and is preventable. A, A too-frequent unfortunate occur-
rence: gradual discoloration after root canal treatment. B, Causes include sealer remnants and a silver point ex-
tending into the chamber and amalgam restoring the lingual access. This tooth will be difficult to bleach because

the stains are from metallic ions.
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FIGURE 14-20
A, This is not a serious overfill. The core obturating material is confined to the canal. B, Recall examination shows
healing and resorption of sealer.

FIGURE 14-21
The softened custom cone technique. The apical portion (3 to
4 mm) is dipped in chloroform for 1 to 2 seconds and then
tamped in the canal.

marked or bent for orientation; it must be
replaced exactly in the same position during
obturation.

4. The cone is removed, and the solvent is al-
lowed to evaporate. The cone should not be
left in the canal for any length of time while
soft; the softening will continue and the tip
may separate when the master cone is re-
moved. The cone tip should show an impres-
sion of the apical preparation (Figure 14-22).

S. The cone is replaced and a confirmatory ra-
diograph is made. The cone need not extend
to working length but may be slightly
shorter, up to 1 mm.

G. Sealer is mixed thick. The canal walls are not
coated, only the apical third of the master
cone. The cone is carefully inserted to length
without wiping off all the sealer on the walls.

7. The standard lateral condensation proce-
dure follows with spreader insertion, rota-
tion, removal, accessory cone placement,
and so on. More sealer is added by coating
each accessory cone before placement.

8. A radiograph may be made to evaluate the
obturation before the excess is seared off.



FIGURE 14-22
After the softened cone has been tamped into the canal and
removed, it should show an impression of the apical region
(arrow).

The mass can be pulled out and reobtura-
tion done if necessary.

VERTICAL CONDENSATION

Vertical condensation is also an effective technique;
studies show its sealability is comparable to that of
lateral condensation. Although vertical condensa-
tion is not widely taught in dental schools, the
technique is becoming more popular. With the in-
troduction of new devices and techniques, the
warm vertical compaction technique is somewhat
more user friendly and is less time consuming.

Indications

In general, vertical condensation can be used in
the same situations as lateral condensation. It is
preferred in a few circumstances, such as with in-
ternal resorption and with root end induction.

Advantages and Disadvantages

Its principal advantage over lateral condensation
is the ability to adapt the warmed and softened

FIGURE 74-23
Warm vertical condensation. Larger canal preparations are
i ndicated to accommodate obturating instruments (heater-
pluggers). Also, this technique tends to apically extrude

sealer and softened gutta-percha.

gutta-percha to the irregular root canal sys-
tem.' 'e" 8 Disadvantages include difficulty of
length control, a more complicated procedure,
and a larger assortment of required instruments.
Also, a somewhat larger canal preparation is nec-
essary to allow manipulation of the instruments
(Figure 14-23).

Technique

The warm vertical compaction technique requires
a heat source and various sized pluggers for com-
paction of the thermoplasticized gutta-percha.
Schilder pluggers begin at 0.4 mm in diameter
and increase by 0.1 mm for each of the successive
instruments with 1.1 mm being the largest instru-
ment. Pluggers are also available in ISO standard-
ized sizes.

The technique consists of fitting a gutta-percha
cone with a taper similar to the canal, short of the
apex and applying heat using a flame-heated car-
rier. The gutta-percha is softened by the heat and
becomes plastic. Pluggers are then placed in the
canal with apical pressure to produce a hydraulic
force that moves the gutta-percha apically, against
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the canal walls, and into canal irregularities such
as accessory canals. Gutta-percha is then added in
small increments; each increment of gutta-percha
is heated and softened and packed vertically until
the entire canal is filled. Detailed descriptions of
the technique appear elsewhere.119

FIGURE 74-24
Device for heating gutta-percha. A controlled current causes
rapid heating of the plugger, which then softens a prefit
gutta-percha cone in the canal.

Other Warm Vertical Approaches

A recent modification of the warm vertical com-
paction technique is termed the "continuous
wave of condensation." Prerequisites for this tech-
nique are a tapering canal preparation, a con-
stricted apical preparation, and an accurate cone
fit. The technique is often used after preparation
with nickel-titanium rotary files of greater taper.
The heat source is an electric device that supplies
heat to a plugger on demand (Figure 14-24). Plug-
gets are available in nonstandardized sizes that
match the nonstandardized gutta-percha cones
or in standardized sizes that match files of greater
taper (Figure 14-25). In addition, two hand plug-
gets of differing diameters are used to sustain and
condense the gutta-percha apically.

Heat is applied at a prescribed temperature
(200° C) for a short period of time as determined
by the operator. By applying a constant source of
heat to a prefitted gutta-percha cone, hydraulic
pressure can be applied in one continuous motion.
As the plugger moves apically, the fit becomes more
precise and the hydraulic pressure is increased,
forcing the gutta-percha into canal irregularities.
Details of the continuous wave of condensation
technique are available in other publications. 120

There are inherent risks. When thermoplasti-
cization or any technique that physically alters
gutta-percha is used, there is the potential for ex-
trusion into the periradicular tissues as well as
possible damage to the periodontal ligament and
supporting alveolar bone from heat. An increase
of 10° C above body temperature appears to be a
critical threshold for damaging osseous tis-
sues .96,121 Flame-heated carriers reach high tem-
peratures and pose the greatest threat of damage
to the periodontal structures. 122-125 When used
properly, the injectable gutta-percha technique
and the continuous wave condensation tech-
nique appear to produce temperature changes
that are below the critical threshold. 1 2s -127

Sectional Obturation

A recent innovation, this technique involves a two-
phased sectional approach. A small apical segment
of gutta-percha is placed ("downpacked"), fol-
lowed by a backfilling of gutta-percha. This tech-
nique seems relatively fast and may prove useful,
but requires more investigation. 128 Details of the
technique appear elsewhere. 129

FIGURE 14-25
"Continuous wave of condensation" plugger is designed to
size-match the rotary file used to prepare the canal. Pluggers
are also approximately matched to nonstandardized gutta-
percha in an attempt to obturate the apical portion of a canal
with a single cone.

Thermoplasticized Injection

With this technique, specially formulated gutta-
percha is warmed and then injected into the pre-
pared canal with a device (Figure 14-26) that
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works like a caulking gun.130 When used in con-
junction with a sealer, thermoplasticized injection
provides an adequate seal. 131 This technique is
useful in special situations (Figure 14-27). How-
ever, lack of length control and shrinkage upon
cooling are disadvantages.

Solvent Techniques

Solvent techniques involve the total or partial dis-
solution of gutta-percha in solvents, primarily
chloroform or eucalyptol (see Figure 14-5). These
have names such as chloropercha, eucapercha,
diffusion technique, or chloroform resin. Often,

FIGURE 14-26
A thermoplasticizing device. A high-
heat gun softens gutta-percha (arrow)

i nto an injectable plastic mass.

FIGURE 14-27
A, Internal resorptive defect is a good indication for B, obturation with a thermoplasticized gutta-percha
technique. (Courtesy Dr. M Gomez.)
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these techniques are not used in conjunction with
a standard sealer but depend on softened gutta-
percha to adapt closely. The problem is that
gutta-percha shrinks away from the walls as the
solvents evaporate. Extensive leakage is generally
seen with these techniques,56 and some have a
poorer long-term prognosis. 132

Gutta-Percha Carrier Systems

These systems use a central carrier (stainless steel,
titanium, or plastic) coated with gutta-percha.
The carrier is flexible yet it provides rigidity for
the overlying gutta-percha. The obturators are
standardized, so the carriers correspond to the
size of instruments. After canal preparation, the
canal is dried and lightly coated with sealer.
The appropriate size obturator is heated in a spe-
cial oven and firmly placed to working length. The
carrier is then sectioned 1 to 2 mm above the ori-
fice to the canal. These carrier/gutta-percha sys-
tems are equivalent to conventional gutta-percha
obturation with apical sealing, but do not consis-
tently create a coronal seal. 133,131

Advantages of the technique include ease of
placement and the potential for the plasticized
gutta-percha to flow into canal irregularities. Dis-
advantages include a tendency for extrusion of
material periapically, an inability to control the
density of fill in irregularly shaped canals, diffi-
culties in removing carrier and gutta-percha dur-
ing retreatment, and variable adaptation of com-
ponents in the canal. 131,131 Overall, there are no
demonstrated advantages to routine use of these
systems.

term toxicity than the standard accepted materi-
als.l38-140 Although there are advocates for the so-
called Sargenti technique, which continues to be
practiced, experimental and clinical evidence
weighs heavily against this approach. In addition,
there are warnings and, in some countries and
states, bans against it. There is also a federal ban
on importation and interstate sales of the N2 or
RC2B paste. Perhaps for these and other reasons,
malpractice lawsuits and out-of-court settlements
have consistently been decided for the plaintiff
and against the dentist employing the Sargenti
technique and the paste.

However, on the horizon are some interesting
and radical approaches to preparation and obtu-
ration using hydrodynamics and vacuum tech-
niques.141 These are still experimental, lacking
clinical verification, but show promise.

Evaluation of Obturation
Surprisingly, evaluation of obturation is difficult.
The only means of immediate assessment is radi-
ographic, which is imprecise at best. However, ra-
diographic evaluation has been the standard and
at least provides some criteria with which to judge
obturation quality.

SYMPTOMS

The presence of symptoms for a few days after ob-
turation is common and probably is unrelated
to an inadequate seal. This reflects a different
phenomenon.

ALTERNATIVE TECHNIQUES RADIOGRAPHIC CRITERIA

Other techniques involve primarily mixing and
placement of unset material into the canal. Either
chemical or physical changes cause the material
to set into a semisolid or solid form. Many mate-
rials have been tried, clinical validation research
on them usually is sparse or absent. None have yet
proved feasible for various reasons related to ei-
ther the material or the techniques of insertion.
Again, length control and obturation voids are
major difficulties."' Included with some of these
techniques are materials as such amalgam, glass
ionomer, composites, silicone pastes, semisoft
acrylics N2 or RC2B paste ("Sargenti" technique),
and ZnOE paste with various additives.

In addition to problems with physical proper-
ties, generally there are many biologic disadvan-
tages as well."' In particular, the pastes with for-
maldehyde or heavy metal additives (e.g., Sargenti
formulations) show more short-term and long-

Good obturation (fluid-tight seal) cannot be seen
on a radiograph. Only fairly gross discrepancies
are visible; these voids or deficiencies may or may
not relate to lack of seal and may result in long-
term failure. 142 The evaluative criteria as deter-
mined by studying the obturation radiograph
(Figure 14-28) are as follows.

Radiolucencies

Voids within the body or at the interface of obtu-
rating material and dentin wall represent incom-
plete obturation.

Density

Material should be of uniform density from
coronal to apical aspects. The coronal region
(and large canals) are more radiopaque than the
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FIGURE 74-28
Evaluation of obturation: an example showing several deficiencies and correction. A, Length: apical portion shows
slight overfill; shape: there is not consistent taper (the fill is narrower in the cervical region); density: voids are
present throughout; coronal removal: material remains in the chamber. B, Improved access, cleaning and shap-
i ng, correct obturation, and restoration. Healing is evident. (Courtesy Dr. A. Stabholz.)

apical region because of differences in mass of
material. The margins of gutta-percha should be
sharp and distinct with no fuzziness, indicating
close adaptation.

Restoration

Whether permanent or temporary, the restoration
should be contacting enough dentin surface to
ensure a coronal seal.

Length

The material should extend to the prepared
length and be removed apical to the gingival mar-
gin (anterior teeth) and orifices (posterior teeth).

Taper

The gutta-percha should reflect the canal shape;
that is, it should be tapered from coronal to api-
cal regions. Taper need not be uniform bur should
be consistent. Ideally, the apical region should
taper nearly to a point unless the canal in this re-
gion was not small before preparation.
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he need for careful restoration is re-
flected in the fact that more endodonti-
cally treated teeth are lost because of

restorative factors than because of failure of the
root canal treatment itself.1,2 Options for restora-
tion are considered before root canal treatment is
begun, although the final decision on the most
appropriate restoration is often made only as
treatment progresses. The profusion of restora-
tive techniques and materials makes planning ap-
pear complex; however, in most cases restoration
is usually straightforward.

This chapter considers principles of restora-
tion rather than detailed techniques, which are
beyond the scope of this textbook. Conservation
of tooth structure is emphasized, though not at
the expense of preserving the treated tooth as a
functional unit.

Longevity of Endodontically
Treated Teeth
The effort and expense of root canal treatment and
restoration require that the tooth function effec-
tively for a prolonged period. Surprisingly few clin-
ical studies have addressed the question of how
long endodontically treated teeth survive. The nu-
merous studies evaluating treatment success and
failure have focused on endodontic aspects (devel-
opment or persistence of a periapical lesion, with
accompanying signs and symptoms), which are
generally amenable to further management . 3 Few
retrospective clinical studies have evaluated rates
and causes of tooth loss; these have consistently
demonstrated the importance of the restoration.

An 8- to 9-year follow-up study reported that
11% of root canal treated teeth were extracted,
most for restorative or periodontal reasons.' Sur-
vival rates in excess of 90% after 10 years have been
reported .45 Many restorative variables influence
the success rate achieved in clinical practice, and
much lower survival rates can be expected with in-
adequate restoration.6,7 Many endodontically
treated teeth require extraction because of crown
fracture from inadequate restoration, but inap-
propriate use of posts also leads to an unaccept-
ably high rate of clinical failure.' Under ideal con-
ditions, a loss rate from restorative failures of 1%
to 2% per year may be achievable.

Coronal Seal
Root canal treatment will ultimately fail if the ob-
turating materials become exposed to oral fluids.
Coronal leakage is a major cause of failure. 8,9 Even
a well-obturated canal with appropriate use of
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sealer cement does not provide an enduring bar-
rier to bacterial penetration; the restoration (both
temporary and permanent) provides the coronal
seal.'° Exposure of obturating materials to oral
fluids through a lost restoration, marginal dis-
crepancy, or recurrent caries leads eventually to
sealer disintegration and bacterial contamination
of the canal system. The restoration must pro-
vide the coronal seal either as a separate step (for
example, placing a barrier over canal orifices) or
more commonly as an integral part of the restora-
tion by virtue of its marginal sealing abihty. 9,11
Posts (particularly prefabricated posts) and cores
do not create a seal until the crown is placed. 'z,'3

Lack of an intact sealing restoration is an im-
portant factor in assessing the cause of a persis-
tent or developing periapical lesion. Fortunately,
this is usually correctable by endodontic and
restorative retreatment. Another concern is an in-
adequate temporary seal, both during treatment
and after treatment is complete but before final
restoration. There is not sufficient information to
know how much exposure time to oral fluids
mandates retreatment, although 3 months maxi-
mum exposure has been suggested as a general
guideline."

Structural and Biomechanical
Considerations
Restorative failures commonly include cusp frac-
tures or some form of crown-root fracture (split
tooth)' (Figure 15-1). It is important to under-
stand the basis for this fracture susceptibility
when designing restorations. Access preparation
superimposed on an extensively carious or re-
stored tooth leads to further loss of tooth struc-
ture. Unsupported cusps (particularly those with-
out an adjacent intact marginal ridge) associated
with a large access opening are more prone to
fracture. Excessive preparation of the canal space
for a post further weakens the root and intro-
duces significant stress areas.14,15

STRUCTURAL CHANGES IN DENTIN

A deeply entrenched clinical perception persists
that root canal treated teeth become brittle, sup-
posedly losing resilience as the moisture content
of dentin declines after pulp loss. This perception
is unsupported experimentally. Few studies have
compared physical properties of endodontically
treated versus nontreated human teeth with vital
pulps. The moisture content of endodontically
treated teeth was not reduced, even after 10 years.16
Also, a comparison of these two groups revealed
no significant differences in strength, toughness,

FIGURE 15-1
Crown-root fracture (split tooth) of a root canal treated
tooth restored with amalgam but lacking cusp protection.
(Courtesy Dr. H. Colman.)

and hardness of dentin.17,18 Thus, susceptibility to
fracture cannot be reliably attributed to structural
changes in dentin after loss of pulp vitality or after
root canal treatment.

LOSS OF TOOTH STRUCTURE

Teeth are measurably weakened even by occlusal
cavity preparation; greater loss of tooth structure
further compromises strength. Loss of one or both
marginal ridges is a major contributor to reduced
cuspal stiffness (strength), which predisposes teeth
to fracture. 19,20 Access has only a minor effect on de-
creasing cuspal strength when the access cavity is
surrounded by solid walls of dentin. In a tooth al-
ready seriously compromised by caries, trauma, or
large restorations, the access cavity is more signifi-
cant, particularly if the adjacent marginal ridge has
been lost.21 Excessive coronal flaring results in
greater susceptibility to cusp fractures . 2Z

BIOMECHANICAL CONSIDERATIONS

Cuspal flexure (movement under loading) will
weaken premolars and molars over time .20,2 1 As
cavity preparations become larger and deeper, un-
supported cusps become weaker and show more
deflection under occlusal loads. Greater cuspal



flexure leads to cyclic opening of margins between
the tooth and the restorative material. Fatigue is
also a factor; cusps become progressively weaker
with repetitive flexing. Hence, the restoration
must be designed to minimize cuspal flexure to
protect against fracture and marginal leakage.

Requirements for an Adequate
Restoration
The permanent restoration must (1) provide a
coronal seal, (2) protect the remaining tooth
structure, (3) minimize cuspal flexure, and (4) sat-
isfy function and esthetics.

Restoration Timing
The unrestored, temporized tooth without a perma-
nent restoration is a candidate for problems! Unless
there are specific reasons for delay, final restoration
is completed as soon as practical after root canal
treatment.8,23 In teeth requiring restoration of only
the access (for example, minimally restored anterior
teeth), the final restoration is best placed immedi-
ately after obturation. It may be necessary to defer
restoration, but the delay should be minimal rather
than to wait until after recall examination.

THE IDEAL: IMMEDIATE
RESTORATION

The tooth is at its weakest after access and remains
so until it is appropriately restored. The temporary
restoration will not provide complete protection
against occlusal forces even when the tooth is out
of occlusion or splinted with an orthodontic band.
Fracture during or soon after treatment is all too
common (Figure 15-2) and is usually preventable.

Most temporary restorative materials have low
wear and fracture resistance; substantial occlusal
wear or material fracture may occur within weeks.
Immediate restoration is preferred. It is unneces-
sary to wait for radiographic evidence of healing
before the final restoration is placed. Even for
many teeth having a guarded prognosis, prompt
permanent restoration may improve the progno-
sis because of the better protection. In the event of
failure, retreatment is usually possible through
the restoration. Surgical management will not
disturb the permanent restoration either.

INDICATIONS FOR DELAYING FINAL
RESTORATION

Almost the only reason to delay the permanent
restoration is a questionable prognosis where fail-
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FIGURE 15-2
I nterappointment fracture of a weakened tooth associated
with incomplete removal of the previous restoration. Cusp
protection and/or cusp reduction usually will prevent this
occurrence.

ure would lead to extraction. A compromised
prognosis may exist because of procedural diffi-
culties or for nonendodontic reasons. These in-
clude canals that are not negotiable or incom-
pletely obturated and procedural problems (for
example, a broken instrument or perforation).
The proposed use of the tooth as a bridge abut-
ment may demand evidence of healing before an
expensive prosthesis is placed. However, few indi-
cations justify delaying restoration.

With a guarded prognosis, the rationale for
postponing final restoration is based on the nature
of further management if failure occurs. Decision-
making for managing failure is covered in Chap-
ter 20. If failure is likely to result in extraction, the
expense of a final restoration may dictate delay until
the outcome is more certain. If correction requires
surgery, there is no reason to delay restoration.

SEMIPERMANENT TEMPORARY
RESTORATION

If final restoration is delayed, the temporary restora-
tion must last as long as necessary (up to a year). It
must protect, seal, and meet functional and esthetic
demands. A good semipermanent posterior tempo-
rary restoration is an amalcore that onlays weak-
ened cusps, thus providing functional and sealing
protection. If a crown is to be placed later, the final
crown preparation can be completed without
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FIGURE 15-3
Chamber and canal orifices retain an amalgam core, taking
advantage of natural undercuts. The teeth can be prepared
for crowns without removing the amalcore, or the amalgams
may be the permanent restoration if the cusps are ade-
quately protected. (Courtesy Dr. P. Parashos.)

removing the core (Figure 15-3). Comparable ante-
rior restorations are more challenging owing to es-
thetic factors and difficulties with coronal seal. A
temporary post crown will not provide an adequate
seal. 13 It is preferable to place a cast post and core
immediately (which provides a better coronal seal)
when a temporary crown is indicated.12,13

Restoration Design
PRINCIPLES AND CONCEPTS

Three practical principles for function and dura-
bility are the following:

transmit functional loads through the
tooth to the suspensory apparatus.

PLANNING THE DEFINITIVE
RESTORATION

Restoration planning begins before root canal
treatment is started. The plan may be modified
after the restoration and/or after caries is re-
moved and the access is prepared and as treat-
ment progresses. Visualizing the restorative
preparation in advance ensures that structural re-
quirements of the core will be preserved.

For anterior teeth, the choice of final restoration
is somewhat limited. Wherever possible, restoration
of the access (e.g., acid-etch composite) is used; this
is sufficient for teeth that are otherwise largely in-
tact. For more extensively damaged teeth (trauma,
large proximal restorations), full coronal coverage
supported by a post/core is indicated. The choices
for premolars and molars are more varied. 2s

Direct Restoration

Restorations inserted directly into the prepared
cavity (amalgam or composite) may be conserva-
tive, but a requirement is that the restoration pro-
tects against coronal fracture. Indications include
the following:

1. Minimal tooth structure has been lost be-
fore and during root canal treatment. A
conventional access cavity in a tooth with
intact marginal ridges is restored without
further preparation.

2. Prognosis is uncertain, requiring a durable
semipermanent restoration.

3. Ease of placement and cost.

1. Conservation of tooth structure. Most teeth re-
quiring treatment are already compromised
structurally; further dentin removal should
be minimized .

22,24 On the other hand, cus-
pal reduction and capping may be neces-
sary. Routinely decoronating and rebuild-
ing an endodontically treated tooth is an
outdated measure.

2. Retention. The coronal restoration is re-
tained by the core and remaining dentin. If
the core requires retention, then the canal
system is used, with provision of a post. The
post weakens and may perforate the root
and should be placed only to retain the
core. 14,24

3. Protection of remaining tooth structure. In pos-
terior teeth, this applies to protecting un-
supported cusps to minimize flexure and
fracture. The restoration is designed to

Many posterior teeth may be restored with
amalgam if unsupported cusps are adequately
protected .26 A conventional class 11 amalgam will
not achieve this, and ordinarily should not be
used.6,27 As a general guideline, cusps adjacent to a
lost marginal ridge should be onlaid, with suffi-
cient thickness of amalgam (at least 3 to 4 mm) to
resist occlusal forces. This is a significant reduc-
tion. Premolars are more vulnerable to fracture
than molars and should have both cusps onlaid
when a marginal ridge is involved . 6 In molars, cov-
erage only of cusps adjacent to a lost marginal
ridge will generally be adequate if the remaining
cusps and marginal ridge are not undermined.
The amalgam should extend into the pulp cham-
ber and canal orifices to aid retention.

Advantages of amalgam as a permanent
restoration include significantly less cost and
fewer appointments; the longevity of extensive
amalgam restorations is similar to that of cast



FIGURE 15-4
Cast gold onlay incorporates a reverse bevel for additional
protection against cuspal flexure.

restorations.28 The amalgam may subsequently
serve as a core for indirect cast restoration if indi-
cated (see Figure 15-3).

Composite resins have a limited role in direct
restoration of posterior teeth.29 With an occlusal
access surrounded by enamel, acid-etch compos-
ites may prove sufficient. Bonded restorations
(amalgam and composite) will probably be more
widely used in the future, as bonding materials
and techniques continue to improve.'"' However,
at present amalgam bonding has few documented
benefits in long-term clinical usage, and bond fail-
ure is likely to be catastrophic for otherwise un-
supported cusps.31,32

Indirect restorations

Cast restorations (onlays, 3/, and full crowns) pro-
vide the greatest occlusal protection and are opti-
mal if there is extensive loss of tooth structure. The
attractiveness of onlays is that the cavity design
usually requires little additional tooth tissue re-
moval other than for the cusp onlays (Figure 15-4).
The access cavity should be sealed with an amal-
core or glass ionomer, which forms a base for the
casting. The strength of gold allows conservative
tooth reduction and a reverse bevel for greater cusp
reinforcement.

A full crown is a reliable, strong restoration
that protects against crown-root fracture .4,24,33

Tooth reduction often removes most remaining
coronal tooth structure; for retention, a core
must be placed (and occasionally a post) to retain
the core. To plan the core shape, there must be
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FIGURE 15-5
A, The gingival margin of the premolar is obscured by gingi-
val overgrowth. B, The margins have been exposed by elec-
trosurgery, and the core has been fabricated and cemented.

complete exposure of the margins. Gingival re-
traction cord and electrosurgery are useful for ex-
posure, and prevent undersized cores being made
because of incomplete viewing of the margins
(Figure 15-5).
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Full crowns should be used only when there is
insufficient coronal tooth structure present for a
more conservative restoration or if functional or
parafunctional stresses require the splinting ef-
fect of full coronal coverage. Full crowns have
been overused based on the mistaken concept
that the treated tooth is weak and requires maxi-
mal protection.

Preparation of Canal Space
and Tooth
POST SELECTION

A post retains the core; the need for a post is dic-
tated by the amount of remaining coronal tooth
structure. A major disadvantage is that posts do
not reinforce the tooth, but further weaken it by
additional removal of dentin and by creating
stresses that predispose to root fracture. 7,14,24

A post system should be selected that fits the
requirements of the tooth and restoration. The
tooth and restoration should not be prepared and
adapted to the post system; rather, the post sys-
tem and preparation design should be selected as
appropriate to the situation.

There is much debate on how the post should
interact with the tooth under load. Should the
post material be similar in stiffness to root
dentin (carbon fiber), somewhat stiffer (titanium
and gold), or much stiffer (stainless steel and
cobalt-chromium alloys) ?14 Stiffer posts may lead
to tooth fracture, whereas the more flexible posts
deform with the tooth, and tend to fail without
fracturing the tooth . 35 Bonding between the post
and the tooth may allow the restored tooth to de-
form more with loading, compared with the con-
ventional approach of the indirect restoration
being much more rigid than the tooth. Long-
term clinical trials will determine how posts
should interact with teeth, and what degree of
stiffness functions best.

A further consideration is that of radiopacity; ti-
tanium posts have a radiopacity similar to that of
gutta-percha, which can create clinical uncer-
tainty. 36 All post designs are predisposed to leakage,
particularly temporary post/core/crown systems."

POST SPACE PREPARATION

Both chamber and canal may retain the restora-
tion, and, in many instances, are essential. When a
post is required for core retention, the minimum
post space (length, diameter, and taper) should be
prepared consistent with that need. Preparation
consists of removing gutta-percha to the required

FIGURE 15-6
Post space preparation has led to a perforation in one incisor
and unnecessary weakening of the other as a result of diver-
gence from the canal space during gutta-percha removal by
rotary instruments.

length, followed by enlargement and shaping to
receive the post. Caution is required; removing ex-
cess gutta-percha results in a defective apical
seal . 37,38 Also, excessive dentin removal seriously
weakens the root, which may predispose to root
fracture . 39 A perforation may occur if the cutting
instrument deviates from the canal or if the
preparation is too large or extends beyond the
straight portion of the canal (Figure 15-6). Radio-
graphs may be deceptive as a guide to root curva-
ture and diameter by disguising root concavities
and faciolingual curves." As a general rule, post
diameter should be minimal, particularly apically,
and not more than one third of the root diame-
ter." Tapered post preparation prevents a step at
the apical post space, which predisposes to wedg-
ing and root fracture.

Removal of Gutta-Percha

Whenever possible, gutta-percha is removed im-
mediately after obturation to ensure the most
predictable apical seal.42 At this stage the dentist
is most familiar with the canal features, including
shape, length, size, and curvature. Depending on
the obturation technique, the canal may be filled
only to the desired length, or gutta-percha may be
removed to length using a hot instrument. The re-



FIGURE 15-7
Gutta-percha removal. A, Enough remains in the distal canal to preserve the apical seal. B, Excessive removal
from the palatal canal. This probably eliminated the apical seal and left a space between the post and gutta-
percha. A radiograph taken before post placement would have allowed correction.

maining gutta-percha is then vertically condensed
in the apical canal before the sealer has set. The
obturation radiograph will confirm that suffi-
cient gutta-percha remains (4 to S mm).

Gutta-percha removal at a subsequent ap-
pointment is satisfactory. Again, the safest proce-
dure is use of a heated instrument. Gutta-percha
is removed in increments to the desired length,
using a heat carrier or plugger. Any instrument
that penetrates to the desired depth can be used,
so long as it has sufficient heat capacity. An alter-
native means of removal include solvents and me-
chanical. Problems with solvents such as chloro-
form, xylene, or eucalyptol include messiness and
unpredictable depth of penetration. Use of rotary
instruments, especially Peeso reamers, requires
caution because of their tendency to diverge and
perforate or at least seriously damage the root.
They may also "grab" and displace the apical
gutta-percha. Specially designed rotary nickel-
titanium instruments rotating at low speeds may
be more effective.

Whatever technique of removal is used, suffi-
cient gutta-percha must remain to preserve the
seal. At least 4 mm of gutta-percha is recom-
mended (Figure 1S-7), and this should be con-
firmed radiographically before the post is
cemented .37,38

Finishing the Post Space

The post space is then further refined. If gutta-
percha has been adequately removed, use of rotary
instruments for final canal shaping should not be
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a problem. The bulk of the canal preparation has
been achieved by the endodontic treatment, re-
quiring only small refinements. Parallel sided
drills generate significant temperature increase;
final shaping should be by hand manipulation of
the cutting instrument, since only small amounts
of tooth need be removed.43.

Retention and Core Systems
ANTERIOR TEETH

These teeth must withstand lateral forces from
mandibular excursive movements, which if trans-
mitted via a post, tend to split the root. Consider-
ation should be given to the occlusal scheme.
Where possible, the excursive load should be lim-
ited, with more force being borne by adjacent,
more structurally sound teeth.

The optimal design is a cast metal post and
core, prepared as a single unit. The post portion
provides unit strength and retention, and the core
cannot separate from the post. Custom fitting of
the post and core permits minimal dentin re-
moval both from canal space and coronally, plus
maximum ferrule effect without crown lengthen-
ing (Figure 1S-8). 44 Importantly, core shape
should conform to the remaining coronal tooth
structure, rather than machining the tooth for a
standard core or technique. The small cross-
sectional area of posts for mandibular incisors
may result in casting porosities; it is possible to
use a wrought gold alloy post as a basis for the ad-
dition of a cast core.
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FIGURE 15-8
Cast post/cores in maxillary incisors. The preparation on the
left shows extensive coronal dentin providing maximal fer-
rule effect; the preparation on the right illustrates minimal
coronal dentin and little ferrule effect.

FIGURE 15-9
Molar correctly restored without a post and with a full crown.
The decision to use a post depends on remaining coronal
tooth structure and the retention provided by the chamber.

Use of a prefabricated post with direct core
buildup is a last resort for an anterior tooth and is
generally contraindicated. If used, a preformed
post should be passive to minimize wedging
forces. Also, passive fit facilitates removing the

post for retreatment. Screw-retained posts are
contraindicated-they predispose to vertical root
fracture and are difficult to remove.

POSTERIOR TEETH

Premolars with substantial loss of coronal struc-
ture are also generally best restored with a cast
post and core. Narrow mesiodistal root width
does not permit adequate core thickness in asso-
ciation with a prefabricated post. Minimal en-
largement during post space preparation is essen-
tial to preserve sufficient dentin thickness.41 In
maxillary premolars with two roots, only the
palatal canal should be used for the post; the buc-
cal furcation groove and narrow root preclude use
of the buccal root.41,45 A small, short (2 to 3 mm)
post in the buccal canal provides some retention
and antirotation.

Molars, which have larger pulp chambers, per-
mit direct core options; the volume of the core is
greater and the chamber shape provides reten-
tion. Most molars are restored with the direct core
only, without a post (Figure 15-9). However, with
minimal remaining coronal tooth structure and a
small pulp chamber, a post may be placed in one
canal for additional retention. Cast post/core sys-
tems are rarely necessary and should be consid-
ered only when essentially no coronal tooth struc-
ture remains.

The longest and straightest canal is preferred
for the post, usually the palatal canal of maxillary
molars and the distal canal of mandibular mo-
lars.40 Other canals are narrower and more curved
and are in weaker roots with surface concavities.
These should be used only (and cautiously) if
other factors preclude placement in the larger
canals. Core retention is supplemented by extend-
ing the core material 2 to 3 mm into the remain-
ing canal orifices.

A wide variety of passively seated prefabricated
posts is available. Parallel-sided posts provide
greater retention than tapered posts and do not
wedge. They require more post space preparation;
matching post size to canal size is important to
minimize dentin removal. The post need not con-
tact dentin throughout its length to achieve ade-
quate retention (this is important in distal canals
of mandibular molars, which are often broad cer-
vically). Threaded screw posts should not be used.

Molar core design is simple and placement of
the core requires little removal of tooth structure.
A coronoradicular core of amalgam (amalcore)
condensed into the chamber and slightly into
canal orifices is preferred and provides a passive,
strong core; an amalgam bonding agent may also
be used." ," With fast-setting amalgam, the crown
may be prepared at the same visit, although
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preparation is easier when the material is fully
set. An alternative is resin composite, which does
not have the strength or long-term sealability of
amalgam. However, composite resin has the ad-
vantage of allowing immediate crown prepara-
tion" (Figure 15-10). Glass ionomer cements do
not have sufficient shear strength.

PINS

There is no need for retentive pins. The stresses
and microfractures generated in dentin and the
risk of perforation by pins outweigh any potential
gain in retention of the restoration. Pins have
been suggested for antirotation of the post/core;
this is best achieved by other means such as a
slightly out-of-round preparation.

Restoring Access Through
an Existing Restoration

Occasionally, pulps undergo irreversible pulpitis
or necrosis after placement of a crown, requiring
root canal treatment (Figure 15-11). 33 Access
through the restoration, with subsequent perma-
nent repair of the opening is often preferred.

For the restoration to remain functional, three
conditions must be met: (1) the interface between
the restoration and the repair material must pro-
vide a good coronal seal; (2) retention of the
restoration must not be compromised; and (3) the
final core structure must support the restoration
against functional or minor traumatic stresses. Ac-
cess, particularly if overextended, may leave only a
thin shell of dentin, especially in anterior teeth and
premolars. Retention then depends almost entirely
on the repair material. Fortunately, the chamber
and canal are available to create a core that pro-
vides adequate retention and support in most in-
stances. Placement of a dowel or post through an
access or through an existing restoration adds no
support and little retention and is rarely indicated.

The repair material should have high compres-
sive and shear strength. In most situations, amal-
gam is preferred. It improves retention, maintains
and even improves its seal with time, and is easily
condensed into the entire chamber and access cav-
ity as a single unit.48 Composite resins, glass
ionomer cements, and glass cermets do not have
the requisite shear strength. Amalgam also func-
tions well in anterior teeth with porcelain-fused-to-
metal restorations. If esthetics is a problem, a new
restoration is the first choice. A layer of composite
can be placed over the amalgam core but serves
only as a short-term repair. Inlays or gold foil to re-
store access openings through gold castings offer
no advantage and do not merit the effort and cost.

FIGURE 15-10
Restoration of a decoronated mandibular molar. Cemented
parallel-sided posts retain a composite core. Inability to con-
dense amalgam dictated the use of composite resin, placed
and cured in many increments.

FIGURE 15-11
Pulp necrosis several years after preparation and placement
of a cantilever bridge. Root canal treatment is required
through the crown, with attendant risks of perforation and/or
l oss of retention.

Temporary Restorations

Many endodontic procedures involve multiple
visits. Also, unless the final restoration is limited
to a routine access cavity, root canal treatment
and final restoration are usually not completed in
the same appointment. A temporary restoration is
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thus required. The temporary restoration is nor-
mally in place for 1 to 4 weeks. In special situa-
tions such as apexification or delayed permanent
restoration, the temporary restoration must last
several months.

OBJECTIVES OF TEMPORIZATION

Objectives depend on the intended duration of
use. Thus different materials are required, de-
pending on time, occlusal load and wear, com-
plexity of access, and loss of tooth structure.

ROUTINE ACCESS CAVITIES

Most access cavities involve only one surface and
are surrounded by dentin walls or by porcelain or
metal (if the restoration is retained). The tempo-
rary restoration must last from several days to sev-
eral weeks. Numerous types are available, including
premixed cements that set on contact with mois-
ture (Cavit), intermediate restorative materials
(IRM), glass ionomer cements, and specially for-
mulated light-cured composite materials such as
temporary endodontic restorative material
(TERM)49 -51 Ease of use and good sealing ability
make Cavit a good routine material, but low
strength and rapid occlusal wear limit its use to
short-term sealing of simple access cavities. Inter-
mediate restorative materials provide improved
wear resistance. TERM undergoes polymerization
shrinkage followed by expansion resulting from
water sorption. Its seal is comparable to that of
Cavit, with superior strength and wear limits. More
durable restorative materials (composites and glass
ionomer cements) tend to provide the best seal.51 It
is not known whether experimental leakage differ-
ences based on bacterial leakage or dye penetration
are significant clinically. Most critical are the thick-
ness and placement of the material.

Techniques of Placement

The quality of the coronal seal depends on the
thickness of the material, how it is compacted

Cotton Pellet

FIGURE 15-12
Techniques for temporization. Shown on the left are the cor-
rect techniques; either minimal space is occupied by cotton or
no cotton pellet is used, particularly if the proximal surface is
to be restored. It is wrong to nearly fill the chamber with
cotton, which leaves inadequate space and strength for the
temporary restorative material (3 to 4 mm are required).
(Courtesy Dr. L. Wilcox.)

into the cavity, and the extent of contact with
sound tooth structure or restoration. A minimum
depth of 3 to 4 mm is required around the pe-
riphery and preferably 4 mm or more to allow for
wear. In anterior teeth, the access is oblique to the
tooth surface; care must be taken to ensure that
the material is at least 3 mm thick in the cingu-
Ium area.

IRM and Cavit (or a similar material) are
placed as follows. The chamber and cavity walls
should be dry, with a thin layer of cotton (except
in a class II situation) over the canal orifices to
prevent canal blockage (Figure 15-12). Cavit is
packed into the access opening with a plastic in-
strument in increments from the bottom up and
pressed against the cavity walls and into under-
cuts (Figure 15-13). The excess is removed, and
the surface is smoothed with moist cotton. The
patient should avoid chewing on the tooth for at
least 1 hour. TERM is prepackaged by the manu-
facturer in compules, ready for injection into the
access. The material is inserted, packed with a
plastic instrument, adjusted occlusally, and then
light-cured.

EXTENSIVE CORONAL BREAKDOWN

Teeth without marginal ridges or with under-
mined cusps may require a stronger filling mate-
rial (high-strength glass ionomer cement), with
care being taken to ensure adequate thickness
and good marginal adaptation proximally. Re-
ducing the height of undermined cusps reduces



FIGURE 15-13
Techniques for placing temporary restoration material. A, The "blob" technique is wrong because it does not seal
the walls. B, The incremental technique, which adds successive layers, pressing each against the chamber walls,
i s correct. (Courtesy Dr. L. Wilcox.)

the risk of fracture. For severely broken-down
teeth, a cusp-onlay amalgam or occasionally a
well-fitting orthodontic band cemented onto the
tooth (restored with glass ionomer cement) pro-
vides a durable temporary restoration. At the
next appointment, access is cut through the
restoration.

TEMPORARY POST CROWNS

Interappointment temporary crowns are gener-
ally contraindicated. In most situations if a crown
is in place, it must be removed during the root
canal procedure and then recemented after tem-
porization of the access.

Esthetic restoration of anterior teeth is chal-
lenging if little coronal structure remains. A tem-
porary crown retained with a post (preformed alu-
minum post, paper clip, or a sectioned large
endodontic file) has inherent problems. Using the
canal space for a temporary post precludes use of
an intracanal medicament, and the coronal seal
depends entirely on the temporary cement. The
coronal seal is generally inadequate with a loosely
fitting and mobile temporary post and crown. 13 If
a temporary crown is placed, fabrication should
preferably be done under rubber dam, with adja-
cent teeth also isolated to assist in preparing
contacts.

The temporary post should fit the canal snugly
(not binding) and extend apically 4 to 5 mm short
of working length and coronally to within 2 to
3 mm of the incisal edge. A polycarbonate shell is
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FIGURE 15-14
Technique sequence for anterior temporary post-core-crown
fabrication. A, Post space is prepared. B, A temporary post of
the proper size is fitted. C, A polycarbonate crown is adapted,
filled with resin, and seated over the post. Excess resin is
trimmed from the margins after the resin has set. D, The
post/crown is cemented using a temporary cement such as
Temp Bond.

trimmed to a good fit; self-curing material then is
added to the inside of the shell to mold to the
root face and attach to the post. The temporary
luting cement (Temp Bond or similar cement) is
placed on the coronal 3 to 4 mm of the post and
root face, and the unit is cemented into place
(Figure 15-14). A provisional removable partial
overdenture is a useful alternative; access remains
excellent, and there is little chance of disturbing
the coronal seal between appointments.

I ncremental Technique

Blob Technique
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LONG-TERM TEMPORARY
RESTORATIONS

Restorations for procedures such as apexification
may last for months, up to 2 years. For routine ac-
cess openings, a durable restoration such as amal-
gam, glass ionomer cement, or acid-etch composite
should be used, allowing sufficient thickness to en-
sure strength and a long-term seal. If the perma-
nent restoration is delayed, these semipermanent
temporary restorations are generally sufficient.
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After reading this chapter, the student should be able to:

1 /	 Define terms associated with endodontic microbiology.

2 /

	

Describe portals of entry of microorganisms to the pulp and periradicular tissues.

3/

	

Understand the significance of bacteria in pulpal and periradicular diseases.

4 /

	

Describe the predominant bacteria and discuss microbial virulence factors and the microbial ecosystem

associated with endodontic infections.

5 /

	

Describe the reaction of pulp and periradicular tissues to bacteria.

6 /

	

Understand infection control as applied to endodontic practice.

7 /

	

Discuss the rationale for debridement of the root canal system.

8 /

	

Understand the importance of drainage in treating acute apical infections (abscess).

9 /

	

Describe the indications and methods for microbial sampling of endodontic infections.
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ost pathoses of the dental pulp and
Periradicular tissues are either directly
or indirectly related to microorganisms.

Knowledge of the bacteria associated with en-
dodontic pathoses is important in understanding
the disease process and in developing a sound ra-
tionale for treatment. This chapter discusses mi-
croorganisms associated with pulpal and Peri-
radicular diseases, infection control, and the
principles of treatment of endodontic infections.

Bacteria Associated with
Endodontic Infections
TERMINOLOGY

Colonization is the establishment of bacteria or
other microorganisms in a living host. Coloniza-
tion occurs if appropriate biochemical and physi-
cal conditions are available for growth and in-
hibitory factors are inadequate to destroy the
organisms. Permanent colonization in a symbiotic
relationship with the host results in establish-
ment of normal oral flora. These organisms par-
ticipate in many beneficial relationships but are
considered opportunistic pathogens if they gain ac-
cess to a normally sterile area of the body and pro-
duce disease.

Infectious disease (infection) results if microor-
ganisms damage the host and produce clinical
signs and symptoms. Pulpal and Periradicular
pathoses (diseases) result from opportunistic
pathogens infecting the pulp cavity and, at times,
Periradicular tissues.

Pathogenicity is the capacity of organisms to
produce disease within a particular host. Virulence
expresses the degree of pathogenicity in a host
under defined circumstances. Stages in develop-
ment of an endodontic infection include micro-
bial invasion, colonization, multiplication, and
pathogenic activity.

PORTALS OF ENTRY TO THE PULP

Microbes may take several routes to invade and in-
fect the pulp. If enamel or cementum is missing,
microorganisms may invade the pulp through ex-
posed dentinal tubules. Caries are the most com-
mon source of bacterial penetration through the
tubules. Bacteria can invade and multiply within
permeable tubules. Importantly, bacterial penetra-
tion into dentinal tubules has been shown to be
greater in teeth with necrotic pulps than in teeth
with vital pulps.' Tubule permeability is reduced
by the presence of various components of the
dentinal fluid, the living odontoblastic processes,



284

	

16 / Encloclontic Microbiology

and the formation of peritubular dentin or ter-
tiary dentin. Bacteria are preceded through the
tubules by their byproducts and breakdown prod-
ucts, which may be pulp irritants. An example of
this is the positive correlation between the pres-
ence of bacteria under restorations with pulpal
inflammation.

Microorganisms may reach the pulp after di-
rect pulpal exposure associated with caries,
restorative procedures, or a traumatic injury that
fractures, cracks, or displaces the tooth.2 Pulp sta-
tus is an important factor in susceptibility to mi-
crobial invasion. Vital pulp is very resistant to mi-
crobial invasion. Penetration of the surface of a
healthy pulp by oral flora is relatively slow or may
be blocked entirely. For example, if the pulp is ex-
posed to the oral cavity following tooth fracture,
the resulting inflammation, necrosis, and bacter-
ial penetration extend no more than 2 mm into
the pulp after 2 weeks. In contrast, a necrotic pulp
is rapidly invaded and colonized by bacteria.'

There is also an intimate relationship between
the pulp and periodontium via tubules, lateral or
accessory canals, furcation canals, and the apical
foramen. Pulpal necrosis and the egress of irritants
by these routes may affect the periodontal liga-
ment and surrounding attachment apparatus. The
reverse seems less likely. It is debatable whether peri-
odontal pathoses directly cause significant pulpal
disease.4,5 However, if periodontal disease involves
the apex of a tooth, the pulp may become necrotic.6
Presumably, pulpal inflammation results if bacte-
ria can penetrate the lateral canals, furcation
canals, or denuded dentin after periodontal treat-
ment. The removal of cementum during periodon-
tal therapy exposes dentinal tubules to oral flora. A
study in humans after root planing demonstrated
the presence of pulpitis, bacterial penetration into
exposed dentinal tubules, and thermal sensitivity.'

Anachoresis is a process by which microorgan-
isms are transported in the blood to an area of in-
flammation where they establish an infection. In-
vestigators using animals have demonstrated the
localization of blood-borne bacteria in inflamed
pulp but not in instrumented unfilled canals."
How often (or whether) anachoresis contributes
to pulpal or periradicular infections in humans
has not been determined.

tococcus sobrinus) have been associated with smooth
surface and pit-fissure caries, whereas Actinomyces
spp. have been associated with root caries. Al-
though mutans streptococci are important in ini-
tiating caries, they may not be as important in the
progression of deep caries. Bacteria in the deepest
layers of caries are predominantly strict anaer-
obes.10 After exposure of the dental pulp by caries,
numerous species of opportunistic oral flora may
invade and colonize necrotic tissue. This allows
microbial selection by the ecosystem associated
with infections of endodontic origin. 11,12

REACTION OF PULP TO BACTERIA

Like other connective tissues, pulp responds to ir-
ritants with (1) nonspecific inflammation and (2)
specific immunologic reactions. Pulpal inflamma-
tion from caries begins as an insidious chronic cel-
lular response characterized by the presence of
lymphocytes, plasma cells, and macrophages. The
response to caries by the pulp-dentin complex in-
cludes the formation of peritubular dentin, de-
creased permeability of dentinal tubules, and
often, production of tertiary dentin." , " This irreg-
ular tertiary dentin is less tubular and presumably
acts as a barrier to the invading caries. Generally,
the pulp is not severely (not irreversibly) inflamed
when caries do not penetrate to the pulp.

After pulp exposure by caries, numerous
species of opportunistic oral flora may colonize
the exposed tissue. Polymorphonuclear (PMN)
leukocytes characteristic of acute inflammation
are chemotactically attracted to the area. An accu-
mulation of PMN leukocytes results in abscess
formation. The pulp may remain inflamed for a
long time or may undergo rapid necrosis. The dy-
namics of the pulpal reaction is related to the vir-
ulence of the bacteria, host response, amount of
pulpal circulation, and degree of drainage. Be-
cause it is surrounded by hard tissue, the inflamed
pulp is located in a unique low-compliance envi-
ronment.15 This low compliance causes increased
intrapulpal pressure when extravascular inflam-
matory cells and fluids accumulate. The increased
pressure further interferes with normal circula-
tion and cell function, making the cells more sus-
ceptible to injury or death.

CARIES AND PULPAL DISEASE POLYMICROBIAL INFECTIONS

The most common source of bacteria to the pulp
is from caries. Bacteria associated with caries are
not motile but apparently advance through the
dentinal tubules by dividing (binary fission) and
by dentinal fluid movement. In humans, mutans
streptococci (mainly Streptococcus mutans and Strep-

The intimate association between microorgan-
isms and endodontic pathoses was demonstrated
in rats by Kakehashi and associates.16 After expo-
sure of the dental pulp to the oral cavity, ab-
scesses, pulpal necrosis, and periradicular inflam-
matory lesions developed in rats with normal
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microbial flora but not in germ-free rats. In the
germ-free animals, pulpal inflammation resulting
from exposure was minimal.16 In humans, when
bacteria reach the pulp, it may become inflamed
but stay vital for some time, or quickly become
necrotic. Microorganisms invade the necrotic
pulp, multiply, and infect the root canal system,
including the dentinal tubules (Figure 16-1).
Once the pulp becomes necrotic, it becomes a
reservoir for microorganisms, microbial byprod-
ucts, and microbial breakdown products. En-
dodontic infections include infections of both the
pulp cavity and the periradicular diseased tissues.

Of about 500 species of bacteria recognized as
normal oral flora, only a relatively small group are
commonly isolated from infected pulp cavities.
Strict anaerobic bacteria predominate, with some
facultative anaerobes and, rarely, aerobes. Many
bacteria (especially strict anaerobes) are difficult
to cultivate. Differences in frequency of isolation
from one study to another may be related to a
number of variables including sampling tech-
nique, transport medium, culture medium, type
of incubation, and method of identification.

Modern culturing techniques have demon-
strated the association of polymicrobial oppor-
tunistic oral bacteria with pulpal and periradicu-
lar diseases. Sophisticated anaerobic technology
provides an environment conducive to the growth
of strict anaerobes. For example, in one study ex-

amining intact teeth with infected root canals,
more than 90% of the bacteria were strict anaer-
obes (Table 16-1)." Another study isolated and
identified bacteria from the apical 5 mm of in-
fected root canals in teeth with carious pulpal ex-
posures and associated periradicular lesions. 17 It
was found that most (68%) of the isolates were
strict anaerobes. The predominance of strict
anaerobes suggests a selective process favoring the

FIGURE 16-1
Cocci observed with scanning election microscopy in a tubule
from a fractured root through a canal containing necrotic de-
bris. Bacteria such as these, deep in tubules, may not be re-
moved or killed during canal preparation or by intracanal
medicaments.

Predominant Isolates from the Root Canals of 65 Teeth with Periapical Lesions

Adapted from Sundqvist G: Oral Microbiol Immunol7:257, 1992.
*Species isolated in low number or not identified to species level.
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growth of anaerobes." Importantly, the relative
proportion of strict anaerobic bacteria to faculta-
tive bacteria increases with time, as does the total
number of bacteria. 18

The anaerobic genus Bacteroides has undergone
major taxonomic revision, which has changed the
nomenclature for the black-pigmented bacteria
(BPB) associated with endodontic infections.
Species of BPB were previously located in the
genus Bacteroides. These species are nonmotile,
non-spore-forming, Gram-negative rods. Three
asaccharolytic species of BPB have been reclassi-
fied into a separate genus named Porphyromonas

(Box 16-1). 19 Species of saccharolytic BPB have
been reclassified into a separate genus named Pre-

votella (Box 16-1).20 Several nonpigmented oral
species of bacteria previously classified as Bac-

teroides have also been placed in the genus Pre-
votella (Box 16-1). The current nomenclature is
used in this chapter.

Although no absolute correlation has been
made between any species of bacteria and the clini-
cal signs or symptoms of endodontic pathosis, BPB

have been the most often implicated. 21-26 Other
studies have found that Porphyromonas gingivalis
and Porphyromonas endodontalis were isolated only

Recent Taxonomic Changes for
Previous Bacteroides Species

Studies have associated species with clinical signs and symptoms.
tMost commonly isolated black-pigmented bacteria from endodon-
tic infections.

from acute infections, whereas Prevotella intermedia
was found with both symptomatic and asympto-
matic infections.27 Recently, with DNA methods,
Prevotella nigrescens has been characterized as a
species separate from P. intermedia. 2s Studies con-
firmed that P. nigrescens is the BPB most commonly
cultivated from endodontic infections . 28-30

Molecular methods have also been used to de-
tect and identify the presence of another BPB, Pre-

votella tannerae, in endodontic infections. When
the polymerase chain reaction was used to evalu-
ate 118 microbial samples from endodontic infec-
tions, 60% of the samples tested positive for the
presence of P. tannerae, although only 5 strains
were cultivable.31 Molecular methods will proba-
bly detect numerous other presently uncultivable
microorganisms.

Other bacteria often associated with clinical
signs and symptoms include Prevotella buccae and
species of Peptococcus, Peptostreptococcus, Eubac
terium, Actinomyces, and Fusobacterium.24.26,32,33 Ani-
mal studies have demonstrated that purulent le-
sions may be induced with specific combinations
of bacteria, especially strains of BPB. 18,34-36 How-
ever, no absolute causative relationship between
specific microorganisms and endodontic disease
have been defined.

Actinomyces and Propionibacterium species are able
to persist in periradicular tissues in the presence of
chronic inflammatory tissue .37-39 Most of these in-
fections apparently respond to conventional root
canal treatment; however, surgery or antibiotics
may be needed to resolve these infections .37- 39

Recent studies have found a high incidence of
the facultative anaerobe, Streptococcus faecalis, in
root canals of teeth requiring retreatment of pre-
vious root canal therapy because of persistent in-
flammation .40-42 A recent study found healing in
94% of the cases after a negative culture at the ob-
turation appointment but only a 68% rate of heal-
ing if the cultures were positive at the time of ob-
turation.40 These studies support previous
investigations that demonstrated absence of heal-
ing when canals are obturated in the presence of
microbes in the root canal . 43

Yeasts and viruses are also found in the pulp
cavity. Fungi have been identified in root canals
and in teeth refractory to endodontic treat-
ment.42-47 Viruses, including the human immun-
odeficiency virus (HIV), are present in the pulp
and may be associated with endodontic dis-
ease .48,49 The significance of intrapulpal viruses is
unknown. A case report recently associated a her-
pes zoster infection with periodontal and en-
dodontic disease.50

In summary, the microbial population in vari-
ous endodontic pathoses and conditions has been



identified as being important, but is not yet thor-
oughly understood. This includes both the types
of microorganisms and their significance. Future
research should continue to clarify these issues.

MICROBIAL ECOSYSTEM
IN THE ROOT CANAL

When a necrotic pulp is sampled, a mix of bacter-
ial species are recovered. Because of the lack of cir-
culation within a necrotic pulp, normal host de-
fense mechanisms (inflammation and immunity)
are absent or compromised. The pulp cavity sup-
plies substrate and becomes a reservoir for invad-
ing microbes. The root canal system also is a spe-
cial environment where selection results in a
restricted group of bacteria. Tissue fluid and dis-
integrated cells from necrotic tissue form a sub-
strate of nutrients (especially polypeptides and
amino acids) essential for microorganisms. These
nutrients, low oxygen tension, and bacterial inter-
actions are the key ecologic determinants of
which bacteria will predominate. Conditions
favor the growth of anaerobes able to metabolize
peptides and amino acids rather than carbohy-
drates. The growth of one bacterial species may
depend on another commensal species, which
supplies an essential nutrient as a metabolic
byproduct. Figure 16-2 shows some of the possi-
ble complex nutritional relationships among bac-
teria in an infected root canal. 12

Likewise, antagonistic relationships may de-
velop among bacteria. Some by-products (e.g.,
ammonia) may be either a nutrient or a toxin, de-
pending on the species of bacteria and the con-
centration of its by-products in the ecosystem.
Bacteiiocins are antibiotic-like proteins produced
by one species of bacteria that inhibit the growth
of other species.

Root canal treatment uses chemomechanical
methods of debridement to disrupt, destroy, and
remove the microbial ecosystem. This is accom-
plished through the cleaning and shaping process
and the adjunctive use of antimicrobials within
the pulp system. Effective obturation of the root
canal space and coronal restoration prevents api-
cal and coronal leakage and eliminates the pulp
cavity as a reservoir of infection.

Association of Bacteria with
Periradicular Disease
As stated earlier, the contents of infected root
canals are potent irritants. The importance of bac-
teria and the development of apical periodontitis
have been demonstrated. 16 Periradicular lesions

(disease) develop when the canal contains bacte-
ria. 18 22,36,51 Evidence indicates that bacteria and bac-
terial by-products emanating from the root canal
are the major irritants associated with periradicu-
lar inflammation. Bacterial by-products alone are
capable of causing periradicular pathosis. 5 2

VIRULENCE FACTORS

Bacterial virulence factors include fimbriae (pili),
capsules, extracellular vesicles, lipopolysaccha-
rides (LPSs), enzymes, short-chain fatty acids,
polyamines, and low-molecular-weight products
such as ammonia and hydrogen sulfide. Bacterial
fimbriae are important for attachment to surfaces
and to other bacteria. Fimbriae may be important
in synergistic relationships between bacteria. Cap-
sules are a significant resistance factor for bacte-
ria, enabling them to avoid phagocytosis. BPB as-
sociated with endodontic infections may have
such capsules.

Lipopolysaccharides

LPSs are found on the surface of Gram-negative
bacteria and have numerous biologic effects that in-
duce periradicular pathosis. LPSs have nonspecific
antigens that are not well neutralized by antibodies.
LPS antigens activate the complement cascade
through both the classic and alternative pathways.
When released from the cell wall, LPSs are known as
endotoxins. A relationship has been established be-
tween the presence of endotoxins and the extent of
periradicular inflammation . 11,53 Endotoxin is capa-
ble of diffusing across dentin. The content of LPSs
in canals of symptomatic teeth with radiographi-
cally evident lesions and exudate is higher than that
of asymptomatic teeth .53-55
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FIGURE 16-2
Possible nutritional relationships between bacteria in an in-
fected root canal. A mixed microbial flora is necessary. Then,
the dynamic interrelationships between the bacteria and host
determine the degree of pathosis. (From Sundqvist G: J Endod
1 8:428, 1992.)
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Enzymes

Bacteria produce enzymes (proteases) that neu-
tralize immunoglobulins and complement com-
ponents.56-58 Recently the gene for collagenase, a
metalloprotease associated with the spread of cel-
lulitis, was detected in strains of Porphyromonas
gingivalis isolated from endodontic infections."'
In addition, hydrolytic enzymes released from
PMN leukocytes in purulent infections have an
adverse effect on surrounding tissues.

Extracellular Vesicles

Another type of irritant produced by Gram-neg-
ative bacteria is extracellular vesicles. These may
be free endotoxin, blebs, and outer membrane
fragments . 62 They have a trilaminar structure sim-
ilar to that of the outer membrane of a Gram-
negative bacterium (Figure 16-3). The vesicles
contain enzymes or other products that affect
host cells. These vesicles may be involved in
hemagglutination, hemolysis, bacterial adhesion,
and proteolytic activities .62,63 They have the same
antigenic determinants on their surface as their
parent bacteria. They may protect the bacteria by
neutralizing specific antibodies.

affect neutrophil chemotaxis, degranulation,
chemiluminescence, phagocytosis, and other in-
tracellular changes. Research has shown that bu-
tyric acid offers greater inhibition of T-cell blasto-
genesis than does propionate or isobutyrate. 64
Butyric acid has been shown to stimulate produc-
tion of interleukin-1, which is associated with
bone resorption and periradicular path OSiS.64

Polyamines

Biologically active polyamines have been found in
infected canals.65 Host cells and most bacteria, es-
pecially Gram-negative bacteria, contain large
amounts of polyamines. Polyamines such as pu-
trescine, cadaverine, spermidine, and spermine are
involved in the regulation of cell growth, regener-
ation of tissues, and modulation of inflamma-
tion. Amounts of putrescine and total polyamines
are higher in the necrotic pulps of teeth that are
painful to percussion or those that have sponta-
neous pain. Teeth with a sinus tract have a signif-
icantly greater amount of cadaverine in the pulp
space. 6s Although correlations such as these have
been demonstrated, cause and effect relationships
have not been proved for all virulence factors.

Fatty Acids
CORRELATIONS WITH PATHOSES

AND TREATMENT

Anaerobic bacteria produce short-chain fatty
acids such as propionic, butyric, and isobutyric
acids. These acids are active virulence factors that

FIGURE 76-3
Extracellular vesicles (arrows) from the budding outer mem-
brane of a strain of black-pigmented Prevotella intermedia, a
suspected pathogen. The trilaminar structure is similar to that
of the outer membrane of Gram-negative bacteria including
li popolysaccharides. These vesicles may be involved in
hemagglutination, hemolysis, bacterial adhesion, and prote-
olytic activities (original magnification x20,000).

The association of specific species of bacteria with
pulpal and periapical pathoses as well as with
clinical signs and symptoms is not absolute. En-
dodontic infections are polymicrobial, with each
species of bacteria having variable virulence fac-
tors. No single microorganism or group of bacte-
ria has been proven to be more pathogenic than
another. From a treatment point of view, all en-
dodontic infections are considered polymicrobial
and are treated accordingly. Root canal treatment
of a necrotic pulp will disrupt the microbial
ecosystem by removing bacteria, bacterial byprod-
ucts, and substrate from the root canal system.

In contrast to the necrotic debris and microbes
sequestered in a pulp cavity, periradicular tissues
have an excellent collateral blood supply, lym-
phatic drainage, and a large pool of undifferenti-
ated cells. Eventually, periradicular pathoses de-
velop primarily in response to microorganisms,
microbial byproducts, and microbial breakdown
products. The extent of the periradicular inflam-
matory reaction will depend on the severity of the
irritation, its duration, and the host response. Me-
diators of both nonspecific inflammatory reac-
tions and specific immunologic reactions partici-
pate in the formation and perpetuation of
periradicular lesions (see Chapter 3).



Acute apical periodontitis (AAP) is the initial
response that results from extension of pulpal in-
flammation to the periradicular tissues. Bacteria
and their byproducts are usually involved in the
process. Other factors that may be involved in
AAP include inflammatory mediators from pulp,
instrument trauma, and chemicals used during
root canal treatment.

Microbiologic, histologic, and immunologic
methods have been used to determine whether
bacteria persist in the inflammatory tissue of
asymptomatic chronic apical periodontitis
( CAP). Whether bacteria can invade, colonize,
and multiply in CAP is controversial. Different
opinions result from different investigative tech-
niques and interpretation of results. One prob-
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lem with microbial sampling of periradicular le-
sions at the time of either periradicular surgery
or tooth extraction is contamination of the sam-
ple by oral flora or by bacteria in the infected root
canal. Results of culturing studies have been con-
troversial and inconclusive . 66-69 Histologic evalua-
tion of periradicular samples diagnosed as CAP
rarely demonstrates bacteria in the tissue .38,68,70,71

A scanning electron microscopic study demon-
strated bacterial plaque on surgically resected
root tips of teeth that were refractory to root
canal treatment. 66 Other studies have shown a
barrier of neutrophils or epithelium or an amor-
phous (necrotic) tissue between the bacteria in
the canal and the periradicular inflammatory tis-
sue (Figure 16-4). 38 7 0

FIGURE 16-4
A, Resected apical third (D) of a human tooth with pulp necrosis and chronic apical periodontitis (GR). B, The bac-

teria appear to be blocked by a wall of neutrophils (NG) or by (C) an epithelial plug (EP) i n the apical foramen.

Note dense aggregates of bacteria ( AB i n B) adherent to the dentin wall. Bacteria may clump (SB i n B) or form

l oose collections (BA in inset i n C) in the root canal. The infected canal becomes a sequestered reservoir for sub-

strate and bacteria. (From Nair R: l Endod 13:31, 1987.)



290

	

1 6 / Endodontic Microbiology

Immunocytochemical methods have provided
a means of identifying bacteria present in chronic
periradicular lesions through the use of specific
antisera to identify bacteria in the histologic sec-
tions. Only Actinomyces israelii, Actinomyces naes-
lundii, Propionibacterium (Aracbnia) propionica, and
P. intermedia have been identified using immuno-
cytochemical methods in sections of periradicular
lesions . 3 ', 7 2,73 Any study that disturbs the peri-
radicular tissues may allow their contamination
with oral (or possibly intracanal) flora; also, the
presence of a species of bacteria does not prove an
etiologic relationship (cause and effect) with the
periradicular pathosis.

Acute apical abscesses (AAAs), acute exacerba-
tion of CAP (so-called "phoenix" abscesses), and
suppurative apical periodontitis are characterized
by large numbers of PMN leukocytes, necrotic tis-
sue, and bacteria. Under certain circumstances (re-
lated to host resistance and virulence of bacteria)
periradicular tissues are invaded and become in-
volved in progressive infections (abscesses and cel-
lulitis). The bacteria are polymicrobial and are sim-
ilar to those isolated from infected root canals .74-76
The number of strains of bacteria isolated from
periradicular abscesses are on average more than
five per sample, with most being strict anaer-
obes.11,75,77 Thus, in both root canal infections and
periradicular abscesses, a predominance of mixed
strict anaerobes contributes to the disease.

I nfection Control
Today's practice of dentistry, including endodontic
procedures, requires universal precautions. All pa-
tients must be treated as if they have a transmissi-
ble disease. Precautions include preventing cross
contamination between patients and health care
providers. Not all exposures to microorganisms re-
sult in disease. Whether a disease is transmitted
depends on the dose of the infective agent, the
virulence of the microorganism, and the host
resistance.

An effective way to reduce the dose of microor-
ganisms is the use of physical barriers, which in-
clude the rubber dam, safety glasses or face shields,
masks, gowns, and gloves. Once a rubber dam that
seals against salivary contamination has been po-
sitioned, the tooth surface and surrounding rub-
ber dam should be disinfected using sodium
hypochlorite (NaOCI) or other accepted disinfec-
tant. Irrigation of canals with sodium hypochlo-
rite provides an additional chemical barrier
against microorganisms for health care providers.

Endodontic procedures pose a risk for acciden-
tal percutaneous exposure to body fluids for both
patient and dentist by burs, files, contaminated
needles, instruments, spreaders and pluggers,
Gates-Glidden drills, and so on. Techniques must
be used to avoid accidental exposure to these
sharp instruments. Disposable items are available
to minimize the chances of contamination.

FIGURE 76-S
Protective role of activated macrophages and T-lymphocytes
i n periapical inflammatory granulomas. T-lymphocyte activa-
tion leads to antigen-specific B-lymphocyte activation and
l ocal production of specific antibodies. Healing will not occur
until the bacteria are removed. (From Metzger ZV: Endod
Dent Traumatol16:3, 2000. C Munksgaard.)

Treatment of Endodontic
I nfections
The microbial ecosystem of an infected root canal
system and the subsequent inflammatory re-
sponse of the periradicular tissue will persist until
the source of irritation is removed (Figure 16-5).
Treatment should establish an environment fa-
vorable for the host to resolve the disease. The key
to successful treatment of periradicular disease is
removal of the reservoir of infection (necrotic tis-
sue, bacteria, and bacterial by-products) by thor-
ough debridement.

DEBRIDEMENT OF THE ROOT

CANAL SYSTEM

Root canal debridement, as a part of the cleaning
and shaping process, is the removal of substrates
that support microorganisms. Because the root
canal system is irregular, instruments do not
reach all the fins, cul-de-sacs, indentations, and
areas between the main canals. Irrigants flush out
loose debris, provide lubrication, exert antimicro-
bial action, and dissolve some debris in the canal.
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Sodium hypochlorite (NaOCI) (0.5% to 5.25%)
is considered the irrigant of choice. NaOCI will
dissolve some organic debris in areas not reached
by instruments and is an excellent antimicrobial
agent against those bacteria reached by the chem-
ical .78,86 The chemical activity of NaOCI should be
maintained by frequent irrigation of the canals
being instrumented.78,84 A root canal system with
necrotic pulpal debris may harbor bacteria in fins
and other uninstrumented areas. Instrumenta-
tion combined with NaOCI irrigation accounts
for tissue removal in the main canal but remains
relatively ineffective in isthmi and fins.87 Irrigants
must reach the debris in these areas to be effective.
Straight-line access and proper flaring of the root
canal will enhance debridement and allow more
efficient irrigation (see Chapter 13).

Instruments have been shown to produce an
amorphous smear layer of burnished dentin and
other debris about 1 to 4 Mm thick on the root
canal surface with plugs of the material extending
up to 40 Mm into the dentinal tubules.88 The pres-
ence of a smear layer has been shown to affect the
permeability of the dentin and to inhibit bacterial
colonization; however, smear layer could harbor
bacteria and decrease the effectiveness of intra-
canal antimicrobials. 79,89,90

I NTRACANAL MEDICATION

The antimicrobial function of intracanal medica-
tion between appointments is an important con-
sideration. Microorganisms not removed from
the canal will multiply. 85,91,92 Placement of a sterile
dry cotton pellet may allow growth of bacteria.86
Historically, intracanal medicaments were usually
phenolics such as formocresol, camphorated para-
chlorophenol, eugenol, metacresylacetate, and
halides (iodine-potassium iodide). These medica-
ments (particularly phenolics) are not recom-
mended, being antigenic and cytotoxic, and func-
tion as antimicrobials for only a short time .93-95

Clindamycin was recently tested as an intracanal
medicament with questionable results.96 There is
concern that antibiotics that are normally used
systemically may produce allergies or select for
resistant organisms when used as intracanal
medicaments.

Use of calcium hydroxide is recommended in
canals with necrotic pulps after instrumentation.
This chemical has a greater antimicrobial effect
between appointments than the agents just
listed.97,98 Calcium hydroxide has some ability to
dissolve pulp tissue in vitro but not in vivo.87,99,100

However, intracanal use of calcium hydroxide
may increase the effectiveness of sodium
hypochlorite at the subsequent appointment,

which should also enhance the effectiveness of an-
timicrobial agents.101

Calcium hydroxide powder should be mixed
with water or glycerin to form a thick paste. This
paste or a commercial preparation is placed in the
pulp chamber with a plastic instrument, amalgam
carrier, or syringe and carried down each canal by
means of a lenrulo spiral, a plugger, or counter-
clockwise rotation of files.102 The paste is covered
with a sterile cotton pellet and the access is sealed
with a temporary restoration at least 3 mm thick
to prevent coronal leakage of microbes or micro-
bial by-products. 103-109

DRAINAGE

Severe infections require a multifaceted approach
including debridement, drainage, and pharma-
cotherapeutics. Debridement of the pulp space to
remove the source of the infection is key along
with drainage in managing an abscess or cellulitis.
An abscess, which itself is a potent irritant, also
has elevated osmotic pressure. This attracts more
tissue fluid, thereby contributing to more edema
and pain. Drainage from the canal or soft tissue
decreases discomfort caused by inflammatory me-
diators and particularly the pressure of a fluctu-
ant swelling containing purulent material. Inci-
sion of an indurated swelling is also effective
because it releases blood and serous fluids that
contain bacteria, bacterial byproducts, and in-
flammatory mediators. Good drainage also im-
proves circulation to the area and improves deliv-
ery of antibiotics so a minimum inhibitory
concentration may be reached. These procedures
are discussed in detail in Chapter 17.

Antibiotics (antimicrobials) should be consid-
ered adjunctive treatment of more severe infections
and are not a substitute for proper local treatment.
The indications and recommendations for the use
of antibiotics are discussed in Chapter 30.

WHEN AND HOW TO CULTURE

Because of the wide range of bacteria found in en-
dodontic infections, the empirical administration
of antibiotics may not be effective. Although cul-
turing is rarely required, at times it may provide
valuable information for better antibiotic selec-
tion. Great care must be taken to avoid contami-
nation of the sample. In addition, the proper
transport media must be obtained from the labo-
ratory to ensure that the bacteria remain viable
for culturing.

To prevent contamination by oral flora, a sub-
mucosal swelling should be sampled by needle as-
piration. After anesthesia, the mucosal surface is
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dried and disinfected with Betadine or chlorhexi-
dine. A 16- to 20-gauge needle is used to aspirate
the exudate. The aspirate should be immediately
injected into a container with prereduced trans-
port media. Good communication with the labo-
ratory technicians is important.

Gram staining should be performed on the
sample to demonstrate which types of microor-
ganisms predominate. The culture results should
identify the predominant isolated microorgan-
isms, which should not be identified merely as
"normal oral flora."

Antibiotics are chosen to treat anaerobic infec-
tions based on the identification of the promi-
nent microorganisms in the culture. A factor
complicating the culture of anaerobes is that the
identification may not be made for days or even
weeks. In the future, once specific bacteria or com-
binations of bacteria are determined to be associ-
ated with endodontic pathoses, selective media,
precise biochemical tests, immunofluorescence,
and molecular methods may provide more rapid
identification of pathogens.
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ndodontic emergencies are a chal-
l enge for both diagnosis and manage-
ment. Knowledge and skill in several

aspects of endodontics are required; failure to
apply these will result in serious consequences for
the patient. Incorrect diagnosis or incorrect treat-
ment will fail to relieve pain and, in fact, may ag-
gravate the situation. The clinician must have
knowledge of pain mechanisms, patient manage-
ment, diagnosis, anesthesia, therapeutics, and ap-
propriate treatment measures for both hard and
soft tissues.

This chapter discusses approaches to the diag-
nosis and treatment of various categories of emer-
gencies. It includes a review of etiologic factors
and details of a systematic approach to identify-
ing and diagnosing the offending cause; then ap-
propriate treatment is described.

These emergencies are a matter of concern to
patients, dentists, and staff. Varying (but not un-
common) frequencies of pain or swelling occur in
patients before, during, and after root canal treat-
ment.1-4 Causes of such emergencies are a combi-
nation of irritants that induce severe inflamma-
tion in the pulp and/or periradicular tissues.

Investigations into the role of host factors (age,
gender, tooth type, and so on) contributing to the
occurrence of endodontic emergencies have been
inconclusive; clear cause-and-effect relationships
have not been established. Most studies of inter-
appointment pain have shown little or no direct
relationship between emergencies and the factors
(intracanal medication, occlusal reduction, and so
on) that can be controlled by the operator.1,5 As-
sociated factors are those presented by the pa-
tient, such as the pulp or periapical diagnosis and
the presenting levels of pain.1 -6

Among major elements, the role of bacteria and
their by-products in dental emergencies is well es-
tablished. Bacteria are important causative agents
of pathosis of the pulpal and periradicular tis-
sues.7,8 A mixed flora, including Gram-negative
anaerobic bacteria, is related to clinical signs and
symptoms of periradicular pathosis."' Bacterial
by-products (including collagenase, chondroiti-
nase, and hyaluronidase) isolated from root canals
have also been related to clinical symptoms."

Irritation of periradicular tissues results in in-
flammation and the release of a group of chemical
mediators that initiate inflammation. The con-
centrations of some of these substances in the
pulp and periradicular tissues are significantly
higher in symptomatic than in asymptomatic le-
sions." Pain results from two factors related to in-
flammation: (1) chemical mediators and (2) pressure.
Chemical mediators cause pain either directly by
lowering the response threshold of the sensory



nerve fibers or indirectly by increasing vascular
permeability and producing edema. Edema re-
sults in increased fluid pressure, which directly
stimulates pain receptors. Of the two causes of
pain, pressure is the more important.

Definition

By definition, endodontic emergencies are usually
associated with pain and/or swelling and require
immediate diagnosis and treatment. These emer-
gencies are caused by pathoses in the pulp or peri-
radicular tissues. They also include severe trau-
matic injuries that result in luxation, avulsion, or
fractures of the hard tissues. Management of
emergencies related to trauma will not be in-
cluded in this chapter (see Chapter 25).

Categories
PRETREATMENT EMERGENCY

These are situations in which the patient is seen
initially with severe pain and/or swelling. Prob-
lems occur with both diagnosis and treatment.

I NTERAPPOINTMENT AND
POSTOBTURATION EMERGENCY

Also referred to as the "flare-up," this problem oc-
curs after an endodontic appointment. Although
an upsetting event, this is easier to manage be-
cause the offending tooth has already been identi-
fied and a diagnosis has been previously estab-
lished. Also, the clinician has knowledge of the
prior procedure and will be better able to correct
the problem.

The Challenge

it is satisfying and rewarding to successfully man-
age a distraught patient who has an emergency
(Figure 17-1). In contrast, how distressing it is to
have a patient with a flare-up after root canal
treatment in a previously asymptomatic tooth!
The aim is to increase occurrences in the first cat-
egory and decrease those in the second.

DIFFERENTIATION OF EMERGENCY
AND URGENCY

Whether a pretreatment, interappointment, or
postobturation problem, it is important to differ-
entiate between a true emergency and the less critical
urgency. A true emergency is a condition requiring an
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FIGURE 17-1
Patient is distraught from severe pulpal pain. This patient will
be a challenge to diagnose and treat.

unscheduled office visit with diagnosis and treat-
ment now! The visit cannot be rescheduled because
of the severity of the problem. Urgency indicates a
less severe problem; a visit may be scheduled for
mutual convenience of the patient and the dentist.
Key questions (that may be asked by telephone) to
determine severity include the following:

1. Does the problem disturb your sleeping,
eating, working, concentrating, or other
daily activities? (A true emergency disrupts
the patient's activities or quality of life.)

2. How long has this problem been bothering
you? (A true emergency has rarely been se-
vere for more than a few hours to 2 days.)

3. Have you taken any pain medication? Was
the medication ineffective? (Analgesics do
not relieve the pain of a true emergency.)

An affirmative answer to these questions re-
quires an immediate office visit for management
and constitutes a true emergency. Obviously, the
patient's emotional and mental status must also
be determined. To some patients, even a minor
problem has major proportions and is disruptive.

DEVELOPMENT OF A SYSTEM

Because a misdiagnosis will probably result in im-
proper treatment and an exacerbation of the
problem, a systematic approach is mandatory!
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The emotional status of the patient, pressures of
time, and stress on dentist and staff should not
affect such an orderly approach.

cantly, greatly facilitating the procedure. Psycho-
logic management of the patient is the most im-
portant factor in emergency treatment!

Pain Perception and Pain
Reaction
Pain is a complex physiologic and psychologic
phenomenon. Pain perception levels are not con-
stant; pain thresholds as well as reactions to pain
change significantly under various circum-
stances." Psychologic components of pain percep-
tion and pain reaction comprise cognitive, emo-
tional, and symbolic factors. The pain reaction
threshold is significantly altered by past experi-
ences and by present anxiety levels and emotional
status. (Refer to Chapter 29 for more details on
pain perception and reaction and pain threshold.)

To reduce anxiety and consequently obtain re-
liable information about the chief complaint and
to receive cooperation during treatment, the clin-
ician should (1) establish and maintain control of
the situation, (2) gain the confidence of the pa-
tient, (3) provide attention and sympathy, and (4)
treat the patient as an important individual.13 By
managing these pain components, pain percep-
tion and reaction thresholds are raised signifi-

FIGURE 77-2
Severe submandibular swelling. The patient has limited
mouth opening resulting from trismus.

Physical Condition
In addition to the emotional factors that compli-
cate the diagnosis of endodontic emergencies,
physical conditions induced as a result of these
situations also contribute to the problems. Pain
or swelling may limit mouth opening, thereby
hampering diagnostic procedures as well as treat-
ment (Figure 17-2). In addition, hypersensitivity
to thermal stimuli or pressure influences diagno-
sis and treatment.

System of Diagnosis
Patients in pain often provide information and re-
sponses that are exaggerated and inaccurate. They
tend to be confused as well as apprehensive. It is
easy (and tempting) to rush through the diagno-
sis to institute treatment for a suffering patient.
After pertinent information regarding the med-
ical and dental histories is obtained, both subjec-
tive questioning and an objective examination are
performed carefully and completely."

A rule of the true emergency is one tooth is the of-
fender, i.e., the source of pain. In the excitement of
the moment, the patient might believe that the se-
vere pain is emanating from more than a single
tooth. The clinician may become convinced also,
leading to overtreatment.

MEDICAL AND DENTAL HISTORIES

Medical and dental histories should be reviewed
first. If the patient is the dentist's own, the med-
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ical history is briefly reviewed and updated. If the
patient is new, a standard, complete history is
taken. An important medical complication may
be easily overlooked in an emergency situation.
Either a short or a complete dental history is
taken. This includes recalling of dental proce-
dures, a chronology of symptoms, or an earlier
relevant comment by a dentist.

SUBJECTIVE EXAMINATION

When the patient is in pain, the subjective exami-
nation comprises careful questioning and is the
most important aspect of diagnosis. Questions re-
late to the history, location, severity, duration,
character, and eliciting stimuli of pain. Questions
relating to the cause or stimulus that elicits or re-
lieves the pain help select appropriate objective
tests to arrive at a final diagnosis.

Pain that is elicited by thermal stimuli and/or
is referred is likely to originate from the pulp.
Pain that occurs on mastication or tooth contact
and is well localized is probably periradicular.

The three important factors constituting the
quality and quantity of pain are its spontaneity, in-
tensity, and duration (see Chapter 4). If the patient
reports any of these symptoms (and assuming that
the patient is not exaggerating), significant patho-
sis is likely to be present. Careful questioning pro-
vides important information about the source of
the pain and whether it is pulpal or periradicular.
In fact, a perceptive, clever clinician should be able
to arrive at a tentative diagnosis by means of a
thorough subjective examination; objective tests
and radiographic findings are then used for con-
firmation. For example, a reported complaint of
severe, continuous (lingering) pain when the pa-
tient drinks cold beverages and marked tenderness
on mastication indicates irreversible pulpitis and
acute apical periodontitis. These stimuli are then
repeated on an objective examination to confirm
the patient's response.

In addition, objective tests include extraoral
and intraoral examination. Included are observa-
tion for swelling as well as mirror and explorer ex-
amination to note the presence of defective
restorations, discolored crowns, recurrent caries,
and fractures.

Periradicular tests include (1) palpation over
the apex, (2) digital pressure on or wiggling of
teeth (preferred if the patient reports severe pain
on mastication), (3) light percussion with the end
of the mirror handle, and (4) selective biting on an
object such as a cotton swab or Tooth Slooth.

Pulp vitality tests are most useful to reproduce
reported pain. Cold, heat, electricity, and direct
dentin stimulation, however, usually indicate the
pulp status (vital or necrotic).

PERIODONTAL EXAMINATION

A periodontal examination is always necessary.
Probing helps in differentiating endodontic from
periodontal disease. For example, a periodontal
abscess can simulate an acute apical abscess (Fig-
ure 17-3). However, with a localized periodontal
abscess, the pulp is usually vital (see Chapter 26).
In contrast, an acute apical abscess is related to an
unresponsive (necrotic) pulp. These abscesses oc-
casionally communicate with the sulcus and have
a deep probing defect. In addition to these tests,
when the differential diagnosis is difficult, a test
cavity may identify the pulp status and isolate the
offending tooth.

RADIOGRAPHIC EXAMINATION

Radiographs are helpful, but have limitations.
There is a tendency to over-rely on radiographs,
often with unfortunate consequences. Periapical
and bitewing radiography may detect the presence
of interproximal and recurrent caries, possible
pulpal exposure, internal or external resorption,
and periradicular pathosis, among other entities.

OBJECTIVE EXAMINATION DIAGNOSTIC OUTCOME

Again, it is important in identifying the offending
tooth to repeat tests that mimic what the patient
reports subjectively. In other words, the best test
is to repeat the stimulus that reportedly causes
the pain. As in the previous example, applying
cold and pressure should reproduce pain of basi-
cally the same type and magnitude as related by
the patient. If similar subjective symptoms are not
reproduced, this may not be a true emergency; the
patient may be "over-reporting" (exaggerating the
problem).

After carefully working through the sequence just
described, the clinician should have identified the
offending tooth and the tissue (pulpal or peri-
radicular) that is the source of pain and should
have recorded a pulpal or periradicular diagnosis.
For many reasons, all or none of these conclu-
sions may be clear. This may not be a true emer-
gency, or the problem may be beyond the capabil-
ity of the generalist and the patient should be
referred (Figure 17-4). If the diagnosis is clear,
however, treatment planning follows.
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FIGURE 17-3
A, Periodontal abscess, B, Radiographic appearance. Positive responses to pulp testing differentiates this condi-
tion from an acute apical abscess.

FIGURE 17-4
This patient has a complex problem and should be considered for referral. A and B, Submental space swelling
resulting from trauma followed by acute apical abscess. C, Removal of the necrotic tissue was followed by ex-
traoral incision and placement of a drain. (Courtesy Dr. V Jones.)

Treatment Planning
As previously discussed, inflammation and its con-
sequences, that is, increased tissue pressure and re-
lease of chemical mediators in the pulp or peri-
radicular tissues, are the major causes of painful
dental emergencies.15,16 Therefore, reducing the ir-
ritant, or reduction of pressure or removal of the
inflamed pulp or periradicular tissue should be the

immediate goal; this usually results in pain relief.
Of the two, pressure release is the most effective.

Pretreatment Emergencies
These emergencies require a diagnosis and treat-
ment sequencing. Each step is important: (1) cat-
egorizing the problem, (2) taking a medical his-
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tory, (3) identifying the source, (4) making the di-
agnosis, (5) planning the treatment, and(6) treat-
ing the patient.

PATIENT MANAGEMENT

Patient management is always the most critical
factor. The frightened patient in pain must have
confidence that his or her problem is being prop-
erly managed.

PROFOUND ANESTHESIA

Obtaining profound anesthesia of inflamed
painful tissue is a challenge. Adequate anesthesia,
however, will instill confidence and cooperation
and influence the patient's desire to save the of-
fending tooth. Maxillary anesthesia is usually ob-
tained by infiltration or block injections in the
buccal and palatal regions. With mandibular
teeth, in addition to an inferior alveolar and lin-
gual nerve block, a long buccal injection may be
helpful. Often (particularly with mandibular mo-
lars), although all "classic" signs of profound
anesthesia are present, access into the dentin or
pulp is painful. Periodontal, intrapulpal, or in-
traosseous injection controls the remaining sensi-
tivity in most cases." These supplemental injec-
tions are often given prophylactically, particularly
with painful irreversible pulpitis.18 Other condi-
tions (for example, acute apical abscess) require
other approaches. Chapter 7 contains details.

FIGURE 97-5
Removal of coronal pulp. Pulpotomy and placement of a dry
cotton pellet and a temporary filling result in relief of pain
from irreversible pulpitis.

a dry cotton pellet is placed and the access is
sealed temporarily. A mild analgesic may be pre-
scribed for patients with irreversible pulpitis. An-
tibiotics, however, are definitely not indicated.

With Acute Apical Periodontitis

In patients with extreme tenderness on percus-
sion, a partial or total pulpectomy (as described
above) is appropriate. Reducing the occlusion to
eliminate contact has been shown to aid in relief
of symptoms. 21 Trephination (artificial fistula-
tion) by creating an opening through mucosa and
bone is not useful and is contraindicated. 22,23

MANAGEMENT OF PAINFUL
IRREVERSIBLE PULPITIS

Because the pain is the result of inflammation,
primarily in the coronal pulp, removal of the in-
flamed tissue will usually reduce the pain.

Without Acute Apical Periodontitis

Complete cleaning and shaping of the root canals
is the preferred treatment if time permits. With
limited time, most pulpal tissue is extirpated with
a broach (partial pulpectomy) in single-rooted
teeth. In molars, a partial pulpectomy is per-
formed on the largest canals (palatal or distal
root). Pulpotomy (Figure 17-5) is usually effective
in molars when minimal time is available. 19,20

An old but still popular idea is that chemical
medicaments sealed in chambers help control or
prevent additional pain; this is not true. A dry
cotton pellet alone is as effective in relieving pain
as a pellet moistened with camphorated mono-
chlorophenol (CMCP), formocresol, Cresatin,
eugenol, or saline." Therefore, after irrigation of
the chamber or canals with sodium hypochlorite,

MANAGEMENT OF PULP NECROSIS
WITH APICAL PATHOSIS

The pain is related to periradicular inflammation,
which results from potent irritants in the necrotic
tissue in the pulp space. Treatment now is bipha-
sic: (1) remove or reduce the pulp irritants and (2)
relieve the apical fluid pressure (when possible).
The diagnosis may be acute apical periodontitis
(no significant periradicular resorption) or acute
apical abscess with or without swelling.

Therefore, with pain and pulp necrosis there
may be (1) no swelling, (2) localized swelling, or
(3) diffuse, more extensive swelling. Each is man-
aged differently. Of these three conditions, dif-
fuse swelling is the least common.

Pulp Necrosis Without Swelling

These teeth may contain vital inflamed tissues in
the apical canal and have inflamed painful peri-
radicular tissues (acute apical periodontitis). Pro-
found local anesthesia may be a problem, requir-
ing a supplemental injection.

Alternatively, the lesion may have expanded
and formed an abscess that is confined to bone.
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FIGURE 17-6
A, Localized swelling. B, Incision for drainage after cleaning and shaping of offending incisor. (Courtesy
Dr. E. Rivera.)

FIGURE 17-7
After opening into a root canal and establishment of
drainage, instrumentation should be confined to the root
canal system. Release of purulence removes a potent irritant
(pus) and relieves pressure.

These are often painful, primarily because of fluid
pressure in a noncompliant environment. The
aim is to reduce the canal irritants and to try to
encourage some drainage through the tooth.

Complete canal debridement, after determin-
ing the corrected working length, is the treatment
of choice. If time is limited, partial debridement
at the estimated working length is performed
with light instrumentation with a passive step-
back or crown-down technique to remove irritat-
ing debris. Canals are not enlarged without
knowledge of the working length. During clean-
ing, canals are flooded and flushed with copious
amounts of sodium hypochlorite. Finally, canals

are irrigated with the same solution, dried with
paper points, filled with calcium hydroxide paste
(if the preparation is large enough), and sealed
with a dry cotton pellet and a temporary filling.

Some clinicians empirically place a cotton pellet
lightly dampened with intracanal chemical med-
ication in the pulp chamber before placing a tem-
porary filling. There is no value to these medica-
ments. Administering a long-acting anesthetic,
reassuring the patient, removing (or reducing) the
irritant, and prescribing an analgesic will usually
reduce postoperative pain significantly. Antibiotics
are not indicated.24 The patient is told that there
will still be some pain (the inflamed, sensitive tis-
sues are still present), but should subside during
the next 2 or 3 days, as the inflammation decreases.

Pulp Necrosis with Localized Swelling

The abscess has now invaded regional soft tissues
and at times, there is purulence in the canal. Ra-
diographic findings range from no periapical
change (rarely) to a large radiolucency.

Again, treatment is biphasic. First and most im-
portant is debridement (complete cleaning and
shaping if time permits) of the canal or canals,
and second in urgency is drainage (see Color Fig-
ure 17-1 immediately following page 308). Local-
ized swelling (whether fluctuant or nonfluctuant)
should be incised (Figure 17-6). Drainage accom-
plishes two things: (1) relief of pressure and pain
and (2) removal of a very potent irritant-purulence.

In teeth that drain readily after opening, instru-
mentation should be confined to the root canal
system (Figure 17-7). In patients with a periradicu-
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FIGURE 77-8
A, Localized fluctuant abscess as a result of periradicular pathosis after trauma. B, Radiographic appearance. C,
Drainage was spontaneous when the tooth was opened. D, Christmas tree-shaped rubber drain placed after soft
tissue incision. Antibiotics are unnecessary, but analgesics are indicated.

lar abscess but no drainage through the canal,
penetration of the apical foramen with small files
(up to 25) may initiate drainage and release of
pressure. This release often does not occur because
the abscess cavity does not communicate directly
with the apical foramen. Occasionally there may
be more than one abscess (Figure 17-8). One com-
municates with the apex while another, separate
abscess is found in the vestibule. Because they do

not communicate, drainage must occur through
both the tooth and a mucosal incision. Often, a
drain is placed to permit continued drainage for 1
or 2 days or until debridement is complete. Several
designs of drain are used (Figure 17-9).

Copious irrigation with sodium hypochlorite
is performed throughout. The canals are then
dried with paper points and filled with calcium
hydroxide paste. After placement of a dry cotton
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FIGURE 17-9
Different shapes of rubber drains. From left to right: I drain;
Christmas tree drain; T drain; Penrose drain with oblique cuts.
These designs are self-retentive and do not require suturing
to the incision margins.

FIGURE 17-10
Progressively spreading swelling resulting from pulpal necro-
sis and acute apical abscess. The abscess moved rapidly into
the buccal space. This patient has systemic signs of infection
(elevated temperature). Localized treatment (extraction or
pulp space debridement, incision for drainage) and antibi-
otics are indicated.

pellet, the access is sealed temporarily. These teeth
should not be left open to drain, although leaving
teeth open has been a common procedure. A canal
exposed to the oral cavity is a potential home for
introduced bacteria, food debris, and even
viruses.24 Occasionally, purulence will continue to
fill the canal during the preparation (the so-called
"weeping" canal). If this occurs, the patient
should sit for a time. Usually, the flow will cease
and the access may be closed.

These patients seldom have elevated tempera-
tures or other systemic signs. Therefore, in acute
apical abscess with localized swelling, the use of
systemic antibiotics is not necessary, having been
shown to be of no benefit .25-27

Pulp Necrosis with Diffuse Swelling

These rapidly progressive and spreading swellings
are not localized and may have dissected into
the fascial spaces (Figure 17-10). These patients
occasionally have elevated temperature or other
systemic signs and usually should be referred to a
specialist.

Most important is removal of the irritant by
canal debridement (cleaning and shaping is com-
pleted, if possible) or by extraction. The apical
foramen may then be gently penetrated with a file
to hopefully permit a flow of exudate (see Figure
17-8), although drainage often does not occur.
Also at this time, swelling may be incised and a
rubber drain inserted for 1 or 2 days. Occasionally
the abscess localizes extraorally and subcuta-

neously, requiring extraoral incision for drainage
(Figure 17-11).

Speed of recovery (whether the swelling is local-
ized or diffuse) depends primarily on canal
debridement and drainage. Because edema (fluid)
has spread through the tissues, diffuse swelling de-
creases slowly, over a period of perhaps 3 to 4 days.
As with patients undergoing removal of impacted
third molars, pretreatment with nonsteroidal anti-
inflammatory drugs may reduce the frequency and
amount of postoperative discomfort.14

After placing calcium hydroxide paste and a dry
pellet, the access is closed with a temporary filling.
Systemic antibiotics are indicated for the diffuse,
rapidly spreading swelling. The preferred and first
(albeit empirical) choice is penicillin; the causative
microorganisms are likely to be streptococci.28.29 An
alternative for penicillin-allergic patients is clin-
damycin.29 Systemic steroids, advocated by some,
are probably of no benefit. Analgesics for moderate
to severe pain should be prescribed. Specific details
on therapeutics are found in Chapter 30.

POSTOPERATIVE INSTRUCTIONS

Patients must be informed of their responsibili-
ties and of what to expect. The pain and swelling
will take time to resolve, proper nutrition and ad-
equate intake of fluids are important, and med-
ications must be taken as prescribed. The prob-
lem may recur or worsen (flare-up), requiring
another emergency visit.' Communication after
the visit is very important; calling the patient the
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FIGURE 17-77
An acute apical abscess from a mandibular molar has
rapidly spread to bilateral submandibular and cervical
spaces. Also involved is the space of Burns. The result is a
Ludwig's angina that requires immediate hospitalization.
This patient is at risk for airway compromise and requires
special procedures, including antibiotics, extraoral drainage,
and airway management.

day after the appointment has been shown to re-
duce pain perception and analgesic needs 30 and al-
lows the clinician the opportunity of monitoring
the progress of the patient.

I nterappointment Emergencies
The interappointment flare-up is a true emergency
and is so severe that an unscheduled patient visit
and treatment are required. Despite judicious and
careful treatment procedures, complications such
as pain, swelling, or both may occur. Regional tem-
porary paresthesia has even been reported . 3 ' As with
emergencies occurring before root canal therapy,
these interappointment emergencies are undesir-
able and disruptive events and should be resolved
quickly. Occasionally flare-ups are unexpected, al-
though they can often be better predicted according
to certain patient presenting factors.

teria were examined. The problems with most of
these studies are that they are retrospective, lack
controls, have relatively small numbers of pa-
tients, or have undefined variables.' Prospective
studies, which are better controlled, report an
overall incidence of flare-ups of 1.4% to 3%. 1,33

Therefore, overall the occurrence is low, but it
varies in certain situations. Most postoperative
discomfort is in the mild range. 35

CAUSATIVE FACTORS

The causative factors associated with flare-ups have
also been examined. These factors generally can be
categorized as related to the patient, to pulpal or
periapical diagnosis, or to treatment procedures.
Although many factors have been examined, a his-
tory of preoperative pain or swelling is the best pre-
dictor of interappointment emergencies., 5,6

In other words, a patient who has a painful
acute apical abscess that requires emergency treat-
ment is much more likely to experience a flare-up.
A tooth with a vital pulp, on the other hand, is un-
likely to demonstrate severe interappointment
symptoms while under treatment.

PREVENTION

Procedures

Use of long-acting anesthetic solutions, complete
cleaning and shaping of the root canal system
(possibly), analgesics, and psychologic prepara-
tion of patients (particularly those with preopera-
tive pain) will decrease interappointment symp-
toms in the mild to moderate levels . 36 There are,
however, no demonstrated treatment or therapeu-
tic measures that will reduce the number of inter-
appointment flare-ups. In other words, no partic-
ular relationship of flare-ups to actual treatment
procedures has been shown.1.5

Verbal Instructions

Most important is the preparation of patients for
what to expect after the appointment. They
should be told that discomfort is likely; the dis-
comfort should subside within a day or two. An
increase in pain, noticeable swelling, or other ad-
verse signs necessitate a call and sometimes a visit.
This explanation reduces the number of calls
from unnecessarily concerned patients.

I NCIDENCE

Studies report varying incidences (1.4% to 2S%) of
flare-ups. 1.2,6,12-" These variations may be due to
the fact that different factors, conditions, and cri-

Therapeutic Prophylaxis

A popular preventive approach has been the pre-
scribing of antibiotics to minimize postoperative
symptoms. This has been demonstrated to be not
useful and needlessly exposes the patient to expert-
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sive, potentially dangerous drugs .38.38 In contrast,
certain analgesics and anti-inflammatory agents
will reduce post-treatment symptoms. More infor-
mation on therapeutics is included in Chapter 30.

DIAGNOSIS

The same basic procedure is followed as outlined
earlier in this chapter for pretreatment emergen-
cies, although with modifications. The problem
has already been diagnosed initially; the operator
has an advantage. However, a step-by-step ap-
proach to diagnose the existing condition reduces
confusion and error; most important, it calms a
patient who has been shaken by the episode of
pain or swelling. After the underlying complica-
tions are identified, treatment is initiated.

TREATMENT OF FLARE-UPS

Reassurance (the "Big R") is the most important aspect
of treatment. The patient is generally frightened
and upset and may even assume that extraction is
necessary. The explanation is that the flare-up is
neither unusual nor irrevocable and will be man-
aged. Next in importance is restoring the patient's
comfort and breaking the pain cycle. For extended
anesthesia or analgesia, administration of ropiva-
caine, etidocaine, or bupivacaine hydrochloride is
recommended.

Interappointment emergencies are divided
into patients with an initial diagnosis of a vital or
a necrotic pulp and with or without swelling.

Previously Vital Pulps with Complete
Debridement

then placed followed by a temporary filling, and a
mild to moderate analgesic is prescribed.

Occasionally, a previously vital pulp (with or
without complete debridement) will develop into
an acute apical abscess. This will occur some time
after the appointment and indicates that pulpal
remnants have become necrotic and are invaded
by bacteria.

Previously Necrotic Pulps with No
Swelling

Occasionally these teeth develop an acute apical
abscess (flare-up) after the appointment.' The ab-
scess is confined to bone and can be very painful.

The tooth is opened and the canal is gently re-
cleaned and irrigated with sodium hypochlorite.
Drainage should be established if possible (see Fig-
ure 17-7). If there is active drainage from the tooth
after opening, the canal should be recleaned (or
debridement completed) and irrigated with sodium
hypochlorite. The rubber dam is left in place after
the tooth is opened; the patient is allowed to rest
pain-free for at least 30 minutes or until drainage
stops. Then, the canals are dried, calcium hydroxide
paste is placed, and the access is sealed. The tooth
should not be left open! If there is no drainage, the
tooth should also be lightly instrumented and gently
irrigated, medicated with calcium hydroxide paste,
and then closed. The symptoms usually subside, but
do so more slowly than if drainage was present.
Again, patient education and reassurance are criti-
cal. A long-acting anesthetic and a strong analgesic
are helpful; antibiotics are not indicated.25.26

Previously Necrotic Pulps with Swelling

Because this situation is unlikely to be a true flare-
up, patient reassurance and the prescription of a
mild to moderate analgesic often will suffice.
Generally,. nothing is to be gained by opening
these teeth; the pain will usually regress sponta-
neously. Placing corticosteroids in the canal or
giving an intraoral or intramuscular injection of
these medications after cleaning and shaping re-
duces inflammation and somewhat lowers the
level of moderate pain .39-43 Flare-ups, however,
have not been shown to be prevented by steroids,
whether administered intracanal or systemically.44

Previously Vital Pulps with Incomplete
Debridement

It is likely that tissue remnants have become in-flamed and are now a major irritant. The working
length should be rechecked, and the canal(s)

should be carefully cleaned with copious irriga-
tion of sodium hypochlorite. A dry cotton pellet is

These cases are best managed with incision and
drainage (see Figure 17-6). In addition, it is most
important that the canals have been debrided. If
not, they should be opened and debrided, med-
icated with calcium hydroxide paste, and closed.
Then incision and drainage with placement of a
drain are completed.

Follow-up Care

With flare-ups, the patient should be contacted
daily until the symptoms abate. Communication
may be made by telephone; patients with more se-
rious problems or those that are not resolving
(many do not and require additional measures)
should return to the dentist for treatment as de-
scribed above, depending on findings. When symp-
toms recur or cannot be controlled, these patients
should be considered for referral. Ultimate treat-
ment by a specialist may include extra measures,
such as apical surgery, or even hospitalization.



MEDICATIONS

Intracanal

Both local and systemic medications are part of
the treatment regimen used for flare-ups. Pheno-
lic intracanal medications include formocresol,
CMCP, Cresatin, and eugenol. Other medications
used in canals are steroid combinations and cal-
cium hydroxide. None of these has been shown to
prevent flare-ups; none helps in relieving flare-up
symptoms."

Systemic

Systemic drugs are usually limited to analgesics
and antibiotics. Nonsteroidal anti-inflammatory
agents are indicated if an analgesic effect is de-
sired. Narcotics are useful to provide analgesia and
sedation. Combinations of an opioid (codeine,
oxycodone, pentazocine, and so on) and a non-
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steroidal agent are most effective for more severe
pain. Antibiotics are indicated only if there is a dif-
fuse, rapidly spreading cellulitis into the fascial
spaces. Localized swelling does not indicate a need
for antibiotic administration; surgical or canal
drainage and complete canal debridement are nec-
essary. 25,26 See Chapter 30 for more information on
therapeutics.

Occasionally, but rarely, a flare-up or a present-
ing acute apical abscess may be serious or even
life-threatening (Figure 17-12). These situations
may require hospitalization and aggressive ther-
apy with the cooperation of an oral surgeon.

Postobturation Emergencies
True emergencies postobturation are infrequent
although pain at the mild level is common. There-

FIGURE 17-12
Progressively spreading swelling from a flare-up resulting
i n an acute apical abscess from a mandibular second
molar. A, The swelling has extended to the temporal, sub-
mandibular, pharyngeal, and sublingual spaces. This
condition compromised the patient's airway, requiring
hospitalization for aggressive therapy including nasal in-
tubation (B) and placement of extraoral drains (C). These
severe infections are best managed by an oral surgeon.
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fore, active intervention is seldom necessary; usu-
ally symptoms will resolve spontaneously.

CAUSATIVE FACTORS

Little is known about the etiologic factors involved
in postoperative pain after obturation. Approxi-
mately one-third of endodontic patients experi-
ence some pain after obturation.45 There is a cor-
relation between the level of obturation and pain
incidence, with overextension associated with the
highest incidence of discomfort. 46 Postobturation
pain also relates to preobturation pain; levels of
pain reported after obturation tend to correlate to
levels of pain before the appointment.46.47

TREATMENT

Information about possible discomfort for the
first few days, reassurance about the availability of
emergency services, and administration of mild
analgesics significantly control the patient's anxi-
ety and prevent overreaction. This in turn de-
creases the incidence of postobturation frantic
telephone calls or "emergency" visits. Some pa-
tients, however, do develop serious complications
and require follow-up treatment.

Retreatment is indicated when prior treatment
obviously has been inadequate. Apical surgery is
often required when an acute apical abscess devel-
ops, and there is uncorrectable, inadequate root
canal treatment. If root canal treatment was ac-
ceptable, excision and drainage of swelling after
obturation (an occasional occurrence) should be
performed, usually the swelling resolves without
further treatment. At times the patient reports se-
vere pain, but there is no evidence of acute apical
abscess, and the root canal treatment has been
well done. These patients are treated with reassur-
ance and analgesics; again, the symptoms usually
subside spontaneously.

Patients with postobturation emergencies that
do not respond to therapy should be referred to
an endodontist for other treatment modalities,
such as surgery.
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COLOR FIGURE 17-1
Management of acute apical abscess. Patient
demonstrates extraoral swelling of upper lip (A)
and intraoral swelling of vestibule (B). C, The
incisor has a history of trauma with inadequate
root canal treatment. The diagnosis is necrotic
pulp/acute apical abscess. D, Blocking the ante-
rior superior nerve by infiltrating over the infra-
orbital foramen aids in anesthesia. Gutta percha
removal (E) and partial debridement (F), resulted
i n drainage from the abscess.
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COLOR FIGURE 17-1, CONT'D
I ncision of the soft tissue swelling (G) released serosanguinous, purulent exudation (H). A self-retentive "Christmas
Tree" rubber dam drain is cut (I), rolled and placed with cotton pliers (J), and inserted in the incision (K). The drain
may be removed in 1 to 2 days by the patient or by the dentist. This removal of necrotic debris and drainage of
purulence usually results in rapid resolution.
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Procedural Accidents

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Recognize procedural accidents and describe the cause(s), prevention, and treatment of the following:

a. Pulp chamber perforation

b. Ledging

c. Separated instrument

d. Coronal or radicular perforation

e. Obturation short of prepared working length

f. Obturation materials expressed beyond apex

g. Incomplete obturation

h. Vertical root fracture

i.

	

Post space preparation mishaps

j.

	

Dental materials or dentin shavings obstructing the canal
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Perforations During Access Preparation

Causes

Prevention

Recognition and Treatment

Prognosis

Accidents During Cleaning and Shaping

Ledge Formation

Creating an Artificial Canal

Root Perforations

Separated Instruments

Other Accidents

Accidents During Obturation

Underfilling

Overfilling

Vertical Root Fracture

Accidents During Post Space Preparation

I ndicators

Treatment and Prognosis

18 / Procedural Accidents

	

31 1

i ke other complex disciplines of
dentistry, an operator may encounter
unwanted or unforeseen circumstances

during root canal therapy that can affect the
prognosis. These mishaps are collectively termed
procedural accidents. However, fear of procedural
accident should not deter a practitioner from per-
forming endodontic therapy if proper case selec-
tion and competency issues are observed.

Knowledge of the etiologic factors involved in
procedural accidents is essential for their preven-
tion. In addition, methods of recognition and
treatment as well as the effects of such accidents
on prognosis must be learned. Most problems can
be avoided by adhering to the basic principles of
diagnosis, case selection, treatment planning, ac-
cess preparation, cleaning and shaping, obtura-
tion, and postpreparation.

Examples of procedural accidents include
swallowed or aspirated endodontic instruments,
crown or root perforation, ledge formation, sepa-
rated instruments, underfilled or overfilled
canals, and vertically fractured roots. A good prac-
titioner uses his or her knowledge, dexterity, intu-
ition, patience, and awareness of his or her own
limitations to minimize these accidents. When an
accident occurs during root canal treatment, the
patient should be informed about (1) the inci-
dent, (2) procedures necessary for correction, (3)
alternative treatment modalities, and (4) the ef-
fect of this accident on prognosis. Proper medical-
legal documentation is mandatory. A successful
operator learns from past experiences and applies
them to future challenges. In addition, the practi-
tioner who knows his or her limitations will rec-
ognize potentially difficult cases and will refer the
patient to an endodontist. The beneficiary will be
the patient, who will receive the best care.

This chapter will discuss the causes, preven-
tion, and treatment of various types of proce-
dural accidents that may occur at different
phases of root canal treatment. The effect of
these accidents on short-and long-term progno-
sis will be also described.

Perforations During Access
Preparation
The prime objective of an access cavity is to pro-
vide an unobstructed or straight-line pathway to
the apical foramen. Accidents such as excess re-
moval of tooth structure or perforation may occur
during attempts to locate canals. Failure to achieve
straight-line access is often the main etiologic fac-
tor for other types of intracanal accidents.
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CAUSES

Despite anatomic variations in the configuration
of various teeth, the pulp chamber, in most cases,
is located in the center of the anatomic crown.
The pulp system is located in the long axis of the
tooth. Lack of attention to the degree of axial in-
clination of a tooth in relation to adjacent teeth
and to alveolar bone may result in either gouging
or perforation of the crown or the root at various
levels (Figure 18-1). Failure to direct the bur parallel
to the long axis of a tooth will cause gouging or perfora-
tion (see Chapter 12). This problem often occurs
when the dentist must use the reflected image
from an intraoral mirror to make the access
preparation. In these situations, the natural ten-
dency is to direct the bur away from the long axis
of the root to improve vision through the mirror.
Failure to check the orientation of the access
opening during preparation may result in a per-
foration. The dentist should stop periodically to
review the bur-tooth relationship. Aids for evalu-

ating progress include transillumination, magni-
fication, and radiographs.

Searching for the pulp chamber or orifices of
canals through an underprepared access cavity
may also result in accidents (Figure 18-2). Failing
to recognize when the bur passes through a small
or flattened (disklike) pulp chamber in a multi-
rooted tooth may also result in gouging or perfo-
ration of the furcation (Figure 18-3).

A cast crown often is not aligned in the long
axis of the tooth; directing the bur along the mis-
aligned casting may result in a coronal or radicu-
lar perforation.

PREVENTION

Clinical Examination

Thorough knowledge of tooth morphology, in-
cluding both surface anatomy and internal
anatomy and their relationships, is mandatory to
prevent pulp chamber perforations. Next, loca-

FIGURE 18-1
A misdirected bur created severe gouging and near-perforation
during an otherwise routine access cavity preparation.

FIGURE 18-2
I nadequate access cavities not only result in compromised
preparation and obturation but also may cause procedural
accidents such as chamber perforation, canal ledging, and
root perforation.
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tion and angulation of the tooth must be related
to adjacent teeth and alveolar bone to avoid a mis-
aligned access preparation. In addition, radio-
graphs of teeth from different angles provide in-
formation about the size and extent of the pulp
chamber and the presence of internal changes
such as calcification or resorption. The radiograpb is
a two-dimensional projection of a three-dimensional ob-
ject; varying the horizontal exposure angle will
provide at least a distorted view of the third di-
mension and may be helpful in supplying addi-
tional anatomic information.

Operative Procedures

Use of a rubber dam during root canal treat-
ment is usually indicated.' However, in situa-
tions in which problems are anticipated in lo-
cating pulp chambers (e.g., tilted teeth,
misoriented castings, or calcified chambers),
initiating access without a rubber dam is pre-

ferred2 because it allows better crown-root align-
ment (see Chapter 12). However, when access is
made without rubber dam placement, no intra-
canal instruments such as files, reamers, or
broaches should be used unless they are secured
by a piece of floss' and a throat pack is placed.
Constricted chambers or canals must be sought

patiently, with small amounts of dentin re-
moved at a time.

Another useful method of providing isolation
and also visualizing the crown-root alignment is
the use of a "split" dam (Figure 18-4). This dam
can be applied in the anterior region without a
rubber dam clamp (see Chapter 8) or in posterior
regions by quadrant isolation if a distal tooth can
be clamped. Also, elimination of the metal clamp
from the field of operation allows radiographic
orientation of coronal access preparation.

To orient the access, a bur may be placed in the
preparation hole (secured with cotton pellets) and
then radiographed (Figure 18-5). This provides in-
formation about depth of access in relation to
canal location. Remember, a single canal is lo-
cated in the center of the root. A direct facial
radiograph will show the mesiodistal relation-
ship; a mesial or distal angled film will show the
faciolingual location. This procedure is helpful
for locating small canals.

Use of a fiberoptic light during access prepa-
ration may assist in locating canals. This strong
light illuminates the cavity when the beam is di-
rected through the access opening (reflected
light) and illuminates the pulp chamber floor
(transmitted light). In the latter case, a canal ori-
fice appears as a dark spot. Using magnifying
glasses or ar. operative microscope will also aid
in locating a small orifice. Magnification loops
(2.5 or greater) are useful especially when com-
bined with transillumination. But the ultimate
aid in canal location is the operating micro-
scope. patients with problems requiring signifi-
cant magnification for canal location should be
referred to an endodontist who has this special-
ized equipment.

FIGURE 18-a
Failure to recognize when the bur passes through the roof of
the pulp chamber if the chamber is calcified may result in goug-
ing or perforation of the furcation. The use of apex locators and
angled radiographs is necessary for early perforation detection.
Early detection reduces damage and improves repair.

FIGURE 18-4
A rubber dam can be applied in the anterior region without
placing the clamp on the tooth that is undergoing root canal
therapy or in posterior regions by quadrant isolation if a dis-
tal tooth can be clamped.



31 4

	

18 / Procedural Accidents

FIGURE 18-5

A small bur is placed during access preparation when orien-
tation is a problem. This provides information about data such
as angulation and depth of bur penetration. Continuation of
the search without a radiograph to check position would
probably have resulted in a perforation into the furcation.

RECOGNITION AND TREATMENT

Perforation into the periodontal ligament or bone
usually (but not always) results in immediate and
continuous hemorrhage. The canal or chamber is
difficult to dry; placement of a paper point or cot-
ton pellet may increase or renew the bleeding.
Bone is relatively avascular compared with soft
tissue; mechanical perforation may occasionally
initially produce only hemorrhage equal to that of
pulp tissue.

Perforations must be recognized early to avoid
subsequent damage to the periodontal tissues
with intracanal instruments and irrigants. Early
signs of perforation may include one or more of
the following: (1) sudden pain during the working
length determination when local anesthesia was
adequate during access preparation; (2) sudden
appearance of hemorrhage; (3) burning pain or a
bad taste during irrigation with sodium hypochlo-
rite; (4) other signs, including a radiographically
malpositioned file (see Figure 18-3) or a periodon-
tal ligament reading from an apex locator that is
far short of the working length on an initial file
entry.

Unusually severe postoperative pain may result
from cleaning and shaping procedures performed
through an undetected perforation. At a subse-
quent appointment, the perforation site will be
hemorrhagic due to the inflammation of the sur-
rounding tissues. The overall prognosis of the
tooth must be evaluated with respect to the
strategic value of the tooth, the location and size
of the defect, and the potential for repair.

Perforation into the periodontal ligament at
any location will have a negative effect on long-
term prognosis. The dentist must inform the pa-
tient of the questionable prognosis' and closely
monitor the long-term periodontal response to
any treatment. In addition, the patient must
know what signs or symptoms indicate failure
and, if failure occurs, what the subsequent treat-
ment will be.

Perforations during access cavity preparation
present a variety of problems. When a perforation
occurs or is strongly suspected, the patient should
be considered for referral to an endodontist. In
general, a specialist is better equipped to manage
these patients. Also, after long-term evaluation,
other procedures such as surgery may be neces-
sary if future failure occurs (Figure 18-6).

Lateral Root Perforation

The location and size of the perforation during
access are important factors in a lateral perfora-
tion. If the defect is located at or above the height
of crestal bone, the prognosis for perforation re-
pair is favorable.3,4 These defects can be easily "ex-
teriorized" and repaired with standard restorative
material such as amalgam, glass ionomer, or com-
posite. Periodontal curettage or a flap procedure
is occasionally required to place, remove, or
smooth excess repair material. In some cases, the
best repair is placement of a full crown with the
margin extended apically to cover the defect.

Teeth with perforations below the crestal bone
in the coronal third of the root generally have the
poorest prognosis. Attachment often recedes and
a periodontal pocket forms, with attachment loss
extending apically to at least the depth of the de-
fect. The treatment goal is to position the apical
portion of the defect above crestal bone. Ortho-
dontic root extrusion is generally the procedure of
choice for teeth in the aesthetic zone.5,6 Crown
lengthening may be considered when the aes-
thetic result will not be compromised or when ap-
proximal teeth require surgical periodontal ther-
apy. Internal repair of these perforations by
mineral trioxide aggregate (MTA) has been shown
to provide an excellent seal as compared to other
materials.'

Furcation Perforation

A perforation of the furcation is generally one of
two types: the "direct" or the "stripping" type;
each is created and managed differently and the
prognoses vary. The direct perforation usually oc-
curs during a search for a canal orifice. It is more
of a "punched-out" defect into the furcation with
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FIGURE 18-6
A, A search for the mesiobuccal canal in a partially calci-
fied chamber resulted in a furcation perforation and ex-
trusion of filling materials into the periapical tissues. An
apex locator reading or an angled radiograph would have
detected this type of error. B, The initial treatment was re-
done and the perforation was sealed with MTA. C, A
radiograph 3 years later shows no evidence of pathosis in

the repaired area. (Courtesy Dr. George Bogen.)

a bur; therefore, it is usually accessible and may be
small and have walls. This type of perforation
should be immediately (if possible) repaired with
MTA (Figure 18-7), or, if proper conditions exist
(dryness), glass ionomer or composite, in an at-
tempt to seal the defect. Prognosis is usually good
if the defect is sealed immediately.

A stripping perforation involving the furcation
side of the coronal root surface results from ex-
cessive flaring with files or drills. Whereas direct

perforations are usually accessible and therefore
can be repaired nonsurgically, stripping perfora-
tions are generally inaccessible, requiring more
elaborate approaches. The usual sequelae of strip-
ping perforations are inflammation followed by
development of a periodontal pocket. Long-term
failure results from leakage of the repair material,
which produces periodontal breakdown with at-
tachment loss. Skillful use of MTA has signifi-
cantly improved the prognosis of nonsurgical
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FIGURE 78-7
Immediate repair of perforation in furcation of a dog premo-
lar with MTA results in formation of cementum (arrow) adja-
cent to the material.

repair of stripping perforations compared to
other repair materials (Figure 18-8).

Nonsurgical Treatment

If feasible, nonsurgical repair of furcation perfo-
rations is preferred to surgical alteration of the
tooth' (Figure 18-9). Traditionally, materials such
as amalgam, gutta-percha, zinc oxide-eugenol,
Cavit, calcium hydroxide, freeze-dried bone, and
indium foil have been used clinically and experi-
mentally to seal these defects."' Repair is difficult
because of potential problems with visibility, hem-
orrhage control, and management and sealing
ability of the repair materials. In general, perfora-
tions occurring during access preparation should
be sealed immediately, but the patency of the

FIGURE 18-8
A, A stripping perforation (arrow) is evident in the
mesiobuccal root. B, The mesial roots were filled
with MTA and the distal root with gutta-percha and
root canal sealer. C, A radiograph made 1 year later
shows no periradicular pathosis.
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canals must be protected. Immediate repair of the
perforations with MTA offers the best results for
perforation repair."

Surgical Treatment

Surgery requires more complex restorative proce-
dures and more demanding oral hygiene from
the patient.' Surgical alternatives are hemisec-
tion, bicuspidization, root amputation, and in-
tentional replantation. Teeth with divergent
roots and bone levels that allow preparation of
adequate crown margins are suitable for either

hemisection or bicuspidization. Intentional re-
plantation is indicated when the defect is inac-
cessible or when multiple problems exist, such as
a perforation combined with a separated instru-
ment, or when the prognosis with other surgical
procedures is poor (Figure 18-10). Dentist and
patient must recognize that the prognosis for
treatment of surgically altered teeth is guarded
because of the increased technical difficulty asso-
ciated with restorative procedures and demand-
ing oral hygiene requirements. The remaining
roots are prone to caries, periodontal disease, and
vertical root fracture.

FIGURE 18-9
A, Furcation perforation is evident in the first molar.

B, The root canal was retreated and the perforation was
repaired with MTA. C, A radiograph made 26 months later

shows no evidence of furcal pathosis.
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FIGURE 18-10
A, A postoperative radiograph 6 years after endodontic
treatment. The tooth is percussion sensitive, and periapi-
cal lesions are present. A 5-mm probing defect exists on
the distolingual root. A fracture is suspected and extract-
replant was performed for diagnostic reasons. The tooth
was extracted, and no fracture was seen. B, The tooth is
replanted after a root-end filling with MTA. The cause of
failure was probably leakage. C, A radiograph 1 year later
showed osseous repair. The probing defect healed.

PROGNOSIS

Factors affecting the long-term prognosis of teeth
after perforation repair include the location of the
defect in relation to crestal bone, the length of the
root trunk, the accessibility for repair, the size of

the defect, the presence or absence of a periodon-
tal communication to the defect, the time lapse
between perforation and repair, the sealing ability
of restorative material, and subjective factors such
as the technical competence of the dentist and the
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attitude and oral hygiene of the patient.' Early
recognition and repair will improve the prognosis
by minimizing damage to the periodontal tissues
by bacteria, files, and irrigants. Additionally, a
small perforation (less than 1 mm) causes less tis-
sue destruction and is more amenable to repair
than a larger perforation. Electronic apex locators
or angled radiographs with files in place aid in
early detection.

An unrecognized or untreated perforation in
the furcation usually results in a periodontal defect
that communicates through the gingival sulcus
within weeks or sometimes days. A preexisting
periodontal communication caused by perforation
worsens the prognosis; therefore, the time between
perforation and repair should be as short as possi-
ble.18,19 Immediate sealing of the defect reduces the
incidence of periodontal breakdown. To best deter-
mine the long-term prognosis, the dentist must
monitor the patient's symptoms, radiographic
changes, and, most importantly, periodontal sta-
tus. Radiographs and periodontal probing during
recall examination are the best measures of success
or failure of the repair procedure.

Accidents During Cleaning
and Shaping
The most common procedural accidents during
cleaning and shaping of the root canal system are
ledge formation, artificial canal creation, root per-
foration, instrument separation, and extrusion of
irrigating solution periapically. Correction of
these accidents is usually difficult and the patient
should be referred to an endodontist.

LEDGE FORMATION

By definition, a ledge has been created when the
working length can no longer be negotiated and
the original patency of the canal is lost. The major
causes of ledge formation include (1) inadequate
straight-line access into the canal (2) inadequate
irrigation and/or lubrication, (3) excessive en-
largement of a curved canal with files, and (4)
packing debris in the apical portion of the canal.

Prevention of a Ledge

Preoperative Evaluation. Prevention of ledging
begins with examination of the preoperative
radiograph for curvatures, length, and initial size.

Curvatures. Most important is the coronal
third of the root canal. Severe coronal curvature
predisposes the apical canal to ledging. Straight-
line access to the orifice of the canal can be

achieved during access preparation, but accessi-
bility to the apical third of the canal is achieved
only with coronal flaring. Severe apical curvatures
require a proper sequence of cleaning and shaping
procedures to maintain patency (see Chapter 13).

Length. Longer canals are more prone to ledg-
ing than shorter canals. Careful attention to main-
taining patency is required to prevent ledging.

I nitial Size. Canals of smaller diameter are more
easily ledged than larger-diameter canals.

In summary, the canals most prone to ledging are
small, curved, and long. Radiographs are two-dimen-
sional and cannot provide accurate information
about the actual shape and curvature of the root
canal system. All root canals have some degree of
curvature including facial-lingual curves, which
may not be apparent on straight facial exposures.

Technical Procedures. Determination of working
length in the cleaning and shaping process is a
continuation of the access preparation. Optimum
straight-line access to the apical third is not
achieved until cleaning and shaping have been
completed. An accurate working length measure-
ment is a requirement because cleaning and shap-
ing short of the ideal length is a prelude to ledge
formation. Frequent recapitulation and irriga-
tion, along with the use of lubricants, are manda-
tory! Sodium hypochlorite may be used initially
for hemorrhage control and removal of debris.
However, this agent alone may not be adequate to
provide maximum lubrication.

Silicone, glycerine, and wax-based lubricants are
commercially available for canal lubrication. Be-
cause these materials are viscous, they are carried
into the apical regions of the canal with the file. En-
hanced lubrication permits easier file insertion, re-
duces stress to the file, and assists with removal of
debris. The lubricant is easily removed with so-
dium hypochlorite irrigation. Flexible files (nickel-
titanium) reduce the chances for ledge formation.

A one-eighth to one-fourth reaming motion
with the files should be used in the apical third. A
filing motion directed away from the furcation is
used to form the funnel shape of the canal and re-
duce the coronal curvature. Each file must be
worked until it is loose before a larger size is used.

Canals with a severe coronal curvature require
a passive step-back cleaning and shaping tech-
nique (see Chapter 13). A No. 15 file is used at
working length. With maximum irrigation or lu-
brication, the canal is passively and progressively
flared in a step-back fashion. The No. 15 file is re-
capitulated many times to maintain patency. This
preflaring technique reduces the coronal curva-
ture and enlarges the canal. Better control of the
files is gained for enlarging and cleaning the api-
cal third of the canal as the last step (see "Apical
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Clearing" in Chapter 13). Using this technique,
the chances of ledge formation are reduced. Ro-
tary files with increased taper will blend and join
the shape into a tapering funnel.

Management of a Ledge

Once created, a ledge is difficult to correct. An ini-
tial attempt should be made to bypass the ledge
with a No. 10 steel file to regain working length.
The file tip (2 to 3 mm) is sharply curved and
worked in the canal in the direction of the canal
curvature. Lubricants are helpful. A "picking" mo-
tion is used to attempt to feel the catch of the orig-
inal canal space, which is slightly short of the api-
cal extent of the ledge. If the original canal is
located, the file is then worked with a reaming mo-
tion and occasionally an up-and-down movement
to maintain the space and remove debris (Fig-
ure 18-11), although this may be only partially
successful. Once a ledge is created, even if it is ini-
tially bypassed, instruments and obturating mate-
rials tend to be continually directed into the ledge.

If the original canal cannot be located by this
method, then cleaning and shaping of the exist-
ing canal space is completed at the new working
length. At times, flaring of the canal may allow the
ledge to be bypassed by providing improved ac-
cess to the apical canal. Small, curved files are
used in the manner previously described in a final
attempt to bypass the ledge. If this is successful,
the apical canal space must be sequentially
cleaned and flared to an appropriate size. Com-
plete removal or reduction of the ledge facilitates
obturation.

Prognosis

Failure of root canal treatment associated with
ledging depends on the amount of debris left in
the uninstrumented and unfilled portion of the
canal. The amount depends on when ledge for-
mation occurred during the cleaning and shaping
process. In general, short and cleaned apical
ledges have good prognoses. The patient must be
informed about the prognosis, the importance of
the recall examination, and what signs indicate
failure. Future appearance of clinical symptoms
or radiographic evidence of failure may require re-
ferral for apical surgery or rerreatment.

CREATING AN ARTIFICIAL CANAL
Cause and Prevention

Deviation from the original pathway of the root
canal system and creation of an artificial canal
cause an exaggerated ledge; it is initiated by the
factors that cause ledge formation. Therefore, the

recommendations for preventing ledge formation
should be followed to avoid creating artificial
canals. The unfortunate sequence is as follows: A
ledge is created and the proper working length is
lost. The operator, eager to regain that length,
"bores" apically with each file, thus creating an ar-
tificial canal. Used persistently, the file eventually
perforates the root surface.

Management

Negotiating the original canal that has an exag-
gerated ledge is normally very difficult. Rarely can
the original canal be located, renegotiated, and
prepared. To obturate, the dentist should deter-
mine whether a perforation exists. Methods in-
clude apex locator readings, hemorrhage on paper
points while drying, and radiographs with a file in
position. If confirmed, the working length is ad-
justed, an apical stop is created at the adjusted
length with larger files, and obturation is begun.
If there is no perforation, the canal is obturated
with a warm or softened gutta-percha technique
in conjunction with a root canal sealer. If there is
a perforation, the defect should be repaired inter-
nally or surgically (see "Root Perforations" below).

Prognosis

Prognosis depends on the ability of the operator to
renegotiate the original canal and the remaining
amount of uninstrumented and unfilled portion
of the main canal. Unless a perforation exists, teeth
in which the original canal can be renegotiated and
obturated have a prognosis similar to those with-
out procedure complications. In contrast, when a
large portion of the main canal is uninstrumented
and unobturated, a poorer prognosis exists, and
the tooth must be examined periodically. Failure
usually means surgery will be required to resect the
uninstrumented and unobturated root canal.

ROOT PERFORATIONS

Roots may be perforated at different levels during
cleaning and shaping. Location (apical, middle, or
cervical) of the perforation as well as the stage of
treatment affects prognosis." The periodontal re-
sponse to the injury is affected by the level and
size of the perforation. Perforation in the early
stages of cleaning and shaping affects prognosis
significantly.

Apical Perforations

This type of perforation occurs through the apical
foramen (overinstrumentation) or through the
body of the root (perforated new canal).
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What is Success?

With a vital pulp, success means that the root
canal treatment prevents bacteria from entering
the canal system; thereby, the treatment prevents
a periradicular lesion from forming. With a
necrotic pulp, the treatment is considered suc-
cessful if it eliminates or significantly reduces bac-
teria in the root canal system so that an associated
periradicular lesion heals.

Unfortunately, not all root canal treatments
are successful. Recognition, acceptance, and man-
agement of treatments that do not resolve and
heal can be difficult and often involve a complex
set of factors. Historically the popular belief has
been that the success rate for root canal treatment
is between SO% and 95%. However general per-
centages should be taken with caution; rather,
each case should be individually assessed to determine the
percentage probability of success. Several variables af-
fect the outcome of a root canal treatment,' many
of which will be discussed later in this chapter.
Importantly, the clinician should attempt to pre-
dict the outcome of each treatment based on the
existing situation and current knowledge and
then inform the patient about the expected out-
come. The status and prediction should be as-
sessed before and immediately after the treat-
ment, and then at reasonable intervals. The
importance of communication, both dentist to
patient and patient to dentist, is discussed in
more detail in Chapter 6.

Prognosis

Prognosis is a key word. This refers to the predic-
tion of whether an endodontic treatment will pre-
vent the development of apical periodontitis or
heal it if present. But how are success and failure
defined? Interpretation of success varies with the
individual practitioner. One dentist's criterion for
success may be if the treatment lasts long enough
for the patient to pay the bill! And the criterion
for failure may be that the patient contacts the
dentist complaining of severe symptoms. At the
other extreme may be the unreasonably rigorous
requirement that no inflammatory cells are pres-
ent in the periradicular tissues subsequent to
treatment. Realistic criteria are somewhere be-
tween these two and obviously more toward the
latter than the former. It is important to remem-
ber that apical periodontitis, which is often a
principle indication of a failing endodontic treat-
ment, is frequently asymptomatic; the radiograph
is the only way to demonstrate the lesion.'



SUCCESS RATES

What is the anticipated outcome of root canal
treatment? Studies vary, with reported success
rates ranging from a high of 95% to a low of
53%.''3' ' There are some known factors that ac-
count for at least some of these differences.

Studies on prognosis have analyzed the ef-
fects of various factors in relation to success and
failure.5-8 These numerous variables can make
interpretation and comparison of prognosis
study results difficult. These difficulties include
observer bias (with varying criteria for success),
bias in interpreting radiographs, varying levels
of patient compliance (recall) subjectivity of
patient response, host variability in responding
to treatment, relative validity and reproducibil-
ity of the method of evaluation, degree of con-
trol of variables such as sample size, and differ-
ences in observation periods. However some of
those studies have clearly shown a significant ef-
fect of some factors on the ultimate outcome of
treatment.

Clearly a very significant factor is the presence
of a periradicular lesion associated with the
tooth before treatment"' The significance of
bacteria in causing and maintaining a periradic-
ular lesion was shown in a classic study by Kake-
hashi et al.9 They demonstrated that only root
canal systems infected with bacteria would de-
velop periradicular lesions. If there is a periradic-
ular lesion before treatment the prognosis for
success is reduced by 10% to 20%.'"" Elimina-
tion or at a least significant reduction in the
number of bacteria seems to produce results
similar to those expected when noninfected
canals are treated."

At least two other factors are important in the
ultimate outcome of the treatment. Those fac-
tors are the technical quality of the root canal
filling itself and, more importantly, the effective-
ness of the coronal seal. ' 3 With a poor coronal
seal most treatments probably will eventually
fail irrespective of the periradicular status of the
tooth before treatment or the quality of debride-
ment and obturation.

The advantages of understanding the progno-
sis for root canal treatment procedures include
development of more rational treatment meth-
ods, avoidance of factors that result in a higher in-
cidence of failure, and a better understanding of
the healing process. To reemphasize and to re-
peat: generalizations in predicting success and
failure are inappropriate when assessing an indi-
vidual situation; prognosis for each clinical case
must be based on the findings and treatment fac-
tors relevant to that case.
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WHEN TO PROGNOSTICATE

Determining or attempting to predict outcome
should be done at three times: before, during, and
after treatment. The prognosis often changes at
these intervals, depending on what occurs or what
is discovered during or after treatment. Thus,
what may have been a favorable prognosis at the
beginning may change to a poorer or less favor-
able prognosis at the conclusion of the procedure.

HOW TO PROGNOSTICATE

Patients must always be informed about the pos-
sibility of failure. The outcome prediction
(whether made before, during, or after treatment)
may be explained in one of two ways. One ap-
proach is to generalize about whether the antici-
pated outcome is favorable, questionable, or unfa-
vorable. A second approach is to make a
prediction using percentages; patients usually
easily understand this. However, predicting using
percentages is somewhat difficult for the dentist,
because there are several variables that can affect
the ultimate outcome, especially when prognosti-
cating is done before the treatment. By using per-
centage estimation (particularly if the prognosis
is not excellent) patients might have better grasp
of the status of their tooth and then participate in
the decision about whether to proceed. They need
to understand that there is always a possibility of
complications during or after treatment. Also, pa-
tients can better accept failure if they were in-
formed of that possibility before treatment.

Variability of Treatment Results

Explaining the marked differences in the success
rates seen in different prognosis studies is not dif-
ficult. There are many variables, alone or in combi-
nation, that affect the outcome of treatment; some
of these variables are easily identified and others
are probably unknown. Thus, no single study has
all the answers, and all studies considered as a
group are, at best, only overall indicators.'

Factors Influencing Success
and Failure

An early "classic" comprehensive study performed
by Strindberg' related treatment outcomes to bio-
logic and therapeutic factors. With time, other
variables have been related to success and failure.
Few of these variables have been proven to have a
clear effect on the final outcome of the root canal
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treatment. Others are generalities, and their full
effects are unknown because of the nature and
complexity of the problems. Some of the factors
that consistently impact prognosis are (1) apical
pathosis, (2) bacterial status of the canal, (3) ex-
tent and quality of the obturation, and (4) quality
of the coronal restoration.

The presence of bacteria in the canal before ob-
turation predicts a poorer prognosis." In relation
to extension of the obturation, healing is less pre-
dictable if the filling is too short (more than 2 mm
from the radiographic apex) or too long (exiting
the apex) 6,14,15 More voids or less density of the
obturating materials is also related to lower suc-
cess rates.' And again and importantly, the qual-
i ty of the coronal restoration is more critically re-
lated to the final outcome than the quality of the
obturation.13

Other variables such as tooth type, age and sex
of the patient, technique of obturation, observa-
tion period, and type of intracanal medication
have been shown to have a slight effect (but usu-
ally none) on the results.17 Medical (health) status
or age of the patient has no significant bearing on
success or failure. 18 No specific systemic disease or
condition has been related to delayed or impaired
healing or seems to precipitate failure. Obviously,
a patient who is debilitated or whose condition is
severely compromised medically may be a poor
candidate for root canal treatment.

When to Evaluate

The length of time necessary for adequate post-
operative follow-up has been studied. Suggested
follow-up periods range from 6 months to 4 years;
6 months is a reasonable interval for a recall eval-
uation for most patients. However, the important
question is,. at what point is it unlikely that a
treatment outcome will change? In other words,
when can it be determined that treatment is suc-
cessful or has failed and the outcome is unlikely
to change so that no further recall is necessary?
There is good evidence that a radiographic lesion
that is unchanged or has increased in size after
1 year is unlikely to ever resolve; therefore, the
treatment is deemed unsuccessful. If at 6 months
the lesion is still present but smaller in size, there
is an indication that it might heal but additional
recall is needed. The larger the per1radicular le-
sion before the root canal treatment, the longer
the healing period. Unfortunately, apparent suc-
cess may revert to failure at a later time (often as a
result of coronal leakage), so clinical and radio-
graphic examination of teeth treated with root
canals is indicated as a part of routine full-status
evaluation of all dental patients.

Methods of Evaluation

The most accurate determinations of healing or
nonhealing are based on signs and symptoms and
radiographic and histologic examinations. Obvi-
ously, at present only clinical findings and radio-
graphic criteria can be readily evaluated by the
dentist, current technology precludes histologic
examination without surgical intervention.

CLINICAL EXAMINATION

Signs and/or symptoms, if marked and persistent,
are probably indications of disease and of failure.
Importantly, absence of pain or other symptoms
does not confirm success. This is because peri-
radicular pathosis without significant symptoms
is usually present in teeth before as well as after
root canal treatment.2 There is little correlation
between the presence of pathosis and correspond-
ing symptoms; yet when signs and/or symptoms
are evident there is a strong likelihood that there
is a pathosis.19

Persistence of adverse significant signs (e.g.,
swelling or sinus tract) or symptoms (e.g., sponta-
neous pain, dull persistent ache, or mastication
sensitivity) indicates failure.

RADIOGRAPHIC FINDINGS

According to the findings, the outcome of each
treatment could be classified as a success, a fail-
ure, or a questionable status. To be able to accu-
rately compare radiographs made at different
times, it is important that they are taken in a re-
producible fashion and with minimal distortion.
The best way to ensure reproducibility is with par-
alleling radiographic devices (see Chapter 9).

Success is the absence of an apical radiolucent
lesion. This means that a resorptive lesion present
at the time of treatment has resolved or if there
was no lesion present at the time of treatment,
none has developed. Thus, success is evident by
the elimination or nondevelopment of an area of
rarefaction for a minimum of 1 year after treat-
ment (Figure 19-1).

Failure is the persistence or development of ra-
diographically evident pathosis. Specifically, this
is a radiolucent lesion that has remained the
same, has enlarged, or has developed since treat-
ment (Figure 19-2).
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FIGURE 19-1
Success. A, Diagnosis of 20: irreversible pulpitis, normal
periapex. Pretreatment prognosis: favorable. B, Obtura-
tion 1 month later. As occasionally occurs, periradicular
pathosis has developed during the treatment interval,
which involved three appointments in the 1-month pe-
riod. Posttreatment prognosis: questionable. C, Six-month
recall shows resolution and a classification of success. Be-
cause the periradicular irritation was neither severe nor
persistent and because the primary obturating material
was contained and condensed within the canal, the slight
amount of sealer extruded (arrow) neither resorbed nor
prevented healing.

FIGURE 79-2

Failure. A, Apparently adequate root canal treatment. Tooth was restored later with a post and core and crown.
B, Two-year recall. The patient reports persistent discomfort. Periradicular radiolucency indicates failure, probably
due to coronal leakage at a defective margin (arrow). Surgery was required (root end resection and filling) be-
cause of restoration.
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FIGURE 19-3
Questionable. A, Inadequate canal preparation, poor obturation, and coronal leakage all contributed to failure.
The tooth is suitable for conventional retreatment and restoration. B, Twelve-month recall after retreatment. A
sinus tract has disappeared, and the patient reports absence of symptoms. The radiolucent lesion is decreasing in
size but has not resolved. Because outcome is still questionable, additional recall evaluation is necessary.

Questionable status indicates a state of uncer-
tainty. The situation (radiolucent lesion) has nei-
ther become larger nor significantly decreased in
size. A questionable status is considered to be
nonhealing if there is no resolution after more
than 1 year (Figure 19-3).

Complete radiographic regeneration of peri-
radicular structures does not always occur. Varia-
tions in radiographic appearance that are defined
as healed are occasionally seen. Large periradicular
lesions present before treatment might not com-
pletely regenerate normal bony architecture but
rather persist as a slightly larger than normal api-
cal periodontal ligament space. There may also be
an unusual trabecular pattern or lack of complete
replacement of the cortical plate adjacent to the
tooth, giving the appearance of a persistent lesion.

Fallibilities of radiographic interpretation are
additional complications. Because radiographs are
usually the primary evaluative tools, techniques and
interpretation are critical; guidelines must be fol-

lowed carefully. Consistency in film type, exposure
time, cone angulations, film development, and sim-
ilar radiograph viewing conditions are important.
Inconsistency with follow-up radiographs may lead
to false assessments of either success or nonhealing.
There could be false-positive or false-negative inter-
pretations. For example, an anatomic landmark
such as a radiolucent or radiopaque structure may
be "pushed" over the apex by a change in cone an-
gulation and may then be misinterpreted as a devel-
oping lesion. Also, opacity may obscure a develop-
ing lesion. Because of these variations, the validity
of evaluating treatment outcome solely with radio-
graphs is unacceptable; other signs and symptoms
are considered as well." Periradicular lesions have
been "healed" simply by changing radiographic
techniques or cone angles. (Figure 19-4).

Personal bias may influence radiographic inter-
pretation.'"' Each radiograph must be inter-
preted objectively and honestly to determine the
degree of healing.
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FIGURE 19-4
A, Panoramic radiograph revealed an apical radiolucency on the premolar. B, Periradicular film taken 1 week later
shows no apparent radiolucency associated with the apex. The tooth responded within normal limits. The likely
explanation of the radiolucency on the panoramic film is superimposition of the mental foramen.

HISTOLOGIC EXAMINATION

Routine histologic evaluation of periradicular
tissues after root canal treatment is impractical
and not possible without surgery. 13 If a treated
tooth were to be evaluated histologically, success-
ful treatment would be indicated by reconstitu-
tion of periradicular structures and an absence of
inflammation.

There is uncertainty about the degree of corre-
lation between histologic findings and radio-
graphic appearance because of the lack of well-
controlled, prospective histologic studies. Two
histologic investigations of teeth treated with
root canals in cadavers reached very different con-
clusions . 24,2 s Brynolf4 concluded that almost all
treated teeth showed some periradicular inflam-
mation despite the appearance of successful treat-
ment on radiographs. In contrast, Green et al . 2 5

observed that most treated teeth that showed a
normal periapex radiographically were indeed free
of inflammation histologically. Thus, with cur-

rent technology, clinical findings (signs, symp-
toms, and radiographic evaluation) are the only
practical means of assessing degree of healing
after root canal treatment.

Causes of Endodontic Failures

Most nonhealing (failures) of root canal treat-
ments is directly or indirectly caused by bacteria
somewhere in the root canal system. In general,
the most common causes of failure are (1) errors
in diagnosis and treatment planning, (2) coronal
leakage, (3) lack of knowledge of pulp anatomy, (4)
inadequate debridement and/or disinfection of
the root canal system, (5) inadequate restorative
protection, (6) operative errors, (7) obturation de-
ficiencies or errors, and (8) vertical root fracture.

The various procedures associated with root
canal treatment can be divided into three phases:
preoperative, operative, and postoperative.
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FIGURE 19-5
A, The patient complained of pain in right maxillary teeth when drinking hot liquids. The sensitivity to heat was
confirmed to be from tooth 3 by rubber dam isolation and then bathing it with hot water. B, The tooth was care-
fully accessed without anesthesia; vital tissue was located in the mesiolingual canal (arrow). The tooth was then
anesthetized, and the canal was instrumented and obturated.

PREOPERATIVE CAUSES

Failure of root canal treatment is often traced to
misdiagnosis, errors in treatment planning, poor
case selection (dentists attempting treatment be-
yond their skill levels), or treatment of a tooth
with a poor prognosis. All of these are preopera-
tive considerations.

Before any invasive dental procedure, includ-
ing root canal treatment, the dentist should make
a "tentative" pulpal and periradicular diagnosis.
That diagnosis is based on all available informa-
tion: history of signs and symptoms, current signs
and symptoms, radiographic evaluation, and vi-
tality tests (see Chapter 4). Without evaluating all
these factors and forming a diagnosis, there is a
risk of inappropriate treatment and/or the wrong
tooth being treated. Obviously, the problem
would not be resolved.

Not using good radiographic projection, in-
cluding different mesiodistal angulation to deter-
mine various canal system aberrations (extra
canals: for example, the mesiolingual canal in

maxillary molars and second canals in mandibu-
lar incisors), often results in failure, even with cor-
rect diagnosis (Figure 19-5).

Coronal or root dentin fractures are also often
misdiagnosed or escape early detection. Periodon-
tal defects with associated bone loss often appear
after the fracture has been on the crown and root
for long enough for the crack to become infected
(Figure 19-6) .z6-Z9 However, if there is an isolated,
deep probing defect associated with the suspect
tooth, vertical root fracture must be considered
(Figure 19-7).

OPERATIVE CAUSES

Many failures result from errors in operative pro-
cedures. For predictable success, several steps
need to be followed. These include chemome-
chanical cleaning and shaping of the canal space
followed by a dense obturation that is confined to
the root canal system and then by a quality coro-
nal restoration.
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FIGURE 19-6
A, Large periradicular lesion around mesial and distal roots of the first molar.
The patient denied any history of symptoms. The tooth was unresponsive to
CO, snow, but responded normally to percussion and palpation. B, Access
was attained without anesthesia (test cavity), confirming necrotic pulp. Root
canal treatment was performed in two appointments using Ca(OH) Z as an
i ntra-appointment medicament. C, After 3 months, severe pain was reported
on biting. Extraction revealed a split tooth that was probably present before
the initial root canal treatment, as there was no restoration or caries, yet the
pulp was necrotic.

Mechanical Objectives

An overlooked but important part of successful
root canal treatment is a straight-line access
preparation that will facilitate debridement and
obturation. The access is even more important,
with the use of rotary nickel-titanium file systems.
If the access is underextended, several mishaps
may occur that ultimately will lead to failure. A

canal may be missed; the treatment is likely to fail
although the located canals were appropriately
treated. If the pulp horns are not opened in ante-
rior teeth, debris and sealer may remain in the
coronal pulp space. Such remnants often result in
discoloration and therefore treatment failure. In
addition, with a too small access, instrument ma-
neuverability is limited, resulting in insufficient
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cleaning and aberrant shaping, or even instru-
ment breakage.

Overextended access cavities, prepared at the
expense of dentin, are also a problem. Excessive
loss of dentin weakens the tooth, possibly allowing
fractures, and increases the risk of perforation .29,30

A common error of instrumentation is failure to
maintain canal curvature because files cut to the
outside of the curve ("transportation" of the canal
and/or apex). This alters canal morphology and
leaves potentially infected debris in the canal system.
Marked deviation or overzealous flaring or over-
preparation in the "danger" zone or in the apical '/3
may result in perforation (Figure 19-8). These perfo-
rations are possible to repair but are difficult to seal
nonsurgically3l Leakage and/or mechanical irrita-
tion may result, and a lesion may develop .12

The outcome of a separated instrument (broken
endodontic file) in a root canal system depends

FIGURE 19-7
A, Root canal treatment on the first molar was completed
2 months previously. Discomfort persisted with occasional
swelling and drainage into the sulcus in the mesiofacial
aspect of the treated tooth. A deep probing defect on the
mesiofacial aspect indicated the possibility of a vertical
root fracture. However, further testing showed that the
second premolar was sensitive to percussion and unre-
sponsive to CO, snow and test cavity. B, Treatment was

i nitiated on the premolar. C, One year after root canal
treatment, there is partial periradicular healing around
both apexes. Results of periodontal probing were within

normal limits. (Courtesy Dr. G. Shuping.)

on the stage of canal preparation and the pretreat-
ment pulp status (vital versus necrotic) (see Fig-
ure 19-7).33,34 The outcome may be unaffected if the
instrument can be removed or bypassed.

Confining operative procedures and materials
to the canal space enhances repair."' Overinstru-
mentation causes some tissue damage, periradic-
ular hemorrhage, and transitory inflammation.
Continuous overinstrumentation provokes a per-
sistent inflammatory response capable of resorb-
ing dental and osseous tissues." Overinstrumen-
tation may also transfer microorganisms from the
canal into the periapex, possibly compromising
the outcome. 37

Likewise, overextended obturation may lead to
treatment failure. In many cases it is probably not
the material that causes the periradicular lesion;
gutta-percha is relatively inert. Rather, the combi-
nation of an inadequate seal probably preceded by
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FIGURE 78-11
A, Preoperative radiograph. B, Ledges have been formed in the mesial and distal canals with stainless steel files.
Ledges can be bypassed only with small, curved stainless steel files. C, Ledges are bypassed, and proper length
i s established. D, Final radiograph. Nickel-titanium files can be used only after ledges are removed.
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Etiology and Indicators. Instrumentation of the
canal beyond the apical constriction results in per-
foration. Incorrect working length or inability to
maintain proper working length causes "zipping"Z
or "blowing out" of the apical foramen. Appear-
ance of fresh hemorrhage in the canal or on in-
struments, pain during canal preparation in a pre-
viously asymptomatic tooth, and sudden loss of
the apical stop are indicators of foramen perfora-
tion. Extension of the largest (final) file beyond the
radiographic apex is also a sign. An electronic apex
locator may also confirm this procedural accident.

Prevention. To prevent apical perforation,
proper working lengths must be established and
maintained throughout the procedure. In curved
canals, the flexibility of files with respect to size
must be considered. Step-back and flaring proce-
dures straighten the canal somewhat and effec-
tively decrease the working length by as much as
1 to 2 mm, requiring compensation.

Treatment. Treatment includes establishing a
new working length, creating an apical seat
(taper), and obturating the canal to its new
length. Depending on the size and location of the
apical foramen, a new working length 1 to 2 mm
short of the point of perforation should be estab-
lished. The canal is then cleaned, shaped, and ob-
turated to the new working length. The master
cone must have a positive apical stop at the work-
ing length before obturation. Placement of MTA
as an apical barrier can prevent extrusion of obtu-
ration materials.

Prognosis. Success of treatment depends pri-
marily on the size and shape of the defect. An
open apex or reverse funnel is difficult to seal and
also allows extrusion of the filling materials. In
addition, the feasibility of repairing the perfora-
tion surgically may influence the final outcome.

Lateral (Midroot) Perforations

Etiology and Indicators. As discussed earlier, in-
ability to maintain canal curvature is the major
cause of ledge formation. Negotiation of ledged
canals is not always possible; misdirected pressure
and force applied to a file may result in formation
of an artificial canal and eventually in an apical or
midroot perforation. To avoid these perforations,
the same factors mentioned earlier for prevention
of ledge formation should be considered: (1) de-
gree of canal curvature and size and (2) inflexibil-
ity of the larger files, especially stainless steel files.

Indicators of lateral perforation are similar to
those of apical perforation, i.e., fresh hemorrhage
in the root canal or sudden pain and deviation of
instruments from their original course. Penetra-
tion of the instrument out of the root radio-

graphically (or, as indicated by an apex locator) is
the ultimate indicator.

Treatment. The optimal goal is to clean,
shape, and obturate the entire root canal system
of the affected tooth. After the perforation is
confirmed, the steps discussed previously for
bypassing of ledged canals are followed. If at-
tempts to negotiate the apical portion of the
canal are unsuccessful, the operator should con-
centrate on cleaning, shaping, and obturating
the coronal segment of the canal. A new work-
ing length confined to the root is established;
the canal is then cleaned, shaped, and obturated
to the new working length. A low concentration
(O.S%) of sodium hypochlorite or saline should
be used for irrigation in a perforated canal. Ex-
trusion of concentrated irrigant into the sur-
rounding periodontal tissues would produce se-
vere inflammation.

Prognosis. Success depends partially on the re-
maining amount of undebrided and unobturated
canal. Obturation is difficult because of lack of a
stop (matrix); gutta-percha tends to be extruded
during condensation. Teeth with perforations
close to the apex after complete or partial debride-
ment of the canal have a better prognosis than
those with perforations that occur earlier. In ad-
dition to the length of uncleaned and unfilled
portions of the canal, size and surgical accessibil-
ity of perforations are important. In general,
small perforations are easier to seal than large
ones. Because of surgical accessibility, perfora-
tions toward the facial aspect are more easily re-
paired and therefore these teeth have a better
prognosis than those with perforations in other
areas.

On recall, both radiographic and periodontal
examinations for signs and symptoms are per-
formed; failure generally requires surgery or other
approaches. These approaches depend on the
severity of perforation, the strategic importance
of the tooth, and the location and accessibility of
the perforation. Corrective techniques include re-
pair of the perforation site, root resection to the
level of the perforation, root amputation, hemi-
section, replantation, and extraction.

Coronal Root Perforations

Etiology and Indicators. Coronal root perfora-
tions occur during access preparation while the
operator attempts to locate canal orifices or dur-
ing flaring procedures with files, Gates-Glidden
drills, or Peeso reamers. Perforations during ac-
cess preparation can be minimized by using the
methods described earlier in this chapter. Re-
moval of restorations when possible, use of
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fiberoptic lights for illumination, magnification,
and cautious exploration for calcified canals can
prevent most problems during access prepara-
tion. Careful flaring (step-back) and conservative
use of flaring instruments are required during
cleaning and shaping procedures.

Treatment and Prognosis. Repair of a stripping
perforation in the coronal third of the root has the
poorest long-term prognosis of any type of perfo-
ration.4 The defect is usually inaccessible for ade-
quate repair. An attempt should be made to seal
the defect internally, even though the prognosis is
guarded. Patency of the canal system must be
maintained during the repair process. Referral of
the patient to a specialist is recommended.

SEPARATED INSTRUMENTS
Etiology

Limited flexibility and strength of intracanal in-
struments combined with improper use may re-
sult in an intracanal instrument separation. Any
instrument may break-steel, nickel-titanium,
hand, or rotary. Overuse or excessive force applied
to files is the main cause of separation. Manufac-
turing defects in files are rare.

Recognition

Removal of a shortened file with a blunt tip from
a canal and subsequent loss of patency to the orig-
inal length are the main clues for the presence of a
separated instrument. A radiograph is essential for
confirmation. It is imperative that the patient be in-
formed of the accident and its effect on progno-
sis.1 As with other procedural accidents, detailed
documentation is also necessary for medical-legal
considerations.

Prevention

Recognition of the physical properties and stress
limitations of files is critical. Continual lubrica-
tion with either irrigating solution or lubricants
is required. Each instrument is examined before
use. If an unwound or twisted file is rotated and
viewed, reflections from the chairside light will
magnify fluting distortions (Figure 18-12).
Small files must be replaced often. To minimize
binding, each file size is worked in the canal
until it is very loose before the next file size is
used.20 Nickel-titanium files usually do not show
visual signs of fatigue similar to the "untwist-
ing" of steel files. Many factors may affect the fa-
tiguing of nickel-titanium files, and they should
be discarded before visual signs of untwisting are
seen.

FIGURE 18-12
Each steel file should be inspected for fluting distortion be-
fore use in the canal. Only untwisted files will show a shiny
spot (arrow). This file must be discarded. Nickel-titanium files
usually will not show this distortion and must be discarded
after three to six uses.

Treatment

There are basically three approaches: (1) attempt
to remove the instrument, (2) attempt to bypass
it, and (3) prepare and obturate to the segment.
Initial treatment is similar to that discussed ear-
lier for a ledge. Using a small file and following
the guidelines described for negotiating a ledge,
the operator should attempt to bypass the sepa-
rated instrument. If this is successful, broaches or
Hedstrom files are used to try to grasp and re-
move the segment, this usually does not work.
Then the canal is cleaned, shaped, and obturated
to its new working length (Figure 18-13). If the in-
strument cannot be bypassed, preparation and
obturation should be performed to the coronal
level of the fragment.

Prognosis

Prognosis depends on how much undebrided and
unobturated canal apical to and including the in-
strument remains. The prognosis is best when
separation of a large instrument occurs in the



324

	

18 / Procedural Accidents

FIGURE 78-73
A, A file is separated in the buccal canal (arrow) of the
second maxillary premolar. B, The separated instrument is
bypassed. C, Both canals are cleaned, shaped, and obtu-
rated. Prognosis is good.

later stages of preparation close to the working
length. Prognosis is poorer for teeth with
undebrided canals in which a small instrument is
separated short of the apex or beyond the apical
foramen early in preparation. For medical-legal
reasons, the patient must be informed (with doc-
umentation in the record) of an instrument sepa-
ration. Despite the concern of both patient and
dentist,21 clinical studies indicate that the prog-
nosis in most procedures involving broken instru-
ments that are managed properly is favorable.22

If the patient remains symptomatic or there is
a subsequent failure, the tooth can be treated sur-
gically. Accessible roots are resected with place-
ment of a root-end filling material (Figure 18-14).
Accessibility of the root apex for surgical inter-
vention is critical to the final outcome.

OTHER ACCIDENTS

Aspiration or Ingestion

Aspiration or ingestion of instruments is a serious
event but is easily avoided with proper precau-
tions. Use of the rubber dam is the standard of care to
prevent such ingestion or aspiration and subsequent
l awsuits.'

The disappearance of an instrument that has
slipped from the dentist's fingers, followed by vi-
olent coughing or gagging by the patient and ra-
diographic confirmation of a file in the alimen-
tary tract or airway, is the chief sign. These
patients require immediate referral to a medical
service for appropriate diagnosis and treatment.
According to a survey by Grossman," 87% of
these instruments are swallowed and the rest are
aspirated. Surgical removal is required for some



swallowed (Figure 18-15) and nearly all aspirated
instruments.

Extrusion of Irrigant

Wedging of a needle in the canal (or particularly
out of a perforation) with forceful expression of
irrigant (usually sodium hypochlorite) causes
penetration of irrigants into the periradicular tis-
sues and inflammation and discomfort for pa-
tients. Loose placement of irrigation needles and
careful irrigation with light pressure or use of a
perforated needle24 precludes forcing of the irri-
gating solution into the periradicular tissues.
Sudden prolonged and sharp pain during irriga-
tion followed by rapid diffuse swelling (the
"sodium hypochlorite accident") usually indicates
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FIGURE 18-14
A, A Nickel titanium file was broken inside the mesiobuc-
cal canal. B, Because of patient discomfort, the root seg-
ment was removed surgically and MTA was used as root-
end filling material. C, A periapical radiograph 1 year later

shows excellent healing.

FIGURE 18-15
A swallowed broach lodged in a patent's appendix, resulting
i n the removal of the appendix and a subsequent lawsuit
against a dentist who did not use rubber dam during root
canal therapy.
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FIGURE 78-76
A, Sodium hypochlorite was inadvertently expressed through an apical perforation in a maxillary canine during
i rrigation. Hemorrhagic reaction was rapid and diffuse. B, No treatment was necessary; the swelling and
hematoma disappeared within a few weeks. (Courtesy Dr. James Stick.)

penetration of solution into the periradicular tis-
sues. The acute episode will subside sponta-
neously with time (Figure 18-16).

Initially there is no reason to prescribe antibi-
otics or attempt surgical drainage. Treatment is
palliative. Analgesics are prescribed, and the pa-
tient is reassured. Because the outcome is so dra-
matic, evaluation is performed frequently to fol-
low progress.

Accidents During Obturation

Appropriate cleaning and shaping are the keys to
preventing obturation problems because these ac-
cidents usually result from improper canal prepa-
ration. In general, adequately prepared canals are
obturated without mishap. The quality of obturation
reflects canal preparation. However, problems do
occur.

UNDERFILLING
Etiology

Some causes of underfilling include a natural bar-
rier in the canal, a ledge created during prepara-
tion, insufficient flaring, a poorly adapted master
cone, and inadequate condensation pressure. By-
passing (if possible) of any natural or artificial bar-
rier to create a smooth funnel is one key to avoid-
ing an underfill. The advent of nickel-titanium
rotary files of increased taper has greatly improved
the predictability of proper funnel and taper.

Treatment and Prognosis

Removal of underfilled gutta-percha and retreat-
ment is preferred. Forcing gutta-percha apically
by increased spreader or plugger pressure can
fracture the root. If lateral condensation is the
method of obturation, the master cone should be
marked to indicate the working length. If dis-
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FIGURE 18-17
A, Lack of proper length measurements resulted in overpreparation and then overfill of the distal root and un-
derfill of the mesial root. The tooth remained percussion sensitive. B, Surgical curettage, apical root resection, and
root-end filling with MTA were necessary to correct the technical deficiencies.

placement of the master cone during condensa-
tion is suspected, a radiograph is made before ex-
cess gutta-percha is removed. Removal can then
be accomplished by pulling the cones in the re-
verse order of placement. Removal of gutta-
percha in canals obturated with lateral condensa-
tion is easier than removal with other obturation
techniques. However, warm gutta-percha tech-
niques allow better obturation of irregularities
within the canal.

OVERFILLING

Extruded obturation material causes tissue dam-
age and inflammation. Postoperative discomfort
(mastication sensitivity) usually lasts for a few
days.

condensation forces extrusion of materials (Fig-
ure 18-17). Other causes include inflammatory
resorption and incomplete development of the
root.

Prevention

To avoid overfilling, guidelines for preventing api-
cal foramen perforation should be followed. Ta-
pered preparation with an apical "matrix" usually
prevents overfill. The largest file and master cone
at working length should have a positive stop. A
customized master cone may be fabricated by
briefly applying solvent on the tip. If overfilling is
suspected, a radiograph should be made before
excess gutta-percha is removed. As with underfill-
ing, the gutta-percha mass may be removed if the
sealer has not set.

Etiology

Overfilling is usually the sequela of overinstru-
mentation through the apical constriction or
lack of proper taper in prepared canals. When the
apex is open naturally or its constriction is re-
moved during cleaning and shaping, there is no
matrix against which to condense; uncontrolled

Treatment and Prognosis

When signs or symptoms of endodontic failure
appear, apical surgery may be required to remove
the material from apical tissues and place root-
end filling material. Long-term prognosis is dic-
tated by the quality of the apical seal, the amount
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FIGURE 18-18
I ndicators of vertical root fracture. A, A "tear-drop" lateral radiolucency is noted along the root. B, Narrow prob-
i ng defect extends to the apex.

and biocompatibility of extruded material, host
response, and toxicity and sealability of the root-
end filling material.

VERTICAL ROOT FRACTURE

Complete vertical root fracture causes untreatable
failure. Aspects of vertical root fracture are de-
scribed in more detail in Chapter 28.

Etiology

Causative factors include root canal treatment
procedures and associated factors such as post
placement. The main cause of vertical root frac-
ture is post cementation; second in importance
is overzealous application of condensation
forces to obturate an under- or overprepared
canal . 2s

Prevention

As related to root canal treatment procedures, the
best means of preventing vertical root fractures
are appropriate canal preparation and use of bal-
anced pressure during obturation. A major reason
for flaring canals is to provide space for conden-
sation instruments. Finger spreaders produce less
stress and distortion of the root than their hand
counterparts. 26-Z$

Indicators

Long-standing vertical root fractures are often as-
sociated with a narrow periodontal pocket or
sinus tract stoma as well as with a lateral radiolu-
cency extending to the apical portion of the verti-
cal fracture 29 (Figure 18-18). To confirm the diag-

nosis, a vertical fracture must be visualized. Ex-
ploratory surgery or removal or the restoration is
usually necessary to visualize this mishap.

Prognosis and Treatment

Complete vertical root fracture predicts the poor-
est prognosis of any procedural accident. Treat-
ment is removal of the involved root in multi-
rooted teeth and extraction of single-rooted teeth.

Accidents During Post Space
Preparation

To prevent root perforation, gutta-percha may be
removed to the desired level with heated pluggers
or softened with chloroform and removed by files.
This "pilot" post space provides a path of least re-
sistance for sizing drills. When a canal is prepared
to receive a post, drills should be used sequen-
tially, starting with a size that fits passively to the
desired level. Miscalculation and incorrect prepa-
ration may result in perforation at any level.
Knowledge of root anatomy is necessary for deter-
mining the size and depth of posts.

I NDICATORS

The indicators of perforations and vertical root
fractures are somewhat similar. Appearance of
fresh blood during post space preparation is an
indication for the presence of a root perforation.
The presence of a sinus tract stoma or probing de-
fects extending to the base of a post is often a sign
of root fracture or perforation. Radiographs often
show a lateral radiolucency along the root or per-
foration site.
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TREATMENT AND PROGNOSIS

Prognosis for teeth with vertical root fractures re-
sulting from post space preparation and postin-
sertion is similar to that for teeth with fractures
developing during obturation; the involved root
(or tooth) is hopeless and must be removed. As
outlined earlier, the prognosis of teeth with root
perforation during post space preparation de-

pends on the root size, location relative to epithe-
lial attachment, and accessibility for repair. Man-
agement of the post perforation generally is sur-
gical if the post cannot be removed. If the post can
be removed, nonsurgical repair is preferred (Fig-
ure 18-19). Teeth with small root perforations
that are located in the apical region and are acces-
sible for surgical repair have a better prognosis

FIGURE 18-19
A, A lateral root perforation is evident. The patient pre-
sented with swelling and percussion sensitivity. B, After
removal of the post and retreatment of previous therapy,
the perforation was repaired with MTA. C, A clinical ex-
amination and radiograph of the patient 4 years later
showed absence of symptoms and absence of periradicu-
l ar pathosis. (Courtesy Dr. D. McKendry.)
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than those with large perforations, close to the
gingival sulcus, or inaccessible. Because of the
complexity in diagnosis, surgical techniques, and
follow-up evaluation, patients with post perfora-
tions should be referred to an endodontist.
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FIGURE 19-5
A, History of recent root canal treatment with sensitivity
to mastication. The diagnostic radiograph reveals a zip-
ping perforation of one canal and a separated instrument
i n the other. The lesion is associated with the zip (arrow).
Root-end surgery was the approach. B, immediately after
surgery and root-end filling with SuperEBA. C, One-year
recall; the tooth is asymptomatic, and bony regeneration
i s seen around the apex.

overinstrumentation causes the failure. The
gutta-percha cone slips through the apex because
there was inadequate taper or shelf, resulting in
inadequate matrix to confine and condense and
seal with the gutta-percha. In addition, sealers are
irritating or toxic to the periradicular tissue.23,38,39

Errors in obturation result from poor canal
shaping or selecting an inappropriate obturating
technique. A poorly condensed obturation (either
underfilled or containing voids) is related to api-
cal and/or coronal percolation .3,23,40 Either under-
obturation or overfilling is likely to result in fail-

ure, particularly in the presence of pulp necrosis
and an apical lesion . 41

Biologic Objectives

Ideally, after preparation the root canal would be
free of bacteria .42 With a vital pulp this means pre-
vention of contamination and with a necrotic pulp,
to achieve disinfection. However, as shown experi-
mentally, complete debridement of the canal is vir-
tually impossible .43,44 Therefore, bacterial counts
are minimized by careful instrumentation, with
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copious NaOCI irrigation.45 The intracanal medi-
cament, calcium hydroxide, will reduce the number
of bacteria,46 enhance the speed of healing, and re-
duce inflammation."" However, there is uncer-
tainty whether use of this medicament ultimately
results in a better prognosis.49

POSTOPERATIVE FACTORS

Lack of a coronal seal is probably the most com-
mon, but best controllable, problem. Coronal
restoration protects and seals the tooth, pre-
venting diffusion of saliva and bacteria apically
(Figure 19-9), which results in failed treat-
ment." , ' "' There is a definite correlation be-
tween poorly restored crowns of endodontically
treated teeth and leakage of dye or bacteria or
endotoxin through the canals and a poorer
prognosis. 13,50-53

Restoration should occur soon after obtura-
tion, using the same disinfection barriers as
those used during the root canal treatment, i.e.,
rubber dam isolation in a saliva-free environ-
ment.There should be no space between the
coronal filling and the obturation in the cervical
area; there is a risk for bacterial contamination
through exposed cervical root dentin. Restora-
tive errors also may compromise success. For ex-
ample, excessive dentin removal for posts weak-
ens the root and increases susceptibility to
fracture (Figure 19-10).29

Retreatment of Failures
FIGURE 19-9
Coronal leakage. Crown (left) has open margins. Saliva, bac-
teria, and other irritants have access to canal space. The irri-
tants will percolate through gutta-percha and out of the apex.
The same thing may occur with an improperly sealed com-
posite on an anterior tooth (righ). (Courtesy Dr. K. Barrieshi.)

Interestingly, if a failure is retreated by conven-
tional means, the success rate is equivalent to that
of initial conventional treatment if the cause of fail-
ure is identified and corrected. 54 Specific details of re-
treatment are included in Chapter 20.

FIGURE 79-70
Hopeless prognosis. A, Overenlargement has weakened the root. B, Then, placement of oversized post com-
bined with earlier condensation forces resulted in a vertical fracture and apical-lateral pathosis. The tooth must
be extracted.
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LEARNING OBJECTIVES

After reading this chapter, the student should be able to.

Describe differences from initial treatment.

t / State rationale and indications.

a / Discuss considerations for case selection.

4 / Identify restrictive clinical conditions.

s / Identify patients with difficult problems who should be referred.

6 / Describe a basic armamentarium and techniques.

7 / Communicate benefits and risks, alternative treatments, and reasons for referral.
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Unique Considerations

Case Selection

Diagnosis

Selection of Treatment

Treatment of Existing Disease

Prevention of Disease

Retreatment Techniques

Access-Crowns

Access-Post and Core

Canal Obstructions

Completion of Retreatment

Degree of Difficulty

Short-Term and Long-Term Treatment

Outcome

Communication and Referral

ross-sectional studies of popula-
tions in various countries, including
the United States, indicate that, overall,

treatment failure, characterized by endodontic dis-
ease (apical periodontitis), is seen in more than
30% of root canal treated teeth.' Most patients
can relate to the concept of disease-treatment-
healing, whereas failure, apart from being a nega-
tive and relative term, does not imply the necessity
to pursue treatment. Therefore, use of the term
"disease" will minimize ambiguity and facilitate
communication between the clinician and the pa-
tient. In this chapter, post-treatment disease is used
rather than treatment failure, although the latter
term appears in this textbook's other chapters.

Post-treatment disease (apical periodontitis as-
sociated with root canal-treated teeth) is primarily
caused by infection of the root canal system.' ,' Mi-
croorganisms may either have survived the previ-
ous treatment or invaded the filled canal space
after treatment, mainly because of coronal leak-
age.'` Less often, specific microorganisms (Actino-
myces species in particular) may have become es-
tablished in the periradicular tissue.6

The affected teeth can be treated either by re-
treatment (orthograde) or by apical surgery (retro-
grade). These two approaches differ significantly in
rationale-retreatment is an attempt to eliminate
root canal microorganisms, whereas surgery is an
attempt to confine the microorganisms within the
canal. The main benefit of retreatment, therefore, is
better curtailment of the root canal infection.
Being limited in this regard, surgery is a compro-
mise unless microorganisms are assumed to be
harbored periapically, retreatment is unfeasible or
restricted, or a retreatment attempt has failed.'

Retreatment is distinguished from initial root
canal treatment by unique considerations and
techniques." Because of the complexity, retreat-
ment is often performed by the endodontist.
However, the general dentist must understand re-
treatment in order to support diagnosis, case se-
lection, and treatment or referral as appropriate
and to communicate with the patient and en-
dodontist. The objective of this chapter is to pro-
vide an understanding of retreatment.

Unique Considerations
Retreatment and initial root canal treatment share
similar biologic principles and objectives. How-
ever, the following are unique to retreatment:$

1. An extensive restoration may have to be sac-
rificed and remade.

2. Retreatment may be performed to prevent
potential disease.7-9



3. Morphologic alterations resulting from the
previous treatment may present unusual
technical and therapeutic challenges.10

4. Root filling and possibly restorative mate-
rials must be removed from the canals.

5. The healing rate is generally slower than that
after initial treatment, because of greater dif-
ficulty in eliminating the infection.'

G. Patients may be more apprehensive than
with the "routine" initial treatment; effec-
tive communication is required.

These considerations distinguish retreatment
from initial root canal treatment and make patient
selection complicated.' As a result, clinicians faced
with post-treatment disease frequently hesitate to
intervene despite the presence of pathosis. 11-14

To foster confidence and appropriate manage-
ment, definitive criteria are required to select cases
for tooth extraction, retreatment, and apical surgery.

Case Selection
Retreatment is usually performed to treat exist-
ing disease, presenting with definitive signs and
symptoms. However, even in the absence of dis-
ease, retreatment may be indicated to prevent fu-
ture emergence of disease.', '

DIAGNOSIS

The presence or absence of periradicular disease is
determined according to clinical and radiographic
findings, as discussed in Chapter 19. Differential di-
agnosis of nonendodontic disease is also consid-
ered.15 In this regard, the case history is reviewed by
examining previous radiographs when available and
by noting past symptoms, time elapsed since previ-
ous treatment (to avoid premature diagnosis of
post-treatment disease), and previous attempts to
retreat or to perform apical surgery (may suggest
vertical fracture).

SELECTION OF TREATMENT

After diagnosis, the most appropriate treatment
modality is selected based on the criteria outlined
below. In the past, the clinician selected and then
performed the treatment. Currently, however, the
patient ultimately selects the treatment, based on in-
formation communicated by the clinician. The
following section is consistent with this concept.

TREATMENT OF EXISTING DISEASE

Post-treatment disease definitely requires inter-
vention, even when symptoms are absent.' When
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treatment is preferred over extraction, both re-
treatment and apical surgery should be consid-
ered. Comparing the two modalities, retreatment
offers a greater benefit-a better ability to elim-
inate the disease's etiology (root canal infec-
tion) with minimal invasion-and a smaller risk-
significantly less postoperative discomfort and a
lesser chance of injuring nerves, sinuses, or other
structures. 16 Therefore, retreatment is generally
considered the treatment of choice; however, it is
not always feasible.

At times, retreatment can be more time con-
suming and costly than surgery, particularly
when an extensive restoration must be replaced.
Also, the ability to attain the goals of retreat-
ment may be restricted.' Furthermore, clini-
cians' capabilities to perform retreatment and
surgery may vary considerably. In summary, re-
treatment is generally selected because of its
greater benefit and smaller risk compared with
apical surgery. Therefore, case selection is based
on considerations that either preclude retreat-
ment or restrict its feasibility in a way that de-
creases the potential benefits and increases the
potential risks; the modified benefit-risk bal-
ance may not outweigh that of apical surgery.

Patient Considerations

Patients' (and clinicians') attitudes toward dental
disease and the necessity to treat it differ signifi-
cantly." Moreover, the motivation to retain every
tooth and pursue the best long-term treatment
outcome may vary, as do the motivation and abil-
ity to allocate time and finances. Because these
general attitudes influence the patient's prefer-
ences of treatment, they are primary considera-
tions in the process of case selection (Box 20-1).

Motivation to retain the tooth. The considerable
effort associated with both retreatment and
surgery is justifiable by the potential to retain
the tooth. For the unmotivated patient, extrac-
tion is selected.

Motivation to pursue the best long-term outcome.
For the patient who is receptive to a compromised
long-term outcome, apical surgery is selected
when retreatment is expected to be very involved.

Time. For the time-restricted patient who is re-
ceptive to a compromise to minimize time com-
mitment, the quicker apical surgery procedure is
selected. However, the associated postoperative
discomfort and recovery can cause loss of work
time and income."

Finances. For the financially restricted patient
who is willing to compromise in order to min-
imize cost, apical surgery is selected when the
combined cost of retreatment and restoration is
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higher. Again, the potential loss of income associ-
ated with postoperative recovery is considered."

Tooth Considerations

When the patient indicates a preference for re-
treatment, the tooth and surrounding tissues are
scrutinized to identify clinical conditions that
might adversely affect the prognosis, either by de-
creasing the benefits or by increasing the risks of
retreatment. In selected situations, the modified
benefit-risk balance no longer justifies the prefer-
ence of retreatment over surgery.

Site of infection. Root canal infection is best
eliminated by retreatment.' Periapical (extraradic-
ular) infection independent of the root canal flora
is best eliminated by apical surgery." In contrast,
when a vertical root fracture is present, infection
cannot be eliminated with either procedure."
Therefore, differential diagnosis is required to es-
tablish the likely site of infection. This difficult
task is facilitated by recognizing the typical man-
ifestation of extraradicular infection (one or more
sinus tracts), and that of vertical crack/fracture
(isolated, narrow defect along the root), and by
comparing older and recent radiographs (see
Chapter 28). 6 ' 9

Root canal obstacles. For retreatment to elimi-
nate canal infection, the canal must be renegoti-
ated throughout. Therefore, obstacles to total
renegotiation reduce the potential benefit of re-
treatment, while attempts to overcome the obsta-
cles increase the risk of procedural complica-
tions. The principal obstacles are (Figure 20-1):
calcification, complex morphology of the root canal
system, suspected ledge, and separated instrument.
The feasibility of overcoming these obstacles
must be assessed; again, the benefit-risk balance
may change in favor of surgery.

A post may obstruct the canal. Because posts
can usually be removed (see discussion later in
this chapter), they do not influence the benefit-
risk balance as described above.

Perforation. Perforation of the pulp chamber or
root can be a pathway of infection to worsen the
prognosis.' Therefore, retreatment in conjunction
with internal repair of the perforation is usually
warranted (Figure 20-2). Nevertheless, when heal-
ing is not expected or does not occur, surgery may
be required. The surgical procedure includes ex-
ternal repair of the perforation (see Chapter 18).

Restorative, periodontal, and esthetic factors. Teeth
considered to have a hopeless prognosis for either
restoration or periodontal healing should be ex-
tracted. With compromised periodontal support,
surgery may result in an unfavorable crown-root
ratio; therefore, retreatment is selected. With an ex-
traoral sinus tract, surgery may be an adjunct to re-
treatment to minimize scarring associated with the
healing of the sinus.

Clinician Considerations

Clinicians vary in capability as well as availability
of armamentarium and time that can be spent on
involved treatment of one tooth; their confidence
levels regarding specific treatment procedures
vary accordingly. When the patient's treatment
preference conflicts with that of the clinician, the
patient should be referred to another dentist who
can perform the preferred procedure. When refer-
ral is unfeasible, however, it is appropriate to se-
lect the treatment with which the clinician is most
confident.

Capability. Capability is a combination of train-
ing, skill, and experience. Endodontists usually
are more capable of treating post-treatment dis-
ease than general dentists. Occasionally, however,
an endodontist may not be equally adept at both
retreatment and apical surgery. When referral is
not an option, the procedure is selected that can
be performed best by the endodontist.$

Armamentarium. Use of special instruments can
optimize the benefit-risk balance of both retreat-
ment and apical surgery. Without the option of
referral, if the instruments required to perform
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FIGURE 20-1
Root canal obstacles that may compromise retreatment. A, Calcific metamorphosis. B, Complex morphology.
C, Suspected ledges. D, Separated instrument (arrow). These obstacles restrict renegotiation of the canal and
i ncrease the risk of perforation.
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FIGURE 20-2
Retreatment in conjunction with an internal perforation repair. A, Distal root perforation into the furcation; there
i s post-treatment disease. B, Distal access through the crown without disturbing the mesial root. C, Completed
retreatment and perforation seal with mineral trioxide aggregate (MTA). D, Progressive healing at 4 months.
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only one procedure are available to the attending
endodontist, that procedure is usually selected.8

Time availability. In specific circumstances (geo-
graphically remote areas, community clinics), an
excessive practice load may prevent the clinician
from undertaking an elaborate retreatment of
one tooth with a complex problem. In these cir-
cumstances only and without an option for refer-
ral, surgery is selected.

Previous Treatment Attempts

If a previous retreatment or apical surgery pro-
cedure did not result in healing, the quality of
that procedure should be evaluated. If the initial
case selection was appropriate and the quality can
be significantly improved, the same procedure is
repeated. Otherwise, the alternative is selected,
which may better address the site of the infection
(Figure 20-3).

PREVENTION OF DISEASE

Root canal-treated teeth may appear to be disease-
free, yet harbor microorganisms in the canal . 3 The
apparent absence of disease suggests a balance be-
tween the intracanal microorganisms, their envi-
ronment, and the host; a change in this balance
can result in infection and disease. Another possi-
bility is coronal leakage. The microorganisms in-
vade the filled canal and cause infection within
weeks or months, even if the root canal is well
filled.5

The factors that may affect emergence of post-
treatment disease are the following:

1. Coronal restoration: If the endodontic sys-
tem (pulp chamber, canals) has been
exposed to coronal leakage or secondary
caries, replacing the restoration may mod-
ify the canal environment. This modifica-
tion may result in availability of oxygen
and substrate to favor pathogenic micro-
bial strains, which may then establish in-
fection (Figure 20-4).

2. Post restoration: There is a risk of canal con-
tamination during post space preparation
or post cementation.

3. Compromised host resistance: Theoretically,
weakened host resistance can modify the
balance and prompt infection. This factor,
however, has not been thoroughly investi-
gated and its incidence is unknown.

Considerations controlling prevention of post-
treatment disease include the following: (1) ade-
quacy of the root filling; (2) adequacy of the coro-

nal seal; and (3) need for a new restoration (post
and crown/bridge restorations represent a partic-
ular concern, because they will restrict the option
of retreatment should disease emerge). The likeli-
hood of emergence of post-treatment disease ap-
pears to be highest when both the root filling and
the coronal seal are suspect and a new restoration
is needed. In these cases retreatment is indicated,
because it offers the benefit of preventing post-
treatment disease. However, when a new restora-
tion is not needed and only the root filling is sus-
pect, emergence of post-treatment disease is less
likely, and the benefit of retreatment is smaller.
For these patients only follow-up is indicated;
retreatment (and possible complications) can beavoided.7,8

Retreatment Techniques
To perform retreatment, obstructions must be
overcome to fully renegotiate the canal. These in-
clude the coronal restoration, post and core, and
root filling materials. Other occasional obstruc-
tions, such as separated instruments, may also
have to be dealt with.

ACCESS-CROWNS

Many retreatments require removal of a crown.
On the other hand, a crown may be retained if sat-
isfactory." In these cases, retreatment can be per-
formed through the crown; rubber dam isolation
and temporization are facilitated, function and
esthetics are maintained, and additional cost of
replacement is avoided. However, visibility may be
obscured of key factors such as perforations, coro-
nal extension of silver points, small canal orifices,
and vertical cracks. Also, with the crown in place,
the risk of irreparable errors during access is in-
creased." If crown margins are poorly adapted,
leakage and microbial contamination may occur
during retreatment and between appointments
(Figure 20-5).

To avoid complications, crowns are removed for
retreatment when marginal leakage or a cracked
tooth is suspected or when future remake of the
crown is planned. However, to facilitate func-
tion, esthetics, and isolation in selected teeth, the
crown may be retained temporarily with appro-
priate steps to prevent complications.

Satisfactory crowns should be retained. Usu-
ally, a wider-than-usual access is prepared through
the crown and repaired later (see Figure 20-2). For
selected teeth, the crown may be removed intact
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FIGURE 20-3
Persistent disease after retreatment. A, Post-treatment disease in lateral incisor. B, Completed retreatment.
C, Disease persists at 1 year; because healing is unlikely after another retreatment, root-end surgery is indicated.
D, Complete healing at 6 months after surgery.
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FIGURE 20-4
Delayed emergence of post-treatment disease. A, Absence of disease 10 years after inadequate initial treatment
i n mandibular first molar. Restoration is required. B, Post-treatment disease at 6 months after restoration was per-
formed. Retreatment was not performed and is now indicated, necessitating access through new crown.

and reused later (Figure 20-6). Removal of perma-
nently cemented crowns may cause fracture of
tooth structure; special devices must be used cau-
tiously during this procedure. Crown removal is
avoided when the type of cement and amount of
supporting tooth structure are unknown.

ACCESS-POST AND CORE

Many retreatments require removal of a post and
core. Long and large posts are often strongly re-
tained; attempts to remove them must preclude
risks of root fracture or post breakage.22 A tech-
nique for post removal with minimal risk is out-
lined below.

Retention

Post retention must first be weakened (Fig-
ure 20-7, A and B) . 2° The core is drilled away
(cast core is reduced), leaving just the post ex-
tending from the canal. The cement is then bro-
ken up with piezoelectric ultrasonic vibration on
the post for 10 to 20 minutes. 23 Pointed tips are
used to ultrasonically trough around the post.24

Extraction of Post

If the post has not been loosened and removed
by vibration, it must be extracted with special

FIGURE 20-5
Recurrent caries at the margins of the existing crown will
allow leakage and microbial contamination during retreat-
ment and between appointments. The crown must be re-
moved before retreatment.
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FIGURE 20-6
Crown removed before retreatment and then reused after retreatment. A, Crown removal is required to examine
the possibility of vertical root fracture or pin perforation with post-treatment disease. B, Crown was removed with
no fracture or perforation. Note the previously untreated distal canal. C, Original crown is recemented after
retreatment. D, Complete healing at 1 year. A defect is now visible at the distal crown margin; the crown should
be replaced.
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FIGURE 20-7
Extraction of a cast post and core. A, Rubber dam is applied. B, To weaken retention, core diameter is reduced to
estimated post size, followed by ultrasonic vibration. C, Post diameter is standardized with a trepan bur (shown),
then tapped with the extractor. D, Tapped post ready for extraction.

Continued
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FIGURE 20-7, cont'd
E, Extractor with washers fastened to the post.
F, Pliers applied to the extractor. The washers reduce
pressure on the tooth. Pulling force is gradually in-
creased. G, Extracted post.

instruments (Figure 20-7, C through G) . 22,24,25

The post is bored with a trepan and then tapped
and firmly engaged with the matching size ex-
tractor. Special pliers are applied to the extrac-
tor. The tooth is used as the fulcrum, while rub-
ber (and possibly steel) washers are placed as a
cushion to reduce pressure. This technique is ef-
fective and relatively safe (Figure 20-8).26 In se-

lected situations, posts can be removed through
an in-crown access (Figure 20-9).

Avoiding Post Removal

In a multirooted tooth, retreatment may be indi-
cated specifically in canal(s) other than the one re-
taining the post. If post removal is considered
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risky, access can be established through the core
only to the retreated canal(s), without disturbing
the post (Figures 20-10 and 20-2).20

CANAL OBSTRUCTIONS

Canal patency is regained by eliminating the root
filling and occasionally separated instruments. To
be successful, this procedure requires a nonre-
strictive straight-line access.27 Previous access is
evaluated; often it must be extended before elimi-
nation of canal obstructions is attempted.

The basic techniques for removing most ob-
structions are outlined in the following sections
for general understanding, further details are
available in reference articles.

Gutta-Percha

Gutta-percha is eliminated with rotary instru-
ments and hand files. Solvent is used selectively. A
"crown-down" sequence (progressing from larger
to smaller instruments, coronal to apical) is
preferable.28

Rotary instruments. A variety of instruments
can effectively remove gutta-percha, when ro-
tated at 350 to 1000 rpm (exceeds the safety
limits of nickel titanium) . 29 °3° In the coronal por-
tion of the canal, wide-taper rotary instruments
such as Gates-Glidden burs are used with mini-
mal apical pressure. This expedites the proce-
dure, forms a receptacle for solvent, and im
proves access (Figure 20-11).24,28,29 Use of heated
instruments creates only a limited space without
improving access . 24

Further apically, nickel titanium rotary files
can be used .24,29,30 Caution is required to avoid
separation; pressure is very light, and drilling
must cease when gutta-percha debris stops
surfacing.

Solvent. Solvent softens gutta-percha and
helps prevent canal transportation. Therefore, it
is used specifically for dense root fillings and
curved canal S.27 However, because of toxicity,
solvent must not be extruded periapically. 31

Gutta-percha and sealers are soluble to a vary-
ing degree in chloroform, carbon disulfide, ben-
zene, xylene, essential oils, methyl chloroform,
halothane, and white rectified turpentine ......
Being highly volatile, chloroform is the most ef-
fective. 33 It is safe for use in dentistry; however, in
high concentrations its vapor is potentially haz-
ardous . 3 5 -37 Therefore, chloroform is dripped di-
rectly into the canal orifice, avoiding excessive
flooding of the chamber. The operating team
wears protective masks, and the patient's nose is
covered with the rubber dam.

FIGURE 20-s
Retreatment in tooth with a well-retained post. A, Long cast
post and crown in maxillary canine with post-treatment dis-
ease. B, Proximal view of the post and extractor. Note the
parallel design of this strongly retained post. C, Completed
retreatment. D, Complete healing at 6 months.

Hand files. These are used mainly in the apical
portion of the canal.'"' When gutta-percha cones
are poorly condensed or overextended, solvent is
avoided. A reamer or file is used first to negotiate
a pathway along the root filling. A larger file is
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FIGURE 20-9
Retreatment and post removal through crown. A, Three prefabricated posts in molar with post-treatment disease.
B, Access for retreatment of mesial canals is through the crown and core. C, Completed retreatment. D, Progres-
sive healing at 6 months.
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FIGURE 20-1o
Retreatment avoiding post removal in a multirooted tooth. A, Post-treatment disease associated with the mesial
root of the mandibular first molar. Removal of oversized post from the distal root is risky, with minimal benefit
from retreatment of the distal canal. B, Access is through the crown and core with retreatment of mesial canals.
C, Completed retreatment. D, Complete healing at 6 months.
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FIGURE 20-11
I nitial removal of gutta-percha. A, Poorly condensed root fillings. B, Coronal portion of gutta-percha is removed
with a Gates-Glidden bur. Access is improved, and a receptacle for solvent is formed.

then carefully "screwed" into the filling mass and
pulled back, often retrieving all the gutta-percha
cones27 With overextended cones, the file may
have to be extended periapically to avoid sep-
aration of the cone at the apical foramen
(Figure 20-12).2 ' Overextended cones may sepa-
rate at the apex and cannot be retrieved.

Pastes and Cements

Pastes and cements of varying hardness are used
as the principal root filling materials in certain re-
gions of the world. To assess its hardness, the ma-
terial must be evaluated clinically." Some filling
pastes are very hard and insoluble.

Soft-setting pastes. Canals filled with soft-setting
pastes may be penetrated with files 2' A "crown-
down" sequence is used to gradually eliminate the
paste from the entire canal . 2 $

Hard-setting cements. Resin-type cements should
be exposed to solvents such as tetrachlorethylene,
xylene, eucalyptol, or eugenol.24 If softened, the
cement is managed like soft-setting pastes . 2° If
not, the cement is broken down with moderate
ultrasonic vibration, using special pointed tips
(Figure 20-13) under light apical pressure . 24,2' To
prevent perforation, the procedure is frequently

monitored with radiographs or an operating micro-
scope?' This procedure is time consuming.38

As a last resort, the cement is drilled out with
long-shank, small round burs (Mueller burs are
useful) . 2 7 This is a very exacting procedure; fre-
quent radiographic or microscopic control is
imperative to prevent perforation .2' The cement
is intermittently probed with a sharp endodontic
explorer to identify spaces that would permit
renegotiating the canal with instruments .2'

Metallic Objects-Silver Points
and Separated Instruments

Metallic objects may often be retrieved or by-
passed27 These procedures depend on accessibil-
ity and canal anatomy.20 Accessibility is gradually
more restricted from the orifice level apically,
particularly in curved canals.39 Bypass is most fea-
sible in oval canals. 39

Retrieval from the chamber. Extension of the
silver point into the chamber is key to retrieval.27
Ultrasonic vibration is carefully applied to reduce
retention and free the point from the surround-
ing core cement.24 After being loosened, the point
is grasped and retrieved with small pliers or spe-
cial extractors .2'
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FIGURE 20- 12
Removal of overextended gutta-percha. A, Root filling extends beyond the apices; there is post-treatment disease.
B, After initial use of burs (see Figure 20-11), the gutta-percha cones were engaged with files and retrieved. Sol-
vent was avoided. C, Completed retreatment. D, Progressive healing at 6 months.
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FIGURE 20-13
Ultrasonic tips for breaking up hard-setting cements and loosening separated instru-
ments under the operating microscope.

An amalgam core is separated from the sur-
rounding dentin with ultrasonic tips or burs
and dislodged as a whole.20 If the silver points
are embedded in the core, they may be retrieved
(Figure 20-14).

Bypass. The canal is first flared with Gates-
Glidden burs. Hand files are then used with sol-
vent to prepare a pathway around the metallic
object and possibly retrieve it."" Ultrasonic files
or pointed tips (see Figure 20-13) can be used
to vibrate the object, which may dislodge (Fig-
ure 20-15) or shatter .24,39 If the object is bypassed
but not retrieved, it will be enclosed in the root
filling.39 This procedure can be very time con-
suming and possibly complicated by additional
file separation, perforation, or apical displace-
ment of the object.39 Visualization is optimized
with the operating microscope."

Extraction from the canal. As a last resort, objects
can be extracted with special devices.20 Most avail-
able devices include end-cutting trepans and ex-
tracting tubes, with or without a locking mecha-
nism (Figure 20-16).22,24,27 A trough is cut around
the object with ultrasonic tips or the trepans. A
matching extracting tube is applied, locked, ul-
trasonically vibrated, and withdrawn. This is an
exacting procedure; frequent radiographic or mi-
croscopic control is imperative to prevent perfora-
tion (Figure 20-17).

Because the extraction procedure requires con-
siderable sacrifice of root dentin, it is safe only in
large, straight roots.27 It is also time consuming,

particularly in posterior teeth .27,39 For these rea-
sons, extraction is not the first choice for retrieval
of metallic objects. 39

If the object is not bypassed or retrieved, by ne-
cessity, only the accessible canal portion is re-
treated. Prognosis is better when there is no root
canal infection and periradicular disease.'

COMPLETION OF RETREATMENT

After renegotiating the canal, treatment is com-
pleted using routine procedures. However, elimi-
nation of root canal infection in retreatment is
more challenging than in initial treatment, pri-
marily because there may be therapy-resistant mi-
croorganisms, such as Enterococcus faecalis.1-3 Also,
microorganisms may persist under residual root
filling "patches," which usually remain during re-
treatment.'""' Finally, canal wall surfaces may
remain untouched during retreatment."

The following are important for management
of post-treatment disease:

1. A wide, direct access is needed for better
instrumentation.

2. The canal is enlarged somewhat beyond its
previous size (see examples in figures) to re-
duce residue of root filling materials.

3. Calcium hydroxide is used for canal disin-
fection; therefore, two or more visits are
required.

When retreatment is performed to prevent
post-treatment disease, the canal enlargement is
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FIGURE 20- 14
Retrieval of silver points extending into the pulp chamber. A, Silver points in molar with post-treatment disease.
The points may be embedded in the amalgam partial core. B, The amalgam core was dislodged with one point
embedded. The underlying cement was dispersed ultrasonically, and the second point was retrieved with small
pliers. C, Completed retreatment, with sealer extruded. D, Complete healing at 6 months.
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FIGURE 20-15
Retrieval of Thermafil carriers. A, Poorly adapted Thermafil root fillings; there is extensive post-treatment disease.
B, Mesial carrier is removed with ultrasonic vibration. Distal carrier is bypassed. C, Completed retreatment after
the distal carrier was retrieved. D, Incomplete healing at 1 year.
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FIGURE 20-16
Hollow tubes to extract separated silver points and instruments from root canals. Cyano-
acrylate glue is used in lieu of a locking mechanism.

moderate and use of intracanal medication is less
critical. Therefore, retreatment can be completed
i n one visit, when feasible.

As a final step, the canal is obturated and the
tooth is restored. Outcome assessment is similar
to that for initial root canal treatment, as outlined
in Chapter 19.

DEGREE OF DIFFICULTY

Clinical conditions that require particular exper-
tise are listed below, with indication of the de-
gree of difficulty (e = extreme; m = moderate).
To avoid complications, these conditions should
be managed by endodontists.

Crown: Removal of the crown intact (e); re-
treatment through an in-crown access (m).

Post: Cast post (e); oversized prefabricated
post (e); retreatment avoiding post removal
(e); regular-sized prefabricated post (m).

Root filling: Overextended gutta-percha (e);
well-compacted gutta-percha (m); gutta-
percha in a curved or ledged canal (m); hard-
setting cement (e); silver point with coronal
extension (m); silver point with restricted
accessibility (e); separated instrument (e).

erative discomfort, including pain and swelling. '6

This is an additional reason why retreatment for
existent disease should not be completed in one
visit."

The long-term outcome of retreatment de-
pends largely on regaining canal patency. The
healing rate after retreatment for existent dis-
ease is 74%, which is lower than after initial
treatment.1,2 The probability of healing is higher
when factors facilitating infection (untreated or
poorly treated canal) are identified and can be
addressed satisfactorily during retreatment.9
The healing rate after retreatment for preven-
tion of disease is higher, comparable to initial
treatment.'

Short-Term and Long-Term
Treatment Outcome
In the short term, retreatment with existent post-
treatment disease may be associated with postop-

Communication and Referral
Retreatment is more frequently associated with
procedural complications than is initial treat-
ment." Effective communication requires that
the patient be informed of potential problems be-
fore retreatment is initiated to avoid frustration, dis-
content, and possible litigation. This communica-
tion includes explanation of the benefits, risks,
potential restrictive factors as well as the short-
and long-term outcome. Both retreatment and
subsequent restorative procedures are then au-
thorized by the patient.43

Even when the patient is referred to the en-
dodontist, explanation by the generalist is still
essential; it allows the patient to consider the
option of referral and consultation with the
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FIGURE 20-17
Extraction of separated files. A, Both canals are blocked by separated files. B, Trepan bur is used to cut a trough
around each separated file. The trepan bur must remain centered to avoid perforation. C, Completed retreatment
after both files were extracted. Note the sacrifice of root dentin. D, Complete healing at 1 year.
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endodontist. Furthermore, the patient will have
realistic expectations.

The referral should be in writing and include all
pertinent information: case history, previous radio-
graphs, and an outline of the restorative/prosthetic
treatment plan, particularly for the tooth to be re-
treated. Emergency procedures performed by the
referring dentist are also mentioned. Midtreat-
ment referrals (aborted retreatment attempt by the
generalist), frequently associated with complica-
tions, are to be avoided.'
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Preventive Endodontics:
Protecting the Pulp

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

i / Describe anatomic and functional relationships between dentin and pulp.

t / Understand unique physiologic and structural characteristics of the pulp and how these affect pulp
response to injury.

3 / Discuss the effects of vasoconstrictor-containing local anesthetics on pulpal hemodynamics.

4 / Discuss the formation and role of tertiary dentin in pulp protection.

s / Comprehend the sensory function of the pulp.

6 / Recognize reparative potential of the pulp.

7 / Describe permeability of dentin and under what conditions permeability can be modified.

s / Identify and determine etiologic factors responsible for pulp pathosis.

9 / Recognize effects of chemical components of various restorative materials on the pulp.

10 / Appreciate the significance of microleakage and the smear layer on pulp responses.

11 / Discuss how bacterial growth beneath restorations can affect the pulp.

12 / Provide a rationale for cavity varnishes, liners, bases, and hybridization of dentin.

13 / Understand "thermal shock" and its significance.

14 / Be aware of potentially injurious effects of polishing of restorations, removal of metallic restorations, and
placement of pins.

9s / Understand the relationship between postrestorative pain and injury to the pulp.

16 / Discuss the possible effects of orthodontic tooth movement on the pulp.

17 / Discuss the management of deep carious lesions without pulp exposure.

18 / Discuss management of carious as well as accidental pulp exposure.

19 / Discuss the potential for periapical repair after treatment of deep carious lesions.

20 / Summarize preventive measures that should be observed during dental restorative procedures.
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Pulp-Dentin Complex

Unique Characteristics of the Pulp

Reduced Blood Flow Associated with Local
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he goal Of this chapter is to con-
sider preventive measures to protect
the dentin and pulp from injury. Why

should the dentist be concerned about pulpal
protection? What is so important about this
minuscule tissue?

In addition to its primary responsibility for
dentin formation, the pulp serves as a sensory
organ. Certain stimuli cause sensory receptors in
the pulp to trigger protective reflexes (such as jaw
opening) that serve to protect the tooth from frac-
ture. If it becomes necessary to remove the pulp,
the impact of endodontic treatment on tooth
strength should be considered. To perform pulp-
ectomy, the access cavity that must be prepared
results in the removal of mineralized tooth struc-
ture. If removal is excessive, the cusps are weak-
ened and prone to fracture. Root canal treatment
may also compromise an existing restoration,
thus necessitating its replacement. Involved then
are both the cost of root canal treatment and the
potential discomfort and inconvenience to the pa-
tient. Maintaining the pulp and dentin intact
(and healthy) is obviously a desirable objective.
Vital pulp therapy as an alternative to pulpectomy
deserves serious consideration.

Pulp-Dentin Complex
The dental pulp is an ectomesenchymal-differen-
tiated tissue that produces the dentin component
of mammalian teeth. The term dentin pulp complex
emphasizes the intimate anatomic and physio-
logic relationships between dentin and pulp. The
odontoblast processes and nerves that reside
within the dentinal tubules make dentin a living
tissue. Consequently, when performing clinical
procedures, the clinician must view vital dentin
the same as other living tissues.

Unique Characteristics
of the Pulp
The pulp is a loose, fibrous connective tissue re-
sembling other connective tissues. However, the
pulp is unique in that it lacks a collateral circula-
tion because its blood supply is limited to the few
arterioles entering the apical foramen. In addition,
the pulp is rigidly encased in hard tissue, thus plac-
ing it in a low compliance environment similar to
brain, bone marrow, and nail beds. These tissues re-
spond somewhat differently to noxious stimuli
than do other tissues such as skin. In most tissues
the cardinal signs of inflammation include redness,
heat, swelling, pain, and loss of function.



Swelling results from reactive hyperemia and
increased vascular permeability; these vascular re-
actions lead to the accumulation of edema fluid
within the tissue. As tissue pressure increases, the
tissue swells, which tends to ease the tissue pres-
sure. Being encased in dentin, the pulp is unable
to swell. Elevated tissue pressure is a major factor
in pain associated with acute inflammatory reac-
tions. For this reason, pain is generally more se-
vere in tissues in a tow-compliance (unyielding)
environment. Thus, pulpal edema or abscess for-
mation is more likely to be painful than compara-
ble lesions in a more compliant tissue, such as
gingiva and oral mucosa.

When the pulp is subjected to injury, a signifi-
cant increase in intrapulpal pressure occurs.'
Blood pressure is greatest in arterial vessels and
progressively falls in magnitude in arterioles, cap-
illaries, postcapillary venules, and venules, in that
order. Because of the rigidity of dentin, the pulp
does not expand; a sharp rise in intrapulpal pres-
sure could result in compression of venules, thus
i ncreasing vascular hindrance (resistance to blood
flow). This "strangulation" hypothesis holds that
space for additional blood and tissue fluid is pro-
vided by compression of venules, since pressure
in the venules is lower than in the arterioles and
capillaries. According to this hypothesis, com-
pression of venules would produce increased vas-
cular resistance and passive congestion, which in
turn would result in hypoxia; pulp tissue would
eventually become necrotic because of a lack of
oxygen.

Marked compression of venules is unlikely,
since the pulp is rich in proteoglycans. These mol-
ecules have the ability to bind water, thus making
the pulp a resilient tissue. Consequently, pulpal
venules are in a relatively compliant environment,
which should protect them from abrupt pressure
changes. It has been demonstrated that pressure
changes in one part of the pulp do not necessarily
produce pressure changes in other parts .

By applying Starling's Law, when interstitial
tissue pressure exceeds intravascular pressure,
fluid is forced back into the venules. Additionally,
lymphatics are capable of removing excess fluid.
This removal of fluid seems to be efficient, be-
cause increased tissue pressure in the pulp may
actually begin to decrease while blood flow is still
increasing. These phenomena have been eluci-
dated by Heyeraas and Kvinnsland,3 a "must-
read" publication.

If the strangulation hypothesis were valid, in-
flamed pulps would undergo infarction. An in-
farct is an area of ischemic necrosis produced by
either occlusion of the arterial supply or its ve-
nous drainage. Pulpal infarcts are uncommon and
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are usually due to trauma to the vessels entering the pulp
rather than to intrapulpal inflammation.

How then do pulps die? Much depends on the
cause of the injury, the most common being bac-
terial infection. Often infection involves the pres-
ence of pyogenic bacteria, in which case pulpal
death is associated with suppuration (liquefactive
necrosis). Bacteria that do not evoke suppurative
i nflammation can damage tissues in other ways.
For example, endotoxin, even in low concentra-
tions, adversely affects the function and meta-
bolic processes of cells.' The cell types particularly
influenced by endotoxin are fibroblasts, phago-
cytes, platelets, and B-lymphocytes. In high con-
centration, endotoxin will kill cells.

Activation of the immune system by antigenic
bacterial products usually has deleterious effects
on cells. For example, macrophages that are acti-
vated by the immune system are important in me-
diation of tissue destruction by secreting a wide
variety of biologically active products, including
toxic oxygen metabolites, nitric oxide, and pro-
teases. The immune system can also stimulate
fibroblasts, macrophages, and synovial cells to se-
crete metalloproteinases, which can act on a variety
of extracellular components, including proteogly-
cans, laminin, fibronectin, and amorphous colla-
gens. Activation of the immune system can also
trigger the proliferation of fibroblasts and produc-
tion of collagen fibers. Ultimately, this results in
pulpal fibrosis with the replacement of normal
constituents of the pulp and diffuse calcification.

Reduced Blood Flow Associated
with Local Anesthetics
Vasoconstrictors added to local anesthetics may
have a profound effect on pulpal blood flow, de-
pending upon where the solution is injected. A
periodontal ligament (PDL) injection of an anes-
thetic such as 2% lidocaine with epinephrine
1:100,000 significantly reduces pulpal blood flow
(Figure 21-1).5,6 Fortunately, the rate of oxygen
consumption in the pulp is relatively low; if nec-
essary, pulp cells can anaerobically produce en-
ergy through the pentose phosphate pathway of
carbohydrate metabolism.' Therefore, a healthy
pulp may survive episodes of ischemia lasting for
1 hour or more. An ischemic pulp subjected to se-
vere injury may hemorrhage when subjected to
trauma, such as that associated with full crown
preparation without the use of an adequate
coolant. However, under experimental conditions,
deep cavity preparation after PDL injection with
2% lidocaine and epinephrine failed to evoke pul-
pal hemorrhage or other evidence of damage .



FIGURE 21-1
Effects of infiltration anesthesia (2% lidocaine with 1:100,000
epinephrine) on pulpal blood flow in the maxillary canine teeth
of dogs. The arrow indicates the time of injection. The bar de-
picts SD. (From Kim S, Edwall L, Trowbridge H, Chien S: l Dent

Res 63:650,1984.)

Tertiary (Reparative) Dentin
Tertiary dentin formation is a fundamental de-
fense mechanism. This is nature's way to seal off
cut or diseased dentinal tubules at the pulp
surface, thereby diminishing the effects of attri-
tion, dental caries, and other forms of trauma
(Figure 21-2). Primary (developmental) dentin
is formed during tooth development whereas
physiologic (regular) secondary dentin is de-
posited circumpulpally throughout the life of a
vital tooth, thus causing the pulp chamber to
become progressively smaller with age. Tertiary
(reparative) dentin forms at the pulpal end of
those tubules that are in communication with
irritants such as attrition of tooth structure and
dental caries.

Does tertiary dentin protect the pulp? Yes, in
most cases. There is usually no continuity be-
tween the tubules in primary dentin and those in
tertiary dentin.9 Furthermore, the walls of the
tubules along the junction between primary and
tertiary dentin are thickened and often oc-
cluded.10 Consequently, this junctional zone lim-
its the diffusion of irritants into the pulp. Poor-
quality tertiary dentin does not afford this
protection. When the pulp becomes inflamed as a
result of irritation, the tertiary dentin that is
formed often contains voids where soft tissue has
been entrapped, thus giving the dentin the ap-
pearance of Swiss cheese (Figure 21-3). High-
speed cutting techniques using water-spray as a
coolant decrease tertiary formation by minimiz-
ing trauma to the pulp.11

FIGURE 21-2
Tertiary dentin (arrow) deposited beneath caries. (From
Trowbridge H0: J Endod 7:52, 1981.)

There is a misconception that calcium hy-
droxide stimulates tertiary formation when ap-
plied as a cavity liner or base. However, evidence
would suggest that this notion has no validity. ' 2
There is no significant difference in the amount
or thickness of tertiary dentin under silicate,
amalgam, calcium hydroxide, zinc oxide-eugenol
(ZnOE), or composites when placed in cavities of
comparable depth." Tertiary dentin probably
forms in response to the trauma inflicted by
cavity preparation rather than to the restorative
material. As an agent used to cap mechanical
exposures, calcium hydroxide does provide a
consistent, yet transient antimicrobial environ-
ment for dentin "bridge" formation. However,
the long-term sealing efficacy of calcium hy-
droxide is very poor; continual microleakage re-
sults in recurrent caries, bacterial penetration
through the "bridge," pulp infection, and even-
tual necrosis.", '5
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FIGURE 21-3
Poor quality tertiary dentin containing voids (arrow). This
form of dentin is often referred to as "Swiss cheese" dentin.
Note the presence of inflammatory cells in the pulp.

Sensory Function of the Pulp

Beyond 150 pin into the dentin from the pulp
the vital tubule complex is essentially devoid of
nerve fibers, yet the dentinoenamel junction
(DEJ) is a sensitive area. Dentinal tubules con-
tain odontoblast processes and fluid derived
from pulpal blood vessels. Stimuli are con-
ducted from the outer surface of the tooth to
nerve fibers in the underlying pulp via the fluid
within the dentinal tubules. According to the
hydrodynamic theory of dentin sensitivity, ex-
posure of the tooth surface to cold or heat
causes contraction or expansion of fluid in the
tubules, thus creating hydraulic forces. '6 Appli-
cation of a hypertonic solution, air blasts, or a
probe to freshly exposed dentin causes a rapid
outward flow of fluid in the dentinal tubules
(Figure 21-4). This rapid fluid movement serves
as a transducer mechanism by deforming mech-
anoreceptive sensory nerve endings located in
the tubules and underlying pulp, thus eliciting
pain signals.

FIGURE 21-4
Hydrodynamics. Fluid movement (arrows) in dentinal tubules
resulting from drying of exposed dentin. The movement of
fluid may stimulate the receptors at the base of the tubules,
causing pain.

Repair Potential of the Pulp
Theoretically, the pulp is as well equipped to cope
with injury as any other organ of the body. It is
well vascularized and has an ample supply of con-
nective tissue cells capable of initiating repair. In
addition, the pulp may produce tertiary dentin
and thus withdraw from irritation. However,
teeth are subjected to various forms of trauma,
which may limit the pulp's ability to respond to
i njury. In periodontally involved teeth, for exam-
ple, the pulp may have fewer fibroblasts, blood
vessels, more collagen fibers, and dystrophic calci-
fications than normal pulp (Figure 21-5). Connec-
tive tissue repair may be compromised in a pulp
thus affected. However, whether these pulps are
less resistant to injury has yet to be determined.
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FIGURE 21- 5
Pulp of periodontally involved tooth. Note fewer than normal
cells and blood vessels and the presence of collagen fibers
and dystrophic calcifications.

Other factors may also limit permeability. For
example, hours after cavity preparation, the per-
meability of dentin may decrease considerably."
This dramatic reduction appears to result from
accumulation of plasma proteins in the tubules.18
The precise mechanism responsible for the in-
gress of proteins into the tubules is unknown. Ap-
parently, trauma associated with cavity prepara-
tion results in inflammation and an increase in
vascular permeability. This allows plasma pro-
teins to pass out of small blood vessels and diffuse
into the dentinal tubules. The clinical significance
of this interesting phenomenon requires further
research.

Pulp Pathosis

Dentin Permeability
Dentin is permeable because of the dentinal
tubules. Solutes can move through dentin in
either direction, that is, toward the pulp or to-
ward the oral cavity. When bacteria invade tooth
structure as a result of caries or restorative proce-
dures, substances they release diffuse through
the tubules toward the pulp along a concentra-
tion gradient; when these bacterial products
reach the pulp, they evoke inflammation. Poten-
tially irritating substances of bacterial origin in-
clude enzymes, byproducts of cell respiration,
proteases, endotoxin, fragments of cell walls, and
ammonia. Most of these substances are also anti-
gens and elicit an immunologic response. Thus,
the permeability of dentin influences the degree
to which the pulp is subjected to inflammatory
and immunologic stimuli.

With caries, dentinal tubules beneath the cari-
ous lesion will often become partially occluded by
mineral deposits, a condition known as dentinal
sclerosis. Other causes of dentinal sclerosis in-
clude attrition, erosion, and fracture of tooth
structure. This sclerosis reduces the permeability
of dentin.

Dentin permeability is of particular interest
when the effects of restorative procedures on the
pulp are considered. Restorations that do not
provide an impervious seal permit leakage to
occur between the restoration and tooth struc-
ture, thus allowing bacteria to colonize the cavity.
Without adequate precautions, toxic bacterial
products may diffuse from cavity to pulp and
evoke inflammation. For this reason, cavity var-
nishes and liners were developed to attempt to
block the openings of the dentinal tubules and
prevent the ingress of irritating substances.

Specific causes of pulp disease include bacterial in-
fection and injury resulting from impact trauma,
dentin fracture, attrition, abrasion, erosion, and
dental treatment. Bacterial infection most com-
monly results from caries, but pulps may also be-
come infected as a result of tooth fracture, res-
torative procedures, and very severe periodontal
disease (Figure 21-6). Diagnosis and treatment of
periodontal disease are important if the pulp is to
be maintained in a healthy condition.

In this chapter attention is focused on dental
treatment procedures as a cause of pulp disease
and how pulpal injury can be minimized or
prevented.

Effects of Restorative Procedures
Among the various forms of dental treatment,
restorative procedures are the greatest cause of
pulpal injury. Trauma to the pulp cannot always
be avoided, particularly with excavation of a deep
carious lesion or preparation of teeth for full
crowns. However, the astute clinician, by being
aware of the dangers involved in each step of the
restorative process, can minimize or avoid injury,
as outlined in the following discussion.

CAVITY AND CROWN
PREPARATION FACTORS

Depth of Cavity

Dentin permeability increases exponentially with
increasing cavity depth, as both diameter and den-
sity of dentinal tubules increase as the cavity
deepens (Figure 21-7). Thus, the deeper the cavity,
the greater the tubular surface area into which
potentially toxic substances can penetrate and
diffuse to the pulp. The length of the dentinal



FIGURE 21-6
Severe periodontal disease. Apical migration of pocket ep-
i thelium (arrow) has resulted in exposure of the apical fora-
men of this tooth; this will often result in severe damage to
the pulp. The space between the tooth and pocket epithelium
i s a fixation artifact.

tubules beneath the cavity is also of importance.
The farther substances have to diffuse, the more
they will be diluted and buffered by the dentinal
fluid. A remaining dentin thickness of 2 mm is
usually sufficient to shield the pulp from most
forms of irritation. However, there is always the
threat of microleakage; it is wise to seal vital
dentin regardless of the thickness of remaining
dentin.

As stated earlier, cavity depth determines the
extent to which amputation of odontoblast
processes results in injury to the cell body. If
processes are severed close to the odontoblast cell
body, the cell is likely to suffer irreversible injury.
In general, the deeper the cavity preparation, the
more damage and death of ontoblasts.1 2,19

Frictional Heat

Frictional heat is produced whenever a revolving
bur or stone is brought into contact with tooth
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FIGURE 21- 7
Difference in size and number of tubules in the dentinal floor
of a shallow (A) and a deep (8) cavity preparation. (From

Trowbridge H0: Dentistry82:22, 1982.)

structure. Until the 1950s the method of enamel
and dentin preparation involved heavy torque,
low rotational speeds, and steel burs that were not
cooled with water. Consequently, vital dentin was
often scorched, and pulps were injured as a result
of noxious heat.

Dentin is an effective insulator; for this reason
judicious cutting is not likely to damage the pulp
unless the thickness of dentin between prepara-
tion and pulp is less than 1.0 mm. Even then, the
response should be mild. Perhaps the greatest
amount of frictional heat is generated with a large
diamond stone when teeth are prepared for a full
crown. The heat generated may also have a desic-
cating effect by "boiling" away dentinal tubule
fluid at the dentin surface.

"Blushing" of dentin during cavity or crown
preparation is thought to be due to frictional heat
resulting in vascular injury (hemorrhage) in the
pulp. The dentin takes on an underlying pinkish
hue soon after the operative procedure. Crown
preparation performed without the use of a
coolant leads to a marked reduction in pulpal
blood flow, presumably because of vascular stasis
and thrombosis.20

In the absence of infection or other complicat-
ing factors, damaged pulps usually undergo re-
pair." However, a pulp that has already been com-
promised by caries or is ischemic after a PDL
injection of a vasoconstrictor-containing local
anesthetic may be more vulnerable to thermal in-
jury than an otherwise healthy pulp.

The amount of heat produced during cutting
is determined by sharpness of the bur, the
amount of pressure exerted on the bur or stone,
and the length of time the cutting instrument
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contacts tooth structure. The safest way to pre-
pare tooth structure is to use ultra-high speeds of
rotation (100,000 to 250,000 rpm), an efficient
water cooling system, light pressure, and inter-
mittent cutting. During cutting at high speeds,
the revolving bur creates an area of turbulence
that tends to deflect a stream of water. Therefore,
an air-water spray with sufficient volume and
pressure must be used if the coolant is to over-
come the rotary turbulence. The bur-dentin inter-
face should be constantly wet.

Cavity preparation with a low-speed hand-
piece, sharp bur, and light, intermittent pressure
is only slightly more injurious than cutting at
high speeds. Hand instruments and low-speed
cutting are relatively safe ways to finish a cavity
preparation, rather than using a high-speed hand-
piece with the water coolant shut off.

Injury to Odontoblasts

Odontoblasts are vulnerable and, unfortunately,
may be subjected to many insults. In addition to
desiccation, heat, and vibration, they may be
exposed to bacterial toxins, acids, caustic steriliz-
ing agents, and other chemical irritants. Even in
carefully prepared cavities, intracellular changes
within odontoblasts located beneath the cavity
may occur, including disruption of mitochondria
and rough endoplasmic reticulum." When cellu-
lar injury is reversible, the organelles return to
normal within a few days.

Drying of Dentin

A prolonged blast of compressed air to freshly
exposed vital dentin will cause a rapid outward
movement of fluid in patent dentinal tubules.
Tubule diameter is extraordinarily small; midway
between the pulp and the DEJ the mean diameter
of the tubules is only 1.5 mm.23 The smaller the
bore of a capillary tube, the greater the capillary
pressure. Therefore, removal of fluid from the
tubules by a blast of air activates strong capil-
lary forces. These in turn lead to a rapid outward
flow of dentinal fluid. Fluid removed from the
tubules at the dentin surface is replaced by fluid
from the pulp.

As discussed above, rapid outward flow of fluid
in the dentinal tubules stimulates mechanorecep-
tors in the subjacent pulp, thus producing pain.
Rapid outward fluid movement may also result
in odontoblast displacement; odontoblasts are dis-
lodged from the odontoblast layer and pulled
outward into the tubules (Figure 21-8). Within a
short time the displaced cells undergo autolysis
and disappear. Providing the pulp has not been

FIGURE 21-8
Nuclei of odontoblasts (small arrows) that have been dis-
placed into dentinal tubules. Note intact capillary (large
arrow). Had desiccation produced trauma to the subodonto-
blast zone, the capillary would have been disrupted.

severely injured, either by caries or other factors,
displaced odontoblasts are replaced by new cells
that are derived from odontoprogenitor cells in
the underlying cell-rich zone of the pulp.24 In this
way the odontoblast layer is reconstituted by "re-
placement" odontoblasts capable of producing
tertiary dentin (Figure 21-9). However, vigorous
drying of dentin alone does not result in severe in-
jury to the underlying pulp.25 Loss of odonto-
blasts is often followed by the formation of ter-
tiary dentin (Figure 21-10).

Recently, drying agents containing lipid sol-
vents such as acetone and ether have appeared on
the market. Because of their rapid rate of evapora-
tion, application of such substances (including
alcohol) to exposed dentin produces strong hy-
drodynamic forces in the tubules, often causing
odontoblast displacement.26 Therefore, cavities
should be dried with cotton pellets and short
blasts of air rather than harsh chemicals. Pro-
longed air-drying should be avoided.

Cavity Cleansing

The traditional method of cleansing cavity walls
of saliva and cutting debris is to flush the cavity
with a stream of water. However, flushing with
water is ineffective in removing the smear layer,
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FIGURE 21-9
Layer of replacement odontoblasts. (From Trowbridge H0: J Endod 7:52, 1981.)

which consists of fragments of microscopic min-
eral crystals and organic matrix produced when
tooth structure is cut with a bur or chisels. This
layer may interfere with the adherence of adhesive
restorative materials such as dentin bonding
agents, although some newer bonding agents re-
portedly bond to the smear layer. Acidic cavity
cleansing products and chelating agents have
been used to remove the smear layer.

Complete dissolution of the smear layer opens
the dentinal tubules, significantly increasing the
permeability of dentin. if the dentin is left un-
sealed, diffusion of irritants to the pulp may in-
tensify and prolong the severity of pulp reac-
tions.27,28 However, the smear layer does have
some desirable properties. By blocking the orifices
of dentinal tubules, the smear plugs greatly de-
crease the permeability of dentin, thus limiting
the diffusion of substances to the pulp.26 While
the smear layer is impervious to bacteria, thus pre-
venting microorganisms from gaining access to
the dentinal tubules, it is not a barrier to bacterial
products, the primary cause of pulpal irritation.29

Acid Etching

Organic and inorganic acids are often used to
etch the enamel and dentin to enhance the reten-
tion of adhesive resin systems. Even with the de-
velopment of acidic gels for enamel etching, acid
may flow onto dentin. Acid etching of dentin
greatly increases dentin permeability. Thus, if mi-
croleakage develops in a cavity in which the walls
have been acid etched and poorly sealed, irritants

FIGURE 21-10
Formation of tertiary dentin (TD) resulting from loss of pri-
mary odontoblasts during a restorative procedure. The ter-
tiary dentin is being formed by replacement odontoblasts.

are likely to reach the pulp. However, in the ab-
sence of microleakage, acid etching of dentin in
itself does not appear to produce injury to the
pulp.30,31 The reason is that when dentin is dem-
ineralized by acid, calcium and phosphate ions
are released, thus producing a buffering action.
Data show that even when placed in deep cavities,
acid etchants produce only a small increase in hy-
drogen ion concentration in the pulp.32

Cavity Disinfection

Until the 1950s, potent antimicrobial agents such
as phenol, thymol, beechwood creosote, and silver
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nitrate were routinely used for cavity disinfection.
These caustic substances are not recommended;
agents that destroy bacteria also injure the pulp.
Although milder germicides such as benzalko-
nium chloride and 9-aminoacridine are probably
well tolerated by the pulp, their clinical effective-
ness is untested .

33,34

Making of Impressions

Rubber base and hydrocolloid materials do not in-
jure the pulp when they are used for impressions
of cavity and crown preparations. However, heated
modeling compound may be damaging; the com-
bination of heat and pressure can be deleterious.35
Devastating temperatures of up to 52'C have been
recorded in the pulp during impressions with
modeling compound in copper bands . 36

FIGURE 21-11
Pulpal abscess that has developed as a result of severe mi-
croleakage around a restoration.

Fabrication of Provisional
Resinous Crowns

Heat generated during the exothermic polymer-
ization of autopolymerizing resinous materials
may injure the pulp. 37 The use of cooling proce-
dures is strongly recommended when provisional
crowns are directly fabricated. Before cementing
provisional crowns, the crown preparation should
be carefully lined with temporary cement to min-
imize microleakage. It is important to have the ce-
ment in place for a short period of time; tempo-
rary cements are not stable and will eventually
wash out.

Cementation of Castings

During cementation of crowns, inlays, and bridges,
strong hydraulic forces may be exerted on the pulp
as cement compresses the fluid in the dentinal
tubules. In deep preparations this can result in a
separation of the odontoblast layer from the pre-
dentin, which is a mild injury. To reduce this pres-
sure, vents in the casting will allow cement to es-
cape. This also facilitates seating of the casting and
relieves pressure on the pulp.

Occasionally pain occurs during or after ce-
mentation of castings. Pain may occur when
either zinc phosphate or glass ionomer cements
are used, but generally the discomfort does not
last very long.38

Effects of Restorative Materials
With regard to the biologic impact of restorative
materials on the pulp, the physical properties are
considerably more important than the chemical

components. For many years it was thought that
certain restorative materials were more irritating
than others. However, the cause of irritation re-
mained speculative. Presumably, restorative mate-
rials contain toxic chemicals that leach from the
restoration and diffuse through the dentinal
tubules to injure the pulp. Until recently this ex-
planation was universally accepted, but more so-
phisticated investigative techniques and better in-
terpretation of research results have provided new
i nsights into the cause of pulpal injury.

ROLE OF BACTERIA

There is strong evidence that microleakage result-
ing in bacterial colonization of cavity walls is the
major cause of pulpal injury. Histobacterial stains
have been used to relate the response of pulps to
restorative materials. A high correlation was found
between the presence of bacteria beneath res-
torations and inflammation in the underlying
pulp.21,39 Development of an abscess is not uncom-
mon when microleakage is severe (Figure 21-11).

Germ-free animal studies also implicated bac-
teria as a factor in pulpal injury resulting from
restorative procedures. When acidic cements were
applied to exposed pulps in molars of germ-free
and conventional rats, there was no pulpal in-
flammation in the germ-free group. 4 0 In the pulps
of conventional animals, bacteria were observed
in association with inflammation and necrosis.

Another means of studying the role of bacteria
is "surface-sealing" of restorations. Surface seal-
ing involves the removal of the outer part of a
restoration and replacement with ZnOE. This
material prevents bacteria from penetrating the
gap between the restoration and the walls of
the cavity. Such surface-sealing experiments have
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FIGURE 21-12
Specimen from a surface-sealing experiment showing pulp
7 days after placement of amalgam (A) against exposed
pulp tissue. Note absence of pulpal inflammation. (From
Cox CF, Keall CL, Keall HJ, Ostro E: J Prosthet Dent 57:1,
1 987.)

shown that potentially irritating restorative mate-
rials such as amalgam, composite resins, silicate
cement, and zinc phosphate cement produce only
a thin zone of contact necrosis with no significant
inflammation when placed on exposed human
and primate pulps (Figures 21-12 and 21-13). 41
Cox et al . 31 usually observed dentin bridge forma-
tion when composite resins, silicate cement, and
zinc phosphate cement were placed in contact
with the pulp.

Some bacteria may remain in the smear layer
after the tooth has been restored.42 However,
microorganisms require nutrients to maintain
their viability; if denied substrate they eventu-
ally die . 43 Evidence suggests that bacteria will
grow beneath a restoration only in the presence
of microleakage.44

MICROLEAKAGE

Microleakage is a major problem in restorative
dentistry. Until the advent of more advanced

FIGURE 21-13
Surface-sealing experiment demonstrating 14-day response
of the pulp to silicate cement (SC), which was occupying the
space. In the absence of bacterial leakage new dentin matrix
has been deposited adjacent to remaining dentin walls as
well as to the silicate interface. (From Cox CF, Keall CL, Keall
HJ, Ostro E: J Prosthet Dent 57:1, 1987.)

dentin bonding adhesive systems, most materials
did not adapt to tooth structure well enough to
provide a leak-proof marginal seal. Or, if there was
good adaptation at the time of insertion, shrink-
age resulting from physical or chemical changes
within the material commonly caused gaps to
open, resulting in microleakage .2' This is exem-
plified by shrinkage of certain acrylic resins dur-
ing polymerization. If a restorative material has
a higher coefficient of thermal expansion than
tooth structure, a decrease in temperature will
cause contraction gaps to develop.

Another cause of microleakage is elastic de-
formation of tooth structure produced by mas-
ticatory forces. 45 In other words, the enamel
and dentin surrounding the rigid restoration
flex and move, resulting in gaps (an "unzipping"
from occlusal to cervical). This is particularly
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apt to increase leakage in deep MOD restora-
tions.46 Masticatory forces may have a marked
effect on leakage in class V cavities restored with
composite. In one primate study, leakage was
greater in teeth in functional occlusion than in
adjacent teeth without antagonists.47

Skill of the operator also influences microleak-
age. The quality of the preparation and the way
the material is inserted can greatly influence adap-
tation. In the case of amalgam alloy, the method
of insertion and plasticity of the mix are the most
important factors in determining the extent of
microleakage." In this respect, computer-driven
amalgamators provide better amalgam tritura-
tion than the older mechanical units.

Moisture control is also important because
certain restorative materials may develop mar-
ginal leakage if they are contaminated with saliva,
blood, or water during placement.

None of the older permanent resin-based, es-
thetic restorative materials mentioned previously
consistently provided a long-term marginal seal.
Recently developed dentin bonding and adhesive
agents have been shown to couple (hybridize*)
within vital dentin." These new materials show
promise in preventing microleakage. Without a
long-term seal of the remaining dentin or dentin
bridges, microleakage will occur, leading to bacte-
rial colonization and eventual pulpal inflamma-
tion (Figure 21-14). It is for this reason that adhe-
sive systems such as 4-meta are recommended.

EXOTHERMIC MATERIALS

Some luting cements generate heat during setting;
it has been suggested that this might cause pulpal
injury. The most exothermic luting material is
zinc phosphate (ZnOP) cement." However, during
setting an intrapulpal temperature increase of
only 2'C was recorded. Heat of this magnitude is
not sufficient to injure the pulp.

HYGROSCOPIC MATERIALS

FIGURE 21-14
Eight-week response after restoring with a composite resin.
I nflammatory reaction adjacent to tertiary dentin indicating
continued irritation. (From Heys RJ, Heys DR, Fitzgerald M: Int
Endod J 18:260, 1985.)

much less than that removed from dentin during
cavity drying, a procedure that produces an in-
significant amount of pulpal inflammation.25

TOXICITY OF MATERIALS

Certain restorative materials are composed of
chemicals that have the potential to irritate the
pulp. However, when placed in a cavity, the inter-
vening dentin usually neutralizes or prevents
leachable ingredients from reaching the pulp in a
high enough concentration to cause injury. For
example, eugenol in ZnOE is potentially irritat-
ing, but very little can diffuse to the pulp.51 Phos-
phoric acid is a component of silicate and zinc
phosphate cements. For decades it was thought
that injury was due to the high concentration of
hydrogen ions reaching the pulp. However, the
buffering capacity of dentin greatly limits the
ability of hydrogen ions to reach the pulp.52

Some hygroscopic materials may potentially cause
injury by withdrawing fluid from dentin. However,
little relationship exists between the hydrophilic
properties of materials and their effect on the
pulp." Moisture absorbed by materials is probably

*Hybridization is the mechanical penetration of adhesive
polymers with both collagen and carbonate dentin sub-
strate. Specifically, the polymers infiltrate the intertubular,
peritubular, and dentinal tubule complex to provide a seal
against microleakage. In addition, the hybrid layer pro-
vides a bonding substrate in preparation for placement of
the definitive restoration.

BIOLOGIC PROPERTIES
OF SPECIFIC MATERIALS

Zinc Oxide-Eugenol

Zinc oxide-eugenol (ZnOE) has many uses in
dentistry, having had a long history as a tempo-
rary filling material, cavity liner, cement base, and
luting agent for provisional cementation of cast-
ings. Before the introduction of calcium hydrox-
ide, ZnOE was the material of choice for direct
pulp capping.

Eugenol, biologically the most active ingredi-
ent in ZnOE, is a phenol derivative and is toxic



FIGURE 21-15
Positive bacterial staining reaction showing bacteria on cavity
wall beneath composite resin restoration. These bacteria pro-
duce by-products that may diffuse through tubules to cause
pulpal inflammation. (From Heys R1, Heys DR, Fitzgerald M:
Int Endod J 18:260,1985.)

when placed in direct contact with tissue. It also
possesses antibacterial properties. Eugenol's use-
fulness in pain control is attributed to its ability
to block the transmission of nerve impulses.53 Re-
searchers have found that a thin mix of ZnOE sig-
nificantly reduces intradental nerve activity when
placed in a deep cavity preparation in cats' teeth;
however, a dry mix of ZnOE has no effect.54

It is the physical and chemical properties of
ZnOE that are beneficial in preventing pulpal in-
jury and in reducing postoperative tooth sensi-
tivity. Importantly, it provides a good biologic
seal; also its antimicrobial properties enable it
to suppress bacterial growth, thus reducing for-
mation of toxic metabolites that might result in
pulpal inflammation. Of the restorative materials
tested, only ZnOE consistently inhibited bacterial
growth beneath restorations . 44

Zinc Phosphate Cement

Zinc phosphate is a popular luting and basing
agent. It has a high modulus of elasticity and there-
fore is commonly used as a base beneath amalgam
restorations. The phosphoric acid liquid phase was
formerly thought to injure the pulp. However, re-
cent studies have shown that this is not the case .31
Cementation of castings with ZnOP is well toler-
ated by the pulp.55 Researchers reported that ZnOP
is more likely to produce pulpal sensitivity at the
time of cementation and 2 weeks after cementation
than glass ionomer.38 However, 3 months after ce-
mentation there was no difference in sensitivity.
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Polycarboxylate Cement

When placed in cavities or used as a luting ce-
ment, zinc polycarboxylate does not irritate the
pulp.56 In cementing well-fitting crowns and in-
lays, neither polycarboxylate nor ZnOP cements
contract enough to permit the ingress of bacteria.
Consequently, it is unnecessary to apply a varnish
or liner to cavity walls; doing so only reduces ce-
ment adhesion.

Restorative Resins

Early adhesive bonding and resin composite sys-
tems contracted during polymerization, resulting
in gross microleakage and bacterial contamina-
tion of the cavity. Bacteria on cavity walls and
within axial dentin are associated with moderate
pulpal inflammation (Figure 21-15).5' Over a pe-
riod of time, some composites absorb water and
expand; this tends to compensate for initial con-
traction. To limit microleakage and improve re-
tention, the enamel margins are beveled and acid
etched to facilitate mechanical bonding. When
compared with unfilled resins, the newer resin
composites present a coefficient of thermal ex-
pansion similar to that of tooth structure. With
recently developed hydrophilic adhesive bonding
composite systems, the problem of marginal leak-
age appears to have been diminished. 58

Glass lonomer Cements

Glass ionomer cement originally was used as
an esthetic restorative material. Biocompatibility
studies'"' show that these cements generally
have no effect on the pulp. However, when used
as a bulk filling material, glass ionomer leaks; a
cavity liner is strongly suggested with this type
of cement.61

Through the use of finely ground powders and
light-curing technology, glass ionomer luting ce-
ments have evolved to rival the use of other luting
agents. The results of a microleakage study showed
that glass ionomer cements provide a good mar-
ginal seal when used to cement castings in vitro .6z

Although many reports of pulpal sensitivity have
been associated with the use of glass ionomer ce-
ments, there appear to be no sensitivity differences
between glass ionomer and ZnOP cements. En-
dodontic problems are infrequent.38

Amalgam

Amalgam alloy is the most widely used dental
material for restoring posterior teeth. A problem
with older, lathe-cut amalgams was shrinkage
during setting, which resulted in microleakage.
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Over time, this initial microleakage decreases as
corrosion products accumulate between restora-
tion and cavity walls.63 Newer high-copper spheri-
cal amalgam alloys show slight to moderate put-
pal inflammation that diminishes with time, also
probably because of progressive corrosion (which
is slower than lathe-cut amalgams) and reduction
in microleakage."

PROTECTANTS
Cavity Varnishes, Liners, and Bases

An attempt has been made to minimize the effects
of microleakage through the use of cavity var-
nishes and liners. Varnishes are solutions of or-
ganic solvent and resin. Liners are a suspension of
materials such as calcium hydroxide, polystyrene,
and ZnOE in a volatile organic liquid or aqueous
solution. When the solvent evaporates, a thin
film of residue forms a coating on the dentin to
hopefully seal tubule openings. Thicker cements
(bases) may also be used to line the cavity; in shal-
low cavities thick bases take up too much space,
interfere with retention, weaken the restoration,
and provide no protection.65

Varnishes provide a partial short-term barrier
to irritants that might injure the pulp. 66,67 When
applied to dentin, they neither bond nor form an
impervious coating. Application of two or three
coats is necessary to minimize the voids. Al-
though the varnish layers eventually disintegrate,
they compensate for the initial contraction of
amalgam and thus reduce microleakage until cor-
rosion products fill the contraction gaps. Pashley
et a1 .68 determined that varnishes, liners, and
bases all reduced dentin permeability-varnishes
the least and bases the most.

"Insulating" Effect of Bases

A common misconception is the necessity of plac-
ing an insulator beneath metallic restorations to
protect the pulp from thermal shock (hypersensi-
tivity). Dentin is an excellent insulator; additional
thermal insulation is rarely if ever needed. In fact,
thick cement bases are no more effective than just
a thin layer of varnish in preventing thermal sen-
sitivity, indicating that postrestorative sensitivity
is at least partly due to microleakage.69

According to the hydrodynamic theory of
dentin sensitivity, rapid heating or cooling of the
tooth causes fluid in the dentinal tubules to ex-
pand or contract, resulting in rapid movement of
fluid in the dentinal tubules.16-70 Presumably this
fluid movement produces pressure changes that
activate mechanosensitive nerve endings located
in the underlying pulp, thus producing pain.

When a tooth is restored with amalgam, gaps
open around the restoration as the material sets,
and fluid accumulates in these gaps. Unless
dentin is sealed, fluid in the contraction gaps
communicates directly with fluid in the underly-
ing tubules. When the restoration is subjected to
ice-cold foods or liquids, fluid in the contraction
gaps and dentinal tubules contracts, resulting in
hydrodynamic activation of sensory nerve fibers
and sharp pain. Newer adhesive dentin bonding
systems minimize microleakage; therefore, fluid
in the marginal gap is separated from the fluid in
the dentinal tubules, thus reducing the volume of
fluid affected by temperature change.58

Inflammation may also relate to postoperative
hypersensitivity. Traumatic cavity preparation
often produces an acute inflammatory reaction in
the pulp. This results in an elevation in intrapul-
pal pressure and activation of inflammatory me-
diators such as bradykinin and prostaglandin E 2,
which may produce a state of hyperalgesia. Until
the inflammation resolves, the pulp may respond
to stimuli that would not normally evoke pain
signals.71 Hyperalgesia is more profound in low-
compliance tissues such as the pulp and nail bed.

ADDITIONAL FACTORS
Heat of Polishing

Enough frictional heat may be generated during
polishing of a restoration to seriously injure the
pulp. Continuous polishing of amalgam restora-
tions with rubber cups at high speeds causes a
damaging temperature increase of up to 20°C in
the pulp; heat of this magnitude may produce tis-
sue necrosis. For safety, polishing with rubber
wheels or rubber cups should be at low speeds
using intermittent pressure and a coolant.72.73

Removal of Metallic Restorations

The use of burs to remove metallic restorations
may also produce very high levels of frictional
heat, exposing the pulp to injury. A coolant such
as water spray or a combination of water and air
avoids a burn lesion in the pulp. It is also advisable
to use intermittent grinding using light pressure.

Pins

Pins to retain amalgam or other material require
caution; pulp damage may result from pinhole
preparation or pin placement. Coolants do not
reach the depth of the pin preparation. During
pinhole preparation there is always the risk of
pulp exposure. Furthermore, friction-locked pins
often produce microfractures that may extend
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through dentin to the pulp, subjecting it to irrita-
tion and the effects of microleakage.74

POSTRESTORATIVE
HYPERSENSITIVITY

Many patients complain of hypersensitivity after a
restorative procedure .75 Pain may be a warning sig-
nal that the pulp has been injured. Often (but not
always) a relationship exists between tooth sensi-
tivity and pulpal inflammation.66 Discomfort is
usually of short duration; if pain is persistent or
spontaneous, the injury probably resulted in irre-
versible pulpitis. Many patients receiving resto-
rative treatment experience some degree of post-
operative discomfort. Hypersensitivity to cold is
common; sensitivity to heat is less so.

Pain evoked by biting pressure indicates injury
to the periodontal ligament resulting from hyper-
occlusion. Hyperocclusion is not injurious to the
pulp but may cause a transient hypersensitivity,
which usually resolves with occlusal adjustment.

SUMMARY OF
PROTECTIVE MEASURES

Most injuries to the pulp from restorative proce-
dures are avoided with certain precautions.

Heat produced during cavity preparation is
minimized using light, intermittent cutting, an
efficient water-cooling system, and a handpiece
with high speeds rather than high torque. Prepa-
rations should be finished using hand instru-
ments or with low speed and sharp burs.

Desiccation of dentin is avoided by drying the
preparation with cotton pellets and short air
blasts from an air syringe; prolonged air blasts are
damaging. Newer hydrophilic primers bond and
hybridize vital dentin while some surface mois-
ture is still present.

Chemicals on freshly exposed dentin may dif-
fuse to the pulp and produce injury. Therefore,
caustic drying, cleansing, and sterilizing agents
such as alcohol, acetone, phenol, and silver nitrate
should be avoided and are ineffective anyway.

Physical as well as chemical properties should be
considered when a restorative material is selected.
These include aspects such as coefficient of ther-
mal expansion, modulus of elasticity, contraction
during polymerization, and adaptation to tooth
structure.

Unstable, soluble liners and bases (most contain
calcium hydroxide) should not be used on the
floor of a deep cavity. Within a few years recurrent
caries may develop beneath such liners and bases.

Microleakage must be minimized; it is a much
greater threat than the toxic ingredients of mate-

rials per se. Because gaps form around restora-
tions, a bonded hybridized adhesive, varnish, or
liner should be used in conjunction with most
restorative materials to prevent microleakage."

Polishing of metallic restorations is a potential
source of noxious heat. Intermittent polishing
with an adequate air-water coolant will reduce
the risk of pulpal injury.

Long-term assessment is critical whenever there is
doubt as to the pulp response to previous patho-
sis or to the restorative procedure.

Orthodontic Procedures
Fortunately, tooth movement is not a common
cause of pulp pathosis, although pulp necrosis is
an occasional complication." Forces involved in
tooth movement may produce changes in pulpal
blood flow.78 Also, oxygen utilization by pulp
cells is depressed after application of orthodontic
forces.7 9 Subsequent to arch wire activation, teeth
often are hypersensitive to cold for a few days,
suggesting that sensory structures are transiently
affected.80 At times, orthodontically treated teeth
with vital pulps do not respond to the electric
pulp test.81 This condition may result from al-
tered blood flow or injury to the sensory nerve
fibers entering the apex.

Management of the Vital Pulp
EFFECT OF NATURAL CAUSES
OF PATHOSES
Caries

Caries is a localized, progressive destruction of
tooth structure and the most common cause of
pulp disease. It is now generally accepted that for
caries to develop, specific bacteria must become
established on the tooth surface. Products of bac-
terial metabolism, notably organic acids and pro-
teolytic enzymes, cause the destruction of enamel
and dentin. Bacterial metabolites diffusing from
the lesion to the pulp are capable of eliciting
an immune response and inflammatory reaction.
Eventually, extensive dentin involvement results
in bacterial infection of the pulp, particularly
after carious exposure.

Removal of gross caries and preparation for
restoration are generally accomplished with ro-
tary instruments. Hand instruments are avoided
near the pulpal wall to prevent accidental me-
chanical pulp exposure. Final removal of carious
dentin is generally accomplished with a large,
sharp round bur at slow speed to remove the last
laver of softened and discolored dentin.
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Erosion, Abrasion, and Attrition

With increasing frequency, our senior citizens are
retaining their natural teeth. Consequently, den-
tists are dealing with an increasing incidence of
age-related dental problems. In addition to root
caries, older teeth exhibit the typical signs of wear
and tear. Erosion results from the effects of oral or
gastric acids on enamel and dentin from the con-
stant "sipping" of acidic drinks. Abrasion lesions
generally occur from improper oral habits such as
the use of toothpicks, pins, or other hard objects
or from overaggressive tooth brushing with abra-
sive toothpastes, often in an attempt to whiten
the teeth. The result of this is the creation of facial
cervical defects. Attrition lesions appear in those
teeth with malocclusions or with certain oral
habits of individuals, resulting in the grinding
away of enamel and vital dentin. Previously, these
lesions were restored with unsightly materials
such as gold foil, amalgam, silicate, or resin com-
posite systems. However, with recent improve-
ments in composite systems, permanent resto-
rations that are functionally and aesthetically
acceptable are now available.

Maintenance of a Vital Pulp

Maintaining an intact healthy pulp is preferable
to root canal treatment or other endodontic pro-
cedures that are complex, expensive, and time
consuming. When dealing with a deep carious
lesion, some authors advocate indirect pulp cap-
ping, a procedure that avoids pulp exposure dur-
ing the removal of carious dentin. Another ap-
proach is to remove all carious dentin, even if it
means producing a carious exposure and then
covering the exposed pulp tissue with a biocom-
patible liner (direct pulp capping). Others advo-
cate a procedure involving surgical removal of in-
flamed pulp tissue (pulpotomy); the remaining
tissue is then covered with dressing that hopefully
allows healing. The success rate of these proce-
dures is variable and depends upon proper diag-
nosis and clinical judgment, but primarily on the
status of the pulp before the procedure.

I NDIRECT PULP CAPPING

This procedure is used in the management of
deep carious lesions where removal of all carious
dentin would probably result in pulp exposure.
Proponents believe that accidental mechanical ex-
posure is to be avoided so the pulp is not sub-
jected to additional injury. Indirect pulp capping
is considered only if there is no history of pulpal-
gia or signs of irreversible pulpitis. After all of the

softened, mushy dentin is removed, either ZnOE
or calcium hydroxide is placed on the remaining
carious dentin to suppress bacteria. 82.83 It is felt
that indirect pulp capping causes less damage
than exposure and allows pulpal inflammation to
undergo resolution. After several weeks, the tem-
porary filling and ZnOE or calcium hydroxide
liner may be removed and replaced with a defini-
tive restoration.

Indirect pulp capping remains a matter of con-
siderable controversy. Some dentists feel that this
form of treatment is not warranted under any cir-
cumstances, arguing that it is not possible to per-
form a diagnosis of the pulp unless all carious
dentin is removed. If caries has exposed pulp, al-
lowing a large number of bacteria to invade, ir-
reversible pulpitis has already developed. Others
reason that the biologic principles of restorative
dentistry dictate that all carious dentin must be re-
moved, even if it means exposing the pulp. Still
others believe that if irreversible pulpitis has not al-
ready developed, indirect pulp capping is likely to
be successful."' Evidence supports the latter view.

DIRECT PULP CAPPING

There are two considerations for direct pulp cap-
ping: accidental mechanical pulp exposure and ex-
posure caused by caries. Accidental exposure may
be caused by injudicious cavity or crown prepara-
tion, placement of pins or retention points. These
two types of exposure differ in that the condition
of the pulp is normal in the case of accidental me-
chanical exposure whereas it is likely to be in-
flamed beneath a deep carious lesion.

The long-term success rate of direct pulp cap-
ping is approximately 80%. 84,853 The degree of bleed-
ing indicates the prognosis. 86 The application of
10% sodium hypochlorite for "chemical surgery"
of the exposed pulp tissue has been advocated."
Control of bleeding is a must! Once bleeding
has stopped, a pulp-capping agent can be applied
to the exposure site, followed by placement of a
permanent restoration. With the advent of adhe-
sive systems, investigators have found that, under
experimental conditions, mechanically exposed
pulps can be successfully capped with adhesive
resins.88 Long-term success of capping of carious
exposures is lower. Failure tends to increase with
longer observation periods.89

Until recently, calcium hydroxide has remained
the standard for treatment of mechanical expo-
sures. This material was thought to stimulate dif-
ferentiation of new odontoblast-like cells, which
would then form tertiary dentin. However, studies
have shown that neither the calcium ion nor the
hydroxyl ion is necessary for "dentin bridge" forma-



tion.12 However, calcium hydroxide is an effective
material when placed in direct contact with vital
pulp tissue. It provides a short-term antimicrobial
effect, and certain commercial calcium hydroxide
liners provide a hard-set interface upon which fi-
broblasts are able to proliferate and differentiate
into cells capable of elaborating dentin matrix.

PULPOTOMY

Pulpotomy is an alternative to direct pulp cap-
ping or root canal treatment when carious pulp
exposures occur in young permanent incisors.
Pulpotomy involves the removal of all carious
dentin and then ablation of pulp tissue to the
level of the radicular pulp.90.91 The vital pulp
stump is capped with a calcium hydroxide liner
and the tooth is temporarily restored with in-
termediate restorative material (IRM). Several
months later the liner and IRM are replaced by a
hybridized adhesive seal bonded into the remain-
ing enamel and dentin and the cavity is filled with
a permanent restorative material. This procedure
has been shown to be successful providing there is
no bacterial microleakage.92,93

Partial pulpotomy has been used to success-
fully treat cariously exposed pulps in permanent
molars.91.94 This procedure involves the removal of
coronal pulp tissue to the level of healthy tissue,
which may at times be difficult to determine.
Bleeding should be within normal limits and eas-
ily controlled.

There are two potential problems with pulpo-
tomy as a permanent endodontic treatment. It is
not possible to determine whether all diseased tis-
sue has been removed, as inflammation or necrosis
may extend into one or more of the root canals and
cause the pulpotomy to fail. However, the apparent
clinical success of total and partial pulpotomy
makes them a viable alternative to pulpotomy.

PERIAPICAL REPAIR AFTER
TREATMENT OF DEEP
CARIOUS LESIONS

Endodontic treatment is usually indicated where
deep carious lesions have resulted in periapical
bone resorption. It is likely that these small apical
radiolucencies represent bone resorption in re-
sponse to chemical mediators diffusing from an
inflamed coronal pulp. There have been reports of
resolution of periapical pathosis and preservation
of pulp vitality after pulpotomy or direct or indi-
rect pulp capping. 9S,96 Careful case selection is
critical to success. Jordan and Suzuki82 found that
only young patients benefited from this proce-
dure. There are no reports of success in patients
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older than age 24. The tooth to be treated must be
vital on pulp testing and lack a history of sponta-
neous pain. Presumably the pulps of young teeth
are better able to respond favorably to pulp cap-
ping procedures because of a richer blood supply
and greater degree of cellularity.
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Management of Incompletely
Formed Roots

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Describe and differentiate between the open and closed apices.

z / Discuss methods of diagnosis and selection of appropriate treatment.

3 / Identify situations in which a tooth with an open apex requires vital pulp therapy or root-end closure and

root canal therapy.

a / Explain why nonsurgical root canal treatment and periapical surgery are technically difficult and

i nappropriate in a tooth with an open apex.

s / Describe the prognosis for vital pulp therapy and root-end closure.

6 / Describe how to perform vital pulp therapy by pulpotomy.

7 / Describe how to perform root-end closure.

8 / Recognize the success or failure of treatment of an open apex.

Select appropriate treatment when failure has occurred.

10 / Recognize when a patient should be considered for referral.
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n immature tooth that develops
pulpal disease presents special prob-
lems. When the apex is not closed but

is wide open, routine root canal treatment proce-
dures cannot be performed and results are un-
predictable. This chapter discusses the endodon-
tic management of teeth with open apices and
with pulp and/or periradicular pathoses. The
diagnosis and treatment planning, case selec-
tion, techniques of management, and outcomes
of treatment are also discussed. Included are
those situations and reasons why patients need-
ing open apex treatment should be considered
for referral.

Definition of Terms

OPEN APEX

An open apex is found in the developing roots of
immature teeth and, in the absence of pulp or
periradicular disease, is normal. Apical closure oc-
curs approximately 3 years after eruption. How-
ever, when the pulp undergoes necrosis before
root growth is complete, dentin formation ceases,
and root growth is arrested. Therefore, the canal
and the apex remain wide (Figures 22-1 and 22-2);

the root may also be shorter. An open apex may
develop also as a result of extensive resorption of
a mature apex after orthodontic treatment, or
from periradicular inflammation (Figure 22-3), or
as part of healing after trauma. The normal ma-
ture permanent tooth often has an apical con-
striction of the canal approximately 0.5 to 1.0 mm
from the anatomic apex.' An immature root has
an apical opening that is comparatively very large.
The walls of the canal in an immature root with
an open apex are thinner than those of a mature
root. They may diverge (see Figure 22-1), be paral-
lel (see Figure 22-2), or converge slightly, depend-
ing on the stage of root formation.

VITAL PULP THERAPY

Vital pulp therapy, previously called apexogenesis,

is defined as treatment of a vital pulp in an im-
mature tooth to permit continued dentin forma-
tion and apical closure. The current, more general
terminology refers to maintenance of pulp vitality
to allow continued development of the entire root
and not just the apex. The objective is to maintain
the vitality of the radicular pulp.

A vital pulp of an immature tooth may present
with a small coronal exposure after trauma; nor-
mal formation of root dentin will continue by
means of a shallow pulpotomy. Most immature
teeth with crown fractures and exposed pulps
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FIGURE 22-1
A, Incisor (history of luxation injury) with an open apex (divergent walls), necrotic pulp, and apical pathosis. Root-
end closure is indicated. B, Apical region of an immature central incisor extracted from a 7-year-old. Besides being
wide open, the apical dentin walls are egg-shell thin. These teeth are difficult to treat; long-term prognosis would
be questionable. (Courtesy Dr. L. Baldassari-Cruz.)

have vital pulps in which inflammation is limited
to the pulp surface.' Treatment that allows the
root to continue developing may also be indicated
in immature teeth with a small carious pulpal ex-
posure; success is dependent on the extent of pul-
pal damage and on the restorability of the tooth.
A large carious or traumatic exposure may require
a pulpotomy at the level of the cervical constric-
tion to retain radicular pulp viability.

ROOT-END CLOSURE

Root-end closure, previously referred to as apexifi-
cation, is defined as the process of creating an en-
vironment within the root canal and periapical
tissues after pulp death that allows a calcified bar-
rier to form across the open apex. This barrier has
been characterized as dentin, cementum, bone,
and osteodentin (Figure 22-4). The usual result is
blunting of the end of the root and very little, if
any, increase in root length.

Creation of the proper environment for for-
mation of the calcified barrier involves clean-
ing and removal of debris and bacteria, as well
as the placement of a material to induce api-
cal closure. Different materials have been used
successfully to induce root-end closure. Most
favored has been a paste of calcium hydroxide
and water. The addition of other medicaments
to calcium hydroxide has been suggested, but
with no beneficial effect on root-end closure.3
Calcium hydroxide has been used as a tempo-
rary obturating material; it is bactericidal with
an alkaline pH that may be responsible for stim-
ulating apical calcification.' Complete debride-
ment to remove bacteria and necrotic tissue
from the root canal system is an essential factor
responsible for apical closure.5 Recently, place-
ment of an apical plug of mineral trioxide ag-
gregate (MTA) has been shown to be more effec-
tive and convenient than the use of calcium
hydroxide.
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FIGURE 22-2
I ncisor with a necrotic pulp, but with substantial dentin for-
mation and an open apex (parallel walls). An access opening
has been made into the pulp chamber. Root-end closure is in-
dicated. Long-term prognosis is good.

Diagnosis and
Treatment Planning

The essentials of diagnosis and treatment plan-
ning are reviewed here; details of diagnosis and
treatment planning are discussed in Chapter 4.
Before treatment of an incompletely formed
root is started, tests are essential. A common
cause of pulp damage is trauma, but damage
may also result from caries, mechanical expo-
sure, or a developmental anomaly (e.g., dens in-
vaginatus). Depending on the diagnosis and
findings, vital pulp therapy, root-end closure
and obturation, nonsurgical root canal treat-
ment, or possibly periapical surgery may be
appropriate.

SUBJECTIVE EXAMINATION

History

There is often a history (usually much earlier) of a
traumatic injury (blow) that may or may not in-

FIGURE 22-3
Resorbed apex (now open) caused by periapical inflamma-
tion resulting from pulpal necrosis.

volve a crown fracture. If fractured, the tooth may
have been restored with composite resin retained
by etched enamel; however, the tooth may since
have become discolored or may show symptoms
indicating pulp necrosis.

Symptoms

The symptoms most helpful in diagnosis re-
late primarily to duration of pain. Duration
may vary, but if pain is spontaneous or persists
after stimulus in a tooth with a vital pulp, irre-
versible pulpitis is likely. Of course, both irre-
versible pulpitis and necrosis are often asymp-
tomatic. If the pain has a throbbing character
and the tooth is tender to touch, either api-
cal periodontitis or a symptomatic abscess
with a necrotic pulp is likely. Confirmation of
these findings by performing objective tests is
necessary.

OBJECTIVE EXAMINATION

Visual Examination

Both hard and soft tissues are examined. If pain
is due to irreversible pulpitis, there should be
an etiologic factor to explain it, such as a deep
restoration, history of trauma, tooth fracture, or
caries. The crown may be discolored. Apical red-
ness, tenderness, or swelling may indicate the
presence of a symptomatic periradicular ab-
scess, whereas a sinus tract indicates an asymp-
tomatic periradicular abscess (suppurative api-
cal periodontitis).
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FIGURE 22-4
Histology of apical barrier after root-end closure of an open-apex tooth treated with MTA. Osteodentin deposi-
tion is shown as an irregular cellular calcified tissue unlike dentin or bone. Note the numerous spaces (sponge-
li ke) that contain tissue remnants.

Percussion

Pain on pressure is diagnostic only when a sig-
nificant painful response is elicited from the
affected tooth. Digital pressure is preferred; tap-
ping with a mirror handle to elicit pain is unre-
liable and unpleasant for the patient.

Thermal Testing

Thermal testing is widely used with open apices
but may be complicated by a lack of neural
development or by an exaggerated response
caused by apprehension in a young patient. No
response to repeated thermal testing, as com-
pared to a positive response in the contralat-
eral control tooth, may indicate the presence
of a necrotic pulp; this can be confirmed by

other tests. A problem (with an open or closed
apex) after a luxation injury is that nerves may
be damaged while the blood supply remains
intact, and, therefore, the pulp is healthy but
unresponsive.

Electric Pulp Testing

Electric pulp testing is unreliable in trauma-
tized young teeth with wide open apices because
of the injury and because sensory nerves may
not yet have developed fully. Results must there-
fore be interpreted with caution; lack of re-
sponse does not necessarily indicate pulpal
necrosis. The presence of a response may also
be inaccurate because the child may overreact
or be unreliable.
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FIGURE 22-5
A, The apex appears to be near parallel as seen from the facial aspect. B, From the proximal aspect, the apical
walls diverge.

Radiographic Findings

It is normal for a radiolucent area with a corti-
cated margin to surround the developing open
apex of an immature tooth with a healthy pulp. It
is sometimes difficult to differentiate this from
the pathologic radiolucency (usually there is not a
corticated bony margin) resulting from a necrotic
pulp. Comparison with the periapex of the con-
tralateral tooth is helpful, especially in conjunc-
tion with the results of other diagnostic tests.
When a sinus tract is present, a radiograph with a
gutta-percha point in the tract may indicate the
source.

A radiograph provides only a two-dimensional
image and does not reveal the third dimension,
which is important in teeth with an open apex.
Only the mesiodistal aspect is seen in a routine ra-
diograph. Although the apical opening appears
almost closed, it is more open when seen from the
proximal aspect (Figure 22-5). Thus, conventional
radiographs may result in selection of inappropri-
ate routine root canal treatment when vital pulp
therapy or root-end closure is indicated instead.

If there is doubt about the apical anatomy, an
angled radiograph is helpful (see Chapter 9).

TREATMENT PLANNING

Pulpal status and degree of root development
are the major factors in treatment planning (Fig-
ure 22-6). If the pulpal diagnosis is reversible
pulpitis, the treatment of choice is vital pulp
therapy, regardless of the degree of root develop-
ment. Depending on the extent of pulpal dam-
age, pulp capping or shallow or conventional
pulpotomy may be indicated.

If the diagnosis is irreversible pulpitis or pulp
necrosis, the amount of root development will
determine the proper treatment. If the apex is
closed, root canal therapy can be performed.
However, in a tooth with incomplete root devel-
opment, root-end closure must be performed be-
fore the obturation. A number of other factors
must also be considered. The patient may become
impatient or disinterested, especially when many
visits are required. The risk of root fracture is high



FIGURE 22-6
Case selection decision tree.

in immature teeth, especially in thin-walled roots;
other treatment options require consideration.'
Alternative treatments include (1) apical plug,
(2) root canal treatment, (3) periapical surgery,
and (4) extraction.

Vital Pulp Therapy

A patient with a tooth suitable for vital pulp ther-
apy after trauma should be seen immediately or
preferably not more than a few days later, al-
though teeth with long exposure times have been
successfully treated .z As with any traumatic in-
jury, a thorough general, facial, and oral examina-
tion should be carried out; these aspects are dis-
cussed in detail in Chapter 25. Normally, the
crown fracture involves the pulp, which is vital
and can be seen directly. Radiographs do not usu-
ally show apical pathosis.

Another possible indication for vital pulp ther-
apy is a tooth with an open apex that has a carious
exposure.

Root-End Closure

The patient may or may not be having pain and
may have suffered previous trauma. The pulp is
necrotic, usually accompanied by periradicular
inflammation.

Apical Plug

The advantage of placing an apical plug is elimi-
nation of repeated placement of calcium hydrox-
ide. It is often difficult to recall some of these
patients because of relocation. It would be ad-
vantageous to be able to complete the treatment
in two appointments so that the risk of contam-
ination caused by loss of the temporary seal
would be reduced and the outcome would be
more predictable .6,8

Root Canal Treatment

The presence of an open apex is a major problem
in routine root canal treatment. Obtaining a well-
condensed obturation to the desired level is very
difficult. The likely result is extrusion of excess
material periapically as well as large voids within
the material.

Surgery

Surgical intervention is possible but is best
avoided in children. If surgery is necessary, it
should be performed by an endodontist. The
procedure is complicated by the short root and
thin fragile walls at the root end, which compro-
mise the strength of the tooth. If surgery is indi-
cated, MTA is the preferred root-end filling mate-
ria1. 9 Root-end resection should be minimized or
avoided because it reduces the length of an al-
ready short root.

Extraction

If the tooth has a very poor prognosis, extraction
must be considered, together with the orthodon-
tic implications. The space may be allowed to
close or may be maintained with a prosthesis; a
multidisciplinary assessment is required. A re-
movable provisional partial denture is often the
immediate replacement. For the longer term, an
adhesive or conventional bridge or an implant is a
possibility. Remember that adjacent teeth will also
require assessment as suitable abutments because
they may also have suffered from trauma.

CASE SELECTION AND REFERRALS

The need to refer patients requiring vital pulp
therapy is not great. Generally, after traumatic ex-
posure, treatment (shallow pulpotomy) is straight-
forward and predictable. In contrast, general den-
tists should be selective about treating teeth
needing root-end closure; treatment is time con-
suming and unpredictable. There may be compli-
cations such as displacement (leakage) of the tem-
porary restoration or root fracture. In addition,
the average practitioner has limited experience
with such situations. When treatment is techni-
cally difficult, such as in patients with very imma-
ture or badly fractured teeth that cannot be prop-
erly isolated, the dentist should consider referral.

Expense is another factor; the patient (or par-
ent) must be aware that these procedures require
much more time and more appointments than
conventional root canal treatment. The specialist
who has more experience can manage these prob-
lems more efficiently.
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Indications and
Contraindications
VITAL PULP THERAPY
Indications

Vital pulp therapy (Figure 22-7) is indicated for an
immature tooth with incomplete root formation
and with damage to the coronal pulp but whose
radicular pulp is presumed to be healthy. The
crown must be fairly intact and restorable.
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FIGURE 22-7
A, Second molar with carious exposure, an open apex,
and a vital pulp; vital pulp therapy is indicated. B, The
coronal pulp is amputated (pulpotomy); hard-set calcium
hydroxide is placed, followed by zinc oxide and eugenol
base, and then occlusal amalgam. C, Three-year recall
evaluation. The tooth is asymptomatic and root dentin
formation is evident. Root canal treatment is not indi-
cated. (Courtesy Dr. T. Erickson.)

Contraindications

Contradictions include the following:
1. Avulsed and replanted or severely luxated

tooth
2. Severe crown-root fracture that requires

intraradicular retention for restoration
3. Tooth with an unfavorable horizontal root

fracture (i.e., close to the gingival margin)
4. Carious tooth that is unrestorable
5. Necrotic pulp
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Prognosis

The prognosis is good when pulp capping or shal-
low pulpotomy (Cvek technique 2) is done cor-
rectly after a traumatic exposure. A completely
formed root is then produced that can support an
appropriate restoration. Subsequent root canal
treatment is unlikely to be necessary. Conven-
tional pulpotomy is slightly less successful, par-
ticularly in anterior teeth because of tissue dam-
age when the coronal pulp is severed.

Complications

Complications should be few. Microbial contami-
nation through a leaking or lost temporary or
permanent restoration may cause pulpal necro-
sis and periradicular pathosis. If this occurs be-
fore complete root development, root-end closure
would be necessary; if contamination occurs after
root formation, root canal treatment is required.

ROOT-END CLOSURE

Indications

Root-end closure is required for a restorable im-
mature tooth with pulp necrosis.

Contraindications

Contraindications include the following:
1. All vertical and most horizontal root

fractures
2. Replacement resorption (ankylosis)
3. Very short roots
4. Marginal periodontal breakdown
5. Vital pulps

Prognosis

Generally, root-end closure procedures have a
good success rate. 10-12 However, very immature
teeth (thin dentin walls) are at high risk for root
fracture either during or after treatment; the inci-
dence of fracture depends on the stage of root de-
velopment. Also, barrier formation occurs more
rapidly when the apical opening is less wide. 1 2

Treatment Techniques
VITAL PULP THERAPY

Either pulp capping, shallow pulpotomy, or con-
ventional pulpotomy (Figure 22-8) is indicated
for crown fracture of an anterior tooth involving
exposure of the pulp and an open apex." Conven-
tional pulpotomy is difficult to perform in an im-
mature incisor, which has a large pulp in the cer-

FIGURE 22-s
Conventional pulpotomy. Pulp is amputated at the cervical
level and covered with calcium hydroxide and then a sealing
layer of fortified zinc oxide-eugenol (ZnOE) cement and glass
ionomer cement. The incisal is restored with composite resin.

vital region. Pulp capping or shallow or conven-
tional pulpotomy is suitable in posterior teeth.

Techniques

Pulp capping. After anesthesia is obtained and a
rubber dam is applied, the exposed pulp is rinsed
with 2.5% sodium hypochlorite (NaOCI). Heavy
bleeding from the exposure site can be controlled
with a cotton pellet moistened with NaOCI. MTA
powder is mixed with sterile water and placed in
the access cavity with a large plastic amalgam car-
rier and then patted against the exposures site(s)
with a moist cotton pellet. A moist cotton pellet is
placed on the MTA, and then a temporary filling
is placed. In compliant patients, the cavity is filled
with MTA, and then a wet piece of gauze is placed
between the treated and opposing teeth for 3 to
4 hours. Because MTA cannot be used as a perma-
nent filling material, the coronal 3 to 4 mm of
MTA is removed after setting and the cavity is re-
stored permanently.8 Pulp status is evaluated clin-
ically and radiographically every 3 to 6 months.

Shallow pulpotomy. Shallow pulpotomy was de-
veloped in Scandinavia.2,14 In crown-fractured
teeth, the pulp is vital and often inflamed on the
exposed surface; the pulp may become hyperplas-
tic with time. Because the inflammation is super-



ficial (2 to 3 mm deep), only the inflamed tissue is
removed, leaving a small wound surface. The pro-
cedure is outlined in Chapter 25.

There is a high success rate when the technique
is carefully performed and the essential overlying
seal is produced and maintained .2 This is a per-
manent procedure; normally, root canal treat-
ment is not required subsequently. The technique
has also been used for managing carious expo-
sures; however, success depends on careful case
selection and treatment.15 In the pulp capping or
shallow pulpotomy technique, MTA has been rec-
ommended instead of calcium hydroxide." 6

Pulpotomy with calcium hydroxide. The technique
(see Figure 22-8) involves the following steps:

1. After local anesthesia, rubber dam isolation,
and surface disinfection, a conventional ac-
cess cavity is made with a high-speed bur
using copious water spray coolant. Water
spray and gradual reduction minimize em-
bedding of dentinal debris in the pulp.-'

2. Strands of pulp and debris are removed
coronal to the amputation site. Amputation
of the coronal pulp at the cervical level is
performed with a sharp spoon excavator or
a large sterile round metal or diamond bur.
Creation of a clean wound without damag-
ing the underlying pulp is difficult with an
excavator. Low-speed burs may cause con-
tusion and tearing of the remaining pulp,
leading to calcific metamorphosis.

3. Bleeding of the cut pulp stump is controlled
with local anesthetic, sodium hypochlorite,
or saline on a cotton pellet applied with gen-
tle pressure. Caustic chemicals or medica-
ments should not be used so that the health
of the radicular pulp is maintained.

4. Calcium hydroxide powder is mixed with
sterile water, saline, or anesthetic solution
to a thick consistency. The paste is carefully
placed on the pulp stump surface 1 to 2 mm
thick.' 6

5. A layer of zinc oxide-eugenol cement must
be placed over the calcium hydroxide for
two reasons: first, to protect against leakage
of bacteria from saliva around the final
restoration, and second, to provide a rigid
base against which a final restoration can
be placed.

G. A permanent well-sealing restoration is es-
sential. Temporary restorations invariably
deteriorate and leak over a period of time,
resulting in bacterial contamination and
subsequent pulp necrosis. Acid-etched com-
posite resin is recommended for anterior
teeth and amalgam for posterior teeth. The
composite resin should be placed below the
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cement-enamel junction to reduce the inci-
dence of subsequent tooth fracture."

Pulp capping or pulpotomy with mineral trioxide

aggregate. The technique involves the following
steps:

1. After local anesthesia and rubber dam isola-
tion is obtained, access to the pulp chamber
is made, and depending on the extent of
pulpal damage, pulp capping or pulpotomy
is performed. Control of bleeding is ob-
tained as described for pulpotomy with cal-
cium hydroxide.

2. The MTA is prepared immediately before
use by mixing the powder with sterile water
or saline at a ratio of 3:1 on a glass or paper
slab. The mixture is placed on the exposed
pulp or pulp stump surface and patted with
a moist cotton pellet. The amount of mois-
ture in the MTA can be manipulated by
adding more water or absorbing excess
moisture with a small dry piece of gauze.'

3. Because MTA sets in the presence of mois-
ture over a 3-hour period, a wet cotton pel-
let is placed over the material and the rest of
the cavity is filled with temporary filling ma-
terial. Alternatively the entire cavity can be
filled with MTA and protected by a wet
piece of gauze for 3 to 4 hours."

4. The coronal 3 to 4 mm of MTA is removed,
and a final restoration is placed 1 week
later.

Recall Schedule

The patient is usually scheduled for recall ap-
pointments at 3- to 6-month intervals to monitor
pulp vitality and apical growth. The total follow-
up time varies, depending on the initial degree of
root maturation. If the root were in a very early
stage of development, root formation could take
2 to 3 years. Recall appointments should then be
done for at least 4 years.

Absence of symptoms does not indicate ab-
sence of disease. Monitoring of signs and symp-
toms, periodic pulp testing, and radiographs are
required to determine pulp and periapical status.
One advantage of pulp capping or shallow pulpo-
tomy over conventional pulpotomy is of the abil-
ity to test the pulp.

Possible Outcomes

The ideal result is continued apical growth of
the root with a normal or nearly normal apex
(Figure 22-9). Treatment failure is cessation of
growth and apical disease, requiring root-end
closure or root canal treatment.
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FIGURE 22-9
Preoperative (A) and postoperative (B) radiographs demonstrate continued root development after pulpotomy
procedures on both incisors. If these are restored with good sealing restorations, the pulps should remain healthy;

root canal treatment would be unnecessary.

Pulp capping or shallow pulpotomy. After root
formation, vital tissue may be maintained for
long periods of time, usually indefinitely. His-
tologic examination of pulps of some crown-
fractured teeth after pulp capping or shallow
pulpotomy has usually shown normal tissue.18
The tissue response to MTA has been excellent
(Figure 22-10).16 Histologic evidence does not
support the use of routine pulp extirpation and
root filling after apical closure. Cvek 2 reported a
very high clinical success rate.

Conventional pulpotomy. Conventional pulpo-
tomy can also be permanent treatment. However,
after conventional pulpotomy, the success rate is
lower and calcific metamorphosis is a common
occurrence." When there is evidence of this type
of calcification, a case has been made for root
canal treatment, although this is probably unwar-
ranted; calcific metamorphosis is not pathosis.
One problem with calcific metamorphosis is that
if the pulp becomes necrotic and root canal treat-
ment is necessary, canals may not be negotiable,
and surgery may be necessary.

Treatment of Failures

After pulpotomy, teeth must be evaluated period-
ically with subjective and objective tests and ra-
diographs. If failure occurs after root formation is
complete, conventional root canal treatment is in-
dicated. If failure (pulp necrosis) occurs before
apical closure, root-end closure is required.

ROOT-END CLOSURE

This is the induction of a calcified barrier (or the
creation of an artificial barrier) across an open
apex . 2°-22 The factors most critical to success are
thorough debridement of the pulp space and a
complete coronal seal. The material placed in the
canal to allow barrier formation is less impor-
tant than has been believed historically, al-
though calcium hydroxide has been commonly
used in the mistaken belief that it stimulates
hard tissue formation. Calcium hydroxide does
provide a suitable medium, however, to permit
apical closure.
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FIGURE 22-10
A, Premolar with dens evaginatis resulting in pulp expo-
sure. B, One-year postoperative radiograph after pulpo-
tomy with MIA demonstrating evidence of a dentin bar-
rier. C, Histologic section of the MTA-pulp interface. A
continuous layer of hard tissue bridge is interposed be-
tween the MIA and underlying healthy pulp.

Technique

The technique of creating this environment is di-
vided into three general phases: access, instru-
mentation, and placement of calcium hydroxide
or MTA. The steps for root-end closure with cal-
cium hydroxide are the following:

1. After isolation, a large access is made to
allow removal of all necrotic tissue.

2. Necrotic pulp or a large part of it (unless
liquefied) is removed by inserting, rotating,
and withdrawing a large barbed broach or
a large Hedstrom file.

3. Working length is determined slightly short
of the radiographic apex.

4. Instrumentation is performed with a gentle
circumferential filing motion, beginning
with a relatively large file and progressing up
through the file sizes. The use of Hedstrom
files is not advocated because their sharp
flutes may perforate the thin fragile walls of
dentin. The aim is to maximize cleansing,
aided by copious irrigation with sodium
hypochlorite and to minimize dentin re-
moval. Instrumentation beyond the apex is
avoided because of damage to the tissue that
will ultimately form the barrier.

5. Large sterile paper points or cotton rolled
on a broach are used to dry the canal.
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FIGURE 22-11
Placement of calcium hydroxide in the canal with amalgam carrier and pluggers. A, The plugger is prefitted 2 to
3 mm short of the apex, and the depth is marked with a rubber stop (arrow). B, A 3- to 4-mm section of a cal-
cium hydroxide pellet is placed with an amalgam carrier. C, The material is pushed apically with the plugger and
verified radiographically. D, Successive increments are placed and condensed. (Modified from Webber R: Dent Clin

North Am 28:688,1984.)

6. Calcium hydroxide powder with barium sul-
fate added for radiopacity (9:1 ratio) is mixed
with saline (or local anesthetic or glycerine)
to form a stiff paste. This or a manufactured
paste of calcium hydroxide is introduced
with either an amalgam carrier or the manu-
facturer's syringe in the canal at the working
length (Figure 22-11). An alternative mate-
rial, particularly in larger canals, is dry pow-
der; pellets of packed powder are made by
packing calcium hydroxide into an amalgam
carrier .23 Displacing too much material peri-
apically should be avoided. Subsequent in-
crements should fill the canal without voids.

7. A radiograph verifies that the canal space is
filled (Figure 22-12). If voids exist, calcium
hydroxide is recondensed before temporiza-
tion. Although extrusion of calcium hy-
droxide apically should be minimized, there
are no apparent long-term adverse effects.

Coronal Seal

An effective temporary seal between visits is criti-
cal.5 Fortified zinc oxide-eugenol cement (IRM) is

preferred. In selected instances it may be covered
by composite resin to restore the missing tooth
structure.

Recall Schedule

The patient is recalled in 4 to 6 weeks. Inflamed
periapical tissue fluids may have dissolved the cal-

cium hydroxide; if so, the material will not appear
dense radiographically. In such cases the tooth is
reopened, the calcium hydroxide is washed out
and repacked, and a temporary filling is placed. If
at recall, the calcium hydroxide appears dense and
there are no clinical signs or symptoms of disease,
it need not be replaced. Recall is then scheduled
for 3 and 6 months; the calcium hydroxide is
changed only if radiographic density significantly
decreases.

If healing (bony resolution) has progressed
well after 1 year, the calcium hydroxide is re-
moved. A hard tissue barrier is often not visible
radiographically but is detected tactically.'° The
hard tissue barrier is probed with a medium-sized
file or observed by an operating microscope. If a
small file does not pass through an opening, suf-
ficient closure has occurred, permitting successful
obturation. If the apex is still open, the canal is
irrigated thoroughly, the calcium hydroxide re-
placed, and the patient recalled in 3 months.

Obturation

The canal is cleaned and irrigated copiously and
then dried. A modified lateral condensation
technique is often necessary. When the canal is
large, even large standardized gutta-percha
cones will not fit snugly. A large cone of gutta-
percha is warmed and softened slightly over a
flame or in hot water, introduced into the canal,
and adapted to the shape of the apical canal and
barrier.24 Then accessory points are laterally con-



FIGURE 22-12
Root-end closure. A, Calcium hydroxide adequately fills the
canal space. A zinc oxide-eugenol cement temporary filling
seals the access. B, Incisor after 12 months and successful

root-end closure. Apical barrier formation is complete, allow-
i ng dense, laterally condensed gutta-percha obturation.

densed using an appropriate sealer. A warmed
spreader may improve condensation.

A master cone may be customized by warming
several cones and rolling and fusing them be-
tween two glass slabs.3 Then they are introduced
and condensed into the canal as just described.
Another method of softening gutta-percha is to
dip the master gutta-percha cone briefly in chlo-
roform or other suitable solvent. Alternatively, the
canal may be filled with warm gutta-percha deliv-
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FIGURE 22-13
Unusual root-end closure. A barrier has formed, leaving a
wide, divergent canal space. Obturation was accomplished
with thermoplasticized gutta-percha. Access was restored
with glass ionomer.

ered by an appropriate system (Figure 22-13).
After obturation recall appointments should be
scheduled annually up to 4 years.

CORONAL RESTORATION

After obturation, the pulp chamber should be
partially filled with composite resin to strengthen
the tooth and reduce the risk of fracture."

ROOT-END CLOSURE WITH MTA25

The steps for root-end closure with MTA are the
following:

1. After local anesthesia is obtained and a rub-
ber dam is applied, a large access is made to
allow debridement of the canal(s) with intra-
canal instruments and sodium hypochlorite.

2. Calcium hydroxide paste is placed in the
canal for a period of 1 week to disinfect the
root canal system.

3. After the calcium hydroxide is rinsed from
the canal at the subsequent appointment,
a mixture of MTA powder with sterile
water is carried into the canal with an
amalgam carrier. The mix is condensed to
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FIGURE 22-14
Root-end closure with MTA. A, Preoperative radiograph demonstrating a radiolucent periradicular lesion. B, Inter-
operative placement of an apical plug of MTA. C, Radiograph 6 months after obturation demonstrates healing.

the apical extent using pluggers or paper
points to create a 3- to 4-mm apical plug
(see Figure 22-13). 8

4. The MTA placement is radiographically ex-
amined. If ideal extension is not accom-
plished, the MTA is rinsed out with sterile
water and the procedure is repeated.'

5. To ensure proper setting of MTA, a moist
cotton pellet is placed in the canal over the
material and the tooth is temporized.'

6. The remainder of the canal is obturated
with gutta-percha and sealer or bonded
composite resin and the final restoration is
placed in the access cavity (Figure 22-14).'

Follow-up
SUCCESSFUL TREATMENT

Vital Pulp Therapy

Successfully treated teeth (Figure 22-15) have the
following characteristics:

1. Presence of a vital pulp
2. Absence of signs or symptoms of pulp or

periapical disease: no pain, swelling, sinus
tract, radiolucency, or deep probing defects

3. Continued growth of the root and canal
narrowing, indicating dentin formation

4. A bridge of calcification (may not be visible
radiographically) beneath the filling material

Root-End Closure

Successfully treated teeth are characterized by the
following:

1. Absence of signs or symptoms of periradic-
ular pathosis

2. Presence of a calcific barrier across the apex
as demonstrated by radiographs or, more
often, by careful tactile probing with a file
typically with a short and blunt root

Root-End Closure with MTA

Successfully treated teeth (see Figure 22-14) are
characterized by the following:

1. Absence of signs or symptoms of periradic-
ular pathosis

2. Presence of a calcific barrier across the root
apex as demonstrated by radiographs

FAILED TREATMENT

During Treatment

Vital pulp therapy for continued root development
and root-end closure usually fails because of one
common cause: bacterial contamination. This is
manifested by the absence of apical closure. Gen-
erally, the source of bacteria is loss of the coronal
seal or inadequate debridement (with root-end clo-
sure). One or more of the following are also present:

1. Symptoms (pain, tenderness to pressure)
2. Signs (sinus tract, swelling, probing defects,

periapical radiolucency)
3. No evidence of root-end closure either ra-

diographically or by tactile examination or
resorption of a previously formed apical
barrier 16

4. Continual loss of calcium hydroxide from
the canal space, indicating persistent peri-
radicular inflammation

5. Down-growth of granulomatous tissue into
the canal, manifested by bleeding when files
are placed short of the apex

After Treatment

After apparently successful treatment, all pa-
tients should be recalled at 12-month intervals
for 4 years for clinical and radiographic evalua-
tion. Conventional pulpotomy may show short-
term clinical success but long-term failure. Fail-
ure usually results from bacterial contamination
through microleakage around the restoration



FIGURE 22-75
Vital pulp therapy. A, Trauma resulted in fracture and large pulp exposure. Pulp is vital. B, Conventional pulpo-
tomy was performed. C, Apical development 11 months later. D, Irreversible pulpitis subsequently developed, re-
quiring root canal treatment. (Courtesy Dr. G. Parsons.)

and through the porous bridge at the pulpotomy
site. This is likely if the zinc oxide-eugenol base
did not seal and cover the calcium hydroxide.

Some root-end closures that were initially suc-
cessful may eventually fail, even though a calcified
barrier was present across the apex and a proper
root canal filling was placed. Infected necrotic ma-
terial trapped in the barrier may contribute to
these failures, particularly if treatment was not
performed under strict aseptic conditions. A fur-
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ther reason for failure is an undetected vertical or
horizontal root fracture.'°
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23 I Bleaching Discolored Teeth: Internal and External

Causes of Discoloration

"Natural" or Acquired Discolorations

l atrogenic or Inflicted Discolorations

Endodontically Related Discolorations

Obturating Materials

Remnants of Pulpal Tissue

I ntracanal Medicaments

Coronal Restorations

Bleaching Materials

Hydrogen Peroxide

Sodium Perborate

Carbamide Peroxide

Other Oxidizing Agents

I nternal (Nonvital) Bleaching Techniques

Thermocatalytic Technique

Walking Bleach

Final Restoration

When to Bleach

Complications and Safety

External Resorption

Coronal Fracture

Chemical Burns

External (Vital) Bleaching Techniques

I ntrinsic Discolorations

Extrinsic Discolorations

Mouthguard Bleaching

Bleaching Technique

Alternative Techniques

Prognosis

Safety

Laser Bleaching

When and What to Refer

i scoloration of anterior teeth is a
cosmetic problem that is often signifi-
cant enough to induce patients to seek

corrective measures. Although restorative methods
such as crowns and veneers are available, discol-
oration can often be corrected totally or partially by
bleaching. Bleaching procedures are more conserv-
ative than restorative methods, relatively simple to
perform, and less expensive. Procedures may be in-
ternal (within the pulp chamber) or external (on the
enamel surface) and involve various approaches (see
Color Figures 23-1 to 23-3 after page 436).

To better understand bleaching techniques, it is
important to know the causes of discoloration, lo-
cation of the discoloring agent, and the treatment
modalities available.' Also important is the ability
to predict the outcome of treatment; that is, how
successfully can various discolorations be treated
and how long will the esthetic result last. In other
words, before attempting to correct discoloration,
a diagnosis must be made (determine the cause
and location of the discoloration), treatment plan-
ning must be done (internal and/or external
bleaching and technique), and a prognosis arrived
at (anticipated short-term and long-term success).
Patients must be informed of these factors before
undergoing the procedure; they should not antici-
pate esthetic results that may not occur. Any dis-
coloration treatment must be tempered by the ex-
planation that substantial improvement may or
may not occur. However, internal bleaching is
worth a try; with proper and careful technique, no
irreversible damage to the crown or root occurs.

This chapter reviews discoloration and its cor-
rection. Discussed are the causes and management
of discoloration as related to (1) location of dis-
coloration, (2) approach used for correction, and
(3) anticipated short-term and long-term success of
bleaching. Specially discussed are the following as-
pects of discoloration and bleaching procedures:

1. Causes and location of discoloration.
2. Commonly used bleaching agents.
3. Internal bleaching techniques (usually in con-

junction with or after root canal treatment).
4. External bleaching techniques (usually in

teeth with a vital pulp).
5. Predictability and permanence of each pro-

cedure.
6. Possible complications and safety of the var-

ious procedures.

Causes of Discoloration

Discolorations occur during or after enamel and
dentin formation. Some discolorations appear after
tooth eruption, and others are the result of dental
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procedures. The first group, natural (acquired) dis-
colorations, may be on the surface or incorporated
into tooth structure. Sometimes they result from
flaws in enamel or a traumatic injury. The second
group, iatrogenic (inflicted) discolorations, which
result from dental procedures, are usually incorpo-
rated into tooth structure and are preventable.

"NATURAL" OR ACQUIRED

DISCOLORATIONS

Pulp Necrosis

Bacterial, mechanical, or chemical irritation of the
pulp may result in necrosis. Tissue disintegration
byproducts are then released; these colored com-
pounds may permeate tubules to stain surround-
ing dentin. The degree of discoloration is directly
related to how long the pulp has been necrotic.
The longer the discoloration compounds are pres-
ent in the pulp chamber, the greater the discol-
oration. This type of discoloration can be bleached
internally, usually with both short-term and long-
term success.

Intrapulpal Hemorrhage

Generally, intrapulpal hemorrhage is associated
with an impact injury to a tooth, which results in
disrupted coronal blood vessels, hemorrhage and

lysis of erythrocytes. It has been theorized that
blood disintegration products, presumably as iron
sulfides, permeate tubules to stain surrounding
dentin. Discoloration tends to increase with time.

If the pulp becomes necrotic, the discoloration
usually remains. If the pulp survives, the discol-
oration may resolve, and the tooth reverts to its
original shade. Sometimes, mainly in young indi-
viduals, the tooth remains discolored even if the
pulp responds to vitality tests.

Internal bleaching of discoloration after intra-
pulpal hemorrhage is usually successful both
short and,long term . 1 ,3

Calcific Metamorphosis

Calcific metamorphosis is extensive formation of
tertiary (irregular secondary) dentin in the pulp
chamber or on canal walls. This phenomenon
usually follows an impact injury that did not re-
sult in pulp necrosis. There is temporary disrup-
tion of blood supply with partial destruction of
odontoblasts. These are usually replaced by cells
that rapidly form irregular dentin on the walls of
the pulp space. As a result, the crowns of these
teeth gradually decrease in translucency and may
acquire a yellowish or yellow-brown discoloration
(Figure 23-1). The pulp usually remains vital and
does not require root canal treatment.¢

FIGURE 23-1
Calcific metamorphosis. Impact trauma resulted in reversible pulp damage with (A) extensive tertiary dentin for-
mation (arrow) and (B) lost translucency and darkening of the crown. These teeth present difficulties with root
canal treatment and internal bleaching.
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If the patient desires color correction, external
bleaching should be attempted first. If this is
unsuccessful, root canal treatment is performed
(sometimes with difficulty), and internal bleach-
ing is done. This may be carried out whether the
pulp is vital or necrotic. Such teeth are bleached
with fair esthetic prognosis.

Age

In older patients, color changes in the crown occur
physiologically as a result of extensive dentin ap-
position as well as thinning of and optical changes
in enamel. Food and beverages also have a cumula-
tive discoloring effect because of the inevitable
cracking and other changes on the enamel surface
and in the underlying dentin. In addition, previ-
ously applied restorations that degrade over time
cause further discoloration. There is an increasing
demand for bleaching among these older patients.

Developmental Defects

Discolorations may result from developmental de-
fects or from substances incorporated into enamel
or dentin during tooth formation.

Endemic fluorosis. Ingestion of excessive amounts
of fluoride during tooth formation produces de-
fects in mineralized structures, particularly enamel
matrix, with resultant hypoplasia. The severity and
degree of subsequent staining generally depend on
the degree of hypoplasia, which depends in turn
on the amount of fluoride ingested during odon-
togenesis.' The teeth are not discolored on eruption
but may appear chalky. Their surface, however, is
porous, and gradually absorbs stains from chemi-
cals in the oral cavity.

Because the discoloration is in the porous
enamel, such teeth are bleached (or corrected) ex-
ternally. Success depends mainly on the degree and
duration of the discoloration. Some regression and
reoccurrence of discoloration tend to occur but can
be corrected with future rebleaching.

Systemic drugs. Administration or ingestion of
certain drugs or chemicals (many of which have
not been identified) during tooth formation may
cause discoloration, which is occasionally severe.

The most common as well as the most dra-
matic discoloration of this type occurs after tet-
racycline ingestion, usually in children. Discol-
oration is usually bilateral, affecting multiple
teeth in both arches. It may range from yellow
through brownish to dark gray, depending on the
amount, frequency, and type of tetracycline and
the patient's age (stage of development) during
administration. Tetracycline discoloration has
been classified into three groups according to

severity.' First-degree discoloration is light yellow,
light brown, or light gray and occurs uniformly
throughout the crown without banding. Second-
degree discoloration is more intense and is also
without banding. Third-degree discoloration is
very intense and the clinical crown exhibits hori-
zontal color banding. This type of discoloration
usually predominates in the cervical region.

Tetracycline binds to calcium, which then is in-
corporated into the hydroxyapatite crystal in both
enamel and dentin. Most of the tetracycline is
found in dentin. Chronic sun exposure of teeth
with the incorporated drug may cause formation
of a reddish-purple tetracycline oxidation byprod-
uct, resulting in further discoloration of perma-
nent teeth.

A phenomenon of adult-onset tetracycline dis-
coloration is also reported.' This type of discol-
oration occurs occasionally in mature teeth in pa-
tients receiving long-term tetracycline therapy,
usually given for control of cystic acne. The dis-
coloration is gradual and generally is not severe.

Two approaches have been used for bleaching
tetracycline discoloration. The first, which in-
volves bleaching the external enamel surface, is of
limited usefulness and is generally unsuccessful
in the long term.' The second, root canal treat-
ment followed by internal bleaching, is a more
predictable procedure and has proved successful,
in both the short and long term."° These tech-
niques are discussed in more detail later in this
chapter.

Defects in tooth formation. Defects in tooth for-
mation are confined to the enamel and are either
hypocalcific or hypoplastic. Enamel hypocalcifica-
tion is common, appearing as a distinct brownish
or whitish area, often on the facial aspect of a
crown. The enamel is well formed and intact on
the surface and feels hard to the explorer. Both
the whitish and the brownish spots are amenable
to bleaching with the pumice and acid technique
(described later in this chapter) with good results.

Enamel hypoplasia differs from hypocalcifica-
tion in that the enamel in the former is defective
and porous. This condition may be hereditary
(amelogenesis imperfecta) or may result from
environmental factors. In the hereditary type,
both deciduous and permanent dentitions are in-
volved. Defects caused by environmental factors
may involve only one or several teeth. Presumably
during tooth formation the matrix is altered and
does not totally or properly mineralize. The
porous enamel readily acquires stains from the
oral cavity. Depending on the severity and extent
of hypoplasia and the nature of the stain, these
teeth may be bleached (or corrected by the acid-
pumice method) from the enamel surface with
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upon completion of treatment often results in
dark discoloration. Such discoloration can be pre-
vented by removing all obturation materials to a
level just cervical to the gingival margin. Primary
offenders are sealer remnants, whether of the zinc
oxide-eugenol type or plastics." The prognosis of
bleaching in such cases depends on the con-
stituents of the sealer. Sealers with metallic com-
ponents often do not bleach well, and any bleach-
ing effect tends to regress with time.

REMNANTS OF PULPAL TISSUE

Pulp fragments remaining in the crown, usually
in pulp horns, may cause gradual discoloration.
Pulp horns must be "opened up" and exposed
during access to ensure removal of pulpal rem-
nants and to prevent retention of sealer at a later
stage. Internal bleaching in such cases is usually
successful.

I NTRACANAL MEDICAMENTS

Most medicaments, but not all, have the potential
to cause internal discoloration of the dentin."
Phenolic or iodoform-based intracanal medica-
tions, sealed in the root canal space, are in direct
contact with dentin, sometimes for long periods,
allowing for their penetration and oxidization.
These compounds have a tendency to discolor
the dentin gradually. Fortunately, most discolo-
rations are not marked and they are readily and
permanently corrected by bleaching. Iodoform-
induced discolorations tend to be more severe.

CORONAL RESTORATIONS

Restorations are generally of two types, metallic
or composite. The reasons for discoloration (and
therefore, the appropriate correction) are quite
different.

Metallic Restorations

Amalgam is the worst offender because its dark-
colored elements may turn dentin dark gray. If
used to restore a lingual access preparation, amal-
gam often discolors the crown. Such discolo-
rations are difficult to bleach and tend to reoccur
with time. However, bleaching them is worth a try.

Discoloration from inappropriately placed
metal pins and prefabricated posts in anterior
teeth may sometimes occur. This is due to metal
that can be seen through the composite or tooth
structure. Occasionally, discoloration from amal-
gam is also caused by visibility of the restoration
through translucent tooth structure. In such cases,

some degree of success." The bleaching effect
may not be permanent, and stains may recur with
time. These stains may, however, be recorrected.
As stated earlier, it is most important to inform
the patient of the likely reoccurrence of discol-
oration of these teeth.

Blood dyscrasias and other factors. Various sys-
temic conditions may cause massive lysis of eryth-
rocytes. If this occurs in the pulp at an early age,
blood disintegration products are incorporated
into and discolor the forming dentin. An example
of this phenomenon is the severe discoloration of
primary teeth that usually follows erythroblasto-
sis fetalis. This disease in the fetus or newborn re-
sults from Rh incompatibility factors, which lead
to massive systemic lysis of erythrocytes. Large
amounts of hemosiderin pigment then stain the
forming dentin of the primary teeth. This type of
lysis is now uncommon because of new preventive
measures. This discoloration is not correctable by
bleaching.

High fever during tooth formation may re-
sult in linear defined hypoplasia. This condition,
known as chronologic hypoplasia, is a temporary
disruption in enamel formation that results in a
banding-type of surface defect that acquires stain.
Porphyria, a metabolic disease, may cause decidu-
ous and permanent teeth to show a red or brown-
ish discoloration. Thalassemia and sickle cell ane-
mia may cause intrinsic blue, brown, or green
discolorations. Amelogenesis imperfecta may re-
sult in yellow or brown discolorations. Dentino-
genesis imperfecta can cause brownish violet, yel-
lowish, or gray discoloration. These conditions
are also not amenable to bleaching and should be
corrected restoratively.

Other staining factors related to systemic con-
ditions or ingested drugs are rare and may not be
identifiable.

IATROGENIC OR INFLICTED
DISCOLORATIONS

Discolorations caused by various chemicals and
materials used in dentistry are usually avoidable.
Many of these stains are very difficult to correct by
bleaching.

Endodontically Related
Discolorations

OBTURATING MATERIALS

Obturating materials are the most common and
severe cause of single tooth discoloration. Incom-
plete removal of materials from the pulp chamber
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replacement of old metallic restorations with an
esthetically pleasing composite will suffice.

Composite Restorations

Microleakage of composites causes discoloration.
Open margins may permit chemicals to penetrate
between the restoration and tooth structure to
stain the underlying dentin. In addition, compos-
ites may become discolored with time and alter
the shade of the crown. These conditions can
sometimes be corrected by replacing the old com-
posite with a new well-sealed esthetic restoration.
In many cases, internal bleaching is carried out
first with good results.

Bleaching Materials

Bleaching chemicals may act as either oxidizing
or reducing agents. Most bleaching agents are
oxidizers and many preparations are available.
Commonly used agents are solutions of hydro-
gen peroxide of different strengths, sodium per-
borate, and carbamide peroxide. Sodium per-
borate and carbamide peroxide are chemicals
compounds that are gradually degraded to re-
lease low levels of hydrogen peroxide. Hydrogen
peroxide and carbamide peroxide are mainly in-
dicated for external bleaching, whereas sodium
perborate is mostly used for internal bleaching.
All have proved effective.

HYDROGEN PEROXIDE

Hydrogen peroxide is a powerful oxidizer that is
available in various strengths, but 30% to 35% sta-
bilized solutions (Superoxol, Perhydrol) are the
most common. These high-concentration solu-
tions must be handled with care because they are
unstable, lose oxygen quickly, and may explode
unless they are refrigerated and kept in a dark
container." Also, these are caustic chemicals and
will burn tissue on contact.

SODIUM PERBORATE

This agent is available in powder form or in
various commercial proprietary combinations.
When fresh, it contains about 95% perborate,
corresponding to 9.9% available oxygen. Sodium
perborate is stable when dry, but in the pres-
ence of acid, warm air, or water it decomposes to
form sodium metaborate, hydrogen peroxide,
and nascent oxygen." Various types of sodium
perborate preparations are available: monohy-
drate, trihydrate, and tetrahydrate. They differ in

oxygen content, which determines their bleach-
ing efficacy." Commonly used sodium perborate
preparations are alkaline, and their pH depends
on the amount of hydrogen peroxide released
and the residual sodium metaborate. 17

Sodium perborate is more easily controlled and
safer than concentrated hydrogen peroxide solu-
tions. Therefore, it should be the material of
choice for internal bleaching.

CARBAMIDE PEROXIDE

Carbamide peroxide, also known as urea hydro-
gen peroxide, is available in concentrations vary-
ing between 3% and 15%. Popular commercial
preparations contain about 10% carbamide perox-
ide and have an average pH of 5 to G.S. They usu-
ally also include glycerin or propylene glycol,
sodium stannate, phosphoric or citric acid, and
flavor. In some preparations Carbopol, a water
soluble resin, is added to prolong the release of ac-
tive peroxide and to improve shelf life. Ten per-
cent carbamide peroxide breaks down into urea,
ammonia, carbon dioxide, and approximately
3.S% hydrogen peroxide.

Carbamide peroxide systems are for external
bleaching and have been associated with varying
degrees (usually slight) of damage to teeth and
surrounding mucosa." , " They may adversely af-
fect the bond strength of composite resins and
their marginal seal. 11U0,2' Therefore, these materi-
als must be used with caution and usually under
strict supervision of the dentist.

OTHER OXIDIZING AGENTS

In the past, a preparation of sodium peroxyborate
monohydrate (Amosan R), which releases more
oxygen than does sodium perborate, was recom-
mended for internal bleaching.zz Today, its clini-
cal use is less common.

Sodium hypochlorite is a common root canal
irrigant that is available commercially as a 3% to
5.25% household bleach. Although used as a
household bleaching agent, it does not release
enough oxidizer to be effective and is not recom-
mended for routine bleaching.

Other nonperoxide bleaching agents were also
suggested for clinical use; however, these have
been no more effective than traditional agents . 21,21

I nternal (Nonvital)
Bleaching Techniques

The methods most commonly used to bleach
teeth in conjunction with root canal treatment
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are the thermocatalytic technique and the so-called
walking bleach technique. 15,22 These techniques are
somewhat different, but both produce similar re-
sults. 2,3 The walking bleach technique is preferred
because it requires the least chair time and is more
comfortable and safer for the patient. The walk-
ing bleach technique is described in detail later in
this chapter. Whatever technique is used, the ac-
tive ingredient is the oxidizer, which is available in
different chemical forms. The least potent form is
preferred.

Indications for internal bleaching technique
are (1) discolorations of pulp chamber origin,
(2) dentin discolorations, and (3) discolorations
that are not amenable to external bleaching.
Contraindications are (1) superficial enamel dis-
colorations, (2) defective enamel formation,
(3) severe dentin loss, (4) presence of caries, and
(5) discolored composites.

THERMOCATALYTIC TECHNIQUE

The thermocatalytic technique involves placing
the oxidizing agent in the pulp chamber and then
applying heat. Heat may be supplied by heat
lamps, flamed instruments, or electrical heating
devices, which are manufactured specifically to
bleach teeth.

Potential damage from the thermocatalytic ap-
proach includes the possibility of external cervical
root resorption because of irritation to cementum
and periodontal ligament, possibly from the oxidiz-
ing agent in combination with heat. 25.26 Therefore,
the application of heat during bleaching should be
limited. The thermocatalytic technique has not
proved more effective than other methods and is
not recommended for routine internal bleaching.

A thermocatalytic variation is ultraviolet photo-
oxidation. Ultraviolet light is applied to the labial
surface. A 30% to 35% hydrogen peroxide solution
is placed in the chamber on a cotton pellet, fol-
lowed by a 2-minute exposure to ultraviolet light.
Supposedly, this causes the release of oxygen sim-
ilar to that seen in other thermocatalytic bleach-
ing techniques .2',28

There has been little clinical experience in the
use of ultraviolet photo-oxidation. Probably, it is
no more effective than the walking bleach tech-
nique and requires more chair time.

WALKING BLEACH

The walking bleach technique should be used in
all situations requiring internal bleaching. Not
only is it as effective as the techniques previously
described, but it also is the safest and requires the
least chair time (Box 23-1).29-32

It is commonly believed that "overbleaching" is
desirable because of future reoccurrence of discol-
oration. However, bleaching a tooth to a lighter
shade than its neighbors should be performed
with caution; the overbleached tooth may not dis-
color again .33 A tooth that is too light may be as
unesthetic as one too dark.

Repeat treatments are similar. If early bleach-
ing does not provide satisfactory results, the fol-
lowing additional procedures may be attempted.
(1) A thin layer of stained facial dentin is removed
with a small round bur (see step 7). (2) The walk-
ing bleach paste is strengthened by mixing the
sodium perborate with increasing concentrations
of hydrogen peroxide (3% to 30%) instead of
water. The more potent oxidizer may enhance the
bleaching effect, but with the possibility of subse-
quent root resorption.25,26

Recently, 10% carbamide peroxide was sug-
gested for internal bleaching.34 This agent, how-
ever, is probably not superior to sodium perborate.

Although usually the final results are excellent,
occasionally only partial lightening is achieved.
Surprisingly, the patient often is very pleased and
satisfied with a modest improvement and does
not expect perfection . 35 Therefore, internal bleach-
ing is worth the attempt.

FINAL RESTORATION

The pulp chamber and access cavity are restored
at the final visit (Figure 23-2, E). Although it
has been proposed that substances (such as
acrylic monomer or silicones) be placed in the
chamber to fill the dentinal tubules, this is
beneficial. Furthermore, these substances may
themselves lead to discoloration with time.
However, it is important to restore the chamber
carefully and to seal the lingual access to aug-
ment the new shade and prevent leakage. The
ideal method for filling the chamber after tooth
bleaching has not been determined. However, by
no means should the chamber be filled totally
with composite, because this causes a loss of
translucency and an actual darkening of the
tooth .36

It is easy and effective to fill the chamber with
a light-colored gutta-percha temporary stopping,
glass ionomer, or a light shade of zinc phosphate
cement and then to restore the lingual access
with a light-cured acid-etched composite (Fig-
ure 23-2, E) . 3' An adequate depth of composite
should be ensured to seal the cavity and provide
some incisal support. Light curing from the
labial, rather than the lingual, surface is recom-
mended, because this results in shrinkage of the
composite resin toward the axial walls, reducing
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the rate of microleakage.38 Proper restoration is
essential for long-term successful bleaching re-
sults. Coronal microleakage of lingual access
restorations is a problem 39, a leaky restoration
may lead to reoccurrence of discoloration.

Residual peroxides of bleaching agents, mainly
hydrogen peroxide and carbamide peroxide, may
affect the bonding strength of composites to the
tooth .21,40 Therefore, it is not recommended that
the tooth be restored with composite immediately

FIGURE z3-z
Walking bleach. A, Internal staining of dentin caused by remnants of obturating materials (OM) in the chamber,
as well as by materials and tissue debris in pulp horns (PH). B, Coronal restoration is removed completely, access
preparation is improved, and gutta-percha is removed to just below the cervical margin. Next, the pulp horns are
cleaned with a round bur (shaving a thin layer of dentin from the facial wall is optional and may be attempted
at later appointments if discoloration persists). C, A protective cement base (8) is placed over the gutta-percha,
not extending above the cervical margin. After removal of sealer remnants and materials from the chamber
with solvents, a paste (P) composed of sodium perborate and water (mixed to the consistency of wet sand) is
placed. The incisal area is undercut to retain the temporary restoration. D, A thick mix of zinc oxide-eugenol type
temporary filling (Z) seals access. E, At a subsequent appointment, when the desired shade has been reached, a
permanent restoration is placed. A suggested method is to fill the chamber with white temporary stopping (TS)
or with light polycarboxylate or zinc phosphate base. Acid-etched composite (C) restores lingual access and ex-
tends into the pulp horns for retention and to support of the incisal. (From Walton RE: Bleaching procedures for
teeth with vital and nonvital pulps. In Levine N, editor: Current treatment in dental practice, Philadelphia, 1986,

WB Saunders.)
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after bleaching but only after an interval of a few
days. The use of catalase has also been proposed
for fast elimination of residual peroxides from the
access cavity41 this merits further investigation.

Another suggestion is that packing calcium hy-
droxide paste in the chamber for a few weeks be-
fore the final restoration is placed would reverse
the acidity caused by bleaching agents and pre-
vent resorption. This procedure is ineffective and
unnecessary.

WHEN TO BLEACH

Internal bleaching may be performed at various in-
tervals after root canal treatment (Figures 23-3
and 23-4). The appearance of the discolored tooth
may be improved soon after treatment. However,
the walking bleach technique may be initiated at
the same appointment as the endodontic obtura-
tion. In fact, this may motivate the patient to
accept bleaching because the appearance of the
discolored tooth may be improved soon after treat-
ment. Bleaching may also be attempted success-
fully many years after discoloration has occurred
(Figures 23-5 and 23-6). Such teeth show no
markedly greater tendency toward reoccurrence of
discoloration than teeth stained for shorter peri-
ods. 33 However, it is probable that a shorter discol-
oration period tends to improve the chances for
successful bleaching as well as to reduce the likeli-
hood of reoccurrence of discoloration .42

FIGURE z3-3

A, Discoloration as a result of a traumatic injury followed by pulp necrosis. B, After root canal treatment, a paste
of sodium perborate and water to a consistency of wet sand was sealed in the chamber. After 21 days of "walk-
i ng bleach" the tooth regained its original shade. (Courtesy Dr. A. Claisse.)

Other factors that may influence long-term
success have also been evaluated clinically. The
patient's age and the rate of discoloration have
no major effect on the long-term stability of
bleaching. 33

Complications and Safety

Patient safety is always the major concern in any
procedure. Some possible adverse effects pro-
duced by chemicals and bleaching procedures are
listed in the following section.

EXTERNAL RESORPTION

Clinical reports 43_45 and histologic studies25-26 have
shown that internal bleaching may induce external
root resorption. The oxidizing agent, particularly
30% hydrogen peroxide, may be the culprit. How-
ever, the exact mechanism by which periodon-
tium or cementum is damaged has not been eluci-
dated. Presumably, the irritating chemical diffuses
through the dentinal tubules46 and reaches the peri-
odontium through defects in the cementoenamel
junction.47 Chemicals combined with heat are likely
to cause necrosis of the cementum, inflammation of
the periodontal ligament, and root resorption.25-26
The process is liable to be enhanced in the presence
of bacteria.48 Previous traumatic injury and young
age may also act as predisposing factors .43



Therefore, injurious chemicals and proce-
dures should be avoided if they are not essen-
tial for bleaching. Also, below the cervical mar-
gin, oxidizing agents should not be exposed to
more of the pulp space and dentin than is ab-
solutely necessary to obtain a satisfactory clini-
cal result.

CORONALFRACTURE

Increased brittleness of the coronal tooth struc-
ture, particularly when heat is applied, is also
thought to result from bleaching. This may be
due to desiccation of the dentin and enamel. Clin-
ical experience suggests that bleached teeth are no
more susceptible to fracture, although this has
not been proven conclusively.
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CHEMICAL BURNS

As mentioned earlier, sodium perborate is safe,
but 30% hydrogen peroxide is caustic and will
cause chemical burns and sloughing of gingiva.
When this strong chemical is used, the soft tissues
should be coated with an isolating cream. Animal
studies suggest that catalase applied to oral tis-
sues before hydrogen peroxide treatment fully
prevents the associated tissue damage.49

External (Vital)
Bleaching Techniques

Results of the so-called vital bleaching technique
(application of oxidizer to the enamel surface of a
tooth with vital pulp) are much less predictable.

FIGURE 23-4
A, Discoloration of endodontically treated incisor. B, Fail-
ure to remove all remnants of pulpal tissue from the cham-
ber and amalgam placed in the access cavity appear to be
the causes of discoloration. C, Removal of amalgam, intra-
coronal bleaching, and placement of a new composite re-
stored esthetics. (Courtesy Dr. A. Claisse.)
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FIGURE 23-5
A, Discoloration as a result of trauma and subsequent treatment. The patient was involved in an accident caus-
i ng coronal fracture. Root canal treatment was done, but gutta-percha and sealer were not completely removed
from the chamber. An additional discoloration factor was the defective leaking restoration. B, Two appointments
of "walking bleach" and placement of a new well-sealed composite restored esthetics. (Courtesy Dr. M. Israel.)

More variables are present with this technique
than with internal bleaching. When discolora-
tions are in dentin, bleaching agents placed on rel-
atively impermeable enamel have less chance of
reaching the stain. If discoloration is on the
enamel surface or the enamel is defective and
porous, a better result is expected.

Many techniques have been advocated for
external bleaching of vital teeth. Some condi-
tions and types of discoloration are potentially
treatable by this method, others are not. Criti-
cal factors are the location and nature of the
discoloration.

Indications for these bleaching methods usually
are (1) light enamel discolorations, (2) endemic
fluorosis discolorations, and (3) age-related dis-
colorations. Contraindications are (1) severe dark
discolorations, (2) severe enamel loss, (3) close
proximity of pulp horns, (4) presence of caries,
(5) hypersensitive teeth, and (6) poor coronal
restorations.

I NTRINSIC DISCOLORATIONS

Intrinsic discolorations are those incorporated
i nto tooth structure during tooth formation."
Significantly, most of these discolorations are
in dentin and are relatively difficult to treat ex-
ternally." A good example is staining due to
tetracycline, which is incorporated into the min-

eral structure of the developing tooth. The in-
corporated tetracycline imparts its color to the
dentin.

Tetracycline

Both external and internal bleaching techniques
have been advocated as means of improving the
appearance of tetracycline discolored teeth. As
noted earlier, the internal technique is more effec-
tive. 10.11.51.52 However, the best resolution for tetra-
cycline discolorations is prevention.

External bleaching. Techniques advocated for
applying oxidizing agents to enamel surface are
largely based on case reports. Long-term follow-
up studies in humans are limited and partial suc-
cess has been seen only for light-yellow stained
teeth in young patients. The more prevalent
darker discolorations have generally shown little
response to surface bleaching, although at its in-
troduction the vital bleaching technique gener-
ated considerable optimism.

Animal studies of tetracycline-stained teeth
demonstrated that success is minimal.," External

bleaching was done after dogs were given large
doses of discoloring tetracycline. Although a sig-
nificantly lighter shade of the enamel surface
could be obtained, the original dark color soon
reappeared.51 Techniques used in these studies
were similar to those proposed for humans.

http://effec-tive.10.11.51.52
http://effec-tive.10.11.51.52
http://effec-tive.10.11.51.52
http://effec-tive.10.11.51.52
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FIGURE 23-6
A, Severely discolored canine. B, Poor root canal

treatment in which material extended into
the chamber caused some of the discoloration.
C, After retreatment and three appointments of
"walking bleach", esthetics has markedly im-
proved. Although some cervical discoloration re-
mains, this is largely hidden by the upper lip.
(Courtesy Dr. H. Libfeld.)

Technique. Basically the technique involves ap-
plication of 30% hydrogen peroxide to the enamel
surface combined with the application of heat
( +125 ° F) (commercial instruments are avail-
able). Supposedly, higher temperature (+ 142' F)
and repeated applications as well as numer-
ous treatments are beneficia1. 53 Photobleaching
dentin by shortwave ultraviolet light has also been
suggested .28

Results obtained over time must be evaluated
with clinical photographs. Regression to the orig-
inal shade confirms that bleaching has been inef-
fective and that repetition of the procedure is not
indicated. As stated earlier, success is more com-
mon with yellowish or cream discoloration but
not gray discoloration.

Safety. The benefits of these bleaching tech-
niques are questionable, and the effect of the
bleaching solution or heat on the underlying pulp
is a matter of concern. Various studies have shown
that bleaching agents may penetrate the pulp
chamber through enamel and dentin and alter the

activity of certain pulpal enzymes.54,55 Although
long-term irreversible effects on the pulp were
usually not demonstrated, the procedure must be
approached with caution .56.57

Internal bleaching. Internal bleaching of tetracy-
cline-stained teeth has been shown clinically'" ,"

and experimentally52 to lighten severe discolora-
tions. Effects persist for long periods, perhaps
indefinitely.

The technique involves root canal treatment
followed by an internal walking bleach technique,
as outlined earlier in this chapter (Figure 23-7). If
the procedure is explained to patients, they may
accept this approach with gratifying results.

Other Intrinsic Discolorations

Other drugs or ingested chemicals are incor-
porated into teeth that are forming and cause
discoloration; there are no reports of attempts
to bleach these teeth. Presumably attempts to
lighten teeth with dentinal discolorations by the
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FIGURE 23-7

A, Characteristic grayish discoloration and banding of tetracycline discolorations. Cervical regions on maxillary
and mandibular teeth show no discoloration; tetracycline was not administered during those periods of tooth de-
velopment. B, Root canal treatments have been completed on the maxillary anterior teeth, with subsequent
"walking bleach" procedures. C, After the necessary number of bleaching appointments, the teeth are restored
permanently. Note the marked contrast with the mandibular incisors, which remain untreated. D, A 4-year follow-
up shows no regression and no recurrence of discoloration. (Courtesy Dr. H. Wayne Mohorn.)

external application of bleaching agents would
be only marginally effective.

EXTRINSIC DISCOLORATIONS

These discolorations are more superficial and are
obviously more amenable to external bleaching.
The success of bleaching, however, depends more
on the depth of the stain in the enamel rather
than on the color of the stain itself.

Superficial Defects

Although a number of conditions may result in hy-
poplasia of enamel accompanied by porosity, the

most common and often the most disfiguring is en-
demic fluorosis. This hypopatic defect may result
in various degrees and colors of superficial stains.

Mechanism of discoloration. Ingestion of high
levels of fluoride during tooth formation disrupts
the ameloblasts and leads to hypoplasia of the
forming enamel.60 After tooth eruption, the porous
enamel is gradually discolored. The discoloration
may vary from chalky white through light yellow
and brown to almost black, depending on the de-
gree of fluorosis (enamel porosity) and the type of
chemical stain.

The appearance of all such discolorations may
be improved with bleaching or other measures,
some dramatically. Although a variety of tech-



niques involving different chemicals and proce-
dures have been suggested, probably the most
effective is the "controlled hydrochloric acid-
pumice abrasion" technique.11 This is not a true
bleaching (oxidizing) technique but decalcifica-
tion and removal of a thin layer of stained enamel.
This technique has been modified somewhat
since its development in the mid 1980s.11, 6'

Acid-pumice technique. The procedure is as fol-
lows (Figure 23- 8):

1. The teeth to be treated are photographed to
serve as a permanent record and as a basis
for future comparison.

2. The gingiva is protected, and the teeth are
carefully isolated with an inverted rubber
dam and ligatures. The rubber dam is ex-
tended over the patient's nostrils.

3. Exposed areas of the patient's face and eyes
are covered with a suitable drape or towel
for added safety from acid spatter.

4. A 36% hydrochloric acid solution is mixed
with an equal volume of distilled water to
make an 18% hydrochloric acid solution. A
substantial amount of fine flour of pumice
is added to form a thick paste. In another
dappen dish, sodium bicarbonate and water
are mixed to a thick paste, which will be used
later for acid neutralization. Ready-made
commercial products are also available.
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FIGURE 23-8
Controlled hydrochloric acid-pumice abrasion technique.
A, Marked discoloration results from surface hypoplastic
defects. B, Hydrochloric acid 18% is mixed with fine flour
of pumice to form a thick paste, which is applied to the
surface with a crushed orangewood stick. The paste is
worked into the enamel with a swirling motion for 5 sec-
onds; this is followed by a water rinse. Paste is reapplied
as necessary. Finally, acid is neutralized with sodium bicar-
bonate. C, The desired improvement was obtained in a
single appointment. There was no regression. (Courtesy
Dr. S. Goepferd.)

5. The hydrochloric acid and pumice paste is
applied to the enamel surface with a piece of
wooden tongue blade or crushed orange-
wood stick. Exerting firm pressure, the
paste is worked into the enamel surface
with a swirling motion for 5 seconds. The
enamel surface is then rinsed for 10 seconds
with water.

6. The paste is reapplied until the desired
color is achieved.

7. The surface is neutralized with sodium bi-
carbonate and water. The rubber dam is
removed, and the teeth are pumiced with
a fine prophylactic paste to smooth the
abraded surface. Usually the desired shade
is obtained in a single appointment. If not,
the stains may be too deep and not amen-
able to lightening.

Alternative techniques. Another traditional ap-
proach, the McInnes technique,6z is essentially
similar to the previous one but uses a solution
composed of five parts of 30% hydrogen perox-
ide, five parts of 36% hydrochloric acid, and one
part of diethyl ether. The solution is applied di-
rectly to the stained areas for 1 to 2 minutes with
cotton applicators. While the surface is wet, a
fine cuttle disc is run over the stained surfaces
for 15 seconds. This process is repeated several
times.
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Additional appointments may be necessary to
bleach the tooth to the desired shade. The num-
ber of appointments increases with the severity of
the stain.

Comparison of techniques. The acid-pumice
method does not actually bleach the stain as in
the McInnes technique, which uses hydrogen per-
oxide. The acid-pumice technique is probably the
most effective and requires the least amount of
chair time.

Prognosis. The acid-pumice abrasion technique
is relatively permanent if initial lightening is
achieved. Many patients have been followed for
long periods of time with no reoccurrence of
discoloration."

Safety. There are two areas in which safety is a
concern: the effects on enamel (excessive decalcifi-
cation) and chemical burns of soft tissue.

With care and judicious application of acid in
either of the hydrochloric acid techniques, an in-
significant amount of enamel is removed. Chemi-
cal burns of the gingiva by either concentrated
acid or hydrogen peroxide may be easily prevented
by coating the gingiva with isolating materials, in-
verting the rubber dam, and ligating the teeth.
There are minimal to no pulpal effects, at least
with the McInnes technique.63 Other studies
using radioactive labels demonstrated an absence
of penetration of such agents into the pulp cham-
ber as well as a decrease in enamel permeability.'

Mouthguard Bleaching

This technique is generally used for mild discol-
orations. It has been basically advocated as a
home bleaching technique, and there are wide
variations in materials, bleaching agents, and fre-
quency and duration of treatment.' Numerous
products are available for both home and in-office
use. Most are composed of either 1.5% to 10% hy-
drogen peroxide or 10% to 15% carbamide perox-
ide, which degrades slowly to release hydrogen
peroxide. Higher concentrations of the active in-
gredient are also available and may reach up to
50%, levels that are very toxic and contraindicated.
The carbamide peroxide products are more com-
monly used, although carbamide peroxide (20%)
and hydrogen peroxide (7.5%) have been shown to
be equally effective and safe.66

BLEACHING TECHNIQUE

Owing to a lack of consensus about treatment
techniques, step-by-step instructions shown in
Box 23-2 should be used only as a general
guideline.

ALTERNATIVE TECHNIQUES

A modification of technique has been suggested
in which the discolored tooth is first treated
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by enamel microabrasion (acid-pumice) and later
by home bleaching (carbamide peroxide mouth-
guard system) . 66 This method enhances the
esthetic results of the enamel microabrasion
technique.

often without professional control. The use of
these materials should be discouraged.

Laser Bleaching

PROGNOSIS

Long-term esthetic results of mouthguard bleach-
ing are still unknown although short-term effec-
tiveness is very good. 67.68 Reoccurrence of discol-
oration occurs no more often than with the other
techniques.

SAFETY

The techniques, if well controlled, are relatively
safe and have little effect on sound enamel . 69 Ad-
verse effects such as unpleasant taste, burning
sensation in the oral tissues, and tooth sensitivity
may be associated with these products. Effects
are usually temporary and disappear within sev-
eral days. However, accidental ingestion of large
amounts of bleaching gel is of concern. Animal
studies have indicated that ingestion of large
amounts of bleaching gel is toxic and may cause
irritation to the gastric and respiratory mucosa. 70
Bleaching gels containing carbopol, which re-
tards the rate of oxygen release from peroxide, are
usually more toxic.

Mouthguard bleaching is contraindicated in
patients with hypersensitive teeth, bruxism, or al-
lergic reactions to any of the bleaching product
components. Gingival irritation is apparently
minor." Although peroxide may penetrate the
pulp in teeth with esthetic restorations, the
amount and effect are probably insignificant.55

Some studies suggest that certain damage to
composite resins may occur.","," Therefore, pa-
tients must be informed that old composites may
require replacement after bleaching. It was also
reported that bleaching agents enhance the liber-
ation of mercury from amalgam restorations,
thus possibly increasing exposure of patients to
toxic byproducts 72.74 Although bleaching gels are
mainly applied to anterior teeth, excessive gel may
inadvertently make contact with amalgam resto-
rations placed in premolar and molar teeth. Cov-
erage of amalgam restorations with a protective
layer (such as Copalite) before gel application may
be beneficial .'s

To date, few conclusive experimental or clinical
studies on the safety of prolonged use of these
bleaching agents are available. Therefore, caution
should be exercised in prescribing and applying
them. Of major concern are the products mar-
keted directly to the public (over the counter),

This relatively new technique uses laser energy for
bleaching vital teeth .76,7' The bleaching effect is
achieved by a laser-induced chemical oxidation
process, which rapidly breaks down the hydrogen
peroxide to oxygen and water. Two types of lasers
are usually used: the argon laser, which emits visi-
ble blue light at a wavelength of 480 nm; and the
CO2 laser, which emits invisible infrared light at a
wavelength of 10,600 nm. The argon laser is ab-
sorbed by dark colors and therefore can easily re-
move yellow-brown discolorations. The CO2 laser,
which has no affinity to colors, emits heat and thus
enhances the bleaching effect initiated by the argon
laser. These lasers are designed to work in conjunc-
tion with patented commercial catalysts that are
applied on the external surfaces of the discolored
teeth. The combination of catalyst and peroxide is
potentially damaging; exposed soft tissues, eyes,
and clothing must be carefully protected.

Combined use of argon and CO2 lasers can ef-
fectively reduce intrinsic stains in dentin. The
argon laser can remove stain molecules without
overheating the pulp but becomes less effective as
the tooth whitens. The CO2 laser interacts directly
with the catalyst-peroxide combination and re-
moves the stain regardless of tooth color.

Some laser bleaching techniques involve hy-
drogen peroxide formulations at high concentra-
tions (up to 50%). Although such techniques
lightened teeth faster, severe postoperative tooth
sensitivity was a common complication. Also, 50%
hydrogen peroxide is a caustic chemical.

Laser bleaching is a relatively new technique.
Sufficient controlled long-term studies of safety
and efficacy are currently lacking.

When and What to Refer

Most bleaching procedures can be performed by
general dentists, particularly if the cause of the
discoloration is diagnosed. If the general practi-
tioner cannot make this identification, referral to
a specialist should be considered.

The practitioner may also wish to refer patients
whose tooth discoloration does not respond to
conventional methods of bleaching, either exter-
nal or internal. Unidentified factors may be pre-
venting the bleaching chemicals from effectively
reaching the stain. The specialist may be able to
identify and correct these factors.
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Endodontic Surgery

LEARNING OBJECTIVES

After reading this chapter, the student should be able to.

/ Discuss the role of endodontic surgery as compared with nonsurgical root canal therapy.

z / Recognize situations in which surgery is not the treatment of choice.

3 / Define the terms incision for drainage, apical curettage, root-end resection, root-end preparation and
filling, root amputation, hemisection, and bicuspidization.

a / Discuss the indications for each procedure listed in Objective 3.

s / Discuss the prognosis for each procedure listed in Objective 3.

6 / Recognize the medical or dental situations in which endodontic surgery is contraindicated or, if performed,

has a questionable outcome.

7 / State the principles of flap design.

s

	

Diagram the various flap designs and describe the indications, advantages, and disadvantages of each.

s / Describe, in brief, the step-by-step procedures involved in periradicular surgery, including those for incision

and reflection, access to the apex, apical curettage, root-end resection, root-end preparation and filling, flap

replacement, and suturing.

10 / List the more commonly used root-end filling materials.

11 / Review the basic principles of suturing.

12 / Describe general patterns of soft and hard tissue healing.

93 / Write out postsurgical instructions to be given to the patient concerning bleeding, pain, swelling, diet, and

suture removal.

14 / List and describe conditions that indicate referral to a specialist for evaluation and/or treatment.
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onsurgical root canal therapy is a
highly successful procedure if the diag-
nosis is correct and technical aspects

are carefully performed.1.2 There is a common be-
lief that if root canal therapy fails, surgery is indi-
cated for correction. This is not necessarily true;
most failures are best corrected by retreatment.
Studies have shown that more than two thirds of
retreatments after original root canal therapy are
successful.3.4 However, in some situations surgery
is necessary to retain a tooth that would otherwise
be extracted.'

This chapter describes both the indications and
the procedures used for endodontic surgery. Experi-
enced clinicians and specialists should perform
most of these procedures. However, general practi-
tioners should be skilled in diagnosis and treatment
planning and should be able to recognize what pro-
cedures are appropriate in different situations. In
other words, clinicians must be aware of what pro-
cedures are available, in order to present these pro-
cedures to patients as treatment options. Included
in this chapter are descriptions of incision for
drainage, periradicular surgery, corrective surgery,
root amputation, hemisection, and bicuspidization.

Incision for Drainage

Incision for drainage releases purulent and or hem-
orrhagic exudate from a soft tissue swelling. The
objectives are to evacuate exudate and purulence,
which are potent and toxic irritants. Removal
speeds healing and reduces discomfort resulting
from the irritants and from the buildup of pres-
sure. Performance of most intraoral incisions is
generally within the ability of general practitioners.

INDICATIONS

The best treatment for swelling originating from
an acute apical abscess of pulpal origin is to es-
tablish drainage through the offending tooth (see
Color Figure 24-1, A, following page 436). Often,
adequate drainage cannot be accomplished
through the tooth itself, the second choice is to
obtain soft tissue drainage. Occasionally drainage
is performed through the soft tissue even if it has
also been obtained through the tooth. The reason
is that there may be two (or more) separate, non-
communicating abscesses-one at the apex and
another in a submucosal location or in an
anatomic space. So, if necessary and feasible, such
supplemental drainage is indicated.

Drainage through the soft tissue is accom-
plished most effectively when the swelling is fluc-
tuant. A fluctuant swelling is a fluid-containing
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mass in which a wavelike sensation or motion is
felt as pressure is applied (see Color Figure 24-1, B).
The feeling is similar to that experienced when
pushing on a water balloon or a small plastic
packet of catsup. Incising a fluctuant swelling re-
leases purulence immediately and provides rapid
relief. If the swelling is nonfluctuant or indurated
(firm), the outcome is somewhat less predictable
and often results in drainage of only blood and
serous fluids. Although the results may not be as
dramatic or complete as those achieved by incis-
ing a fluctuant swelling, incising a nonfluctuant
swelling releases pressure and facilitates healing
by reducing irritants and increasing circulation in
the area.

CONTRAINDICATIONS

There are relatively few contraindications to the
use of incisions. Diffuse swellings are not usually
incised. Patients with prolonged bleeding or clot-
ting times must be treated cautiously, and hema-
tologic screening is often indicated. An abscess in
an anatomic space may require more involved
treatment; the patient should be referred to an
oral and maxillofacial surgeon for an extraoral or
aggressive intraoral incision.

PROCEDURE
Anesthesia

Profound anesthesia is difficult to achieve in the
presence of inflammation, swelling, and exudate
because of hyperalgesia. Direct subperiosteal infil-
tration not only is ineffective but also may be quite
painful. Standard infiltration may not be totally ef-
fective either. Therefore, regional block anesthesia
techniques are preferred. Mandibular blocks for
posterior areas, bilateral mental blocks for the an-
terior mandible, posterior superior alveolar blocks
for the posterior maxilla, and infraorbital blocks
for the premaxilla are preferred choices. These may
be supplemented by regional infiltration.

If regional block anesthesia is not sufficient,
one of the following methods may be used. The
first technique is infiltration starting peripheral
to the swelling. The solution is injected slowly
with limited pressure and depth; this is followed
by additional injections in previously anesthe-
tized tissue, moving progressively closer to the
center of the swelling. This procedure results in
improved anesthesia without extreme discomfort.

A second technique is the use of topical ethyl
chloride . 6 A stream of this agent is directed onto
the swelling from a distance, permitting the liquid
to volatilize on the tissue surface. Within seconds,
the tissue at the site of volatilization turns white.

The incision is quickly accomplished with contin-
ued ethyl chloride spray. This topical anesthesia is
a supplement to block anesthesia when a quick in-
cision is required. If none of these procedures work,
the incision for drainage may be done with intra-
venous sedation.

Incision

After anesthesia, the incision is made horizontally
or vertically with a No. 11, 12, or 15 blade. Verti-
cal incisions are parallel with the major blood ves-
sels and nerves and leave very little scarring. The
incision should be made firmly through perios-
teum to bone. If the swelling is fluctuant, pus usu-
ally flows immediately, followed by blood. Occa-
sionally, there is only a serosanguineous exudate,
which is acceptable. If the swelling is nonfluctu-
ant, the predominant flow is hemorrhagic.

Drainage

After the initial incision, a small closed hemostat
may be placed in the incision and then opened to
enlarge the draining tract.' This procedure is indi-
cated with more extensive swellings; the initial in-
cision and subsequent enlargement usually pro-
vide the needed drainage. If a drain is necessary
because of limited initial drainage, a self-retentive
I -shaped or "Christmas tree" drain cut from a rub-
ber dam or a piece of iodoform gauze is placed
(suturing is optional) in the incision (see Color
Figure 24-1, C). The drain should be removed
after 2 to 3 days; if it is not sutured, the patient
may remove the drain at home.

Periradicular Surgery

This surgery is commonly performed to remove a
portion of the root with undebrided canal space
or to retroseal the canal when a complete seal
cannot be obtained with an orthograde (through
the crown) approach. Occasionally, periradicular
curettage without root resection is needed.

I NDICATIONS

The main indications for periradicular surgery
(PS) are (1) nonsurgical root canal therapy is un-
feasible, (2) retreatment of failed root canal ther-
apy is impossible or would not produce a better
result, or (3) biopsy is indicated.

In the following situations, periapical surgery
may be necessary:

Anatomic problems
Procedural accidents requiring surgery
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Irretrievable materials in the root canal
Persistent symptoms
Horizontal apical fracture
Biopsy

Anatomic Problems

A non-negotiable canal, blockage, or severe root
curvature may prevent adequate cleaning and
shaping or obturation. Nonsurgical root canal
therapy or retreatment (if possible) before surgery
improves the surgical success rate.8.9 However, if
neither is feasible, removal of the uninstrumented
and unfilled portion of the root or apical surgery
may be necessary (Figure 24-1). Anatomic perfo-
ration of the root apex through the bone (fenes-
tration), although uncommon, may necessitate
apical surgery after root canal treatment. Occa-
sionally, even after an apparently adequate obtu-
ration, inflammation and discomfort continue if
the root apex protrudes outside the bony cortical
plate. This condition is corrected by beveling the
root apex and placing it within the bone.

Occasionally, adequate root canal therapy is
compromised by extensive apical root resorption.
It may then be necessary to expose the root, then
remove and repair the resorbed area.

Procedural Accidents

Separated instruments, ledging, perforations, and
gross overfills may cause failure of root canal

treatment which will require surgical interven-
tion. Slight to moderate overfilling is not in itself
an indication for surgery; if symptoms persist or
develop or if nonhealing is shown radiographi-
cally, surgery is usually necessary.

Irretrievable Materials in the Root Canal

Retreatment is recommended for treatment fail-
ures when retreatment is possible. However, irre-
trievable posts or dowels or root filling materials
such as silver cones, amalgam, or nonabsorbable
pastes often prevent retreatment, or their removal
would result in further damage to the root struc-
ture. The best alternative is a surgical approach,
including placement of a root-end filling material
(Figure 24-2).

Persistent Symptoms

Most symptoms disappear after complete clean-
ing and obturation of root canals. However, if
symptoms persist after meticulous performance
of these procedures endodontic surgery should
be considered to identify the cause(s) for the
persistence of the symptoms. The main cause
for persistent pain is the presence of inflam-
mation because of the inability of the operator
to completely clean the root canal(s). Explo-
ratory surgery may identify undetected vertical
root fractures, additional apical and lateral
foramina (possible missed canals), perforations,

FIGURE 24-7
A, A non-negotiable ledge in present in the mesiobuccal root of the first maxillary molar. B, Periradicular surgery
(root-end resection and filling) corrected this accident and deficiencies in the distobuccal root.
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FIGURE 24-2
A, Preoperative radiograph shows failing root canal treat-
ments in the canine and lateral incisor. B, The canine
pathosis caused an extraoral sinus tract on the cheek of
the patient. C, Because of the presence of a new bridge
and a large post in the canine, periapical surgery was per-
formed; the lateral incisor was retreated. D, The surgical
site and placement of MTA as root-end filling material.
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FIGURE 24-2, cont'd
E, The sinus tract disappeared 6 weeks after the surgery.
F, A 5-year recall shows complete resolution of the lesion
i n the canine. (Courtesy Dr. C. Hong.)

apical ramifications, overfills, or other causes of
failure. Once the cause has been determined a
proper treatment plan can be initiated. Sur-
gery should be performed only after causes that
are correctable without surgery are ruled out.
Examples of such causes are missed canals,
cracked teeth, occlusal trauma, referred pain
(from another tooth), or inadequate debride-
ment or obturation.

lignancy, lip paresthesia, or anesthesia. These
conditions are indications for biopsy.

CONTRAINDICATIONS

Contraindications are relatively few. There are
four major categories': (1) anatomic factors,
(2) medical or systemic complications, (3) indis-
criminate use of surgery, and (4) unidentified
cause of treatment failure.

Horizontal Apical Fracture

Although most traumatic horizontal apical frac-
tures usually heal without intervention, occasion-
ally the apical canal becomes necrotic and cannot
be treated. In these cases, the apical segment of
the root must be removed.

Biopsy

Although most pathoses are of pulpal origin,
nonpulpal lesions do exist (see Chapter 3). Find-
ings include the presence of a vital pulp in a
tooth with a radicular radiolucency (Figure 24-3),
undefined periapical lesions in teeth with vital
pulps in patients with a history of previous ma-

Anatomic Factors

Inaccessibility of the surgical site owing to tooth
location, spaces such as maxillary sinus or nasal
fossa, unusual bony configuration, or proximity
of neurovascular bundles may be a contraindi-
cation or at least require caution or special ap-
proaches. For example, a thick external oblique
ridge associated with a mandibular molar or
apices contiguous with the mandibular canal may
compromise surgical access. These factors are
also related to operator skill. Other situations
that may contraindicate periradicular surgery
or modify the approaches used include very
short root length (precluding root-end resection),
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FIGURE 24-3
A, Presence of vital pulps in the left anterior teeth and a
multilocular large radiolucency indicated the probability of
a lesion of a nonpulpal origin. B, A panoramic radiograph
shows the extent of this lesion (arrows). A biopsy revealed
the presence of a keratocyst.

severe periodontal disease (hopeless prognosis,
even with surgery), or unresrorable teeth.

Medical or Systemic Complications

Serious systemic health problems or extreme ap-
prehension makes the patient a poor candidate
for surgery. Surgery may also be contraindicated
in patients with blood disorders, terminal disease,
uncontrolled diabetes, or severe heart disease, or
for those who are immunocompromised.

Indiscriminate Use of Surgery

As previously stated, surgery is not indicated
when a nonsurgical approach would probably re-
sult in successful treatment. The practice of man-
aging all accessible periapical parhoses or large
periradicular lesions surgically is unethical and
not rational. In these situations, root canal treat-
ment resolves the problem without subjecting the
patient to additional trauma.

Unidentified Cause of Treatment Failure

Importantly, surgery to correct a treatment failure
for which the cause cannot be identified is un-
likely to be successful.

SEQUENCE OF PROCEDURES

The typical sequence of procedures used in peri-
radicular surgery (with modifications according
to the situation) is the following:

1. Flap design
2. Incision and reflection
3. Apical access
4. Periradicular curettage
5. Root-end resection
6. Root-end cavity preparation
7. Root-end filling
8. Flap replacement and suturing
9. Postoperative care and instructions

10. Suture removal and evaluation

Flap Design

The first stage requires exposure of the surgical
site by incising and reflecting the overlying soft
tissues of gingiva, mucosa, and periosteum. A
properly designed and carefully reflected flap
gives good surgical access and results in improved
healing. The following are general guidelines and
principles'°":

1. Adequate blood supply to the reflected tis-
sue is maintained with a wide flap base.

2. Incisions over bony defects or over the peri-
radicular lesion should be avoided; these



FIGURE 24-4
A submarginal curved (semilunar) flap is shown in the at-
tached gingiva to perform periapical surgery on the right
lateral incisor (X). This design has deficiencies and usually is
not indicated.

might cause postsurgical soft tissue fenes-
trations or nonunion of the incision.

3. The flap should be designed for maximum
access by avoiding limited tissue reflection.
The actual bone resorption is larger than
the size observed radiographically.

4. Acute angles in the flap are avoided. Sharp
corners are difficult to reposition and su-
ture and may become ischemic and slough,
resulting in delayed healing and possibly
scar formation.

5. Incisions and reflections include periosteum
as part of the flap. Any remaining pieces or
tags of cellular nonreflected periosteum will
hemorrhage, compromising visibility.

6. The interdental papilla must not be split
(incised through). The interdental papilla
should be either fully included or excluded
from the flap; dividing may result in slough-
ing of the tissue.

7. Vertical incisions must be extended to allow
the retractor to rest on bone and not crush
portions of the flap.

8. A minimal flap, which should include at
least one tooth on either side of the in-
tended tooth, should be used.

Although there are numerous flap designs, two
meet most periradicular surgery needs: the sub-
marginal (curved, triangular, and rectangular)
and the full mucoperiosteal (triangular and rec-
tangular) flaps.

Submarginal curved flap. Also known as the semi-
lunar flap, this flap is a slightly curved, half-moon-
shaped, horizontal incision made in oral mucosa,
or in the attached gingiva with the convexity near-
est the free gingival margin (Figure 24-4). It is
simple and easily reflected and provides access to
the apex without impinging on the tissue sur-
rounding the crowns. Its disadvantages include re-
stricted access with limited visibility, tearing of the
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FIGURE 24-5
A scalloped submarginal horizontal incision (Ochsenbein-
Luebke) is made in the attached gingiva with two accompa-

nying vertical incisions to perform surgery on the right cen-
tral incisor.

incision corners when attempting to improve ac-
cess by stretching the tissue, and leaving the inci-
sion directly over the lesion if the surgical defect is
larger than anticipated. The incision often heals
with scarring.5.12 The submarginal curved flap is
limited by the presence of the frenum, muscle at-
tachments, or canine and other bony eminences.
Because of its many problems, this design is gen-
erally not indicated.

Submarginal triangular and rectangular flaps. The
triangular or rectangular flaps are known as
modified submarginal curved flaps. A scalloped
horizontal incision (Ochsenbein-Luebke) is made
in the attached gingiva with one or two accom-
panying vertical incisions (Figure 24-5). This flap
is used most successfully in maxillary ante-
rior teeth with crowns. Prerequisites are at least
4.0 mm of attached gingiva and good periodon-
tal health.

This flap design provides better access and vis-
ibility compared with the submarginal curved flap
and less risk of incising tissue over a bony defect
and no recession of marginal gingiva postsur-
gically. Disadvantages are possible scarring and
hemorrhaging from the cut margins to the surgi-
cal site." It also provides less visibility than the
full mucoperiosteal flap.

Full mucoperiosteal flap. The full mucoperi-
osteal (sulcular) flap consists of an incision
at the gingival crest with full elevation of the
interdental papillae, free gingival margin, at-
tached gingiva, and alveolar mucosa. It may
have either a single (triangular) or double (rec-
tangular) vertical releasing incision (Figure 24-6
and Color Figure 24-1, D). It allows maximal ac-
cess and visibility, precludes incising over a bony
defect, and has fewer tendencies for hemor-
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FIGURE 24-6
A triangular full mucoperiosteal (sulcular) flap with one ver-

tical incision is made to access the right central incisor.

rhage. This design permits periodontal curet-
tage, root planing, and bony reshaping and
heals with minimal scar formation. Its disad-
vantages include the difficulty of replacement,
suturing, and making alterations (height and
shape) to the free gingival margin, as well as pos-
sible gingival recession postsurgically and ex-
posing the crown margins." ."

Incision and Reflection

A firm incision is made with a No. 15 or another
suitable blade. To prevent tearing during reflec-
tion, the incision must be made through perios-
teum to bone. The tissue is reflected with a sharp
periosteal elevator beginning in the vertical inci-
sion and then raising the horizontal component.
Because periosteum is reflected as part of the flap,
the elevator must firmly contact bone as the tissue
is peeled back, using firm controlled force. The
tissue is reflected to a level that will provide ade-
quate access and visibility of the surgical site
while allowing a retractor to be placed on sound
bone (Figure 24-7).

Access to Apex

In many cases because of the presence of a lesion,
bone has been resorbed, and either a soft tissue le-
sion is visible, or firm probing with an explorer
will locate the apical lesion. If the opening is
small, the bone can be removed by a sharp round
bur until the apex is visible. If there is limited
bone destruction, after placement of a radiopaque
object near the apex a radiograph should be taken
to locate the apex. Removal of bone with a bur is
performed in the presence of copious sterile saline
irrigation.

FIGURE 24-7
The flap is reflected with a periosteal elevator and held with

a retractor to allow visibility and access to the surgical site.

The retractor must be placed on sound bone.

Periradicular Curettage

Removal of pathologic soft tissue surrounding the
apex is necessary because it does the following:

1. Provides access and visibility of the apex
2. Removes inflamed tissue
3. Provides a biopsy specimen for histologic

examination
4. Reduces hemorrhage
The tissue should be carefully peeled out,

ideally in one piece, with a suitably sized sharp
curette (see Color Figure 24-1, E). This process
should leave a clean bony cavity. When the le-
sion is very large, portions of tissue can be left
without compromising the blood supply to an
adjacent tooth. This should not affect periradic-
ular healing.

Root-End Resection

Root-end resection involves beveling of the apical
portion of the root. This step is often an integral
part of periradicular surgery and serves the fol-
lowing two purposes:

1. It removes the untreated apical portion of
the root and enables the operator to deter-
mine the cause of failure.

2. It provides a flat surface to prepare a root
end cavity and pack it with a root-end filling
material.

Apical sectioning is done with a tapered fissure
bur in a high-speed handpiece and copious sterile
saline irrigation (Figure 24-8). The bevel should
be made at approximately 45 degrees in a facial-
lingual direction, with the least amount of bevel
to give maximum visibility to the root apex." ," In



FIGURE 24-8
Root-end resection (apicoectomy). A, A fissure bur is used to remove the apical portion of the root. B, The entire
resected portion should be visible.

general, the amount of root removed depends on
the reason for performing the root-end resection.
However, resection must be sufficient to do the
following:

1. Provide access to the palatal-lingual root
surface

2. Place the canal in the center of the sectioned
root

3. Expose additional canals or fractures

Root-End Cavity Preparation and Filling

Root-end cavity preparation and filling are indi-
cated when the apical seal appears to be inade-
quate. A class I type preparation is made with ul-
trasonic tips to a minimum depth of 3 mm into
the canal 10.11.13.16.17 (Figure 24-9). More compli-
cated apical root anatomy may require other types
of preparation." The ultrasonic instrument offers
advantages of control and ease of use and permits
less apical root beveling and uniform depth of
preparation. 16.17 In addition, the ultrasonic tips
follow the direction of the canals and clean the
canal surfaces better than burs."

A root-end filling material is then inserted into
the prepared cavity (Figure 24-10). These materi-
als should have the following characteristics

1. Well sealing
2. Well tolerated by the periradicular tissue
3. Nonresorbable
4. Easily inserted
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5. Unaffected by moisture
6. Radiographic visibility
7. Ability to allow regeneration of periradicu-

lar tissues
Many materials have been used as root-end

filling materials. 19-24 Amalgam, SuperEBA, IRM,
mineral trioxide aggregate (MTA) and ProRoot
MTA, are acceptable and the most commonly
used materials.

Flap Replacement and Suturing

After a root-end filling material is placed and a ra-
diograph is made, the flap should be placed into
its original position and held it in place for 5 min-
utes using moderate digital pressure with moist-
ened gauze. This allows expression of hemorrhage
from under the flap, initial adaptation, and easier
suturing and produces less postoperative swelling
and bleeding.

Suturing is commonly done with silk, al-
though other materials are acceptable . 25,26 There
are many suturing techniques, including inter-
rupted, continuous mattress, and sling sutures."
Interrupted sutures are commonly used (Fig-
ure 24-11, A). In these, the needle passes first
through reflected and then through attached
tissue. The sutures are tied with a simple sur-
geon's knot. The knot should not be placed over
the incision line because it collects debris and
bacteria, which will promote inflammation and

http://10.11.13.16.17
http://10.11.13.16.17
http://10.11.13.16.17
http://10.11.13.16.17
http://10.11.13.16.17
http://10.11.13.16.17
http://10.11.13.16.17
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FIGURE 24-9
Root-end cavity preparation. An ultrasonic unit using specialized tips (A) is used to create a class I preparation in
the apical portion of the root canal (B). (Courtesy Dr. R. Rubinstein.)

FIGURE 24-10
Root-end filling placement. MIA (3 mm) is placed in the root-
end cavity preparation to provide a fluid-tight apical seal.
(Courtesy Dr. R. Rubinstein.)

infection. The sutures are usually removed 3 to
7 days after surgery (Figure 24-11, B); shorter
times are preferred.

Postoperative Care and Instructions

Both oral and written postoperative instructions
should be given to the patient. Instructions
should be written in simple, straightforward lan-
guage. They should minimize patient anxiety aris-

ing from normal postoperative sequelae by de-
scribing how to promote healing and comfort.

The following instructions are for patients.
The items in parentheses identified as "Note" are
intended for the practitioner, not the patient.

1. Some swelling and discoloration are com-
mon. Use an ice pack with moderate pres-
sure on the outside of your face (20 min-
utes on, 5 minutes off) until you go to bed
tonight. (Note: Ice and pressure [primar-
ily] decrease bleeding and swelling and
provide an analgesic effect.)

2. Some oozing of blood is normal. If bleed-
ing increases, place a moistened gauze pad
or facial tissues over the area and apply
finger pressure for IS minutes. If bleeding
continues, call our office.

3. Do not lift up your lip or cheek to look at
the area. The stitches are tied and you may
tear them out.

4. Starting tomorrow, dissolve 1 teaspoon of
salt in a glass of warm water and gently
rinse your mouth three or four times daily.
Rising with a mouthwash can promote
healing. Careful brushing is important,
but vigorous brushing may damage the
area. Tonight you should brush and floss
all areas except the surgery site. Tomorrow
night carefully brush the surgery site.

5. Eat a diet of soft food and chew on the op-
posite side of your mouth. Drink lots of
fluids and eat foods such as cottage cheese
and yogurt, eggs, and ice cream. (Note:
Proper diet and fluid intake are essential



FIGURE 24- 11
A, Interrupted sutures are commonly used to hold the soft tissue flap in its original location. B, Sutures are re-
moved 3 to 7 days after surgery.

after surgery. Patients often lose their ap-
petite after the procedure, so they need to
be encouraged to drink fluids and to eat.)

6. Some discomfort is normal. If pain med-
ication was prescribed, follow the instruc-
tions. If no medication was prescribed,
take your preferred nonprescription pain
remedy if needed. If this is not sufficient,
call our office. (Note: Surprisingly, pain is
usually minimal after endodontic surgery,
and strong analgesics are not required.)

7. Do not smoke for the first 3 days after
the procedure. (Note: Smoking has been
shown to adversely affect healing; this is an
opportunity to counsel a patient to quit
permanently.)

8. If you experience excessive swelling or
pain or if you have a fever, call our office
immediately. (Note: Excessive swelling,
pain, or fever may indicate the presence
of an infection [very rare] that requires
antibiotic or other therapy. The patient
must be evaluated.)

9. Keep your appointment to have the stitches
removed. (Note: Sutures are removed 3 to
7 days after surgery.)

10. Call our office if you have any concerns or
questions.

Suture Removal and Evaluation

Sutures are carefully removed by cutting with
small scissors. The sutures are removed only if the
flap margins are in contact and are adhering to

the underlying tissues. Usually, anesthesia is un-
necessary for this procedure.

Healing
Surgery involves the manipulation of soft and
hard tissues. Handling of both soft tissues (pe-
riosteum, gingiva, periodontal ligament, and alve-
olar mucosa) and hard tissues (dentin, cementum,
and bone) is accomplished by incision, dissection,
and excision.

SOFT TISSUE

Healing involves clotting, inflammation, epithe-
lialization, connective tissue healing, and matura-
tion and remodeling of both connective tissue
and bone.27 Clotting and inflammation consist of
both chemical and cellular phases. The clotting
mechanism is important because it is based on
the conversion of fibrinogen to fibrin; under pres-
sure, the clot should be a thin layer. Failure of a
clot to form results in leakage of blood into the
wound site. The inflammatory components of
healing are a complex network of both extrinsic
and intrinsic elements.27

Initial epithelial healing consists of the forma-
tion of the epithelial barrier, made up of layers of
epithelial cells that depend on the underlying con-
nective tissue for nutrients. This epithelial layer
migrates along the fibrin surface until it makes
contact with epithelial cells from the opposite bor-
der of the wound, forming an epithelial bridge.
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The connective tissue component comes from
fibroblasts, which are differentiated from ecto-
mesenchymal cells and are attracted to the wound
site by cellular and humoral mediators. Adjacent
blood vessels provide nutrients for the fibroblasts
and their precursors, which elaborate collagen,
initially type III, followed by type 1. Macrophages
are an important part of these processes. As heal-
ing matures, there is a decrease in the amount of
inflammation and numbers of fibroblasts, accom-
panied by deaggregation and reaggregation of col-
lagen with formation of collagen fibers into a
more organized pattern.27-30

HARD TISSUE

As with soft tissue, the hard tissue response is
based on the fibroblast, which results in synthesis
of ground substance, cementum, and bone matrix
formation . 3 ' New cementum deposition from ce-
mentoblasts begins about 12 days after surgery;
eventually a thin layer of cementum may cover re-
sected dentin and even certain root end filling ma-
terials (see Color Figure 24-1, F). The exposed
dentin acts as an inductive force with new cemen-
tum forming from the periphery to the center.

Osseous healing begins by the proliferation of
endosteal cells into the coagulum of the wound
site. At 12 to 14 days, woven trabeculae and osteo-
cytes appear, leading to early maturation of the
collagen matrix at about 30 days. This process oc-
curs from inside to outside, ending in the forma-
tion of mature lamellar bone ,32-35 which is visible
radiographically (Figure 24-12).

Corrective Surgery
These procedures are especially designed to cor-
rect pathologic or iatrogenic entities (procedure
errors) that have damaged the root and are not
correctable via the pulp space (internally).

INDICATIONS
Procedural Errors

Correction of root perforations often presents a
more difficult challenge than procedures that
merely involve periradicular surgery. Typically
these accidents occur during access, canal prepa-
ration, or restorative procedures (usually post
placement). They require restorative as well as en-
dodontic management (Figure 24-13). See Chap-
ter 18 for more detail. The location of the perfo-
ration is often the factor that determines the

success of treatment. If the defect is on the proxi-
mal root surfaces in close proximity to adjacent
teeth, repair is a problem; access to the site is dif-
ficult without damaging adjacent teeth. This is
particularly true of the lingual surface of man-
dibular teeth. However, defects on the facial sur-
face are easier to treat.

Resorptive Perforations

Resorptive root perforations typically occur as se-
quela to trauma or internal bleaching procedures.
The defects may be localized to the root surface or
communicate with the canal.

TECHNIQUES

Repair of these defects poses unique problems.
Often a defect on the root surface wraps onto the
palatal or lingual surface, compromising access
and hemostasis. Repair can be accomplished with
various materials. If the field can be kept dry, glass
ionomer, dentin-bonding agent with composite
resin, or MTA (white ProRoot MTA) can be used.
Esthetically pleasing materials are preferred for
facial repairs because dark materials such as amal-
gam or gray ProRoot MTA may stain the teeth. If
a post perforates the root, it must be shortened so
that it is well within the root structure. Then the
defect is repaired with ProRoot MTA.

Repairs in the cervical portion of the root are
often difficult to manage and maintain because
communication with the gingival sulcus leads
to periodontal breakdown. This often means
that periodontal treatment (such as crown length-
ening), orthodontic extrusion, or a combina-
tion thereof is necessary in conjunction with the
repair.

Root Amputation, Hemisection,
and Bicuspidization
The three categories described previously, incision
for drainage, periradicular surgery and corrective
surgery, involve cutting bone, soft tissue, and
root. This last category involves resecting the
root(s) and/or crown .36

DEFINITIONS

Root amputation is the removal of one or more
roots of a multirooted tooth. The involved root(s)
is (are) separated at the junction of and into the
crown (Figure 24-14). In general, this procedure is



COLOR FIGURE 23-1
I nternal bleaching. A, Pulp necrosis resulting from a traumatic injury caused severe dentin discoloration. B, After
i nternal bleaching with a "walking bleach" paste the tooth regained its original shade. (Refer to Figure 23-3.)

COLOR FIGURE 23-2
I nternal bleaching. A, Tetracycline discoloration caused a marked esthetic problem. B, Root canal treatment fol-
lowed by "walking bleach" results in a permanent, pleasing shade change. (Refer to Figure 23-7, A and C)

COLOR FIGURE 23-3
External bleaching. A, Enamel hypoplasia resulted in surface stains. B, An acid-pumice burnishing of the enamel
surface removes much of the discoloration (Refer to Figure 23-8, A and C)



COLOR FIGURE 24-1
A, Establishment of drainage through an offending tooth. B, A fluctuant swelling is the result of an abscess from
the lateral incisor. C, An incision for drainage is made horizontally into the swelling. A rubber drain is sutured in
place to prevent closure of the incision. D, A rectangular flap with a sulcular and two vertical incisions is created
to perform periapical surgery on the left central incisor. E, Apical curettage. Removal of diseased tissue at the apex
enhances visualization of the apex and surrounding bone. This tissue may be submitted for histologic evaluation.
F, Complete periapical healing and formation of cellular cementum (arrows) adjacent to mineral trioxide aggre-
gate when it is used as a root-end filling material in monkeys.
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FIGURE 24-12
A, Failed root canal treatment requiring surgery. B, The
root end is resected, and a cavity is prepared and is filled
with MTA. C, One-year recall shows complete healing.
(Courtesy Dr. R. Rubinstein.)
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FIGURE 24-13

Perforation repair. A, An off-centered post has perforated
the root, causing a bony lesion. (B) Internal and external

perforation repairs with MIA resulted in complete repair
(C) of the bony lesion in 3 years. (Courtesy Dr. N. Chivian.)

performed in maxillary molars, but it can be per-
formed in mandibular molars.

Hemisection is the surgical division of a multi-
rooted tooth. In mandibular molars the tooth is
divided buccolingually through the bifurcation
(Figure 24-15). In maxillary molars the cut is
made mesiodistally, also through the furcation.
The defective or periodontally involved root and
its coronal crown are then removed . 37

Bicuspidization is a surgical division (as in hemi-
section, usually a mandibular molar), but the
crown and root of both halves are retained. If se-
vere bone loss or destruction of tooth structure is
confined primarily to the furcation area, hemisec-
tion and furcal curettage may allow retention of
both halves (Figure 24-16). Each half may be re-
stored to approximate a bicuspid, hence the term
bicuspidization.
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FIGURE 24-14
Root amputation. A, Internal resorption with severe
bone loss around the distobuccal root. Amputation of
the distobuccal root was planned. B, Root canal treat-
ment was followed by an amalgam core extending
4 mm into the distobuccal canal. C, The root was am-
putated and a crown was subsequently placed.

INDICATIONS AND
CONTRAINDICATIONS

Indications for Root Amputation
or Hemisection

Indications include the following:
The presence of severe bone loss in a non-
surgical treatable periodontally involved
rnnr nr fnrcarion

Roots that are untreatable because of
broken instruments, perforations, caries,
resorption, vertical fractures, or calcified
canals
Strategically important root(s) and accom-
panvin2 crown
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FIGURE 24-15
Hemisection. A, Furcation caries and bone loss have compromised the distal root. B, After root canal treatment,
the crown was divided through the furcation (C). D, Twenty-month recall, after posts and core and a crown were
placed. The extraction socket has healed and the tooth is stable.

Contraindications for Root Amputation
or Hemisection

Contraindications include the following:
Insufficient bony support for the remaining
root(s)
Root fusion or proximity such that root
separation is not possible
Strong abutment teeth available (the in-
volved tooth should be extracted and a pros-
thesis fabricated)

Inability to complete root canal treatment
on the remaining root(s)

Indications for Bicuspidization

Indications include the following:
Furcation perforation
Furcation pathosis from periodontal disease
Buccolingual cervical caries or fracture into
furcation



FIGURE 24-16
Bicuspidization. A, Caries in the furcation and furcal bone loss are evident, but there is adequate support for both
roots. B, Root canal treatment and bur separation through furcation and crown. C, Restoration with a porcelain
fused to metal crown splinting the two roots. D, Good home care and a good gingival response at 30-month re-

call with no probing defects. Note that the furcation is open to facilitate special oral hygiene procedures. (Cour-

tesy of Dr. R. Walton.)

Contraindications for Bicuspidization

Contraindications include the following:
Deep furcation (thick floor of pulp chamber)
Unrestorable half
Periodontal disease (each half must be peri-
odontally sound)
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Inability to complete root canal treatment
on either half
Root fusion
Severe periodontal disease
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TECHNIQUES

Root amputation is performed by making an angled
cut from the furcation to the proximal aspect to
separate the root from the crown. The crown re-
mains intact, and the root is removed. Therefore,
the crown is cantilevered over the extracted root
segment and remains in contact with the approx-
imating tooth. A second approach is to use an an-
gled vertical cut in which the crown above the
root to be amputated is recontoured, decreasing
the occlusal forces and making the procedure eas-
ier. As the crown is shaped, the bur is gradually
angled into the root, resulting in good anatomic
contour.

Hemisection involves making a vertical cut
through the crown into the furcation. This re-
sults in complete separation of the hemisected
section (crown and root) from the tooth seg-
ment that is retained. The defective half of the
tooth is extracted.

Bicuspidization is performed after a vertical
cut is made through the crown into the furca-
tion with a fissure bur. This procedure results
in complete separation of the roots and creation
of two separate crowns. After healing of tissues
the teeth can be restored to form two separate
premolars.

(These techniques may or may not require flap
reflection. Often, if the root is periodontally in-
volved, it is removed without a flap. If bony re-
contouring is indicated, a flap is necessary before
root resection is carried out. A sulcular flap design
is often possible without a vertical releasing inci-
sion. However, when in doubt, a flap should be
raised; doing so will always help.)

PROGNOSIS

Each case is unique and has a different prognosis
according to the situation. Varying results have
been reported for root removal."' Success is de-
fined by tooth retention with absence of pathosis.
Success depends on the following factors:

Case selection
Cutting and preparing the tooth without
creating additional damage
Restoration
Good oral hygiene
Development of caries (most common cause
of failure)
Root fractures
Excessive occlusal forces
Poor restorative procedures
Untreatable endodontic problems
Periodontal disease (second most common
cause of failure)

The major factor affecting success is the pa-
tient's oral hygiene, even if these procedures are
performed correctly, and the tooth is restored
properly. The patient must be willing and able to
perform extra procedures to prevent plaque accu-
mulation, particularly in the area adjacent to
what was once the furcation. Failure to do so
could possibly result in untreatable caries or peri-
odontal disease. The dentist must work carefully
with the patient to render this area plaque-free. A
procedure that appears to be a success at 5 years
may fail later. Thus the judgment of success or
failure should be guarded and should extend over
many years.

Conditions That Indicate Referral

Although the procedures described in this chap-
ter may appear straightforward, endodontic sur-
gery requires advanced training, experience, and
considerable surgical skill. There is concern about
standard of care and litigation. This, coupled with
the availability of experienced specialists, means
that general dentists must carefully examine their
own expertise and accurately assess the difficulty
of the situation before they attempt a surgical
procedure. These procedures are often the last
hope for retaining the tooth and require the high-
est level of skill and expertise and use of optical
aids, special instruments and materials to en-
hance success. Lack of training may result not
only in the loss of the tooth but also in damage to
adjacent structures, paresthesia from nerve injury,
sinus perforations, soft tissue fenestrations, and
postoperative complications such as hemorrhage
and infection.

In many situations, access to the surgical site is
limited and potentially hazardous. Long-standing
large lesions may impinge on adjacent structures,
requiring special techniques for resolution (Fig-
ure 24-17). The neurovascular bundle near the
apexes of mandibular molars, premolars, and
maxillary palatal roots predisposes the patient to
postsurgical paresthesia or excessive hemorrhage.
The treatment of endodontic problems in these
areas requires careful preoperative assessment
and considerable surgical skill. The presence of
thick cortical bone and bony eminences through-
out the mandible and in the palate, frenum, and
muscle attachments, fenestrations of the cortical
bone, and the various sinus cavities all require
considerable surgical skill and experience in gain-
ing access to most teeth.

Most important is the need for appropri-
ate diagnosis, treatment planning, case assess-



ment, prognostication, and follow-up evalua-
tion. The general dentist should have knowledge
in these areas but may prefer to refer the patient
to or request input from an endodontist. The
specialist is better able to accomplish these
goals as well as to assess the short- and long-
term outcome. 39
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FIGURE 24-17
Decompression. Some cases require special procedures.
A, A very large cyst fails to heal after root canal treatment.
B, After surgical exposure and root-end surgery, a poly-
ethylene tube is placed for several weeks to allow com-
munication between the cyst cavity and the oral cavity.
This allows collapse of the cyst wall. C, The lesion has re-
solved 1 year later, showing regeneration of bone. (Cour-
tesy Dr. S. Gish.)
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Examination and Diagnosis

History

Clinical Examination

Specific Injuries

Enamel Fractures

Crown Fractures without Pulp Exposure

Crown Fractures with Pulp Exposure

Crown-Root Fractures

Root Fractures

Luxation Injuries

Avulsions

Alveolar Fractures

rauma to teeth involves the dental
pulp either directly or indirectly; conse-
quently, endodontic considerations are

important in evaluating and treating dental in-
juries. The purpose of this chapter is to describe
examination procedures, emergency care, treat-
ment options, and possible sequelae in trauma-
tized teeth. Because injuries occur to primary
teeth also, some of the topics discussed under
"Specific Injuries" will include recommendations
for these teeth.

Age is a significant factor in trauma to teeth.
Injuries occur most often in the 7- to 12-year
age group.' The significance of age is a "good
news/bad news" situation. The good news is that
pulps of teeth in children have a better blood
supply than those in adults and better repair
potential. The bad news is that growth may be in-
terrupted in immature roots in teeth with dam-
aged pulps, leaving the roots thin and weak (Fig-
ure 25-1). Spontaneous cervical fractures often
occur because of thin dentin walls. Therefore
when dental injuries occur in children, every ef-
fort is made to preserve pulp vitality.

Classification of traumatic injuries promotes
better communication and dissemination of in-
formation. The system used in this chapter is
based on Andreasen's modification of the World
Health Organization's classification1.2 (Box 25-1).
It is preferable to other classification systems be-
cause it is internationally accepted and has a de-
scriptive format based on anatomic and therapeu-
tic considerations.

Examination and Diagnosis

Examination of a patient with dental injuries
should include the following: chief complaint,
history of present illness, pertinent medical his-
tory, and clinical examination. The emphasis in
this chapter is on those aspects of the examina-
tion that specifically relate to dental trauma . 3

HISTORY

Pertinent information regarding traumatic in-
juries should be obtained expeditiously by follow-
ing a system.

Chief Complaint

The chief complaint is simply a statement in the
patient's (or parent's) own words of the current
problem, for example, "I broke my tooth," or "My
tooth feels loose." It may also be unstated, as in a
patient with obvious injuries.



FIGURE 25-1
Trauma to an immature incisor resulted in pulp necrosis with
i nterruption of tooth development, leaving the root with thin,
weak walls (arrow). Root canal treatment can be performed,

but the tooth will be weak and prone to fracture.

History of Present Illness

To obtain the history of the present illness (in-
jury), the dentist asks a few specific questions,
such as the following:

When and bow did the injury occur? The date and
time of the accident are recorded. The
record should include how it took place: car
accident, playground, or other. Such infor-
mation is useful in the search for avulsed
teeth and embedded tooth fragments, as-
sessment of possible contamination, deter-
mination of time factor with respect to
choice of treatment and healing potential,
and filling out accident reports.

Have you had any other injuries to your mouth or
teeth in the past? Individuals may have re-
peated traumatic injuries if they are acci-
dent prone or participate in contact sports. 4
Crown or root fractures may have occurred
as a result of an earlier injury but are ob-
served at a later time.

What problems are you now having with your tooth
or teeth? Pain, mobility, and occlusal inter-
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ference are common symptoms. The pa-
tient's description of symptoms will help in
diagnosis.

Medical History

The patient's medical history is often significant.
For example, the patient may have an allergy to
prescribed medication, may be taking medica-
tions that interact with proposed new medica-
tions, or may have a medical condition that af-
fects treatment. Tetanus immunization status
should be recorded; a booster may be indicated
when there are contaminating injuries such as
avulsions, intrusions, and penetrating lip and soft
tissue lesions.-'

CLINICAL EXAMINATION

The lips and oral soft tissues and facial skeleton
should be examined as well as the teeth and sup-
porting structures.

Soft Tissues

The purpose of the soft tissue evaluation is to de-
termine the extent of tissue damage and to iden-
tify and remove foreign objects from wounds. In



448

	

25 / Management of Traumatized Teeth

crown fractures with adjacent soft tissue lacera-
tions, wounds are examined visually and radio-
graphically for tooth fragments. Lips are likely
areas for a foreign body impaction. Also, severe
lacerations require suturing.

Facial Skeleton

The facial skeleton is evaluated for possible frac-
tures of the jaw or alveolar process. Such frac-
tures, when they involve tooth sockets, may pro-
duce pulpal necrosis in teeth associated with
fracture lines . 6,7 Alveolar fractures are suspected
when several teeth are displaced or move as a unit,
when tooth displacement is extensive, or when oc-
clusal misalignment is present.

Teeth and Supporting Tissues

Examination of teeth and supporting tissues
should provide information about damage that
may have occurred to dental hard tissues, pulps,
periodontal ligaments, and bony sockets. The fol-
lowing guidelines provide a method of collecting
information systematically.

Mobility. Teeth are examined (gently) for mo-
bility, noting whether adjacent teeth also move
when one tooth is moved (indicating alveolar
fracture). The degree of horizontal mobility is
recorded: 0 for no mobility; 1 for slight (<1 mm)
mobility, 2 for marked (1 to 3 mm) mobility, and
3 for severe (>3 mm) mobility, both horizontally
and vertically. If there is no mobility, the teeth are
percussed for sounds of ankylosis (metallic
sound). Absence of mobility may indicate normal
status or "locking" of the tooth in bone, such as
with intrusion.

Displacement. A displaced tooth has been moved
from its normal position. If this occurs as a result of
traumatic injury, it is referred to as "luxation." See
the "Luxation Injuries" later in this chapter for de-
scriptions of the various types of displacement.

Periradicular damage. Injury to the supporting
structures of teeth may result in swelling and
bleeding involving the periodontal ligament.
Such teeth are sensitive to percussion, even light
tapping. Apical displacement with injury to ves-
sels entering the apical foramen may lead to pulp
necrosis if the blood supply is compromised.'

Percussion identifies periradicular injury. Per-
cussion must be done gently because traumatized
teeth are often exquisitely painful to even light
tapping. When examination or testing procedures
are begun, uninjured teeth are examined first.
This enhances the patient's confidence and un-
derstanding of the procedures. Importantly, in
addition to testing the tooth or teeth involved

in the patient's complaint, several adjacent and
opposing teeth are included also. This permits
recognition of other dental injuries of which the
patient may not be aware and that may not be ob-
vious clinically. If later complications develop in-
volving one of these adjacent or opposing teeth,
early information will help in diagnosis.

Pulpal injury. Pulpal health is a very important
consideration. Trauma may lead to resorption of
dentin (internal) or calcific metamorphosis (ra-
diographic obliteration) with tooth discoloration
(yellowing effect). The trauma may induce pulp
necrosis, which could result in external inflamma-
tory root resorption.9

Pulpal status may be determined by symp-
toms, history, and clinical tests (see Chapter 4).
Two clinical tests, however, deserve consideration
here because of their applicability to traumatized
teeth-the electrical pulp test (EPT) and carbon
dioxide ice. These tests are generally reliable in
evaluating and monitoring pulpal status except in
teeth with incomplete root development. 8 A pro-
tocol for EPT and carbon dioxide ice is discussed
later under "Luxation Injuries."

Radiographic examination. Radiographs are ex-
amined for fractures of bone or teeth and stage of
development (Fig. 25-1). Horizontal root frac-
tures and lateral luxations are often overlooked
because the conventional angulation may miss ir-
regularities that are not parallel with the x-ray
beam. Therefore increased vertical occlusal ex-
posure is a useful adjunct. Multiple exposures
should be routine for examination of trauma to
teeth to ensure complete disclosure and diagnosis
of the injury.'°

The film size should be such that it can accom-
modate two incisors without bending or distort-
ing the image. It is also important to use a film
holder to achieve standardized radiographic im-
ages, especially for subsequent comparisons.

A thorough examination combined with accu-
rate records forms the basis of an appropriate
treatment plan. The information gathered also
provides information for accident reports that
may be requested either immediately or later for
legal or insurance purposes.

Specific Injuries
ENAMEL FRACTURES

Chips and cracks confined to enamel do not in
themselves constitute a hazard to the pulp. The
prognosis is good; however, the injury that pro-
duced the fracture may also have displaced (lux-
ated) the tooth and damaged the blood vessels
supplying the pulp. If the tooth is sensitive to
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FIGURE 25-2
Crown fracture without pulp exposure. A, The injury results in loss of enamel and dentin without direct exposure
to the pulp. B, Often a pink spot can be seen (arrow), but if there is no direct exposure of pulp, the fracture is said
to be "without pulp involvement."

percussion or if there are other signs of injury,
the recommendations given under "Luxation In-
juries" are followed. Grinding and smoothing the
rough edges or restoring lost tooth structure may
be all that is necessary.

CROWN FRACTURES WITHOUT

PULP EXPOSURE

Description

These crown fractures involve enamel and dentin
without pulp exposure (Figure 25-2). Such in-
juries are usually not associated with severe pain
and generally do not require urgent care. The
prognosis is good unless there is an accompany-
ing Luxation injury to periodontal ligament or
to the apical vasculature supplying the pulp, in
which case the tooth will be sensitive to percus-
sion.8 If so, the recommendations are followed as
outlined under "Luxation Injuries" (as well as
managing the crown fracture).

Treatment

Since the advent of the acid-etch technique,
conservative restoration with composite resin of
crown-fractured incisors has become possible with-
out endangering the pulp (Figure 25-3). More con-
servative yet is reattachment of the separated
enamel-dentin fragment (Figure 25-4). This re-
quires a dentin bonding agent after acid-etching to
improve fracture strength of the restored incisor.
Clinical experiments as well as bonding studies
have indicated that reattachment of dentin-enamel
crown fragments is an acceptable restorative proce-
dure and does not threaten pulp vitality." Gener-
ally speaking, fracture bonding represents an ad-

FIGURE 25-3
Restored crown fracture that does not involve the pulp di-
rectly. Exposed dentin is covered with a hard-setting liner fol-
lowed by restoration of the missing tooth structure using
acid-etched bonded resin.

vance in the treatment of anterior fractures. Dental
anatomy is restored perfectly with normal tooth
structure that abrades at a rate identical to that of
the adjacent noninjured teeth. Also, pulpal status
may be reliably monitored.

Chair time for the restorative procedure is min-
imal. The use of indirect veneering techniques at a
later date to reinforce bonding or to restore the
fractured incisor is a conservative approach to im-
proving esthetics and function."

Primary Teeth

Crown fractures are less common in primary than
in permanent teeth. Ideally, treatment for primary
teeth is the same as that for permanent teeth;
however, patient cooperation may dictate the
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FIGURE 25-4
A, An 8-year-old patient with a fractured incisor without pulp exposure. B, Immature tooth with open apex
(arrow). C, After the fractured segment was bonded into its original position. D, One-year evaluation showing
continued root maturation and closing of apex (black arrow). Note the line where the fractured segment was
bonded to the remaining tooth (white arrow). (From Bakland LK, Milledge T, Nation W: Calif Dent Assoc J 24:45,
1996.)



management approach. It is not as important to
restore a primary crown fracture; thus the fracture
site may be smoothed without restoring.

CROWN FRACTURES

WITH PULP EXPOSURE

Description

This type of fracture involves enamel, dentin, and
pulp (Figure 25-5). The pulp is exposed, and
therefore the fracture becomes "complicated," a
term often used for these types of injuries.' The
extent of fracture, the stage of root development,
and the length of time since injury are noted.

Extent of fracture helps to determine pulpal
treatment as well as restorative needs; a small frac-
ture may undergo vital pulp therapy and can be
restored by an acid-etched composite restoration.
An extensive fracture may require root canal treat-
ment with a post and core-supported crown de-
pending on the age of the patient.

The stage of root maturation is an important
factor in choosing between pulpotomy and pulp-
ectomy. Immature teeth have thin-walled roots
(see Figure 25-1); an effort should be made to pre-
serve the pulp to allow continued root develop-
ment. That is best accomplished with a shallow
pulpotomy, to be described in the next section. Vital
pulp therapy followed by an acid-etched composite
restoration or rebonding of the fractured segment
is often feasible in mature teeth also. However, if
the extent of tooth loss dictates restoration with a
crown, root canal treatment is recommended.

The amount of time elapsed between injury and
examination may directly affect pulpal health. `z
Generally, the sooner a tooth is treated, the better
the prognosis for preserving the pulp. However, as
a rule, pulps that have been exposed for less than a
week can be treated by pulpotomy, if that is the
treatment of choice. Successful pulpotomy proce-
dures after pulp exposure of several weeks' duration
have been reported," but the prognosis becomes
poorer the longer the pulp is exposed. 'z

Treatment of Crown Fractures

Teeth with crown fractures and exposed pulps can
be treated either by pulpotomy or by root canal
therapy before restoration of lost tooth structure. If
vital pulp therapy is planned, it is important to per-
form treatment as soon after the injury as possible.

Pulpotomy. The main reason for recommend-
ing vital pulp therapy in a tooth with an exposed
fracture is to preserve pulp tissue. This is particu-
larly important in immature teeth in which con-
tinued root formation will result in a stronger
tooth that is more resistant to fractures than one
with thin root walls.
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In the past, pulpotomy meant removal of pulp
tissue to, or below, the cervical level. Loss of pulp
tissue in that area means there is no additional
dentin formation; this will result in a weakened
tooth that is more prone to fracture. In recent
years a more conservative and shallow pulpotomy
has been popularized by Cvek and has sometimes
been referred to as the Cvek technique. '3 This shal-
low pulpotomy preserves all the radicular and
most of the coronal pulp tissue, allowing more
hard tissue to develop in the root.

The pulp may need to be removed to or below
the cervical level when the entire crown of an im-
mature tooth fractures. Pulpotomy then is per-
formed to encourage enough additional root de-
velopment to allow subsequent post and core
construction to support a crown. These situations
are relatively uncommon. Recently a modification
in the Cvek technique has been developed, using
mineral trioxide aggregate (MTA), ProRoot MTA
(Tulsa Dental Products, Tulsa, OK)."'s

Case selection. Both immature and mature
teeth that can subsequently be restored with acid-
etched composite are acceptable for shallow pulp-
otomies (Figure 25-6). Generally, immature teeth
are more likely to be involved for the reasons
stated previously.

Technique. The pulpotomy procedure (Fig-
ure 25-7) starts with anesthesia and rubber dam
isolation. Exposed dentin is washed with saline
or sodium hypochlorite solution. Extruding gran-
ulation tissue is removed with a spoon excavator
from the pulp wound site. This provides an op-
portunity to determine more accurately the size
and location of the exposure. Next, pulp tissue is
removed to a depth of about 2 mm below the ex-
posure. This relatively small amount of pulp re-
moval is the reason for calling this procedure a
shallow or partial pulpotomy.

FIGURE 25-5
Crown fracture that results in exposure of the pulp. Granula-
tion tissue (arrow) forms at the pulp wound within 24 hours
and may actually proliferate and protrude with time.
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FIGURE 25-6
Shallow pulpotomy. A, A mesial-incisal-lingual chisel fracture occurred 3 days previously, exposing the pulp
(arrow). B, Radiographic view. C, Preparation at exposure site is capped with calcium hydroxide liner and then
sealed with ZnOE base (arrow). D, Fracture is immediately repaired with acid-etched composite resin. (Courtesy
Dr. C. Noblett.)
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FIGURE 25-7
Shallow pulpotomy. A, Preparation of the pulp wound area
with a round diamond stone cooled by a constant water
spray. B, Protective dressing (arrow) of hard-setting calcium
hydroxide covered with sealing cement (zinc oxide-eugenol,
zinc phosphate, or glass ionomer). C, Missing tooth structure
restored with acid-etched composite resin bonded to enamel.

Pulpotomy is accomplished with a water-
cooled small round diamond (about the size of a
No. 4 round bur) in the high-speed handpiece.
Gently and gradually the surface layers of pulp
tissue are wiped away, beginning at the exposure
site and extending into the pulp to a depth of
about 2 mm below the exposure site.

After the pulp is amputated to the desired
level, a dentin shelf is created surrounding the
pulp wound. The wound is gently washed with
sterile saline and hemostasis is awaited. Then the
wound is washed again to remove the clot (impor-
tant!) and dressed with a hard-setting calcium hy-
droxide liner. Now the remainder of the cavity is
carefully sealed with a hard-setting cement, such
as IRM, or glass ionomer. When the cement has
set, the tooth may be restored with acid-etched
composite.

Considering the disintegration of calcium hy-
droxide liners with time, whenever possible the
tooth is reentered after a period of 6 to 12 months
to remove the initial calcium hydroxide layer and
replace it with a dentin bonding material. This will
prevent microleakage at the site where the initial
calcium hydroxide has deteriorated and produced
a space between the new dentin bridge and the cov-
ering restoration.

If MTA is used in place of calcium hydroxide, it
is not necessary to wait for bleeding to stop com-
pletely. The material requires moisture for curing
and can be placed directly onto the pulp tissue.
Care should be followed to reduce the risk of
forcing the material into the pulp proper; gently

dab small increments of the material onto the
pulp using a moist cotton pellet. The pulpotomy
space is filled with MTA so that it is completely
flush with the fractured dentin surface. The mate-
rial is then allowed to cure, which may take 6 to
12 hours. During the curing time, it is not neces-
sary to protect the material with a restoration, but
the patient must avoid using the tooth. After cur-
ing, the tooth may be restored, either with a com-
posite resin or by bonding the fractured crown
segment back onto the tooth." It is not necessary
to reenter the tooth after several months; MTA
is stable.

Treatment evaluation. Treatment is evaluated
after 6 months and then yearly. Successful shal-
low pulpotomy procedures (Box 2S-2) may be
considered definitive treatment13 and have a
very good long-term success rate. '3.16

Root canal therapy. Teeth with mature roots
may undergo either pulpotomy or root canal ther-
apy; root canal therapy is usually necessary to ac-
commodate prosthetic requirements. For exam-
ple, if the crown has fractured in the gingival
margin region, root canal treatment will allow
post and core and crown placement.

Primary Teeth

Crown fractures with pulp exposures occur in pri-
mary teeth, although less often than in perma-
nent teeth.' Treatment includes pulpotomy, root
canal therapy, or extraction, depending on patient
age and cooperation. If the root is more than half
resorbed apically, the tooth is extracted. If root
canal therapy is chosen, the canal is filled with a
resorbable zinc oxide-eugenol based paste. Frac-
tured crowns may be restored with acid-etched
composite.
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CROWN-ROOT FRACTURES

Description

These fractures are usually oblique and involve
both crown and root. Anterior teeth show the so-
called chisel-type fracture, which splits the crown
diagonally and extends subgingivally to a root
surface (Figure 25-8). They resemble a crown frac-
ture but are more extensive and more serious be-
cause they include the root. Another variation is
the fracture that shatters the crown (Figure 25-9).

The pieces are held in place only by the part of the
fractured segment still attached to the periodon-
tal ligament or gingival tissues. In all of these frac-
tures, the pulp is usually exposed.

In contrast to other traumatic injuries in
which posterior teeth are rarely involved, crown-

root fractures often include the molars and pre-
molars. Cusp fractures that extend subgingivally
are common (Figure 25-10). Diagnostically they
may, however, be difficult to identify in the early
stages of development. Similarly, vertical frac-
tures in the long axis of roots are difficult to de-
tect and diagnose. Such crown-root fractures are
discussed in more detail in Chapter 28.

Crown-root fractures in posterior teeth can-
not always be associated with a single traumatic
incident, although bicycle or automobile acci-
dents at times may produce these results. The
risk is increased with a sharp blow to the chin
causing the jaws to slam together; skin abrasions
under the chin may be a sign of such an impact.
Also, all posterior teeth should be examined
using a sharp explorer to detect movement of
loose fragments.'

FIGURE 25-8
Crown-root fracture. Anterior teeth may develop "chisel-
type" fractures, which extend below the cementoenamel
junction. Because of the nature and location of these frac-
tures, they are difficult to manage.

Examination

Crown-root fractures are complex injuries that
are difficult both to evaluate and to treat. Until
recently, it was recommended that all loose frag-
ments had to be removed to evaluate the extent
of injury. This may still be necessary in some in-
stances, but with the availability of bonding
agents it is now possible to bond loose fragments
at least temporarily. The current recommenda-
tion is to attempt to bond loose fragments to-
gether, particularly if the tooth is immature and
still developing. Clinical judgment must be used
to decide when to follow one course of action or
another.

It is not unusual, in a tooth in which the crown
has broken into several pieces, to find that the
same shattering effect has extended to the root as
well. Additional radiographs at different angles

FIGURE 25-9
Crown-root fracture resulting in a shattered crown with sub-
gingival extension.

FIGURE 25-70
Pulp exposure may or may not be present with a crown-root
fracture of a posterior tooth.
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Treatment Planning

Crown-root fractures are often complicated by
pulp exposures and extensive loss of tooth struc-
ture. In developing a treatment plan, many ques-
tions must be considered: Which is better for
this tooth, pulpotomy or pulpectomy? After all
loose fragments have been removed, will there
be enough tooth structure to support a restora-
tion? Is the subgingival fracture below a level at
which a restorative margin can be placed, thus
necessitating root extrusion or gingivoplasty or
alveoplasty? Should the tooth be extracted and
replaced with a bridge or implant? Or if extrac-
tion is chosen, can the space be closed ortho-
dontically? These are but a few of the many
questions. Because of such complexity, a team
approach involving specialists in the areas of

FIGURE 25-11
Urgent care of crown-root fracture. A, The mesial
segments are mobile and must be removed. B, After
removal of all loose fragments, the exposed pulp is
managed by shallow pulpotomy. C, The crown can
now be restored with acid-etched resin.

(as will be described under "Root Fractures") may
help to identify radicular fracture lines.

Emergency Care

Teeth with crown-root fractures are often pain-
ful; such injuries often require urgent care. This
may consist only of removing loose tooth frag-
ments but often also includes pulp therapy (Fig-
ure 25-11). If the root is immature, pulpotomy
(see "Crown Fractures with Pulp Exposure" in
this chapter and also "Vital Pulp Therapy" in
Chapter 22) is preferable to pulpectomy, whereas
pulpectomy is the treatment of choice in patients
with fully developed teeth. Definitive treatment
should be postponed until an overall endodontic
and restorative treatment plan is developed.
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endodontics, periodontics, orthodontics, and pros-
thodontics is beneficial in developing the treat-
ment plan.

Primary Teeth

A crown-root fracture in primary teeth usually
dictates extraction. Occasionally, sufficient re-
maining tooth structure may be available for
restoration or recontouring.

ROOT FRACTURES

Description

Fractures of roots (Figure 25-12) have been called
intraalveolar root fractures, horizontal root frac-
tures, and transverse root fractures. They do not
occur often and may be difficult to detect. 17-21

Radiographically, a root fracture is visualized
if the x-ray beam passes through the fracture line.
Because these fractures often are transverse-to-
oblique (involving pulp, dentin, and cementum),
they may be missed if the central beam's di-
rection is not parallel or close to parallel to the

FIGURE 25-12
Horizontal root fractures. Central incisors are the teeth most
often involved. Unless the coronal segments are displaced or
mobile, no splinting or other treatment is necessary.

fracture line. For this reason, a steep vertical an-
gulation is included in addition to the normal
parallel angulation whenever a root fracture is
suspected. This additional angulation, i.e., fore-
shortened view (approximately 45 degrees), will
detect many fractures, particularly in the apical
regions (Figure 25-13). 120,21

Clinically, root fractures may present as mobile
or displaced teeth, with pain on biting. Symptoms
are generally mild. If mobility and displacement
of the coronal segment are absent or slight, the
patient may have no chief complaint and may not
seek treatment. 2 0 Generally, the more cervical the
fracture, the more mobility and displacement of
the coronal segment and a greater likelihood of
pulp necrosis of this segment. Treatment (splint-
ing) for root fractures is indicated if the coronal
segment is mobile. Thus root fractures in the api-
cal and middle thirds usually require no immedi-
ate treatment but must be observed long term .20

Emergency Care

If a root fracture is identified, initial treatment
includes repositioning of the coronal segment (if
displaced) and stabilization by splinting. Reposi-
tioning of the coronal segment may be as easy as
applying finger pressure to the crown to align
the segment, or it may be more complicated, re-
quiring orthodontic approaches. When the coro-
nal segment has been repositioned, it must be

FIGURE 25-13
Radiographic technique used for suspected root fractures. At
l east two angulations are made: the conventional (90 de-
gree) view and a steep vertical (45 degree) view. Additional
angulations help to detect suspected root fractures by direct-
i ng the x-ray beam through a diagonal fracture.
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stabilized to allow repair of the periodontium
(Figure 25-14).

Stabilization may be accomplished by the use
of orthodontic wire and acid-etched resin. Splint-
ing time must be sufficient to allow calcification
to take place, probably both internally in the pul-
pal space and possibly externally across the frac-
ture lines." Up to 12 weeks' stabilization has been
recommended .z0 if repair takes place with no evi-
dence of pulp necrosis, root-fractured teeth do
not require root canal treatment."

Sequelae of Root Fractures

Root fractures are often characterized by devel-
opment of calcific metamorphosis (radiographic
obliteration) in one (usually coronal) or both seg-
ments; therefore EPT readings may be very high
or absent. Lack of response to EPT by itself, how-
ever, in the absence of other evidence of pulp
necrosis (bony lesions apically or laterally, adverse
symptoms, and so on), does not indicate a need
for root canal treatment. The majority of root
fractures heal either spontaneously or following
splint therapy."

Root Canal Treatment

Root canal treatment is indicated when pathosis
is evident, usually owing to development of pulp
necrosis in the coronal portion, which subse-
quently leads to inflammatory lesions adjacent
to the fracture lines (Figure 25-15). 19 The endo-
dontic procedure, when necessary, usually is com-
plex; referral to a specialist should be considered.
The various treatment approaches are listed in
Box 25-3. The current recommendation is to treat
only the coronal segment canal (Figure 25-16).
The pulp in the apical segment usually remains
vital.

Primary Teeth

Root fractures are not common in primary teeth.'
Those that occur with marked coronal displace-
ment should be treated by removing the coronal
segment and leaving the root apex in situ. Any at-
tempt to remove the root apex may damage the
subjacent permanent tooth bud. As in permanent
teeth, root fractures not accompanied by mobility
usually require no treatment unless problems de-
velop subsequently.

FIGURE 25-74
Stabilization of root fractures with a mobile coronal segment. A, Orthodontic wire is adapted to labial surfaces
of anterior teeth and attached using the acid-etched resin technique. If possible, all six anterior teeth are included
for better stabilization. B, At future evaluation, root formation has responded to treatment (stabilization). Inter-
nal calcification adjacent to the fracture (arrows) indicates repair.
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FIGURE 25-15
Two different long-term sequelae of horizontal root fractures.
The incisor on the /eftshows bony interposition between the
fractured segments, with bone growth into the coronal pulp
space and formation of a lamina dura and periodontal liga-
ment space (arrow). The incisor on the right has undergone
pulp necrosis of both segments; because of the location of
the fracture and resulting damage, removal of both segments
i s indicated. (Courtesy Dr. M. Gomez.)

"This procedure is the most common current recommendation and
provides the most consistent results.

FIGURE 25-16

Successful treatment of pulp necrosis in a root-fractured incisor with root canal filling of coronal fragment.
A, Condition after the injury. B, Segment is repositioned, stabilized, and treated. C, Five months after obturation;
the segment is stable.
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LUXATION INJURIES

Description

Luxation injuries (Figure 2S-17) cause trauma to
the supporting structures of teeth and often affect
the neural and vascular supply to the pulp. The
cause is usually a sudden impact, such as a blow or
striking a hard object during a fall. 1,22 Generally,
the more severe the luxation (involving more dis-
placement), the greater the damage to the peri-
odontium and to the dental pulp. Table 2S-1 pro-
vides a summary of the typical clinical and
radiographic findings associated with different
types of luxation injuries.'

Concussion. The tooth is sensitive to percussion
only. There is no increase in mobility, and the
tooth has not been displaced. The pulp may re-
spond normally to testing, and no radiographic
changes are found.

Subluxation. Subluxation injuries include teeth
that are sensitive to percussion and also have in-

creased mobility. Often sulcular bleeding is pres-
ent, indicating vessel damage and tearing of the
periodontal ligament. No displacement is found,
and the pulp may respond normally to testing.
Radiographic findings are unremarkable.

Extrusive luxation. These teeth have been par-
tially displaced from the socket along the long
axis. Such extruded teeth have greatly increased
mobility, and radiographs show displacement.
The pulp usually does not respond to testing.

Lateral luxation. Trauma has displaced the tooth
lingually, buccally, mesially, or distally, that is,
out of its normal position away from its long
axis. If the apex has been translocated during
the displacement, the tooth may be quite firm.
Percussion sensitivity may or may not be present
with a metallic sound if the tooth is firm, indi-
cating that the root has been forced into the
alveolar bone.

I ntrusive luxation. Teeth are forced into their
sockets in an axial (apical) direction, at times to

FIGURE 25-17
Luxation injuries. A, Subluxation: the tooth is loosened but not displaced. B, Extrusive luxation: the tooth is par-
tially extruded from its socket. Occasionally this is accompanied by an alveolar fracture. C, Lateral luxation: the
crown is displaced palatally and the root apex labially. D, Intrusive luxation: the tooth is displaced apically.

TABLE 25-1
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the point of being buried and not visible. They
have decreased mobility and resemble ankylosis.

Examination and Diagnosis

The clinical descriptions of the five types of luxa-
tion injuries should be sufficient to make the ini-
tial diagnosis. Pulpal status must be continually
monitored until a definitive diagnosis can be
made, which in some cases may require several
months or years. Carbon dioxide ice and the EPT
are used in monitoring pulpal status . 7

Concussion injuries generally respond to pulp
testing. Because the injury is less severe, pulpal
blood supply is more likely to return to normal.
Teeth in the subluxation injury group also tend to
retain or recover pulpal responsiveness but less
predictably than teeth with concussion injuries.
In both cases, an immature tooth with an open
apex has a better prognosis. Extrusive, lateral, and
intrusive injuries involve more displacement
and therefore more damage to apical vessels and
nerves. Therefore pulp responses in teeth with ex-
trusive, lateral, and intrusive luxations are often
absent. These pulps often do not recover respon-
siveness even if the pulp is vital (has blood
supply), because sensory nerves are permanently
damaged. Exceptions are immature teeth with
wide-open apices; these teeth often regain or re-
tain pulp vitality (responsiveness) even after se-
vere injuries . 1°13

Monitoring pulp status requires a schedule of
pulp testing and radiographic evaluation for a
long enough time to permit determination of
the outcome with some degree of certainty. That
may require 2 or more years. Pulp status is best
monitored with pulp testing, radiographs, devel-
oping symptoms, and observation for crown color
changes . 7,8,23

Pulp testing. Carbon dioxide ice or the EPT is
used to test teeth that have been injured; several
adjacent and opposing teeth are included in the
test. An initial lack of response is neither unusual,
nor is a high reading on the pulp tester. Retesting
is done in 4 to 6 weeks; the results are recorded
and compared with the initial responses. If the
pulp responds in both instances, the prognosis
for pulp survival is good. A pulp response that is
absent initially and present at the second visit in-
dicates a probable recovery of vitality, although
cases of subsequent reversals have been noted.' If
the pulp fails to respond both times, the progno-
sis is questionable and the pulp status uncertain.
In the absence of other findings indicating pulp
necrosis, the tooth is retested in 3 to 4 months.
Continued lack of response may indicate pulp
necrosis by infarct, but lack of response may not

be enough evidence to make a diagnosis of pulp
necrosis. That is, the pulp may permanently lose
sensory nerve supply but retain its blood supply.
After a period of time, the pulp often responds to
testing if it recovers.

Radiographic evaluation. The initial radiograph
made after the injury will not disclose the pulp
condition. However, it is very important for evalu-
ation of the general injury to the tooth and alveo-
lus and serves as a basis for comparison of subse-
quent radiographs. These radiographs are taken
at the same intervals used for pulp testing. Evi-
dence of resorption, both internal and external,
and periradicular bony changes is sought. Resorp-
tive changes, particularly external changes, may
occur soon after injury; if no attempt is made to
arrest the destructive process, much of the root
may be rapidly lost. Inflammatory resorption can
be intercepted by timely endodontic intervention.

Pulp space calcification or obliteration is a
common finding after luxation injuries." Also
called calcific metamorphosis, this canal obliteration
may be partial or nearly complete (after several
years) and does not require root canal treatment,
except when other signs and symptoms indicate
pulp necrosis.

Crown color changes. Pulp injury may cause
discoloration, even after only a few days. Initial
changes tend to be pink. Subsequently, if the pulp
does not recover and becomes necrotic, there
may be a grayish darkening of the crown, often
accompanied by a loss in translucency. Also, color
changes may take place owing to increased calcific
metamorphosis. Such color changes are likely
to be yellow to brown and do not indicate pulp
pathosis. Other signs, findings, or symptoms are
necessary to diagnose pulp necrosis.

Finally, discoloration may be reversed. This
usually happens relatively soon after the injury
and indicates that the pulp is vital. Because of un-
predictable changes associated with traumatized
teeth, long-term evaluation is recommended.

Treatment of Luxation Injuries

Luxation injuries, regardless of type, often present
diagnostic and treatment complexities that require
consultation with specialists. For concussion injuries,
no immediate treatment is necessary. The patient
should allow the tooth to "rest" (avoid biting) until
sensitivity has subsided. Pulp status is monitored
as described. Subluxations may likewise require no
treatment unless mobility is moderate; if mobility is
graded 2, stabilization may be necessary.'

Extrusive and lateral luxation injuries require
repositioning and splinting (see Figure 25-14). The
length of time needed for splinting varies with the
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severity of injury. Extrusions may need only 2 to
3 weeks, whereas luxations that involve bony frac-
tures need up to 8 weeks.' Root canal treatment is
indicated for teeth with a diagnosis of irreversible
pulpitis or pulp necrosis. Such a diagnosis often
requires a combination of signs and symptoms
such as discoloration of the crown, lack of pulp
response to the EPT, and a periradicular lesion
seen radiographically.' Severe pulp damage is more
likely with greater degrees of displacement.

Treatment of intrusive luxation injuries depends
on root maturity.25 If the tooth is incompletely
formed with an open apex, it may re-erupt. If it is
fully developed, active extrusion will be necessary
soon after the injury, usually by an orthodontic
appliance. In extreme cases of intrusion, in which
the tooth has been totally embedded into the al-
veolus, surgical repositioning may be necessary.
Surgical repositioning should, however, be only
partial and should be supplemented with ortho-
dontic extrusion to reduce the risk of marginal
bone loss and ankylosis. Root canal treatment is
indicated for intruded teeth with the exception of
those with immature roots, in which case the pulp
may revascularize. 23

A tooth with any luxation injury and also signs
or symptoms of irreversible pulpitis requires root
canal treatment; the procedure is conventional
and may be completed in one appointment. If the
pulp is necrotic, treatment may be accomplished
in one or two visits with calcium hydroxide placed
in the prepared canal for 1 to 2 weeks before ob-
turation. If there is also evidence of external re-
sorption in addition to pulp necrosis, calcium hy-
droxide should be left in the canal until evidence
of root surface repair, such as reestablishment of
periodontal ligament space, is evident.

Primary Teeth

Concussion and subluxation injuries require no
treatment. Pulpal evaluation is limited to radio-
graphic and clinical observation. Persistent crown
discoloration usually indicates pulp necrosis, ne-
cessitating either root canal treatment or extrac-
tion. 26,2' Discolored primary teeth may return to
normal color, probably indicating recovery of the
pulp.9 Calcitic metamorphosis is common after
luxation injuries. This changes the primary crown
to a darker yellow color, which is not pathosis and
so requires no treatment.

Teeth with lateral and extrusive luxations may
be left untreated, or the tooth may be extracted,
depending on the severity of injury. Teeth with
intrusive luxations should be carefully evaluated
to determine the direction of intrusion. Radio-
graphs provide valuable information. If the in-

truded tooth appears foreshortened on the film,
the apex is oriented toward the x-ray cone. There-
fore these teeth should present no danger to the
permanent successor and may be left to re-erupt.
If the tooth appears elongated, the apex is ori-
ented toward the permanent successor and may
pose a risk to the permanent tooth bud. The
tooth should be carefully extracted if it impinges
on the permanent successor. Also evaluated is the
symmetry of the permanent tooth buds.'

AVULSIONS

Description

An avulsed tooth is one that has been totally dis-
placed out of its alveolar socket. If the tooth is re-
planted soon after avulsion (immediate replanta-
tion), the periodontal ligament has a good chance
of healing. Time out of socket and the storage
media used are the most critical factors in suc-
cessful replantation. It is important to preserve
the periodontal ligament cells and the fibers at-
tached to the root surface by keeping the tooth
moist and minimizing handling of the root.1.28

Treatment

Three situations involving avulsions may occur:
(1) someone may telephone for advice about an
avulsed tooth, presenting an opportunity for im-
mediate replantation (within minutes); (2) the pa-
tient may be brought to the office with a tooth
that has been out of the alveolus for less than
1 hour or kept in a suitable storage medium; or
(3) the tooth has been out for more than 1 hour
and not kept in a storage medium.

I mmediate replantation. The prognosis is im-
proved by replantation immediately after avul-
sion." Many individuals-parents, athletic instruc-
tors, and others-are aware of this emergency
procedure and can replant on site. Some may ask
for advice by phone. The procedure used for im-
mediate replantation is presented in Box 25-4.
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When a patient who has had a tooth replanted
at the accident site comes to the dental office, the
replantation should be examined both clinically
and radiographically. The dentist looks for addi-
tional injuries to adjacent or opposing teeth and
evaluates the replanted tooth for stability and
alignment. The procedure outlined in the next
section (with the exception of the replantation
step) is followed.

Replantation within 1 hour of avulsion. If immedi-
ate replantation is not feasible, the injured person
should be brought to the dental office and the
tooth transported in such a way as to keep it
moist.29 The best transport medium is a commer-
cially available storage-transport medium or phys-
iologic saline (usually neither is available); milk
is an excellent alternative.28-30 Saliva is acceptable,
whereas water is not good for maintaining root-
surface cell vitality.'

When the patient arrives:
1. The tooth is placed in a cup of physiologic

saline.
2. The area of injury is radiographed, looking

for evidence of alveolar fracture.
3. The avulsion site is examined carefully for

any loose bone fragments that may be re-
moved. if the alveolus is collapsed, it is
spread open gently with an instrument.

4. The socket is gently irrigated with saline to
remove contaminated coagulum.

5. In the cup of saline, the tooth is grasped
with extraction forceps by the crown to
avoid handling the root.

6. The tooth is examined for debris, which, if
present, is gently removed with gauze
moistened with saline.

7. The tooth is replaced into the socket; after
partial insertion using the forceps, gentle
finger pressure is used or the patient bites
on gauze until the tooth is seated.

8. Proper alignment is checked, and hyperoc-
clusion is corrected. Soft tissue lacerations
are tightly sutured, particularly cervically.

9. The tooth is stabilized for 1 to 2 weeks
with a splint (see Figure 25-14).

10. It has been suggested that antibiotics be
prescribed in the same dosage as that used
for mild to moderate oral infections . 31 A
tetanus booster injection is recommended
if the last one was administered more than
5 years previously. 4

11. Supportive care is given; a soft diet and
mild analgesics are suggested as needed.

Root canal treatment is indicated for mature
teeth and should be done optimally after 1 week
and before the splint is removed (the splint stabi-
lizes the tooth during the procedure). The excep-

tion to routine root canal therapy is immature
teeth with wide-open apices; they may revascular-
ize but must be evaluated at regular intervals of
2, 6, and 12 months after replantation. If subse-
quent evaluations indicate pulp necrosis, root
canal treatment, probably including apexifica-
tion, is indicated . 32

Replantation more than 1 hour after avulsion. If a
tooth has been out of the alveolar socket for more
than 1 hour (and not kept moist in a suitable
medium), periodontal ligament cells and fibers
will not survive regardless of the stage of root de-
velopment. Replacement resorption (ankylosis)
will probably be the eventual sequela after replan-
tation. Therefore treatment efforts before replan-
tation include treating the root surface with fluo-
ride to reduce (slow) the resorptive process.'

When the patient arrives:
1. The area of tooth avulsion is examined and

radiographs are examined for evidence of
alveolar fractures.

2. Debris and pieces of soft tissue adhering to
the root surface are removed.

3. The tooth is soaked in a 2.4% solution of
sodium fluoride (acidulated to pH 5.5) for
5 to 20 minutes.

FIGURE 25-18
Replanted tooth with inflammatory resorption characterized
by resorption of tooth structure (curved arrow) and a peri-
odontal lesion in the periradicular bone (open arrows). Al-

though the inflammatory resorption appears internal, it is in
fact superimposed and is external.



4. The pulp is extirpated, and the canal is
cleaned, shaped, and filled while the tooth is
held in a fluoride-soaked piece of gauze. Often
the procedure can be accomplished from an
apical direction if the root is immature.

5. The alveolar socket is carefully suctioned to
remove the blood clot. The socket is irri-
gated with saline.33 Anesthesia may be nec-
essary first.

6. The tooth is gently replanted into the
socket, checking for proper alignment and
occlusal contact.

7. The tooth is splinted for 3 to 6 weeks (see
Figure 25-14).

Sequelae to Replantation

Generally external resorption occurs. Three types
have been identified: surface, inflammatory, and
replacement.'

Surface resorption. Microscopic examination of
replanted teeth reveals lacunae of resorption in
the cementum. These are not usually visible on ra-
diographs. They are repaired by deposition of new
cementum, which represents healing.

Inflammatory resorption. Inflammatory resorp-
tion occurs as a response to the presence of in-
fected necrotic pulp in conjunction with injury to
the periodontal ligament. It occurs with replanted
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teeth (Figure 25-18) as well as with other types of
luxation injuries. It is characterized by loss of
tooth structure and adjacent alveolar bone. Re-
sorption usually subsides after removal of the
necrotic pulp, so the prognosis is good. Root
canal treatment is therefore recommended rou-
tinely for replanted teeth with closed apexes.

Replacement resorption. In replacement resorp-
tion the tooth structure is resorbed and replaced
by bone (Figure 25-19). This is the result of anky-
losis; bone fuses directly to the root surface. The
characteristics of ankylosis are lack of physio-
logic mobility, failure of the tooth to erupt along
with adjacent teeth (leading to infraocclusion in
young individuals), and a "solid" metallic sound
when percussed. Currently, no known treatment
is available for replacement resorption, which
tends to be continuous until the root is replaced
by bone. In teeth that have had long extraalveolar
dry periods, the resorptive process is apparently
slowed (but not halted) by immersing the tooth
in fluoride before replantation.'

Primary Teeth

Replantation of avulsed primary teeth is not rec-
ommended because of the risk of damage to the
permanent successor. Premature loss of a primary
incisor is generally not serious.

FIGURE 25-79
Replacement resorption (ankylosis). A, The root of this replanted root canal treated tooth has been almost totally
resorbed and has been replaced by bone that fuses to the tooth structure, resulting in ankylosis and resorption.
B, Tooth is in infraocclusion owing to ankylosis, which prevents normal eruption, as evidenced by continuous
eruption of the adjacent teeth.
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Root Canal Treatment

Mature avulsed teeth, when replanted, cannot be
expected to reestablish pulpal blood supply.32

Revascularization may occur in immature teeth
with wide open apexes, but it is unpredictable.
These teeth must be monitored radiographically
over a period of time to watch for evidence of pulp
necrosis.

In the mature replanted tooth, root canal
treatment is definitely indicated and should be
done about 1 to 2 weeks after replantation. The
splint may remain during treatment for stability.
The use of calcium hydroxide as an antimicrobial
i ntracanal interappointment medicament may be
helpful34; it is particularly beneficial if the root
canal is infected, a condition that would be likely
to occur when root canal treatment is delayed
more than a few weeks after replantation.

The procedure consists of cleaning and shap-
ing, followed by calcium hydroxide placement for
a minimum of 1 to 2 weeks .28 Obturation is then
accomplished with gutta-percha and sealer. Long-
term evaluation is necessary, complex problems
may develop in the future.

Restoration, both temporary and permanent,
is the key to success. Sealing of the access is criti-
cal between appointments and after obturation.

FIGURE 25-20
Alveolar fracture (arrows). Teeth involved in an alveolar frac-
ture should have careful short- and long-term monitoring for
pulp responsiveness or other signs of pathosis.

For long-term stability, a dentin bonding agent
with acid-etched composite is indicated.28

ALVEOLAR FRACTURES

Pulp necrosis is often associated with alveolar frac-
tures, which may in turn be associated with other
major facial injuries.' The initial, urgent need is
management of the fracture, which is splinting of
the segment to the adjacent teeth and often is per-
formed by oral and maxillofacial surgeons. When
the patient is able to have the teeth examined,
those in the line of fracture as well as adjacent
teeth are evaluated. Lack of response to an EPT, if
not reversed within 3 to 6 months, often, but not
always, indicates pulp necrosis. Therefore the pres-
ence of other indicators (apical radiolucency or
symptoms) is necessary before further treatment is
given (Figure 25-20). Root canal treatment is indi-
cated when pulp necrosis is diagnosed.35
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Periodontal-Endodontic
Considerations

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / State the anatomic pathways of communication between the dental pulp and the gingival sulcus or

periodontal ligament.

z / Describe the effects of pulpal disease and endodontic procedures on the periodontium.

3 / Describe the effects of periodontal disease and procedures on the pulp.

4 / Identify which clinical diagnostic procedures and findings are of importance in differentiating between

those defects in the integrity of the gingival sulcus that will respond to root canal treatment and those that

will require periodontal therapy for resolution.

s / Establish treatment requirements and sequencing according to diagnostic findings.

6 / Identify which patients with complex problems should be considered for referral.

466



Pathways of Communication between the

Dental Pulp and the Periodontium

Dentinal Tubules

Lateral or Accessory Canals

Apical Foramen

Effects of Pulpal Disease and Endodontic

Procedures on the Periodontium

Pulpal Disease

Endodontic Procedures

Effects of Endodontically Involved Teeth on

Periodontal Health and Healing

Effects of Periodontal Disease and

Procedures on the Pulp

Periodontal Disease

Periodontal Procedures

Clinical Diagnostic Procedures

Radiographic Findings

Pulp Testing Procedures

Periodontal Probing

Definition of a Perio-Endo Lesion*

Clinical Situations That Can Be Identified*

Acute or "Blow-Out" Lesions

Typical Periodontal Lesions

Radiolucent Lesions in Which the Gingival

Sulcus Is Intact

Lesions with Narrow Sinus Tract Type Probing

I ndependent Periodontal and Periapical or

Lateral Lesions That Do Not Communicate

True Combined Perio-Endo Lesions

Basis for Patient Referral

*Adapted with permission from Harrington GW:
The perio-endo question: differential diagnosis, Dent
Clin North Am 23(4):673-690, 1979 and from Natkin
E: An introduction to endodontic diagnosis and treatment,
Seattle, 1989, University of Washington.
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ne of the more difficult dilemmas for
a clinician is interpretation of the cause
of a defect in the integrity of the gingival

sulcus. Such a defect is identified by carefully
probing all the way around a tooth with a peri-
odontal probe. Either the gingival sulcus is intact
or it is not. If the gingival sulcus is not intact
(probing depth is greater than 2 to 3 mm), it is crit-
ical for the patient that the clinician choose ap-
propriate treatment for resolution of the defect.
The purpose of this chapter is to identify those
clinical situations that will respond favorably to
root canal treatment and those that will not.

Pathways of Communication
Between the Dental Pulp
and the Periodontium
Direct communication between the dental pulp
and the periodontium may be through (1) patent
dentinal tubules where the cementum is develop-
mentally missing on the root surface or has been
removed by periodontal root planing, (2) lateral
and/or accessory canals, and (3) the apical fora-
men or foramina.

DENTINAL TUBULES

An understanding of the anatomy of patent
dentinal tubules and changes brought about by
age or periodontal treatment is essential to our
understanding of the permeability of root dentin
and dentin hypersensitivity. In the root, dentinal
tubules extend from the intermediate dentin just
inside the cementum-dentin junction to the pulp-
predentin junction. Dentinal tubules in the root
run a relatively straight course between the pe-
riphery and the pulp in contrast to the typical
S-shaped contours of the tubules in the crown.
Tubules range in size from about 1 to 3 um in di-
ameter.' They are approximately 1 um in diameter
near the cementum-dentin junction and approxi-
mately 2.5 um near the pulp-predentin junction . 2
The diameter of tubules decreases with age by the
laying down of highly mineralized peritubular
dentin. It is possible for tubules to become com-
pletely calcified, particularly in the root. When the
dentinal tubules in a section of root dentin be-
come completely calcified, dentin is referred to as
sclerotic or translucent.

The number of dentinal tubules per square
millimeter varies from 8000 to 57,000.' At the pe-
riphery of the root at the cemento-enamel junc-
tion, the number has been estimated to be ap-
proximately 15,000/mm 2 . The density, or number
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of tubules per square millimeter, increases from
the cementum-dentin junction to the dentin-
predentin junction. In periodontal disease the
root surface becomes exposed to the oral cavity.
Cementum acts as a protective barrier, but direct
communication may be established between the
contents of patent dentinal tubules and the oral
environment if the cementum is congenitally
missing at the cementum-dentin junction' or the
cementum layer is removed by root planing.
Therefore direct communication between the oral
environment and the dental pulp may be estab-
lished through patent dentinal tubules.

LATERAL OR ACCESSORY CANALS

Considerable speculation exists about the role lat-
eral or accessory canals may play in the spread of
inflammation from a periodontal pocket into the
dental pulp or from the dental pulp into the peri-
odontal ligament. Although there is little doubt
that the spread of inflammation can and does
occur in both directions, the clinical significance
is open to question.

A lateral or accessory canal may be present any-
where on a root surface. The majority are found in
the apical third of the root. The occurrence of lat-
eral canals in the coronal third of the root is rare.
The percentage of roots that may have a lateral
canal or canals increases as the apex of the root is
approached. Overall it is estimated that 30% to
40% of teeth have lateral or accessory canals.
DeDeus4 suggests that 1.6% of teeth have lateral
canals in the coronal third of the root, 8.8% in the
middle third, and 17% in the apical third. Obvi-
ously, the farther periodontal disease extends
down the root surface, the greater the possibility
that a lateral canal may become exposed by peri-
odontal disease. In a study of 100 human teeth
with extensive periodontal disease, however, only
2% had lateral canals located in an involved peri-
odontal pocket.5

The incidence of lateral canals in the furcation
region of molars is stated to be approximately
30% to 50%.6.7 The clinical significance of lateral
canals in the furcation, therefore, has been a sub-
ject of much speculation.

Clinical identification of the presence of a lat-
eral canal is very difficult or impossible in most
instances. An overall incidence of 30.6% has been
identified when two-view radiographs of extracted
teeth were examined.8 In interpretation of stan-
dard intraoral radiographs, however, an incidence
of only 7.6% was identified.8 This disparity clearly
demonstrates the difficulty encountered in the
clinical identification of lateral canals. Moreover,
the investigators were unable to identify any lat-

eral canals in the furcation area of molar teeth.
Therefore in the usual situations encountered in
clinical practice, accurate positive identification
of lateral canals on the basis of radiographic in-
terpretation can be accomplished only in a very
small percentage of cases.

Clinically, positive identification of the pres-
ence of a lateral canal can usually be made only
when a discrete lateral lesion associated with a
necrotic pulp can be identified radiographically or
when some of the root canal filling material is
forced into a lateral canal during the condensa-
tion procedure (Figure 26-1). In addition, the ra-
diographic identification of a notch on the lateral
root surface suggests the presence of an orifice
into a lateral canal.

The clinical significance of the incidence of lat-
eral canals at various levels on the root surface lies
in the fact that the farther apical the lateral carnal,
the more extensive the periodontal destruction
must be to involve the tissue in the lateral canal in
the inflammatory process. If the incidence of lat-
eral canals in the coronal third of the root is rare
(with the exception of furcations), the incidence
in the middle third is 12% or less,8 and the pre-
ponderance of lateral canals occur in the apical
third, then in most instances periodontal patho-
sis would have to be extensive for the inflamma-
tory process to extend through a lateral canal to
involve the dental pulp. In such instances, the
overall prognosis for a tooth will then depend on
the periodontal prognosis, i.e., how extensive the
periodontal destruction is and the likelihood of
resolving such periodontal pathosis with peri-
odontal therapy.

If the dental pulp is necrotic and a patent lat-
eral canal is exposed, periodontal reattachment to
the root surface can be inhibited if definitive peri-
odontal therapy is undertaken before root canal
treatment. Therefore if the pulp is necrotic and the pe-
riodontal prognosis is favorable, root canal treatment
should always precede periodontal therapy.

If the dental pulp is vital but there has been ex-
tension of the inflammatory process from a peri-
odontal lesion into the tissue in a lateral canal, it
is open to question whether or not the amount of
tissue irritants present in the lateral canal would
impede periodontal reattachment. Because it is not
possible to determine the exact bistologic status of the den-
tal pulp by the clinical testing procedures currently avail-
able and in most instances impossible to positively iden-
tify the presence or absence ofa lateral canal, periodontal
therapy alone should be undertaken to resolve a peri-
odontal lesion if the tooth responds within normal limits
to pulp testing procedures and there is no other evidence
to indicate that the clinician should question the validity
of the pulp test responses.



COLOR FIGURE 26- 1
(Refer to Figure 26-5.) A, Typical swelling in a "blow out" type of lesion. B, A periodontal probe in the lesion at
the time of initial examination. C, Probing is reduced to a narrow sinus tract type of probing after starting root
canal treatment. D, Resolution of the lesion after completion of root canal treatment. (From Harrington GW:
Dent Clin North Am 23:673, 1979.)

COLOR FIGURE 26-2
(Refer to Figure 26-8.) Clinical presentation of a narrow sinus tract type of probing. (From Harrington GW: Dent
Clin North Am 23:673, 1979.)



COLOR FIGURE 26- 3
(Refer to Figure 26-6.) A to E, Typical probing of a lesion caused by periodontal disease. (From Harrington GIN:
Dent Clin North Am 23:673, 1979.)



APICAL FORAMEN

The major pathway of communication between
the dental pulp and the periodontal ligament in
all teeth is through the apical foramen or foram-
ina. The effect of extensive pulp inflammation or
necrosis is extension of the inflammatory process
into the periodontal ligament contiguous with
the pulp at the apical foramen.
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FIGURE 26-1
Lateral canals may be identified (A) when a dis-
crete lateral lesion (arrow) is present, as on the
mesial of this central incisor or (B) radiopaque ma-
terials are extruded during obturation. C, A notch
on the lateral root surface (arrow) suggests the
presence of a lateral canal. (A and C courtesy
Dr. E. Natkin.)

Effects of Pulpal Disease
and Endodontic Procedures
on the Periodontium
PULPAL DISEASE

Pulp inflammation or necrosis may lead to an in-
flammatory response in the periodontal ligament
at the apical foramen or foramina or at the site of
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a lateral or accessory canal. The resulting inflam-
matory lesion can range in extent from a minimal
inflammatory process confined to the periodontal
ligament to extensive destruction of the peri-
odontal ligament, tooth socket, and surrounding
bone. Such a lesion may result in a localized or
diffuse swelling that occasionally may involve the
gingival attachment. A lesion related to pulpal
necrosis may also result in a draining sinus tract
that drains through the alveolar mucosa or
attached gingiva, but may occasionally drain
through the gingival sulcus of the involved tooth
or through the gingival sulcus of an adjacent
tooth. After adequate root canal treatment, le-
sions resulting from pulpal necrosis resolve an ex-
ceptionally high percentage of the time.' The in-
tegrity of the periodontium will be reestablished
if root canal treatment is done well. If a draining
sinus tract through the periodontal ligament is
present before root canal treatment, resolution of
the defect that can be probed is expected.

ENDODONTIC PROCEDURES

Technical procedures involved in root canal treat-
ment, irrigants, medicaments, dressings, sealers,
and filling materials have the potential to cause
an inflammatory response in the periodontium.
An inflammatory response resulting from com-
monly used root canal treatment methods and
materials, however, is usually transient in nature
and resolves quickly if filling materials are con-
fined within the canal space.

In young patients there is evidence that a caus-
tic agent such as 30% hydrogen peroxide may
move through large patent dentinal tubules from
the pulp chamber and canal to cause an inflam-
matory response in the periodontal ligament.'o - ' 2

As a tooth matures, however, and the diameter of
dentinal tubules is reduced significantly, there is
little clinical evidence that any of the materials
used in root canal treatment cause an inflamma-
tory response in periodontal tissues other than
through a lateral canal or the apical foramen.

Procedural errors during root canal treatment
can, and often do, cause major destructive inflam-
matory processes in the periodontium. Break-
down of the attachment resulting in a periodon-
tal defect that can be probed may occur after
procedural errors such as access perforations in
the floor of a pulp chamber or on the root surface
apical to the gingival attachment, strip perfora-
tions or root perforations related to cleaning and
shaping procedures, and vertical root fractures.
Reattachment after a periodontal defect has been
established because of a procedural error is usu-
ally difficult to attain.

Effects of Endodontically
I nvolved Teeth on Periodontal
Health and Healing
Current literature suggests that a pulpless tooth
may be one of several site characteristics that may
influence treatment outcomes for periodontal le-
sions." In this chapter, a pulpless tooth is defined
as a tooth without a vital pulp; i.e., a tooth with a
necrotic pulp or a tooth that has previously had
root canal treatment. Recent retrospective statisti-
cal studies suggest that pulpless teeth with peri-
apical lesions promote the initiation of periodon-
tal pocket formation, promote the progression of
periodontal disease, and interfere with healing
of periodontal lesions after periodontal treat-
ment." -18 The presumed pathways include patent
dentinal tubules as well as accessory or lateral
canals. 14 The extrapolated difference in periodon-
tal pocket depth related to teeth with no periapi-
cal lesions compared with teeth with periapical
lesions, however, is stated to be 0.5 to 1.0 mm. On
a clinical basis detection of small changes in prob-
ing depth with any degree of accuracy is difficult.
The standard deviations in clinical probing re-
sults are stated to be 0.5 to 1.3 mm."

The reported statistical differences between
teeth with and without periapical lesions are also
somewhat inconsistent with differing periodontal
responses to different treatment modalities. The
data suggest that periodontally involved teeth
managed by periodontal surgery and osteoplasty
are not influenced by pulp pathosis." In addition,
nonsurgical treatment of vertical marginal defects
showed no correlation between periapical pathosis
and mean pocket depth reduction." In summary,
the data presented by these studies are equivocal at
best, appear to present trifling distinctions, and
appear to have little clinical significance.

In an attempt to relate disease etiology and
progression with the assignment of prognosis,
McGuire and Nunn10-2s found that some com-
monly accepted clinical parameters did not accu-
rately predict a tooth's survival. Their statistical
mode 12' had predicted that endodontic involve-
ment would be associated with the probability
that the prognosis for such a tooth would worsen
over time. In their clinical stud y,22 however, the ac-
tual outcome was that none of the 131 teeth lost
out of a total 2509 teeth had endodontic involve-
ment. Initial endodontic involvement was deter-
mined not to be a significant clinical factor asso-
ciated with tooth loss.

Because the alternative to maintenance of a
pulpless tooth is extraction, long-term prognosis
studies are significant. A recent retrospective clin-
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ical study of patients with advanced periodontal
disease 5 to 14 years after completion of active pe-
riodontal and endodontic treatment showed that
the risk of endodontic failure is very low and that
there is little risk of tooth loss for periodontal rea-
sons. 24 Of 911 periodontally involved teeth, over-
all tooth loss was 2%. Of the 571 teeth that did
not have root canal treatment before the recall pe-
riod, only one tooth needed root canal treatment
over the 5- to 14-year follow-up period. None of
the teeth were lost for endodontic reasons, and
the overall failure rate of the 340 endodontically
treated teeth was 1.2%.

The prognosis is quite good even for molars
with extensive periodontal disease that requires
root amputation .25.26 It has been suggested that
survival rates of teeth with root resections are not
substantially different from those for osseointe-
grated implants .2' In fact, a current periodontics
textbook suggests that substituting an osseointe-
grated implant for a tooth with furcation involve-
ment should be considered with extreme caution
and only if the implant will improve the success of
the overall treatment plan .28 In the benchmark re-
search study on prognosis for osseointegrated im-
plants, Adell et al . 29 reported an overall success
rate of 91% for mandibular implants and 81%
for maxillary implants for a follow-up period of
5 years or more.

In summary, although it has been suggested that a
pulpless tooth may represent an etiologic risk factor re-
lated to periodontal disease, the comparative risk must be
considered negligible based on clinical outcomes.

Effects of Periodontal Disease
and Procedures on the Pulp
PERIODONTAL DISEASE

Over the years there has been considerable specu-
lation on the effect of periodontal disease on the
health of the pulp. The accumulated evidence
suggests that there is little or no effect on human
pulps ...... In some of these studies, the pulps
of intact, caries-free, periodontally involved teeth
were all histologically within normal limits re-
gardless of the severity of periodontal disease.32-35
Indeed, there is some evidence that periodontal
disease must extend all the way to the apical fora-
men before the accumulation of plaque can cause
significant pulp involvement. 36

PERIODONTAL PROCEDURES

Periodontal root planing removes cementum
and dentin from the root surface, exposing

patent dentinal tubules to the oral environ-
ment. Dentin hypersensitivity often results, but
it can usually be managed by desensitization
procedures.

The pulp response to cementum and dentin
removal and exposure of patent dentinal tubules
by periodontal root planing will vary with the
remaining dentin thickness. Unless dentin re-
moval is excessive, pulp response will be negligi-
ble. Although the pulp is exposed to a bacterial
challenge through 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.

In a study of patients with maxillary molar
furcation involvement in which a high percent-
age of the teeth had lost at least 50% percent or
more bone support around one root before peri-
odontal treatment, only 4% required root canal
treatment from 5 to 24 years after completion of
periodontal treatment . 32 In no case was the cause
for root canal treatment ascribed to the effects of
periodontal disease or periodontal treatment. In
a 4- to 13-year recall study of nonabutment teeth
with advanced periodontal disease in which the
crestal bone level of over half of the teeth was in
the apical two-thirds of the root, only 3% devel-
oped pulp necrosis.35 With the exception of sev-
eral teeth that subsequently had progression of
periodontal disease to involve the root apices,
neither the cumulative effects of periodontal
treatment nor periodontal disease itself were rea-
sons cited for pulp necrosis.

If periodontal treatment is to be considered
for managing periodontal disease that extends
around the apical foramen, curetting the peri-
odontal lesion as part of the treatment will sever
the blood supply to the pulp and will require pro-
phylactic endodontic treatment. Root canal treat-
ment should be completed before periodontal
treatment because the necrotic pulp will prevent
healing of the periodontal tissues.

In summary, unless periodontal disease has pro-
gressed to involve the tooth apex, the effect ofperiodontal
disease on the pulp appears to be negligible. Prognosis for
a tooth involved with periodontal disease is determined
by the outcome expected from periodontal therapy.

Clinical Diagnostic Procedures

Appropriate diagnosis is critical. The clinician
must be able to identify the clinical characteristics
of a lesion, determine whether or not root canal
treatment has the potential to resolve the lesion,
and establish a reasoned prognosis.
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RADIOGRAPHIC FINDINGS

Interpretation of radiographs of good quality is
a very important part of diagnosis. Identifica-
tion of the proximal crestal bone and its position
in relation to the cementum-enamel junction
and the coronal level of superimposition of the
trabecular pattern over the root of a tooth re-
quires careful examination. Crestal bone level
can be identified by the clear-cut image of the
root itself and clarity of the canal space con-
trasted with superimposition of the trabecular
pattern over the root (Figure 26-2). If there is
crestal bone loss, the more apical margin of the
superimposed trabecular pattern identifies the
level of bone loss on one side of the tooth. In
some cases the superimposition of the trabecular
pattern will appear to have two distinct levels on
the root. There is no way to interpret from a sin-
gle radiograph whether the apically positioned
bone level is on the buccal or the lingual side.
This discrimination can only be made by clinical
examination of the area.

Interpretation of discrete periapical or lateral
lesions and discrete periodontal lesions is of clin-
ical importance in suggesting the cause of the
lesion and the proper diagnostic procedures to
follow to confirm the cause. However, when there
is radiographic evidence that bone loss extends

from the level of crestal bone to or near the apex
of the tooth, the radiograph is of little value in
determining the cause (Figure 26-3).

PULP TESTING PROCEDURES

The presence or absence of vital tissue in a tooth
with a single canal can be determined with confi-
dence with current pulp testing procedures. The
exact histologic status cannot be determined. In
teeth with multiple canals there may be vital tis-
sue in one or more canals while pulp necrosis
may have occurred in the remaining canal or
canals. Therefore the same degree of confidence
cannot be ascribed to positive pulp test responses
in a tooth with multiple canals as can be attrib-
uted to positive tests in a tooth with a single
canal. Limitations related to the interpretation of
pulp test responses complicate diagnosis of the
cause of a defect in the integrity of the gingival
sulcus. Chapter 4 of this text presents an in-
depth discussion of the interpretation of pulp
test responses.

PERIODONTAL PROBING

Considering the limitations in the diagnostic ar-
mamentarium, discrimination of "perio-endo"

FIGURE 26-2
A, Clear definition of the root and root canal space indicates bone loss on one side of the tooth down to the level
of the superimposed trabecular pattern. B, The image of the mesiobuccal root of the first molar demonstrates the
clarity of definition of the root outline and of the root canal space up to the level of the superimposed trabecu-

l ar pattern. (A from Harrington GW: Dent Clin North Am 23:673, 1979.)



lesions must be made primarily on the basis of
the critical examination of the area by means of
a periodontal probe. By development of acute
tactile discriminations the nature and cause of
the lesion can be determined. This determina-
tion is made by identifying the physical charac-
teristics of the lesion itself. Careful, accurate
probing all the way around the external root
surface of the tooth is required. A fine peri-
odontal probe must be used (Marquis periodon-
tal probe, Marquis Dental Manufacturing Co.,
Denver, CO). Differentiation must also be made
between "probing" and "sounding." As used in
this chapter, probing is defined as the tactile dis-
crimination of the level of the epithelial attach-
ment through use of the periodontal probe. In
contrast, sounding implies penetrating through
the attachment to define the most coronal level
of the alveolar bone. As there may be consider-
able differences between the two, the clinician
must understand and appreciate this clear dis-
tinction to develop the quality of tactile dis-
crimination required. In the descriptions to fol-
low, probing is the procedure referred to in all
instances.

Definition of a Perio-Endo Lesion

A perio-endo lesion is defined as follows:
1. The tooth involved must be pulpless.
2. There must be destruction of the periodon-

tal attachment apparatus from the gingival
sulcus to either the apex of the tooth or to
the area of an involved lateral canal, i.e.,
there must be a defect in the attachment
that can be probed.

FIGURE 26-3
These lesions have similar radiographic characteristics. A, Lesion is due solely to pulpal necrosis. B, Lesion is
strictly a periodontal lesion.
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3. Both root canal treatment and periodontal
therapy are required to resolve the entirety
of the lesion.

The second and third criteria will be exten-
sively described in the following clinical examples,
but the first criterion requires some clarification.
Clinical experience shows that if a tooth has an
advanced irreversible pulpitis, there is often mini-
mal disruption of the lamina dura and periodon-
tal ligament space at the apex of the tooth. With
some teeth there may be radiographic evidence of
a very small periapical lesion, particularly in
young patients. However, it is not common to
find irreversible pulpitis associated with a large ra-
diolucent periapical lesion. In fact, if vital tissue is
found in the pulp chamber of a tooth with a sin-
gle canal and there is a large radiolucent lesion as-
sociated with the apex, it is incumbent to posi-
tively identify the cause of the lesion. In a tooth
with multiple canals at least one canal will have
pulpal necrosis if there is a large lesion associated
with the apex or apices. In summary, at least one
necrotic, not simply irreversibly inflamed, canal is to be
expected when a moderate-to-large periapical lesion is
present.

Similarly, when a large lesion is associated with
the lateral surface of the root, the pulp of the
tooth must be necrotic if there is an actual en-
dodontic component to the lesion. The role, if
any, of inflammatory tissue in a lateral canal in
development of a lesion that can be probed along
the lateral surface of the root must be questioned.
Hence, it is inferred that some pulpal necrosis
must be present for a lateral or apical lesion to de-
velop. In the discussion to follow there must be
evidence of pulpal necrosis for the lesion to be
considered a true perio-endo lesion.
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Clinical Situations That
Can Be Identified

A periodontal-endodontic decision tree is pre-
sented in Figure 26-4.

ACUTE OR "BLOW-OUT" LESIONS

When a patient presents with a localized swelling
that involves the gingival sulcus, it may be diffi-
cult to determine if the swelling is due to a peri-
odontal abscess or an abscess of endodontic ori-
gin. The tooth must be pulpless. The swelling is
usually on the labial or buccal side of the tooth
but may be on the lingual side. As the sulcus is
probed 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 precipitously to a level near
the apex of the tooth, and the probing depth re-
mains the full width of the swelling (Figure 26-5
and Color Figure 26-1). At the opposite edge of
the swelling, probing is once again within nor-
mal 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 charac-
terized as having "blown out" the entire attach-
ment on that side.

When probing carefully around the neck of the
tooth in the area of swelling, intact crestal bone

may sometimes be felt. This would indicate that
there has been a pathologic perforation of the cor-
tical plate farther apically and that the perios-
teum has been lifted off the coronal cortical plate
by the swelling. If intact crestal bone is present,
rapid reattachment can be expected after resolu-
tion of the swelling. In some instances, on the
other hand, careful probing will reveal the ab-
sence of the buccal cortical plate to the depth of
approximately the apical extent of the swelling.
With this blow out type of probing, indicating
loss of bone along a broad front, rapid reattach-
ment can also be expected. In furcations, however,
healing may first proceed to what will be de-
scribed later in this chapter as a "sinus tract type
of probing," but eventually complete reattach-
ment can be expected.

Treatment for a blow out lesion involves cus-
tomary endodontic emergency procedures that
would be used if there were a similar swelling but
the entire sulcus were intact. The root surface
need not be curetted, nor the area surgically
flapped. Endodontic treatment only is indicated.
As the result of endodontic management of the
swelling, complete periodontal reattachment oc-
curs within 1 week in most cases. As mentioned
earlier, however, the broad, precipitous probing
may resolve to a narrow, deep sinus tract type of
probing, which may remain until after comple-
tion of root canal treatment.

FIGURE 26-4
Periodontal-endodontic decision tree. Appropriate tests and findings indicate both the diagnosis and etiology of
the pathosis. CEJ, Cementum-enamel junction; WNL, within normal limits. (Courtesy Dr. D. Steiner, from Natkin E:
An introduction to endodontic diagnosis and treatment, Seattle, 1989, University of Washington Press.)
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It should also be apparent that probing in
other areas around the root surface of a tooth
may vary from what is considered to be within
normal limits, but the blow out probing in the
area of the swelling will be distinctive.

TYPICAL PERIODONTAL LESIONS

In periodontal disease bone loss always begins at crestal
bone level and progresses apically. The typical lesion is
conical in contour. The probing may start from a
sulcus depth that is 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
(Figure 26-6). The slope of the lesion will vary
and may depend on the coronal width of the
lesion. Regardless of the degree of the slope, a
distinctive conical shape will be distinguished
by carefully feeling the increasing and then de-
creasing depth of the attachment as the perio-
dontal probe is stepped down into and then up
out of the lesion.

Occasionally the clinical presentation of a peri-
odontal lesion will have the sloping contour of a
conical lesion on one side but a more precipitous,

sharp drop-off on the other. Such probing should
be considered to be of the "periodontal type" of
probing.

A periodontal lesion will not resolve in re-
sponse to root canal treatment even if the associ-
ated tooth is pulpless. The prognosis for a tooth
with conical shaped probing must be based on the
prognosis for resolving the periodontal lesion. If
it can be demonstrated that a tooth is pulpless
and if the periodontal prognosis is favorable, root
canal treatment should be completed before peri-
odontal therapy. In summary, conical shaped prob-
ing indicates periodontal patbosis.

RADIOLUCENT LESIONS IN WHICH

THE GINGIVAL SULCUS IS INTACT

Because bone loss from periodontal disease al-
ways begins at crestal bone level and progresses
apically, an intact gingival sulcus demonstrated
by careful probing eliminates periodontal disease
as the cause of a lesion. If a patient presents with
a tooth with a necrotic pulp and the gingival sul-
cus is intact, adequate nonsurgical root canal
treatment will resolve either a radiolucent lesion
that extends up the lateral root surface of the

FIGURE 26-5
(Refer to Color Figure 26-1.) A, Periodontal probing in a
typical "blow-out" type of lesion. Probings are within nor-
mal limits on either side of the swelling. The lesion can be
probed to a level near the apices for the width of the
swelling. B, After initiation of root canal treatment the
swelling has resolved and the probing is reduced to a nar-
row sinus tract type probing in the furcation. C, After com-
pletion of root canal treatment the sulcus is intact. (From
Harrington GIN: Dent Clin North Am 23:673, 1979.)
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FIGURE 26-6
(Refer to Color Figure 26-3.) A, Probing in a
typical periodontal lesion demonstrates the conical
characteristics of the lesion. B, Pretreatment radio-
graph of a periodontal lesion. All teeth respond
within normal limits to pulp tests. C, Two-year recall
radiograph of successful periodontal treatment.
( A from Harrington G)N: Dent Clin North Am 23:673,
1979.)

tooth to involve crestal bone or a radiolucent le-
sion in the furcation (Figure 26-7).

If there is radiographic evidence of a radiolu-
cent lesion as described, but there is no evidence
of pulp necrosis in at least one canal, then a
biopsy should be performed to determine the na-
ture of the lesion (see Chapter 3).

LESIONS WITH NARROW SINUS

TRACT TYPE PROBING

An apparent periodontal lesion may or may not
be detectable radiographically. Clinically, a lesion
may be probed for some distance down the root
surface of the involved tooth, but the defect is in
fact a sinus tract. Typically, probing reveals a sul-
cus depth within normal limits with the excep-
tion of one very narrow area that can be probed
some distance down the root surface of the tooth
and in many cases all the way to the apex of the
tooth (Figure 26-8 and Color Figure 26-2). Usually
the break in the attachment is only about 1 mm
wide, and probing 1 mm to either side of the le-

sion will be within normal limits. A lesion that
probes in this manner is in fact a sinus tract, and
the probing represents a typical sinus tract type
of probing.

The tooth is pulpless. Customary root canal
procedures are indicated. The lesion need nor be
curetted or surgically flapped. It is strictly a sinus
tract similar to a sinus tract exiting in the alveolar
mucosa or attached gingiva. Simply passing a
periodontal probe down through the sulcus along
the lateral root surface of the tooth does not
mean that a lesion is the result of periodontal dis-
ease. When a sinus tract occurs over the lateral
root surface of a tooth, it will respond to root
canal treatment like any other sinus tract. Typi-
cally the orifice into such a sinus tract will close
within 1 week after the cleaning and shaping
appointment.

Occasionally this lesion will have the same type
of probing except that the sinus tract is much
wider than usual (Figure 26-9). In some instances
the disruption in the gingival sulcus may be up to
5 or 6 mm wide. There is no swelling in the area.



FIGURE 26-7
A, This radiolucent lesion has the radiographic appearance of a periodontal lesion. Careful periodontal probing
demonstrates that the gingival sulcus is intact. B, The initial radiograph indicates bone loss from the crest of the
ridge around the apices of the tooth. Periodontal probing demonstrates that the gingival sulcus is intact. There is
no response to pulpal tests. C, Root canal treatment completed. D, Four-year recall shows resolution of the
radiolucency. (A from Harrington GW: Dent Clin North Am 23:673, 1979.)

Typically the sulcus probes within normal limits
to the very edge of the sinus tract, then falls off
precipitously to approach the apex of the tooth.
Approximately the same depth is probed across
the entire 3 to 6 mm width of the sinus tract, and
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then sharply at the demarcation of the sinus tract
the probing is again within normal limits.

There are some indications that the increased
width is associated with chronicity, although this
has not been documented. In any case, the treat-
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FIGURE z6-s
A, (Refer to Color Figure 26-2) A typical narrow sinus tract
through the sulcus. B, The initial radiograph indicates bone
loss from the crest of the ridge around the apices, includ-
i ng the furcation. C, Sinus tract probing at the initial ex-
amination. The sulcus is intact with the exception of the
sinus tract. D, Root canal treatment completed. E, A 1-year
recall shows resolution of the radiolucency. Probing is
within normal limits. (A from Harrington GIN: Dent Clin
North Am 23:673, 1979.)
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FIGURE 26-9
Periodontal probing of a typical wide sinus tract through the
sulcus.There is no swelling in the area. (From Harrington GIN:
Dent Clin North Am 23:673,1979.)

ment is once again nonsurgical root canal treat-
ment. The lesion need not be curetted, and a sur-
gical flap is not necessary for resolution. However,
closure of the orifice into the sinus tract may re-
quire somewhat more time than closure of a sim-
ilar sinus tract of smaller width.

An exception to the above is a wide sinus tract
type of probing on the direct palatal surface of
maxillary teeth. Experience has shown that this
type of probing does not resolve by root canal
treatment. In such instances, prognosis is deter-
mined by the prognosis for the periodontal pro-
cedure required to resolve such a defect.

Special consideration must be given to probing
the furcations of multirooted teeth. A vertical
sinus tract type of probing in the furcation down
the distal aspect of the mesial root or the mesial
aspect of the distal root of a pulpless mandibular
molar will respond to adequate root canal treat-
ment by closure of the sinus tract. However, clo-
sure may be somewhat slower in the furcation
area than on a lateral root surface of a tooth, and
complete closure of the sinus tract may not occur
until 2 to 3 months after obturation of the canals.
Again, neither curettage nor a surgical procedure
will be required for resolution of a lesion with a
typical sinus tract type of vertical probing in the
furcation. Although the example refers to a man-
dibular molar specifically, the same holds true for
each furcation area of a maxillary molar.

Careful attention must also be given to probing
the furcation areas in a horizontal direction (Fig-
ure 26-10). Because of the height of the soft tissue

FIGURE 26-10
A, Vertical sinus tract type probing down the distal side of
the mesial root in the furcation. B, Horizontal probing into
the furcation.

and the contour of the furcation, this procedure
may not be adequately carried out with a peri-
odontal probe in many cases. A special curved
probe or a thin periodontal curette may be required
to follow the contour of the furcation to ade-
quately explore the horizontal component of a fur-
cation involvement. In many instances in which
there is furcation involvement, there will be a hori-
zontal as well as a vertical component to the lesion.

In younger patients, a lesion with a horizon-
tal type of sinus tract probing in the furcation
resolves with no complications after root canal
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treatment. In older patients, if a lesion with a
horizontal component in the furcation is associ-
ated with a pulpless tooth, resolution is unlikely.
Although such lesions may occasionally fill in
slowly after adequate root canal treatment, reso-
lution of the horizontal component by means of
endodontic treatment alone occurs rarely in older
patients. Therefore resolution of a lesion with a
horizontal probing into a furcation associated
with a pulpless tooth must be viewed with skepti-
cism in an older patient. The prognosis in such
cases should be determined by consideration of
the typical periodontal criteria for determining
prognosis of a furcation involvement.

There are several other clinical situations in
which a sinus tract type of probing may occur but
do not indicate a typical sinus tract. These excep-
tions include the presence of enamel spurs, devel-
opmental grooves, vertical root fractures, and
periodontal defects after trauma.

Enamel Spurs

Enamel spurs or extensions into the furcation area
of multirooted teeth usually are identified by visual
examination of the furcation during flap reflection.

Developmental Grooves

Developmental grooves occur most often on the
lingual surface of maxillary lateral incisors but may
involve central incisors and less often other teeth.
Developmental grooves are identified by careful
evaluation of radiographs, visual examination, and
tactile discrimination. The pulp of a tooth with a
deep developmental groove may become necrotic
and develop a periapical lesion. Adequate root canal
treatment will resolve the periapical lesion but will
not resolve the periodontal defect associated with
the developmental groove. Prognosis should be de-
termined by the extent of the periodontal defect.

Vertical Root Fracture

A sinus tract type of probing is not pathogno-
monic of a vertical root fracture in a tooth that
has previously had root canal treatment, but a
sinus tract type of probing is very often associated
with such fractures. Visual confirmation of a frac-
ture is required to make the diagnosis. If a sinus
tract type of probing occurs on both the buccal
and lingual aspects of such a root, it is highly sug-
gestive of a vertical root fracture. The prognosis
for teeth with confirmed vertical root fractures
that extend to the level of crestal bone is poor.

Similarly, a sinus tract type of probing may be
found in the proximal areas of posterior teeth

that have incomplete coronal fractures that ex-
tend into the roots. More information on these
longitudinal fractures is in Chapter 28.

Periodontal Defect After Trauma

Occasionally a sinus tract type of probing may be
associated with a tooth that has been involved in a
traumatic incident. This defect usually occurs on
the lingual surface of anterior teeth. The tooth in-
volved will usually respond within normal limits
to pulp testing procedures, although occasionally
such traumatized teeth may not respond to pulp
tests for a period of time after trauma. The defect
will gradually resolve but may be present for as
long as several months after the impact injury. No
treatment is required for resolution of this lesion.

With the exception of the above four circum-
stances, a sinus tract type of probing indicates a
lesion associated with a pulpless tooth. The sinus
tract may be coming from either a periapical or
lateral lesion. Although it is rare, a sinus tract may
develop through the periodontal ligament of a
tooth other than the tooth that is pulpless. Care-
ful pulp testing reveals this situation. In such a
case, adequate root canal treatment for the pulp-
less tooth will resolve the sinus tract associated
with the adjacent tooth.

In many instances, a sinus tract type of probing
will be associated with a lateral lesion involving a
pulpless tooth that has a root perforation or a re-
sorptive lesion. Such lesions on the lateral surface
of the root seem predisposed to development of
sinus tracts through the periodontal ligament. A
sinus tract type of probing itself is not diagnostic of
such defects but should alert the clinician toward
careful evaluation for the cause of the sinus tract.

In all cases, a sinus tract should be considered
a sign associated with the problem and should
not be considered to be a pathologic entity in it-
self. If adequate endodontic treatment can be
accomplished, a sinus tract will resolve without
any further definitive therapy directed toward its
elimination. In summary, then, pulpal necrosis does
not cause periodontal disease. It may cause the formation
of a sinus tract througb the periodontal ligament. Bone
loss resulting from pulpal necrosis is reversible. The pe-
riodontal attachment apparatus will regenerate com-
pletely after adequate root canal treatment.

INDEPENDENT PERIODONTAL AND
PERIAPICAL OR LATERAL LESIONS
THAT DO NOT COMMUNICATE

A tooth with periodontal disease may also be pulp-
less and present with radiographic evidence of a
discrete periapical or lateral lesion (Figure 26-11).
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FIGURE 26-11
A, The lesion associated with the distal root surface has
the conical-shaped probing of a typical periodontal lesion.
A periapical lesion is evident. The lesions do not communi-
cate. Prognosis is determined by the prognosis for resolu-
tion of the periodontal pathosis. B, The initial radiograph
demonstrates a large radiolucency involving the distal root
surface. The radiolucency extends around the apices and
up the mesial side of the mesial root. There is an angular
coronal radiolucency at the mesial root surface. Clinically,
the mesial lesion probes in a conical manner. The conical
l esion does not communicate with the apical radiolucency.
There is also a narrow sinus tract type probing at the dis-
tobuccal line angle. C, Completed root canal treatment.
D, An 8-month recall shows marked reduction of the distal
radiolucency caused by the necrotic pulp. Probing is within
normal limits around the distal sulcus. E, The mesial lesion
probes in the same conical manner and to the same depth
as before root canal treatment, indicating a periodontal le-

sion. (A from Harrington GW: Dent Clin North Am 23:673,

1979.)
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FIGURE 26-12

A, Periodontal probing in a true combined perio-endo lesion. B, Communication between a periodontal lesion
and a lesion caused by a necrotic pulp in a combined perio-endo lesion. C, Mandibular incisor with a large lesion
at the distal. The lesion probed with a conical contour. Within the conical lesion there was a defect that probed
to the apex, demonstrating communication. D, An 11-year recall demonstrates resolution of the lesion around the
apex. An angular defect remains at the distal. (A and B from Harrington GW: Dent Clin North Am 23:673, 1979.)



26 / Periodontal-Endodontic Considerations

	

483

The periodontal lesion probes in a manner consis-
tent with the typical conical periodontal type of
probing. The tooth is pulpless. The prognosis for
the tooth depends upon the periodontal progno-
sis. Adequate root canal treatment will resolve the
discrete periapical or lateral lesion. Although both
periodontal and periapical lesions are present, the
findings are not consistent with a true combined
perio-endo lesion as there is no demonstrable
communication between the two lesions.

TRUE COMBINED
PERIO-ENDO LESIONS

True combined perio-endo lesions occur when in-
dependent periodontal and periapical or lateral
lesions are present and do communicate. Either
such combined lesions are extremely rare, or the
criteria to make the discrimination have not been
fully elaborated. The typical combined perio-endo
lesion that can be identified presents radiographic
evidence of bone loss, which appears to extend
some distance down the lateral root surface from
crestal bone. Probing reveals the typical conical
periodontal type of probing with the exception
that at the base of the periodontal lesion the
probe will abruptly drop farther down the lateral
root surface and may even extend to the apex of
the tooth (Figure 26-12). The lesion can be char-
acterized as a typical sinus tract type of probing at
the base of a periodontal lesion.

Adequate root canal treatment will resolve the
periapical lesion up to the extent of the periodon-
tal lesion either with or without periodontal ther-
apy. The overall prognosis for the tooth, there-
fore, depends on the likelihood of resolution of
the periodontal aspects of the lesion. In all such
instances, if the periodontal prognosis is satisfac-
tory, root canal treatment should be completed
before initiation of definitive periodontal ther-
apy. Otherwise, drainage from the periapical le-
sion through the sinus tract into the periodontal
aspect of the lesion will interfere with periodontal
repair if definitive periodontal therapy is initiated
before root canal treatment.

Basis for Patient Referral

When clinical diagnostic criteria as defined in this
chapter are applied to dental patients, distinguish-
ing between lesions of periodontal origin and
those resulting from pulpal necrosis is very often
straightforward. In many cases, however, discrimi-
nations are difficult and appropriate treatment
planning may prove to be quite complex. Required
treatment procedures and sequencing may also be

complicated. The interest of the patient is para-
mount. If the etiology of a defect is unclear, a con-
sultation with or referral to a specialist for appro-
priate diagnosis and treatment is indicated.
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COLOR FIGURE 27-1
Orthodontic extrusion. A, Tooth with prior endodontic procedures experienced trauma, resulting in a deep shear-
i ng fracture. B, Post space has been prepared, and a temporary post is cemented. C, A temporary crown is placed.
An omega-shaped loop with elastic bands is attached to the TMS pin in the temporary crown. D, Extrusion is near
completion; occlusion of the temporary restoration is relieved as the tooth erupts. Extrusion is complete because
the gingival margin of the TMS pin is level with interdental gingival margin of the anchorage wire. Note the level
of gingival margin on the facial surface. E, After several weeks of stabilization, periodontal surgery is necessary
to modify alveolar bone height and gingival contour. F, New position permits restoration with a permanent post,
core, and crown. (Courtesy Dr. M. Messersmith.)



COLOR FIGURE 27-2
Crown lengthening. A, Acrylic temporary crown on the first molar is encroaching on the lingual gingiva and bio-

l ogic width by extending to 0.5 mm from alveolar bone. B, After crown removal, full-thickness flaps were ele-
vated, exposing a collar of excess tissue. C, Ostectomy and osteoplasty remove bone at the lingual and mesial
surfaces to a distance of at least 3 mm from the future crown margins. D, An apically positioned flap sutured; suf-
ficient biologic width is now established. (From Freeman K, Bebermeyer R, Moretti A, Koh 5: l Gt Houst Dent Soc
71:14, 2000.)
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ypes of therapy not performed rou-
tinely but considered an integral part
of endodontics include intentional re

plantation, transplantation, orthodontic extru-
sion, crown lengthening, root submersion, and
endodontic implants. Patients have changing pro-
files and expectations. Their dental needs and
demands necessitate familiarity with treatments
that have been considered radical or last-resort
options. This chapter discusses those options.
Also included are case selection, a summary of
techniques, evaluation of success or failure, and
prognosis.

The general practitioner may or may not per-
form the procedures described in this chapter;
however, the generalist should know the indica-
tions and contraindications for such treatments,
understand the techniques, and know how to
apply this knowledge in case selection. Referral
to an endodontict may then be considered, or
the general practitioner may choose to treat the
patient in accordance with his or her level of
training and experience. Most important, the
generalist needs to understand these procedures
sufficiently to be able to explain them to the
patient, regardless of who performs the actual
treatment.

I ntentional Replantation

DEFINITIONS

Replntation is the return of a tooth to its alveolus.
Intentional replantation is the insertion of a tooth
into its alveolus after the tooth has been extracted
for the purpose of performing root-end surgery.'
Replantation is not a new procedure; it was first
reported in 1593, when Pare replanted three
avulsed teeth .2

CASE SELECTION

Indications

These root canal treatments cannot be performed
conventionally because of calcifications or other
blockages or because the patient cannot open his
or her mouth sufficiently. Also included are treat-
ment failures that cannot be retreated by con-
ventional means because of unusual anatomy
(Figure 27-1); canals that are blocked with broken
instruments, crowns, ledges, or restorative mate-
rials such as posts; areas that are inaccessible; or
roots that have unmanageable perforations. Ordi-
narily, surgery would be indicated but cannot be
performed owing to anatomic restraints such as
the external oblique ridge or nerve bundle prox-
i mity (inferior alveolar, lingual, or mental nerves).
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FIGURE 27-1
I ntentional replantation. A, Three years after root canal
treatment. Treatment has failed because the C-shaped
canal cannot be debrided and obturated. Periapical sur-
gery is not feasible. B, After extraction, the tooth is kept
moist with gauze soaked in sterile saline. After root-end
resection note the C-shaped canal system (arrows).
C, Root-end preparation and amalgam placement im-

mediately before replantation. D, Radiograph of the
replanted tooth showing it to be in the correct position.
E, Three-year recall: the tooth is stable and functional.
Long-term prognosis is good. (Courtesy Dr. T. Erickson.)
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In essence, intentional replantation is indicated
when there is no other treatment alternative to
maintain a strategic tooth (Figure 27-1, A).

of the day. He or she may release for short periods
to ingest soft foods; fluids are taken through a
straw.

Contraindications EVALUATION

Intentional replantation is not a substitute for endo-
dontic surgery if that procedure can be successfully
performed. Replantation is contraindicated in pa-
tients who have a major comminution or fracture
of the jaws or alveolus or an extensive medical his-
tory resulting in poor healing capacity. Replanta-
tion is not indicated for a tooth with advanced
periodontal disease with mobility or furcation in-
volvement. Caution is the rule for extractions of
teeth if there is a strong possibility of fracturing
the tooth or supporting bone.

CLINICAL TECHNIQUE

Important for success of this procedure are mini-
mizing the out-of-socket time for the extracted
tooth and minimizing damage to the root sur-
face while the tooth is held. Adherence to these
principles will decrease periodontal ligament cell
death and decrease future ankylosis/resorption.
The procedure of replantation involves first anes-
thesia, then luxation, and then gentle extraction
with forceps that do not damage the root surface
cervically. The tooth is held carefully by the crown
in saline-soaked gauze and inspected closely for
fractures, perforations, or other damage. Three
to 4 mm of the apex is resected with a high-speed
fissure bur using copious saline irrigation (Fig-
ure 27-1, B). An apical root-end preparation is
made with small burs or an endodontic ultrasonic
handpiece. This is followed by condensation of a
root-end filling material (Figure 27-1, C). It is im-
portant not to damage the root and to keep the
tooth moist, thus maintaining viable cells on the
root surface. Apical pathosis may be curetted, tak-
ing care not to damage the socket walls; however,
this procedure is probably unnecessary. The tooth
is then carefully replanted, usually with finger or
with forceps.

A perforation, resorptive defect, or other prob-
lem also may be repaired after extraction and be-
fore replantation using similar techniques.

Stabilization (if needed) after replantation may
be done with sutures and/or a periodontal pack-
ing or with an acid-etch composite and orthodon-
tic wire splinted to adjacent teeth; the splint is re-
moved within 7 to 14 days. A radiograph is made
immediately after replantation (Figure 27-1, D).

A very effective and simple stabilization ap-
proach is to have the patient close in centric oc-
clusion and hold this position for the remainder

Recall evaluations are performed to search for
signs of mobility, periodontal defects, root resorp-
tion, persistent periradicular pathosis, and evi-
dence of healing (Figure 27-1, E).

PROGNOSIS

Intentional replants tend to be more successful
short-term than long-term. Usually connective
tissue and epithelial reattachment and stabiliza-
tion occur initially. Problems may appear later,
sometimes after several years.

However, intentional replants often are suc-
cessful long-term. Some authors," including
Grossman,5 have reported good success rates for
5 years or more. Factors affecting prognosis in-
clude the time the tooth is out of the socket,
damage to the socket wall or roots, or problems
during extraction.

Serious complications include periodontal
defects or, most often, ankylosis with severe re-
placement resorption. Thus long-term follow-
up is necessary. 6.7 If these problems develop, ex-
traction is indicated.

Transplantation
DEFINITIONS

Transplantation is the transfer of a tooth from one
alveolar socket to another either in the same or in
another person.' An autogenous transplant is the
transfer of a tooth from one alveolar socket to an-
other in the same patient.8.9 Homogeneous (allo-
geneic) transplantation is the transfer of a tooth
from one patient to another. This can be per-
formed immediately or after storage of the tooth
in physiologic media or with cryopreservation."
Heterogeneous transplantation is a transfer from
one species to another (for example, from monkey
to human)"; this process is not feasible clinically.

CASE SELECTION
Indications

Usually autogenous tooth transplants involve
third molars or premolars. Canine or incisor loca-
tions that were congenitally missing or lost owing
to caries, trauma, juvenile periodontitis, or im-
paction are often the recipient sites for trans-
planted premolars. Posterior teeth may be re-



placed after extraction because of severe caries or
a procedural accident (Figure 27-2).

A transplanted tooth should possess an intact
crown. Ideally, there is partial root formation ap-
proximately equal to crown length, although
teeth with more developed roots may also be can-
didates to transplant. Donor dimensions should
be similar to those of the recipient site. An imma-
ture root often has an epithelial root sheath; pulp
survival and root formation may then continue.
Transplants of donor teeth with partial root de-
velopment generally are easier and have a better
prognosis; usually the pulps survive.

Contraindications

The same systemic contraindications apply as
with intentional replantation. Local considera-
tions are anatomic and may prevent transplan-
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tation. For example, a relatively narrow alveolar
ridge may not accommodate a molar with diver-
gent roots.

CLINICAL TECHNIQUE

Transplantation involves four steps: (1) at the re-
cipient site, extraction and/or surgical preparation
of the socket to receive the transplant; (2) extrac-
tion and placement of the transplant; (3) stabiliza-
tion; and then (4) root canal treatment (if needed).

Socket Preparation

Preparation of the recipient socket is related to
transplant shape as well as to time. If root mor-
phology and length are similar and the extraction
is performed at the same visit, the recipient socket
often requires minimal preparation (Figure 27-3).

FIGURE 27-2
Transplantation. A, First molar requires extraction because of a large furcation perforation. B, Earlier panelipse
radiograph shows a partially erupted third molar with root formation almost complete-a suitable donor. The
third molar is transplanted to the first molar site after extraction. C, Two years post-transplantation. The donor is
i n occlusion and the pulp responds to pulp testing. (Courtesy Dr. H. Perinpanayagam.)
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FIGURE 27-3
Transplantation. A, Tooth 30 is unsalvageable. B, Removal
of tooth and interradicular bone to accommodate trans-
plant. C, Tooth 32 after extraction. Note the root surface;
soft tissue remnants are undisturbed. D, Tooth 32 immedi-
ately after transplantation to extraction site of tooth 30.
E, Cross suture maintains the position of transplant allow-
i ng physiologic movement. F, After transplantation. G, Six
months post-transplantion after interim calcium hydroxide
therapy and root canal obturation with gutta-percha. Be-
cause access is minimal and the crown is relatively intact,
only an amalcore is needed. Careful monitoring is neces-
sary; bone is forming apically, but there is evidence of fur-
cal bone resorption. Prognosis is questionable. (Courtesy
Dr. L. Wilcox.)



If transplantation is done at a separate appoint-
ment from socket preparation, or if socket size
and transplant size do not match, the socket re-
quires shaping. This is best accomplished with an
electric slow-speed handpiece and copious saline
irrigation. Socket size is measured and compared
to transplant size with a periodontal probe, and
the socket is surgically adjusted until a fit is ob-
tained. The tooth is placed gently in the socket
and stabilized (see under "Intentional Replanta-
tion") if necessary.

If the area to receive the transplant is edentu-
lous, preparation of both soft and hard tissue is
necessary. A full-thickness flap is elevated from
the alveolar crest buccally and lingually. Osseous
tissue is removed (as in socket preparation) to
allow the transplant to fit passively but snugly in
the socket.

Extraction

Extraction should be performed as atraumatically
as possible to maintain periodontal ligament fibers
and cells. After extraction the donor site is managed
carefully. The transplanted tooth is kept moist by
wrapping and holding it in saline-soaked gauze.

Transplantation
The prepared socket is rinsed with sterile saline.
The tooth is gently positioned in the socket and
the flap is sutured snugly.

Stabilization

if the transplant exhibits mobility (usually) or if
continued hemorrhage causes supraeruption, sta-
bilization should be used to maintain the tooth
in position, as with replantation. An alternative
method is to suture over the occlusal surface and
place periodontal packing. Certain situations may
require more elaborate long-term splints, such as
wire and bonded composite.

Follow-up

Conventional postsurgical instructions are given.
The patient should return in 7 to 10 days for eval-
uation of healing and splint removal. If the trans-
plant has roots that are incompletely developed,
periodic radiographic evaluation is performed at
3- to 6-month intervals to monitor development.
Arrested development and appearance of a re-
sorptive lesion is a sign of pulp necrosis, requiring
root canal treatment.

Teeth with fully developed roots require root
canal treatment soon after transplantation. The

protocol is similar to that used for traumatically
avulsed and replanted teeth (see Chapter 25).
After stabilization, the canals should be cleaned,
shaped, and obturated, and the tooth is restored.
Calcium hydroxide placement is probably unnec-
essary. This agent was once believed to inhibit
root resorption, but evidence indicates that this is
not true.12

EVALUATION

Transplants may not manifest signs of failure
(periodontitis or resorption) for several years.
Therefore, they should be evaluated clinically and
radiographically for a minimum of 5 years for evi-
dence of pathosis. The criteria for success are ab-
sence of pathosis, no adverse signs and symptoms,
and no evidence of severe progressive external re-
sorption (which is common in transplants).

Pulps that become necrotic in a transplant
donor with immature roots require root-end
closure (see Chapter 22) followed by root canal
treatment.

PROGNOSIS
The prognosis for autogenous transplants varies
widely.13.14 Factors identified as most important
for success are preservation of the periodontium
on the roots and socket walls, developmental
root stage (immature roots are best), and loca-
tion of the donor tooth in the arch. The ipsilat-
eral or contralateral third molar is the donor
tooth of choice for replacement of molars.15 Pre-
molars can replace premolars or anterior teeth."
Failure of transplantation (replacement resorp-
tion, periodontal lesions, or adverse signs and
symptoms) requires extraction.

Orthodontic Extrusion
DEFINITION

Orthodontic extrusion is defined as forced-controlled
vertical tooth movement occlusally in the socket."
Vertical orthodontic repositioning after root canal
treatment has been suggested in situations in which
loss of tooth structure cervically makes restora-
tion and periodontal maintenance impossible."
Through extrusion the area in question becomes ac-
cessible for restoration; thus surgery (which often
creates a periodontal defect) is avoided. However,
because gingival tissues and alveolar bone of the ex-
truding tooth move coronally, a surgical periodon-
tal procedure is often needed to reestablish biologic
width and to restore the tooth's normal bony and
gingival contour.19.20 These procedures tend to be
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complex and may require cooperative treatment by
the generalist, endodontist, periodontist, prostho-
dontist, and orthodontist.

CASE SELECTION

Indications

Indications are subgingival pathoses that are un-
treatable by standard restorative techniques, in-
cluding coronal or root fractures in the cervical
area, caries, deep marginal preparations, periodon-
tal defects, resorptive lesions, and perforations.19.20
Some of these lesions may be corrected by crown
lengthening; however, the resultant periodontal
defect may be impossible to treat or may be unat-
tractive or unmaintainable. In these situations, ex-
trusion provides a more desirable treatment and
restorative environment. Orthodontic extrusion is
also a common indication prior to implant place-
ment. Forced occlusal movement results in an in-
crease in vertical bone height, thereby providing
more implant support. The tooth is first extruded,
then extracted.

Contraindications

Orthodontic extrusion should not be consid-
ered if (1) there is such extensive loss of struc-
ture that vertical extrusion would result in a
poor crown-root ratio or (2) the new tooth posi-
tion would expose and create unmanageable
funation problems.

Other Considerations

An additional factor is patient acceptance of the
procedure, because orthodontic appliances are in-
volved. Time and expense may also be factors; the

tooth has to be orthodontically repositioned and
then stabilized before it is restored. Finally, a
restoration may be somewhat difficult to design
because the available root surface is smaller and
may have proximal concavities.

Alternative treatment options include sur-
gical crown lengthening, surgical repositioning
of the tooth, and extraction with prosthetic
replacement.

CLINICAL TECHNIQUE

The technique involves several phases: (1) root
canal treatment, (2) post space preparation, (3) post
and core fabrication with a hook on the occlusal
surface (or a pin or bracket on the facial surface),
(4) extrusion, (5) crown lengthening, (6) stabiliza-
tion, and (7) restoration. Adjacent teeth function as
anchors during extrusion or, in some cases, a re-
movable appliance is used. After root canal treat-
ment various approaches can be used depending on
the situation.

One technique is a modification of the T-loop
to prevent tipping (Figure 27-4) . 2 ' A more com-
mon approach is to fabricate a hook to accom-
modate an orthodontic appliance or elastic. A
large-gauge wire with an occlusal hook may be
used as a temporary post. Brackets are placed on
the facial surfaces of adjacent teeth. A horizontal
wire engages the brackets, and the hook is acti-
vated to exert a vertical extrusive force. Alterna-
tively, an orthodontic wire is bonded to the facial
surfaces and an elastic force is used (see Color Fig-
ure 27-1 immediately following page 484). If the
facial surface of the tooth to be extruded is intact,
a post and hook may not be necessary. A bracket
is bonded to the enamel and abutments, and the
horizontal wire is attached to all brackets.

FIGURE 27-4
A, Orthodontic appliance used for extrusion; this is not a good design because it tends to tip adjacent teeth into
the extrusion site. B, T-loop appliance used for extruding a terminal tooth. This design prevents tipping of anchors.
(From Tuncay 0, Cunningham C: J Endod 8:368, 1982.)
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The patient should be evaluated often (every
1 to 2 weeks) during eruption. The tooth usually
moves quickly; the occlusion usually requires ad-
justing, or the wire may have to be reactivated.
The forced eruption period lasts approximately
4 to 6 weeks. Alveolar crestal bone and gingiva
usually move coronally with the tooth. Periodon-
tal procedures (bony recontouring or gingivec-
tomy) may be required during or after orthodon-
tic extrusion to correct gingival contours. These
procedures may be unnecessary or minimized if,
during extrusion, an intrasulcular incision (gingi-
val fiberotomy) of the supracrestal attachment is
performed every 2 weeks . 22

Stabilization with a passive arch wire is re-
quired for 6 to 8 weeks to prevent intrusion. This
allows time for the periodontal tissues to estab-
lish new attachments . 23

The area involved is often of cosmetic concern.
The following techniques improve appearance dur-
ing movement and stabilization. Hollow-ground
acrylic or a natural crown may be positioned facially
to the root. Also, removable appliances may replace
the missing tooth structure without interfering
with movement 24 When extrusion is complete and
gingival appearance is satisfactory, the tooth is per-
manently restored. Importantly, the patient must
be trained to follow special oral hygiene procedures
both during and after movement and restoration.

EVALUATION

The patient should be recalled periodically. A
minimal follow-up period is 1 year; however, long-
term evaluation is recommended. Both radio-
graphic and clinical examinations are necessary to
assess periodontal status and mobility and check
for the presence of caries as well as for periradicu-
lar pathoses.

PROGNOSIS

The outcome of orthodontic extrusion is good,
provided periodontal attachment remains intact
and the crown-root ratio is acceptable.25 Because
periodontal ligament fibers are reorganized (but

not destroyed) during extrusion and alveolar
bone moves with the tooth, root resorption is
rarely a problem.25 Developing periradicular and
periodontal pathoses usually are correctable.
Again, meticulous oral hygiene is critical.

Crown Lengthening
DEFINITION

Crown lengthening is a surgical procedure used to
increase the extent of supragingival tooth struc-
ture for restorative or esthetic purposes. The basic
procedure is apical positioning of the gingival
margin and/or reducing cervical bone . 26

CASE SELECTION

Indications

Crown lengthening is generally used for restoring
teeth with subgingival defects such as caries, per-
forations, or resorptions. Other indications are
cosmetic factors or short clinical crowns that may
be lengthened to improve retention and appear-
ance. To repeat, with orthodontic extrusion, the
periodontium usually accompanies the tooth;
surgical crown lengthening is necessary for ap-
pearance and function.

I mpingement by restoration margins on the at-
tachment apparatus may result in inflammation,
pain, and loss of periodontal attachment (see Color
Figure 27-2 immediately following page 484) .2'
Margins should not be placed near or at the alveo-
lar crest. Preferably, the relationship should allow at
least 2 mm of root surface between the alveolar crest
and the restoration; such is the concept of the "bio-
logic width. "28 Biologic width (Figure 27-5) has two
components cervical to the margin of the alveolar
crest, each averaging 1 mm in width: (1) the con-
nective tissue attachment and (2) the epithelial at-
tachment.29 Sulcus depth varies.

Many factors are considered in planning treat-
ment. These include extent and location of frac-
tures, perforations, caries, root length, periodon-
tal support, periodontal status of adjacent teeth,
tooth position, and esthetics.

FIGURE 27-5
Levels of factors related to biologic width. Each anatomic division is approximately 1 mm.
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Contraindications

Usually adverse factors can be determined before
the procedure is undertaken. However, occasion-
ally some situations are encountered during sur-
gery, including creation of an unattractive gin-
gival deformity, production of an unfavorable
root-to-crown ratio, compromise of bone support
for adjacent teeth, and exposure of the furcation.

CLINICAL TECHNIQUE

Root Submersion
DEFINITION

Root submersion is a surgical procedure in which
the tooth roots are resected approximately 3 mm
below the alveolar crest and then covered with a
mucoperiosteal flap. Eventually the area is shaped
by hard tissue. Root submersions are generally not
complex; the more straightforward procedures
may be managed by the general practitioner.

Studies have shown no correlation between the
width of the attached gingiva and periodontal
health except in association with restorations;
however, the attached gingiva should not be in-
discriminately removed .30.32 In patients with sub-
gingival restorations it is recommended that at
least 2 mm of attached keratinized gingiva be left
to maintain periodontal health and protect the
restoration.33 This requires an internal bevel inci-
sion with elevation of a full-thickness flap. Then
crestal bone is removed to at least 2.5 to 3.0 mm
below the level of the free gingival margin desired
(Figure 27-G). Thorough root planing follows the
osteotomy. Then the flap is sutured at this level
(apical to its original height).

On anterior teeth, for esthetic purposes, crown
preparation should be delayed for approximately
14 weeks after surgery. The best method of deter-
mining preparation time is to measure from the
provisional crown margin to the free gingival
margin; final restoration is done when the area
within this measurement has stabilized for at
least 1 month .34 Posterior crown preparation may
be done 2 to 4 weeks after crown lengthening be-
cause appearance is not a factor, and crown mar-
gins are supragingival.

CASE SELECTION

Indications

After tooth extraction the alveolar ridges resorb,
approximately 0.1 mm/yr for the maxilla and
0.4 mm/yr for the mandible .35.36 Alveolar bone re-
sorption is prevented by maintaining the roots.
Proprioception is also retained . 3 ' Three consider-
ations related to root submersion are (1) roots
with vital pulps,38 (2) root canal treatment in
situ,39 and (3) root canal treatment after extrac-
tion and replantation to encourage ankylosis."
The first method has been most successful be-
cause it results in a blending of healthy pulpal
tissue with overlying connective tissue followed
by osteodentin covering the root face and even-
tual bone formation. The second technique has
shown similar results in some patients. The third
method shows little promise because no bone
forms coronally and many roots are resorbed.

Conditions that indicate root submersion in-
clude rampant caries, poor periodontal condi-
tions, poor oral hygiene, and repeated prosthetic
failures. These types of conditions tend to be seen
in aged, medically compromised or handicapped,
or financially compromised patients who require

FIGURE 27-6

Crown lengthening after orthodontic extrusion. A, Full-thickness flap exposes bony margin. B, Reduction and
recontouring of crestal bone reestablishes biologic width. Often some removal of bone from adjacent teeth is
necessary.
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denture support and have a need for propriocep-
tion. Roots are occasionally retained when extrac-
tion would produce surgical or esthetic defects
(Figure 27-7).

fenestration is likely. These patients often develop
a soft tissue fenestration with root exposure (fail-
ure) at varying times after root submersion, which
requires resubmergence or extraction.

Contraindications CLINICAL TECHNIQUE

Root resorption, unresolved endodontic pathosis,
and inadequate bone support are contraindica-
tions. Loss of vestibular depth may result from
surgery (which may interfere with prosthetic re-
tention and use); this may be treated with vestibu-
loplasty or a free gingival graft. An anatomic
problem occurs when the facial gingiva is thin,
the root is prominent, and a bony dehiscence or

Preferably, healthy pulp should not be removed
before submersion. However, in patients with
pulp or periradicular pathosis, root canal treat-
ment is first necessary. Both situations require a
similar surgical approach. An inverse beveled in-
trasulcular incision is made to remove the sulcu-
lar (or pocket) epithelium. A mucoperiosteal flap,
extending both buccally and lingually, is elevated

FIGURE 27-7
Root submergence. A, Carious, partially impacted max-
illary canine tooth (arrow). B, Flap is reflected, and then
root canal treatment is performed because of pulp
pathosis. The root is submerged by bur reduction 3 mm
below the alveolar crest and the flap is sutured for
primary closure. C, Postendodontic treatment, submer-
sion, and amalgam seal.
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far enough apically to allow reapproximation (pri-
mary closure) of the flap margins. The root is re-
sected at least 3 mm below the alveolar crest. If the
pulp is to be retained, the resection is done with
copious water spray and gentle reduction. If root
canal treatment was performed, an amalgam seal
may be placed in the canal, although this is gener-
ally unnecessary.

Flap margins are apposed (primary closure)
with mattress sutures. Postoperative instructions
are the same as those given for surgical extrac-
tions (Figure 27-7). Sutures are removed in 5 to
7 days.

EVALUATION

Postoperative evaluation is critical and is recom-
mended initially every 3 months for 1 year; there-
after, recall is performed yearly. Failures generally
result from four factors: (1) flap breakdown im-
mediately after the procedure; (2) denture im-
pingement with ulceration and fenestration (root
exposure) through overlying tissue; (3) passive

eruption or crestal bone resorption, also resulting
in soft tissue fenestration; and (4) obliteration of
the vestibule. This decrease in vestibular depth is
a major disadvantage of this technique because it
limits prosthesis retention.

PROGNOSIS

Short-term success tends to be much better than
long-term success. Good results continue for an
average of about 2 years, after which the rate of
failure increases.41 Success with vital pulp root
submersion is higher than when the roots have
root canal treatment; the latter have an overall
moderate success rate . 42 Presently, root submer-
sion cannot be recommended as a routine proce-
dure, but for selected patients it is a practical
means of retaining alveolar bone .43

The major reasons for failure are soft tissue
fenestration with exposure of roots or loss of
vestibular depth. Endodontic failure with apical or
coronal pathosis may occur as well. Failures gener-
ally require surgical removal of the tooth or reop-
eration to submerge the root further into bone.

Endodontic Implants
DEFINITION

FIGURE 27-8
Seventeen years after implant placement. Note the apical radio-
lucencies. There is a sinus tract associated with tooth 9, and
deep probing defects. Despite eventual failure, the implants
served the patient for many years. (Courtesy Dr. S. Madison.)

Endodontic implants are metallic extensions of a
tooth root using a post prepared for that purpose.
The tooth first has root canal treatment, then a
metallic post is placed into the canal and out the
apex, extending beyond the root apex and in-
serted into a previously prepared channel in bone.
The purpose is to increase the root-crown ratio,
thus stabilizing the tooth. A potential advantage
over osseous integrated implants is the absence of
communication (direct contact) of a material
with the tissues of the oral cavity; epithelium and
connective tissue remain attached to the tooth
surface.44 Offsetting major disadvantages are the
difficulty of achieving anatomic adaptability and
creating and maintaining an apical seal of the
implant.

PROGNOSIS

Under good conditions, the success rate for en-
dodontic implants is reasonable for several years,
but they usually show problems with time .

44,45

Usually the initial evaluation is very good; the
tooth feels solid, and periradicular findings are
favorable. These positive findings generally do
not persist and with time periodontal lesions,
increasing mobility, or periradicular pathosis
(often) may be seen (Figure 27-8). Long-term
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failure is often related to coronal or apical teak-
age 46.47 or periodontal communication with the
apex . 48 The poor long-term prognosis for en-
dodontic implants has discouraged their use.
Most patients are now treated with extraction
and immediate insertion of a single-tooth os-
seous integrated implant.
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Longitudinal Tooth Fractures

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

1 / Define and differentiate craze line, cusp fracture, cracked tooth, split tooth, and vertical root fracture.

2 / Describe the causes of these fractures of tooth structure.

a / List and describe the five considerations (characteristics) of fractures in dentin.

4 / Describe in general each of the five categories of fracture in regard to

a. Incidence

b. Pathogenesis

c. Clinical features

d. Etiologies

e. Diagnosis

f. Treatment

g. Prognosis

h. Prevention

s / Identify patients with difficult situations who should be considered for referral.
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Incidence

Categories

Craze Lines

Fractured Cusp

I ncidence

Pathogenesis

Clinical Features

Etiologies

Diagnosis

Treatment

Prognosis

Prevention

Cracked Tooth

I ncidence

Pathogenesis

Clinical Features

Etiologies

Diagnosis

Treatment

Prognosis

Prevention

Split Tooth

I ncidence

Pathogenesis

Clinical Features

Etiologies

Diagnosis

Treatment

Prognosis

Prevention

Vertical Root Fracture

I ncidence

Pathogenesis

Clinical Features

Etiologies

Diagnosis

Treatment

Prognosis

Prevention

racked teeth and their related en-
tities as well as vertical root fractures
are longitudinal fractures of the crown

and/or root. These contrast with horizontal frac-
tures, which predominate in anterior teeth and re-
sult from impact trauma. Longitudinal (vertical)
fractures occur in all tooth groups and are caused
by occlusal forces and by dental procedures.

There is relatively little research on longitudinal
tooth fractures, particularly on clinical outcomes
related to diagnosis and treatment. Most treatment
modalities are based on opinion and anecdotal
information:' Therefore many recommendations
have not been substantiated in controlled clinical
trials but are based on experience. This chapter
deals with longitudinal fractures in the vertical
plane, that is, the long axis of the crown or root.

Treating longitudinal fractures is usually chal-
lenging. Sometimes they are not difficult to diag-
nose or manage, whereas at other times they are so
devastating that the involved tooth must be ex-
tracted. Notwithstanding, many situations present
problems with both diagnosis and treatment and
these patients should be considered for referral.

I ncidence

The incidence of longitudinal fractures is appar-
ently increasing. There are several reasons for this
unfortunate occurrence. One is the increasing age
of patients with decreased numbers of tooth ex-
tractions. Therefore more teeth undergo complex
procedures and are present for longer periods of
time. These procedures include restorative and en-
dodontic treatments that remove dentin, thereby
compromising internal strength. Also, the teeth
absorb external forces, usually occlusal, that ex-
ceed the strength of dentin and gradually alter
tooth structure. When the destructive force is be-
yond the elastic limit of dentin or enamel, a frac-
ture occurs .2; Therefore the longer a tooth is pre-
sent and the more forces it undergoes, the greater
the chances of an eventual fracture. Another rea-
son for the increased incidence is more awareness
and better diagnosis and identification of the
problem. Importantly, such fractures are not con-
fined to elderly patients and do not occur only in
restored teeth. 4-6

Categories

There are five categories of longitudinal fractures.
From least to most severe they are (1) craze lines,
(2) fractured cusp, (3) cracked tooth, (4) split
tooth, and (5) vertical root fracture. These types of
fracture differ but they are often confused or



combined in clinical articles.7 - 10 This leads to mis-
understanding, with incorrect diagnosis and in-
appropriate treatment. Table 28-1 identifies four
of the five entities by findings, diagnostic meth-
ods, and treatment. The reader is referred to this
table throughout the chapter.

Fractures occur primarily in two areas, crown
and root. Either area may be the site of initiation as
well as the region of principal damage. In the crown
(usually extending to the root), these lesions take
the form of a craze line, fractured cusp, cracked
tooth, or split tooth (Figure 28-1); the latter three
usually extend to the root. Roots show vertical root
fracture (Figure 28-2). The remainder of the chapter
is subdivided into these five categories.

Craze Lines
Craze lines are common, particularly in perma-
nent teeth in adults. They usually extend over
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marginal ridges and along buccal and lingual sur-
faces in posterior teeth but also appear as long
vertical defects from incisal to cervical aspect on
anterior teeth (Figure 28-3). Craze lines are con-
fined to enamel.''

Craze lines occur naturally but their inci-
dence increases in patients who have had res-
torations or impact injuries. It is unknown (but
unlikely) whether they are precursors to dentin
fractures. Craze lines are unimportant other
than as a common source of misidentification
and confusion with cracked teeth. Because of
their insignificance, they are not included in
Table 28-1.

Fractured Cusp

Fractured cusps are usually relatively easy to diag-
nose and treat and generally have a good progno-
sis (see Table 28-1).

INCIDENCE

Fractured cusps are more common than the
other major entities discussed in this chapter,
which is fortunate because these are the least dev-
astating and are the most manageable.' This frac-
ture occurs often in teeth with extensive caries
or large restorations that do not protect under-
mined cusps."

FIGURE 28-2
This fracture begins and ends on the root. Usually the fracture extends facially and lingually, but may not extend
to both surfaces or from apical to cervical.

FIGURE 28-1
The three fracture types that originate occlusally and then ex-
tend toward the root.



PATHOGENESIS

These fractures are related to lack of cusp sup-
port. A second, but uncommon, cause is a trau-
matic upward blow to the mandible, resulting in a
sharp impact between the maxillary and man-
dibular teeth. Fortunately, this mishap does not
happen often; a single injury may cause fracture
or loss of several cusps.

CLINICAL FEATURES

Cusp fractures are usually associated with a weak-
ened marginal ridge in conjunction with an un-
dermined cusp. These compromise dentin sup-
port for the cusp, which is supplied primarily by
the marginal ridge." Either a single cusp or two
cusps (in molars) are involved. The fracture in-
cludes a mesial-distal and a facial-lingual compo-
nent (Figure 28-4). Therefore the crack lines (see
Figure 28-1) cross the marginal ridge and then ex-
tend, down a facial or lingual groove and often
into the cervical region parallel to the gingival
margin (or somewhat subgingivally, which is
more common). If two cusps are involved, the
fracture lines will be mesial and distal, without a
facial or lingual component. Very rarely are two
mesial or two distal cusps fractured together.

These are oblique shearing fractures extending
from the occlusal, often at the base of a cavity
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(Figure 28-5). The defect often includes the region
of epithelial attachment and does not extend be-
yond the cervical third of the root. 13 There usually
is no pulp exposure, particularly in older teeth
with smaller pulp chambers.

ETIOLOGIES

Typically there is a history of extensive deep inter-
proximal caries or a subsequent class II restoration.
Occasionally these cusp fractures occur in nonre-
stored teeth with extensive undermining caries.

DIAGNOSIS

Subjective Symptoms

Often the patient reports brief, sharp pain on
mastication or with temperature changes, partic-
ularly cold. Often the pain is more distinct with
masticatory release (not with closure but with
separation of teeth after biting). Pain is neither se-
vere nor spontaneous and occurs only on stimu-
lus. Interestingly, the symptoms are often relieved
when the cusp finally breaks off.

Objective Tests

The most indicative test is biting. The patient
may close onto a cotton swab applicator, a rubber

FIGURE 28-3
Craze lines are common. These are fractures that are limited to the enamel and do not extend to dentin. A, This
molar shows craze lines over marginal ridges and through buccal and lingual grooves (arrows). B, Vertical craze
li nes are common in anterior teeth (arrow), particularly in older patients.
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FIGURE 28-4
Cusp fracture. A, This fracture is usually associated with a class II restoration, extending across at least one mar-
ginal ridge (arrow) and often (B) down a lingual or buccal surface. These fractures tend to acquire stain with time,
are usually symptomatic, and will stop light with transillumination.

polishing (burlew) wheel, or a specially designed
bite-testing instrument (Figure 28-6). An oc-
clusal, gnashing force on the involved cusp elicits
pain. Ordinarily, pulp tests indicate vitality.

Radiographic Findings

Radiographs are not useful because cusp fractures
are not visible radiographically.

Other Findings

The restoration may have to be removed to ob-
serve the underlying dentin. The fracture may
then be readily visible, or it may be disclosed
by either staining or transillumination. Older
fractures may have already acquired stain (see
Figure 28-4). The cusp fracture line usually orig-
inates at the cavity floor at a line angle.

TREATMENT

Retaining the fractured cusp is often not indi-
cated. The cusp is removed, and the tooth is re-
stored as appropriate. The restoration will prob-
ably be a three-fourths or full crown extending
below or to the fracture margin. Root canal
treatment is often not required, because the
pulp is not exposed. Occasionally, restoration is
unnecessary.

If the cusp is not mobile, the fracture line
probably does not extend to a root surface sub-

gingivally. In these cases, the cusp need not be
removed; a crown should be placed to hold the
segments.

PROGNOSIS

Long-term success is good because fractures tend
to be shallow. Cusp fractures occasionally extend
deeper, below the gingival attachment; treatment
of these is more challenging. An approach to
restoring deep-extending cusp fractures is de-
scribed later in this chapter.

PREVENTION

Extensive removal of dentin support should be
avoided. The width and particularly the depth of
restorations should be minimized. 14 Those that
wedge, such as inlays, require adequate dentin
support. Cusps should be reduced and onlayed
if undermined; both amalgam and gold onlays
provide fracture resistance." Composite resins
that are bonded to enamel or dentin and improp-
erly placed may shrink excessively upon polymer-
ization; this contraction may displace and weaken
cusps, rendering them susceptible to occlusal
forces and fracture.

In terms of bonding, adhesive resins, if placed
with special techniques, may reinforce weakened
cusps.16-18 However, studies are still short-term
and "bench-top" and do not include long-term
evaluations made under clinical conditions. In
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FIGURE 28-S
Cusp fracture. Typically, the separation occurs from the line
angle of the cavity to the cervical surface.

other words, such bonded restorations may pro-
vide only temporary reinforcement.

Cracked Tooth

Cracked teeth are also described as "incomplete
(greenstick) fractures," which describes their
form.19 Cracked tooth is a variation of the cusp
fracture, but the associated fracture is centered
more occlusally (see Figure 28-1). The effects of
cracked teeth tend to be more devastating be-
cause their extent and direction are more cen-
tered and more apical (see Table 28-1).

I NCIDENCE

The occurrence of cracked tooth is unknown
but is apparently increasing.5.8 Cracked teeth are
predominantly seen in older patients, although
they may occur at any age in adults.', ' The lon-
gevity and complexity of restorations are related
factors, although cracked teeth often are mini-
mally restored or not restored at all.8 Mastica-
tion for many years, particularly of hard objects,
is also a factor. Continued and repeated forces fi-
nally cause fatigue of tooth structure resulting
in fracture followed by continued growth of that
fracture.

The teeth usually involved are mandibular
molars (both restored and nonrestored) followed
by maxillary premolars and then by maxillary
first molars.' Anterior teeth do not develop true
cracks, and true cracks are seen rarely on man-

FIGURE 28-6
Special diagnostic "biting" instruments (Tooth Slooth) are
placed on one cusp at a time while the patient grinds with
opposing teeth. Sharp pain on pressure or release may indi-
cate a cusp fracture or cracked tooth,

dibular premolars. Furthermore, class I restored
teeth fracture as often as do class II restored
teeth, particularly molars. Therefore the phe-
nomenon is not always dependent on violation
of tooth structure by access preparations, caries,
or restorations. There has been speculation that
teeth treated by root canals are more brittle and
weakened and therefore are more susceptible to
fracture. Evidence does not support this as-
sumption." ,"`

PATHOGENESIS

As stated previously, cracks in teeth tend to
depend on time and patient habits. Obviously,
forces in excess of dentin strength are responsi-
ble; these forces are greater in the posterior re-
gion, i.e., close to the fulcrum of the mandible,
invoking the "nutcracker" effect. 6,23

Although occlusal anatomy (deep fissures or
prominent or functional cusps) and occlusal
dysfunction might render a tooth more suscepti-
ble to cracking, these factors are only specula-
tive; no relationship with cracked teeth has been
demonstrated.

CLINICAL FEATURES

Cracks in teeth are almost invariably mesiodistal
fractures (Figure 28-7), although mandibular
molars occasionally (rarely) fracture toward the
facial-lingual surface. The diagnosis of a facial-
lingual cracked molar is a common misinterpre-
tation because of visualization of facial and lin-
gual fractures (see Figure 28-3, A). These are
actually craze lines, which follow the buccal and
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FIGURE 28-7
Cracked tooth. The fracture extends across both marginal
ridges and across the cavity floor (arrows). Fractures in the
mesial-distal direction are by far the most common.

FIGURE 28-8
Cracked tooth. The fracture extends across the marginal ridge
and down the proximal close to the furcation (greenstick
fracture).

lingual grooves. Cracks cross one or both mar-
ginal ridges. They generally shear toward the fa-
cial or lingual side toward a root surface, usually
lingual. Because the fracture begins on the oc-
clusal surface, it grows from this surface toward
the cervical surface and down the root. Impor-
tantly, the more centered the fracture (initiated
on the midocclusal surface), the more it has a
tendency to extend deeper before it shears to-
ward the root surface. The fracture is considered
greenstick because it is incomplete (either to the
mesial or distal surface) or does not extend to the
facial or lingual root surface.8 The direct midoc-
clusal fracture may be very deep; on maxillary
molars it may extend toward the furcation (Fig-
ure 28-8) or occasionally toward the apex on
mandibular molars (Figure 28-9).

The fracture may or may not include the pulp.
The more centered the fracture is, the greater is the
chance of pulp exposure now or later. Occasion-
ally, fractures oriented toward the facial-lingual
surface shear away from the pulp, although this is
not likely and is difficult to determine clinically.
Therefore many cracked teeth require root canal
treatment, preferably before restoration for coro-
nal protection. Wedging forces must be minimized

during both root canal treatment and restoration
to avoid aggravating the fracture.

ETIOLOGIES

Cracked teeth are often found in patients who
chew hard, brittle substances (ice, unpopped pop-
corn kernels, hard candy, and so on). These pa-
tients may have prominent masticatory muscles
and show excessive occlusal wear as a result of
heavy occlusal forces.23 If these teeth are restored,
the restorations may be class I or a deep class II.
Interestingly, cracks associated with wide class II
restorations are more likely to be cusp fractures
and their effects are not as devastating.2 4

Thermal stresses are also thought to be a cause
of fractures, although the evidence of this is in-
conclusive. Supposedly, differences in expansion
and contraction of restorations versus tooth
structure may weaken and crack dentin.25,26

DIAGNOSIS

Cracked teeth show a variety of test results, radio-
graphic findings, and signs and symptoms, de-
pending on many factors.' This variety and un-
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FIGURE 28-9
Centered fracture on this lightly restored second molar
extends toward the apex. Treatment of these fractures is
hopeless.

predictability often make the cracked tooth a
perplexing diagnostic and treatment entity.

Subjective Findings

Often cracked teeth manifest as the so-called
cracked tooth syndrome.27 This syndrome is charac-
terized by acute pain on mastication (pressure or re-
lease) of grainy, tough foods and sharp, brief pain
with cold.24 These findings are also related to cusp
fracture. However, there may be a variety of symp-
toms ranging from slight to very severe sponta-
neous pain consistent with irreversible pulpitis,
pulp necrosis, or apical periodontitis. Even an acute
apical abscess may be present if the pulp has under-
gone necrosis. There may be apical pathosis related
to acute apical abscess (with or without swelling) or
a draining sinus tract. In other words, once the frac-
ture has extended to and exposed the pulp, severe
pulp or periradicular pathosis will be present. This
explains the variation in signs and symptoms.

Objective Tests

Pulp and periradicular tests also have variable re-
sults. The pulp is usually responsive (vital) but

may be nonresponsive (necrosis). Periapical tests
also vary, but usually pain is not elicited with per-
cussion or palpation if the pulp is vital. Direc-
tional percussion is also advocated. Percussion
that separates the crack may cause pain. Opposite-
direction percussion usually is asymptomatic.
This pain is probably related to stimulation of the
periodontal ligament proprioceptors.

Radiographic Findings

Because of the mesiodistal direction of the frac-
ture, it is not visible. Radiographs are to help
determine the pulp-periradicular status. Usually
there are no significant findings, although occa-
sionally different entities also occur. At times, loss
of proximal (horizontal, vertical, or furcal) bone is
related to the fracture; bone loss increases as the
severity of the crack increases.

Other Findings

Craze lines in posterior teeth that cross marginal
ridges or buccal and lingual surfaces must be dif-
ferentiated with transillumination.

With craze lines, transilluminated light from
the facial or lingual surface is not blocked or re-
flected; the entire tooth in a facial-lingual orienta-
tion is illuminated.

When a crack is suspected, it is important to
try to visualize the length and location of the frac-
ture. Occlusal and proximal restorations are first
removed. Then transillumination (Figure 28-10),
which often shows a characteristic abrupt block-
age of transmitted light, is performed. With trans-
illumination the portion of the tooth where the
light originates illuminates to the fracture. A frac-
ture contains a thin air space, which does not
readily transmit light. Therefore the crack (or
fracture) blocks or reflects the light, causing the
other portion to appear dark.

Staining with methylene blue or iodine may
also disclose the fracture, although not pre-
dictably. A cotton pledget soaked with methylene
blue or other dye is placed against the cavity floor;
the dye is held in by a sealing temporary such as
IRM. The temporary restoration and pledget are
removed after a few days. The dye may have con-
tacted the crack long enough to disclose it clearly
(Figure 28-11). Patients should be advised that
the tooth will temporarily turn blue, they may
wish to forgo this test.

If a fracture is detected, an instrument is
placed in the cavity with moderate pressure ex-
erted on opposing walls to try to separate the seg-
ments. If no movement is detected, the classifi-
cation is a cracked tooth; when the segments
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FIGURE 28-10
Cracked tooth. A, Fracture through dentin reflects transilluminated light showing abrupt change in brightness.
B, For comparison, an adjacent noncracked premolar transmits light readily.

separate it is a split tooth (discussed later). It is
debatable whether wedging should be performed;
wedging may split the tooth iatrogenically. How-
ever, if controlled force exacerbates the crack,
certainly the tooth is predisposed to a later split
anyway.

Occasionally (particularly if the crack is cen-
tered), an access preparation is necessary to dis-
close the extent (Figure 28-12) of the crack. After
the chamber roof and coronal pulp have been re-
moved, the floor is transilluminated as for a frac-
ture (not to be confused with anatomic grooves).
Sealing in a disclosing dye for a few days may be
helpful.

Periodontal probing is important and may dis-
close the approximate depth and severity of the
fracture. Removal of interproximal restorations
is helpful because it allows improved access for
placement of the periodontal probe. However,
subgingival fractures often do not create a prob-
ing defect. Therefore the absence of deep probing
does not preclude a cracked tooth. The presence
of deep probing is serious and indicates an ad-
verse prognosis.

Selective biting on objects (as described ear-
lier under "Fractured Cusp") is helpful (see Fig-
ure 28-6), particularly when pain is reported on
mastication.

TREATMENT
Prognosis

The five important considerations listed in the
box on p. 501 should be reviewed. When both
clinician and patient are aware of the compli-
cations and questionable outcomes, a treatment

plan is formulated. Extraction is a reasonable so-
lution in many situations. Much depends on the
nature (depth and location) of the fracture. Again,
the segments must not separate on wedging. If
they do not separate, there are many treatment
alternatives to retain the tooth intact. If the
occlusal-proximal fracture is centered in the facial-
lingual aspect and involves the floor of the cavity
preparation, there are treatment options. If there
are no symptoms of irreversible pulpitis, a crown
may be placed, although some of these teeth will
eventually manifest irreversible pulpitis or pulp
necrosis. They will then require treatment through
the crown.28

Further Examination

After access has been gained, the chamber floor is
examined. If the fracture extends through the
chamber floor, generally further treatment is hope-
less and extraction is preferred (Figure 28-12). 29 An
exception is the maxillary molar, which may be
hemisected along the fracture, saving half (or both
halves) of the crown and supporting roots. Many
of these treatments are complex, and the patient
should be considered for referral to an endodon-
tist. If a partial fracture of the chamber floor is
detected, the crown is bound with a well-fitting ce-
mented orthodontic band (Figure 28-12) or tem-
porary crown to protect the cusps until final
restoration is performed.30 This also helps to deter-
mine whether symptoms decrease during root
canal treatment. The rationale (unsupported) is
that if pain symptoms are not relieved, the progno-
sis is significantly poorer and extraction may be
necessary.



FIGURE 28-11
A, Disclosing solution on a cotton pellet (in this case, methylene blue) is placed in the cavity for a few minutes
or sealed in for a week. B, This technique may clearly disclose the fracture (arrow) and its extent.

Restoration

If the fracture appears to be incomplete (not ter-
minating on a root surface), the tooth is restored
to bind the fractured segments (barrel-stave ef-
fect) and also to protect the cusps. For a per-
manent restoration, a full crown is preferred, al-
though an onlay with bevels may suffice. Posts
and internally wedging foundations are to be
avoided. Acid-etch dentin bonding resins or
bonded amalgams may help to provide a founda-
tion for the crown to prevent crack propagation,
although this approach is unproven. 31

One suggested approach has been to remove
dentin with burs until the crack disappears in an
effort to eliminate or determine the extent of
the crack. This is not rational; the fracture is small
and invisible at the furthest extent (even after
staining). Therefore the crack probably continues
deeper into dentin than can be visualized. This
procedure removes sound tooth structure unnec-
essarily, thereby further decreasing tooth strength.

PROGNOSIS

The overall prognosis depends on the situation
but is always questionable at best. The patient is
informed about the possible outcomes and the
unpredictability of duration of treatment. The
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FIGURE 28-12
Managing a cracked tooth. To minimize movement of seg-
ments, an orthodontic band has been placed. The access is
now completed to determine the depth of the fracture. The
fracture (arrow) extends across the floor; the prognosis is poor.

fracture may continue to grow with eventually
devastating consequences, requiring tooth extrac-
tion or additional treatments (Figure 28-13). Fur-
thermore, the patient should be informed that
cracks may be present in other teeth as well and
could manifest in the future.
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FIGURE 28-13
Cracked tooth resulting in eventual split tooth. A, A cracked tooth was identified, root canal treatment was com-
pleted, and a full crown was placed. B, After 3'h years the fracture became manifest with extensive bony de-
struction. C, The fracture had grown over time to become a split tooth.

In general, the more centered the origin of the
fracture is on the occlusal surface, the poorer the
long-term prognosis; these fractures tend to re-
main centered and grow deeper. The result is major
damage to the tooth and periodontium. In other
words, the cracked tooth may ultimately evolve to
a split tooth or develop severe periodontal defects.

PREVENTION

Generally, patients are encouraged to forego de-
structive habits such as ice chewing. In addition,
most suggestions made earlier for prevention of
cusp fractures apply here. The use of deep class I
or class II restorations should be minimized, par-
ticularly on maxillary premolars (cusp protection
may be helpful) .32 Altering the occlusal anatomy
or changing occlusal relationships is not useful.

Split Tooth

A split tooth is the evolution of a cracked tooth.
The fracture is now complete and extends to a sur-
face in all areas.' The root surface involved is prob-
ably in the middle or apical third. There are no
dentin connections; tooth segments are entirely
separate (Figure 28-13, C). The split may occur
suddenly, but it more likely results from long-term
growth of an incomplete fracture (see Table 28-1).

INCIDENCE

As with cracked tooth, the occurrence of split
tooth is apparently increasing." Obviously, many
factors related to cracked tooth are endemic to
split tooth. An assumption is that root canal
treatment weakens dentin and renders teeth more
susceptible to severe fractures, this is unlikely.21.33

PATHOGENESIS

Causative factors related to cracked tooth also
apply to split tooth. Why some cracked tooth frac-
tures continue to grow to a complete split is un-
known. Two major causes are probably persistent
destructive wedging or displacing forces on existing
restorations and new traumatic forces that exceed
the elastic limits of the remaining intact dentin.

CLINICAL FEATURES

These are primarily mesiodistal fractures that
cross both marginal ridges and extend deep to
shear onto the root surfaces. The more centered
the fracture is occlusally, the greater the tendency
to extend apically. These fractures are more devas-
tating. Mobility (or separation) of one or both
segments is present.

These fractures usually include the pulp. The
more centered the fracture is, the greater the
probability of exposure.



FIGURE 28-14
Split tooth. A, Often split teeth demonstrate marked horizontal and vertical bone loss (arrows) interproximally
and in the furcation. B, This molar shows the definitive sign: separation of the segments on wedging.

ETIOLOGIES

Split tooth has the same causes as cracked
tooth. Split tooth may be more common in root
canal treated teeth. However, this is not because
the treatment per se weakens the tooth by dehy-
drating or altering dentin.33 Rather, the strength
of these teeth has already been compromised
by caries, restorations, or overextended access
preparations.

DIAGNOSIS

Split tooth does not have the same variety of
confusing signs, symptoms, and test results as
cracked tooth. Generally, split teeth are easier
to identify." Damage to periodontium is usually
significant and is detected by both patient and
dentist.

Subjective Findings

Commonly, the patient reports marked pain on
mastication. These teeth tend to be less painful
with occlusal centric contacts than with mastica-
tion. A periodontal abscess may be present, often
resulting in mistaken diagnosis.

Objective Findings

Objective findings are not particularly helpful
but should include both pulp and periradicular
tests.
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Radiographic Findings

Findings on radiographs depend partially on pulp
status but are more likely to reflect damage to the
periodontium. Often there is marked horizontal
loss of interproximal or interradicular bone (Fig-
ures 28-13, B, and 28-14, A).

Other Findings

The most important consideration is to identify
the extent and severity of the fracture, which
often requires removal of a restoration. With split
tooth the fracture line is usually readily visible
under or adjacent to the restoration; it includes
the occlusal surface and both marginal ridges.

Separability of the segments is also important.
As with cracked tooth, an instrument is placed
in the cavity. Wedging against the walls is done
with moderate pressure; the walls are then visual-
ized for separation (Figure 28-14, B). A separat-
ing movement indicates a through-and-through
fracture.

Periodontal probing generally shows deep de-
fects; probings tend to be adjacent to the fracture.
Here again, removal of existing restorations is
helpful in visualizing interproximal areas.

TREATMENT

Maintaining an intact tooth is impossible. If the
fracture is severe (that is, deep apically), the tooth
must be extracted. If the fracture shears to a root



512

	

28 1 Longitudinal Tooth Fractures

FIGURE 28-15

A technique for managing certain split teeth and cusp fractures. From upper left to lower left: Separable segment
i s held with a matrix or band. Root canal treatment is followed by an amalcore onlay. The fractured segment is
removed and the amalgam is contoured. The tissue will heal and usually reattach; the nature of the attachment
(connective or epithelial tissue) is unknown. Usually, normal sulcus depth is reestablished.

surface that is not too far apical (middle to cervi-
cal 1/3 of the root), the smaller segment will be very
mobile. Then there is a good possibility that the
small segment can be removed and the remainder
of the tooth salvaged.

Different approaches to maintenance are used,
depending on conditions. Some choices are the
following.

Remove the fractured segment. Then the type of
treatment and restoration are determined. How-
ever, the following choice (retention of fractured
segment temporarily) is preferred and is generally
less complicated.

Retain the fractured segment temporarily (Fig-
ure 28-15). First, a rubber dam is applied with a
strong rubber dam clamp to isolate and hold the
segments together. Root canal treatment is com-
pleted (if not already performed), and restora-
tion with a retentive amalcore (onlaying the
undermined cusps) is performed. Then the frac-
tured segment is removed. Granulation tissue
proliferates to occupy the space and reattach the
periodontium to the root dentin surface. The
final restoration usually is the amalcore but may
be a full crown with a margin related to the new
attachment.

Remove the fractured segment and perform crown
lengthening. The mobile segment is removed first,

and root canal treatment is performed next fol-
lowed by crown lengthening and appropriate
restoration. This is not feasible in most situa-
tions because the fracture is too deep on the root
surface.

Remove the fractured segment and perform no fur-
ther treatment. This choice is appropriate when
root canal treatment has been completed previ-
ously and the tooth already restored. All pulp
space areas must be filled to the margins with per-
manent restorative material (for example, amal-
gam) with no obturating material (e.g., gutta-
percha) exposed (Figure 28-16). The defect often
granulates in, and reattachment to the fractured
dentin surface occurs.

In summary, treatment may be complex or rela-
tively simple depending on the situation. Because
of the complexity of their situations, these pa-
tients should be considered for referral to a spe-
cialist for diagnosis or treatment.

PROGNOSIS

As expected, prognosis is variable. Some treat-
ments of split tooth are successful, whereas others
are doomed to failure if attempted. When the
fracture surfaces in the middle to cervical third of
the root, there is a reasonable chance of successful



FIGURE 28-16
A technique for managing fractures. Root canal treatment and amalcore onlay had been done earlier; the fracture
occurred after treatment. A, The mobile segment is removed. B, A space is created with raw root dentin exposed
(arrow). Tissue usually granulates in and is reattached to the dentin (but not to the amalgam). No further treat-
ment is needed.

treatment and restoration. If the fracture surfaces
in the middle to apical third, the prognosis is
poor. With these deep fractures, usually too much
of the pulp space is exposed to the periodontium;
root canal treatment with restoration of this
space would result in deep periodontal defects.

Sometimes prediction of success or failure
cannot be determined before treatment is com-
pleted if the more conservative approach is taken,
that is, if the segment is temporarily held in place
during root canal treatment and restoration.
After root canal treatment has been completed
and the segment has been removed, the dentist
may discover that, unfortunately, the fracture is
indeed very deep and the tooth is unsalvageable.
The patient must be informed of all these possi-
bilities before treatment is begun.

PREVENTION

Generally, preventive measures are similar to
those recommended for cracked tooth, that is,
eliminating oral habits that damage tooth struc-
ture and impose wedging forces. Teeth requir-
ing large, deep access preparations should be
protected by an onlay or full crown. Large ac-
cess preparations also require appropriate cusp
protection."
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Vertical Root Fracture

Vertical root fracture (VRF) differs from the enti-
ties (see Table 28-1) described previously in this
chapter because the treatment plan is easy, but
diagnosis often is tricky and elusive because the
VRF mimics other conditions.34-35 Because treat-
ment invariably consists of tooth extraction or re-
moval of the fractured root, an error in diagnosis
has serious consequences.

I NCIDENCE

The overall occurrence is unknown, but VRF is
common . 36 These defects occur more often in
teeth that have undergone complex restorative
procedures, that is, root canal treatment and in-
traradicular post retention.

PATHOGENESIS

This fracture results from wedging forces within
the canal. These excessive forces exceed the bind-
ing strength of existing dentin, causing fatigue
and fracture. Irritants that induce severe inflam-
mation in the adjacent periodontium result from
the fracture.37 Generally, this periodontal de-
struction and the accompanying findings, signs,
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FIGURE 28-17
Vertical root fracture extends facially and lingually and, in
this case, in an apical to cervical direction.

FIGURE 28-18
Vertical root fracture of the distal root. A common radio-
graphic pattern of bone resorption is seen. The defect extends
along the fractured root and into the furcation.

and symptoms bring the fracture to the attention
of the patient or dentist.

CLINICAL FEATURES

These fractures occur primarily in the facial-lingual
plane (see Figure 28-2). They are longitudinal and
may either be short or extend the length of the
root, that is, from apical to cervical (Figure 28-17).
The fracture probably begins internally (canal wall)
and grows outward to the root surface. In addition,
the fracture may begin at the apex or at midroot. 38
Therefore it may be incomplete (see Figure 28-2),
extending neither to both facial and lingual root
surfaces nor from apical to cervical root surfaces.

Although VRFs usually show only mild clinical
signs and symptoms, the effects on the periodon-
tium are eventually devastating and irresolvable.

ETIOLOGIES

There are two major causes (the only demonstrated
ones) of VRFs. These are (1) post placement (ce-
mentation) and (2) condensation during obtura-
tion." The only reported cases of VRF occurring in
nonendodontically treated teeth are in Chinese
patients.40-41 Other causes, such as occlusal forces,
wedging of restorations, corrosion and expansion
of metallic posts, and expansion of postsurgical
retrograde restorations, have been mentioned but
not convincingly shown . 42

Condensation, both lateral and vertical, may
cause excessive wedging forces, creating a VRF.43-44
Intraradicular retentive posts have also been im-
plicated.34-39-45 Two aspects of posts cause wedging
forces. Wedging occurs during cementation of
posts and also during the seating of tapered posts
or with posts that depend on frictional reten-
tion.39-46 Occlusal forces exerted on the post after
cementation and restoration may also be a factor
but probably a minor one. Post placement has
been shown to exert a greater wedging force than
lateral condensation.46

Certain root shapes and sizes are more suscepti-
ble to VRF. Roots that are deep facially and lin-
gually but narrow mesially and distally are particu-
larly prone to fracture.38 Examples are mandibular
incisors and premolars, maxillary second premo-
lars, mesiobuccal roots of maxillary molars, and
mesial and distal roots of mandibular molars.
Round, oval, or bulky roots are resistant to frac-
ture, examples are maxillary central incisors, lingual
roots of maxillary molars, and maxillary canines.

Susceptibility of any root to fracture is markedly
increased by excessive dentin removal during canal
instrumentation or post preparation.47.48 An addi-
tional factor occurring during condensation is the
placement of excessive numbers of accessory cones
requiring multiple spreader insertions .38,49 Also, the
insertion of tapered, inflexible condensing instru-
ments into curved canals creates root distortion
and the potential for fracture.50
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FIGURE 28-19
Vertical root fracture. A, At the time of root canal treatment and restoration. B, Several years later the fracture
manifests devastating results. Visualizing the fracture on a radiograph is unusual.

DIAGNOSIS Objective Tests

Vertical root fractures become manifest by a vari-
ety of signs, symptoms, and other clinical find-
ings. They may mimic other entities such as peri-
odontal disease or failed root canal treatment.
This variety of findings often makes VRF a per-
plexing diagnosis.51.52 Interestingly, because VRF-'
are often mistaken for periodontal lesions or for
failed root canal treatment, the dentist may refer
these difficult diagnosis patients to the periodon-
tist or endodontist, presumably for periodontal
therapy or endodontic retreatment.

Diagnostic findings of VRF were reported in a
series of 42 clinical cases in a study performed by
Michelich et al .35 Much of the information that
follows is derived from the findings in that study
in conjunction with other reports.

Subjective Findings

Symptoms tend to be minimal. Seldom is the VRF
painful, and it is often asymptomatic or shows
mild, insignificant signs and symptoms. Often,
some mobility is detectable, but many teeth are
stable. Periradicular symptoms (pain on pressure
or mastication) are common but mild.

Because many VRF-' resemble periodontal le-
sions, a periodontal-type abscess (either as a pre-
senting sign or in the history) is a common occur-
rence. 37-45 In fact, this localized swelling is often
what brings the patient to the dentist's office.

Periradicular tests of palpation and percussion
are not particularly helpful. Periodontal probing
patterns are more diagnostic. Significantly, some
teeth with VRF-' have normal probing patterns.'-'
Most show significant probing depths with nar-
row or rectangular patterns, which are more typi-
cal of endodontic-type lesions. 45,53 These deep
probing depths are not necessarily evident on
both the facial and lingual aspects. Overall, prob-
ing patterns are not in themselves totally diagnos-
tic, but they are helpful.

Radiographic Findings

Radiographs also show a variety of patterns. At
times there are no significant changes.35 How-
ever, when present, bone resorptive patterns
tend to be marked, extending from the apex
along the lateral surface of the root and often
include angular resorption at the cervical root
(Figure 28-18). 54 However, many of the resorp-
tive patterns related to VRF mimic other enti-
ties. Lesions may resemble failed root canal
treatment; that is, they have an apical "hanging
drop" appearance. In only a small percentage
of teeth is there a visible separation of frac-
tured root segments (Figure 28-19). Interest-
ingly, VRF-' may be more readily identified using
computed tomography rather than conventional
radiography. 55
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The idea that a radiolucent line separating the
filling (i.e., gutta-percha) from the canal wall is di-
agnostic has been advocated. However, this radio-
lucent line may be a radiographic artifact, incom-
plete obturation, an overlying bony pattern, or
other radiographic structure that is confused
with a fracture. Therefore radiographs are helpful
but are not solely diagnostic except in those few
instances in which the fracture is obvious.

Dental History

Virtually all teeth with a VRF have had root
canal treatment; many have been restored with
cast or prefabricated posts. Potentially greater
destructive forces exist with tapered, wedging
posts.56,57

Interestingly, endodontic and restorative treat-
ment may have been done months or years be-
fore the fracture. Forces (without fracture) are
established at the time of treatment or restora-
tion .41.45.46 These forces are stored in root dentin

but may not result in an actual fracture until
later; neither patient nor dentist may relate the
fracture to earlier procedures.

Other Findings

signs, symptoms, and radiographs all give vari-
able findings. Flap reflection is the only reliable
diagnostic approach. Surgical exposure of bone
overlying the root surface is the best method of
identification . 34,35 VRFs have consistent patterns
(Figure 28-20). There is usually a "punched-out"
bony defect that tends to be oblong and overlies
the root surface. This defect may take the form of
a dehiscence or fenestration at various root levels.
The defect is filled with granulomatous tissue.

After inflammatory tissue has been removed,
the fracture is usually (but not always) visible on
the root (Figure 28-21). If it is not obvious, the
fracture line may be hidden or very small and un-
developed. However, the characteristic punched-
out, granulomatous tissue filled defect is fairly
diagnostic of VRF, which should be strongly sus-
pected." Transillumination or staining with dyes
are helpful. Also, the root-end could be resected
and examined under magnification to detect the
fracture.

FIGURE 28-20
Vertical root fracture. After flap reflection and visualization, the
pattern of bony changes tends to be consistent with oval or ob-
l ong "punched-out" defects filled with granulomatous tissue
(VRF). This is differentiated from the normal bony fenestration.

FIGURE 28-21
Vertical root fracture is usually but not always identified (arrow)
after flap reflection. Usually (as in this case), the bone has been
resorbed, showing a long defect. This molar has been hemi-
sected; the fractured mesial segment will now be removed.



Fracture Characteristics

Histologic fracture characteristics have been de-
scribed with VRF after removal.37 All fractures ex-
tended from the canal to at least one root surface
but not necessarily to both (Figure 28-22). Simi-
larly, fractures often extended only the partial
length of the root, usually to the apex but not al-
ways to the cervix.

Many irritants occupy the fracture space and
adjacent canal.37 Fractures usually harbor bac-
teria, sealer particles, and amorphous material.
Canals adjacent to the fracture often contain
necrotic tissue as well as concentrations of bacte-
ria. Periodontal tissues adjacent to the fracture
are chronically inflamed. Occasionally, connective
tissue grows into the fracture toward the canal;
this is often associated with resorption at the root
surface (Figure 28-23).

Thus profound irritants related to the frac-
ture with resulting inflammation at the surface
were identified in the study.37 VRFs resemble a
very long apical foramen that communicates

FIGURE 28-22
Vertical root fracture. This histologic cross section shows a
fracture extending to only one surface and to the canal. The
fracture space and root surface show inflammatory tissue

(arrows).
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with necrotic pulp containing bacteria-thus
the hopeless prognosis.

TREATMENT

As stated earlier, the only treatment is removal of
the fractured root. In multirooted teeth, this
could be done by root amputation or hemisection
(see Figure 28-21).

Other modalities have been suggested in at-
tempts to reduce the fracture or retain the root,
such as placement of calcium hydroxide, ligation
of the fractured segments, or cementation of the
fractured segments, trying to bind them by adhe-
sive resins, epoxies, or glass ionomer.58 A unique
approach is to extract the tooth, repair the frac-
ture with a laser or with a cement, and then re-
plant the tooth. Many of these suggested methods
are impractical and have not been shown to be ef-
fective long-term. Surgical repairs such as removal
of one of the fractured segments or repair with
amalgam or resin after surgical exposure and

FIGURE 28-23
Vertical root fracture extends to both surfaces (facial and lin-
gual). The facial surface shows resorption (arrows) and in-
growth of connective tissue. The lingual component contains
necrotic debris and bacteria.
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preparation have also been suggested, but no suc-
cessful results have been documented.

PROGNOSIS

At present, prognosis is virtually hopeless for
tooth with a vertically fractured root.

PREVENTION

Because the causes of VRF are well known, pre-
vention should not be difficult. The cardinal
rules for safety are to (1) avoid excessive removal
of intraradicular dentin and (2) minimize internal
wedging forces. The binding strength of root den-
tin is considerable but it is easily compromised.
Treatment and restorative procedures that re-
quire minimal dentin preparation should be se-
lected. Condensation of obturating materials
should be carefully controlled. More flexible and
less tapered finger pluggers or spreaders are pre-
ferred because they are safer than stiff, conven-
tional hand-type spreaders.49.50

Posts weaken roots and should not be used un-
less they are necessary to retain a foundation (see
Chapter 15). The post design least likely to cause
stress and fracture dentin is the flexible (including
carbon-fiber carbon) or cylindrical (parallel-sided)
preformed post,39.56 although these designs are
not suitable in all restorative situations. Cast
posts or some of the tapered preformed posts
may be necessary. Their shape may exert wedging
forces that readily split roots or cause dentin
strain, particularly if they lack a stop or ferrule on
the root seat .59-60 Any post used should be as small
as possible, have a passive fit, and not lock or grip
the root internally with threads .39 Cementation
should be done carefully and slowly; an escape
vent for the cement is probably helpful.
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I mportant Clues

Many dental patients are in pain when they are
seen. The most common cause of pain in the oro-
facial region is inflammatory disease of either the
pulp or the tooth's supporting structures. Effec-
tive treatment is based on careful, accurate diag-
nosis. However, diagnosis and identification of
the source of pain are not simple. Pain originating
from the teeth may be referred to or spread to
other structures; conversely, pain from nondental
sites can be referred to teeth. Because rational
treatment involves removal of the cause or causes
of pain rather than merely addressing the symp-
toms, it is imperative to establish first whether
pain is of dental origin. When pain is dental, de-
termination of which tooth or teeth are involved
is the most important consideration. Difficulties
in the localization of pain may result in extraction
or endodontic treatment of the wrong tooth. The
pain may originate from other sources such as the
muscles of mastication or mucosa of the nose and
sinuses; again, neither tooth extraction or root
canal therapy will resolve the symptoms. Unfortu-
nately, such inappropriate treatments in attempts
to relieve pain are all too common. Not only are
such misadventures ineffective in resolving pain,
they may also lead to litigation.

Thus before a practitioner treats a patient
in pain, a correct diagnosis is essential. When
diagnosis is difficult, two measures are recom-
mended. One is to provide symptomatic relief
and to observe the patient. When pain intensifies,
identification is easier; an example is when pulpal
inflammation invades the periradicular tissues.
The second option is to seek an expert opinion.
Pain is a versatile phenomenon; many forms of
chronic pain and myofascial pain elude simple
diagnosis and may be beyond the expertise of a
general dentist. For example, temporomandibu-
lar joint and muscle disorders are often found in
conjunction with other, more generalized condi-
tions such as fibromyalgia. Complete diagnosis
of orofacial pain may necessitate input from spe-
cialists from several disciplines.

This chapter does not provide a complete or
comprehensive discussion of the complexities of
diagnosis of orofacial pain. This warrants an en-
tire text.1,2 It does provide a guide to (1) deter-
mining whether a pain is of dental origin and
(2) locating the site and nature of the origin of
the pain (Box 29-1). Importantly, although most
dental pain results from inflammatory changes,
such inflammation of pulp and periradicular tis-
sues is often not painful. In fact, pain severe
enough for the patient to seek dental treatment
may occur only a small proportion of the time.
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Many inflammatory pulpal or periradicular le-
sions are detected by chance in a patient with no
history of previous pain.

Pain Mechanisms

Differential diagnosis must be based on an un-
derstanding of pain mechanisms. This is still an
area of discovery; a comprehensive account is not
currently possible. Only a very brief summary of
contemporary knowledge is possible here. More
details may be sought elsewhere.3-7

Many hypotheses have been developed in at-
tempts to explain the mechanics of pain. The
most distinct and distinguished of these are the

"specificity theory" and the "gate control theory."
Although originally developed as alternatives, the
key elements of "specifity"3,5 and "gating"3.6.8 are
compatible.

SPECIFICITY

A longstanding belief is that a specific part of the
nervous system is responsible for carrying pain
from pain receptors to a pain center in the central
nervous system. There are, in fact, some nerve
fibers that respond only (or maximally) to stimuli
in the noxious range. However, the existence of
such a dedicated "pain system" is not sufficient, in
itself, to explain all experimental and clinical fea-
tures of pain. Referred pain (in which the sensation
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FIGURE 29-1
Gating in the central nervous system. Large and small afferent fibers interact through a gating mechanism in the
dorsal horn of the spinal cord and trigeminal nucleus (dorsal horn gate). Branches of the afferent fibers act on
specialized interneurons, the spinal gating cells (SG), which, by presynaptic inhibition, control input to the trans-
mission cells (T cell). These cells are the second-order sensory neurons responsible for passing on sensory input
to higher nerve centers where motivational/affective factors and the sensory discriminative components interact,
which may result in perception of a pain experience and lead to motor activity. The dorsal horn gate is also
i nfluenced by descending central control. (Adapted from Melzack R, Wall PD: Science 150:971-979, 1965.)

is incorrectly localized) and pathologic pain (such
as trigeminal neuralgia, which is initiated by mild
nonnoxious stimuli) as well as the clearly docu-
mented effects of emotional and motivational fac-
tors require an explanation. The best explanation
includes mechanisms such as summation and in-
hibition acting on a "gate' which controls the
progress of potentially painful input.3.8

GATING

All incoming afferent activity from the peripheral
nervous system is subject to modulating effects
upon entering the central nervous system (Fig-
ure 29-1). The central nervous system actually fil-
ters and integrates a vast amount of sensory in-
formation, only a very small proportion of which
will reach the level of consciousness. Much of
the information is discarded and much is used in
unnoticed autonomic reflex activities. Incoming
noxious information is a part of this overall pat-
tern. The integrating process has been described
as analogous to a gate. When the gate is open, in-
coming sensory activity passes through and goes
on to the next level.

The anatomic substrate of the gating mecha-
nism for pain is in the dorsal horn of the gray

matter of the spinal cord and brainstem. The gate
either inhibits or facilitates the activity of trans-
mission cells that carry activity further along the
nervous pathway. A number of factors determine
whether the gate is open or not. One important
factor is the relative degree of activity in large di-
ameter AB fibers and small diameter A8 and C
fibers. The large diameter AB fibers are activated
by nonnoxious stimuli, and the small A8 and C
fibers by noxious stimuli. Large fiber activity
tends to close the gate, whereas small fiber activity
opens the gate. Descending control mechanisms
from higher levels in the central nervous system
are influenced by cognitive, motivational, and af-
fective processes. These higher level mechanisms
also modulate the gate. Activity in large afferent
fibers not only tends to close the gate directly but
also activates the central control mechanisms,
which may also close the gate.

When the gate is open and activity in the in-
coming afferents is sufficient to activate the trans-
mission system, two main ascending pathways are
activated. One is the sensory-discriminative path-
way, which connects to the somatosensory cortex
by way of the ventroposterior thalamus. This
pathway allows the localization of pain. The
second ascending pathway involves the reticular
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information through the medial thalamic and
limbic system, which deals with the unpleasant,
aversive, and emotional aspects of pain. Descend-
ing pathways, as well as acting on the dorsal horn
gate, may also interact with these two ascending
systems. One of the principal descending path-
ways uses endogenously secreted opioid-like pep-
tides (e.g., endorphin) to suppress or reduce trans-
mission in pain pathways.

Pain as an Experience

This overall description of the processing of nox-
ious information integrates the presence of recep-
tors and pathways specialized to conduct pain. It
also explains how this noxious information may
be suppressed, amplified, or altered by other affer-
ent input as well as by the influence of higher cen-
ters. Hence pain is not a simple sensation such as
touch, heat, or taste but an "experience," resulting
from extensive integration.'

This outline explains the versatility of pain.
Why, for example, do similar tissue injuries pro-
duce different degrees of pain either in different
individuals or in the same individual on different
occasions? This difference occurs because of vari-
ations in the magnitude and effect of other inputs
and higher nerve centers. The involvement of
higher centers can also explain why the pain expe-
rience can vary with age9.10, gender,10 and cultural
background. 11-13 The flexible pain "system" also
allows recognition of the difference between acute
and chronic pain. Acute pain provides a warn-
ing of actual or impending tissue damage and is
essential to survival. Significantly, subjects who
show congenital insensitivity to pain have a short
life expectancy. Chronic pain such as trigeminal
neuralgia has no survival value but is interpreted
as a disease of the pain system.

pulp14 (e.g., substance P, calcitonin gene-related
peptide, neuropeptide Y) primarily regulate blood
flow." Many peptides are released from sensory
terminals by axon reflexes in neurogenic inflam-
mation. The principal role of the afferent innerva-
tion of the dental pulp may not be sensory but va-
somotor and possibly trophic.

Other mechanisms such as referred and psy-
chogenic pain require the inclusion of central in-
teractions. In general, the differential diagnosis of
dental pain requires identifying pain from other
sources (real or imagined), such as psychogenic
and chronic pain, as well as from other sites, such
as pain from the muscles of mastication.

Social, cultural, and sex- and age-related fac-
tors all affect the pain experience through the
emotional-motivational component. For exam-
ple, the pain threshold is similar in different racial
groups but pain perception may differ between
different groups.9,11 Social and cultural factors de-
termine the symptoms that patients emphasize.12

The characteristics of pain can change with time
because of the adaptation of peripheral receptors,
facilitation or fatigue among central connections,
or a number of other causes. The central nervous
system exhibits considerable plasticity. Persisting
noxious input, particularly from C fibers, can pro-
duce changes in the dorsal horn neurons, especially
in the presence and distribution of membrane re-
ceptors." The changes in these altered neurons can
persist long after the original stimulus, a phenom-
enon known as central sensitization or "wind-
up."" These long-term changes in excitability can
lead to spontaneous pain or decreased pain thresh-
olds and may be a component of some chronic
pain syndromes. It is also possible that the so-
called "hot tooth" syndrome in which a tooth with
longstanding, intense pulpitis is difficult to anes-
thetize may be the result of this effect.

The Versatility of Pain

Many elements contribute to the experience of
pain. Therefore the presentation of pain may be
highly variable and the identification of the source
and cause may be difficult.

Some pain characteristics arising from and
around the teeth (for example, the hyperalgesia
that occurs with inflammation) may be explained
by the sensitization of nociceptors. Many inflam-
matory mediators, neuropeptides, growth factors,
and other cyrokines are involved in tissue injury
and the body's response. This array of factors
gives wide variability in the response to tissue in-
jury. Many of the peptides present in the dental

Superficial Versus Deep Pain

Pain arising from damage to deep visceral tissue
differs from that arising from superficial tissues.
Viscera are insensitive to procedures such as cut-
ting or burning but are highly sensitive to disten-
sion, pressure, and inflammation. Pain from deep
tissues is poorly localized. In contrast, larger, faster
nerve fibers in superficial tissues and less central
convergence allow more precise localization of su-
perficial pain. Pulpal pain may be considered deep
(visceral). Periradicular pain is superficial (periph-
eral). Thus extension of inflammation from a deep
site (pulp) to a superficial one (periradicular tis-
sues) often allows localization of the tooth that is
the culprit.



PERIODONTAL PAIN

Periodontal disease is widespread primarily be-
cause it is largely painless. It may occasionally
manifest with acute pain such as that associated
with a lateral periodontal abscess. Periradicular
inflammation extending from a necrotic or in-
flamed pulp may be painful when acute but not
when chronic. Mild inflammation arising from
the early stages of the extension of pulpal disease
or from a high restoration may result in tender-
ness without spontaneous pain. Locating a tooth
with periodontal pain is usually straightforward
due to the presence of proprioceptors whose posi-
tion the nervous system is able to identify.'

PULPAL PAIN

Pulpal inflammation is often not painful. Many
patients with pulpal necrosis and periradicular
pathosis relate no history of endodontic pain.
However, at times, an inflamed pulp may be ex-
quisitely painful, causing spontaneous, throb-
bing, and intense pain that is worsened by hot
and cold stimuli.' When pain is not spontaneous
but evoked by a stimulus, it may outlast the stim-
ulus. It is unclear why pulpal inflammation is,
on some occasions, painful and, on other occa-
sions, not painful. If evoked pain from pulpitis
significantly outlasts the stimulus, the pulpitis is
deemed "irreversible." If the pain subsides quickly,
the inflammation is more likely "reversible."

Unfortunately the correlation between symp-
toms and the histologic condition of the pulp is
not consistent. Patients describe pain from pulpi-
tis in a variety of ways. It may increase and throb
when they are lying down. It may present as a con-
tinuous dull ache that is increased by a stimulus.
The pain is intermittent and may abate suddenly
for no apparent cause or, conversely, awaken the
patient.

Pulpal pain tends to be diffuse and to be re-
ferred. As the pain increases in intensity it may
spread to the ear, temple, cheek, or other teeth, al-
though never across the midline." If the inflam-
mation extends into the periradicular tissues, lo-
calization is usually easier, presumably because of
proprioceptors.

Phenomena Complicating
the Diagnosis of Dental Pain
REFERRED PAIN

Referred pain in the oral and perioral region is
common and important." By definition, referred
pain comprises input from a site of tissue damage
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FIGURE 29-2
Referred pain mechanism. Afferent nerves from a variety of

tissues converge on the cell body of the second-order neuron
(the transmission T cell) in the brainstem, which stimulates
the action system. Once the T cell is activated, it may be dif-
ficult for higher centers to determine the exact location of the

i nitiating pain, which may be wrongly assigned. A higher cen-
ter may assume that the painful input comes from a recently
activated pathway, resulting in the assignment of painful

i nput to a recently restored tooth.

combined with input from another site where
there is no tissue damage; therefore the pain is re-
ferred and is perceived to originate from the site of
no damage. The convergent neurons are the cells
in the dorsal horn gate. When the transmission
system is activated and nerve impulses pass along
the sensory discriminative pathway, the higher
centers in the brain are unable to distinguish the
source of the noxious stimuli (Figure 29-2). There-
fore the brain may interpret the source wrongly,
particularly when previous non-noxious stimuli
have been received from the same (referred) site.

This pattern explains the not uncommon phe-
nomenon of pain being referred to a recently re-
stored tooth. Pain from a tooth may then seem to
originate from a different tooth. Tooth pain may
also appear to originate from a nondental site or,
conversely, a tooth may be identified as the source
of pain when the origin is nondental. A good ex-
ample (and a common occurrence) is pain from
sinusitis being referred to a maxillary molar.

Odontogenic pain is more likely to be referred
when it is more intense, but duration and quality
do not seem to be related to referral. The associa-
tion of intensity to referral is attributed to central
nervous system hyperexcitability (central sensiti-
zation), causing the expansion of receptive fields.
Pain is never referred across the midline but read-
ily from arch to arch.

Some referral patterns are more common than
others; it is important to be aware of these possi-
bilities. When the offending tooth is not obvious
and cannot be stimulated to reproduce the pa-
tient's symptoms, examination should be ex-
tended to include these other possibilities. For ex-
ample, muscles of mastication, the ear, sinuses,
the heart, and other teeth may be the source of the
referred pain.
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Muscles of Mastication Ear, Nasal, and Sinus Mucosa

Many patients with myofascial pain dysfunction
syndrome describe toothache among their symp-
toms. Some may describe a toothache but be un-
aware that the problem is a joint/muscle disorder.
This pattern of referral is common and may result
in unnecessary extraction or root canal therapy. It
is important to examine the temporomandibular
joint and muscles of mastication in the diagnosis
of all but the most obvious toothaches. 19-22

CASE

PAIN REFERRED TO A TOOTH

FROM MUSCLES OF MASTICATION

Referred pain from respiratory mucosa to teeth
has been demonstrated by stimulating the mu-
cosa 1 week after cavity preparation. Clinically,
posterior maxillary teeth are tender to mastica-
tion and hypersensitive to cold. The patient often
gives a history of an upper respiratory tract infec-
tion or recent pollen allergies. The inflamed, fluid-
filled sinus may be tender to pressure anterior to
the zygomatic buttress. Pain increases when the
patient lowers his or her head or jumps and lands
on the heels with a jarring motion. Pain of dental
origin can also be referred to the ear and preauric-
ular region and may present as tinnitus. 23-25

Complaint: Moderately severe but continuous dull
ache in left lower jaw.
History: The pain has lasted several weeks, being
most severe in the morning. It is not intensified
by hot and cold stimuli and is relieved temporar-
ily by mild analgesics. A three-unit mandibular-
posterior bridge had been placed a few days ear-
lier. There was neither recent acute infection nor
trauma. The referring dentist had completed root
canal treatment on the premolar abutment with
no change in symptoms.
Examination: No visible or palpable intraoral soft
tissue abnormalities are present. All teeth on the
left side respond within normal limits to vitality
tests and percussion. Radiographs show no hard
tissue lesions. Discomfort is not relieved by an in-
ferior alveolar nerve block. Palpation of the left
masseter muscle shows it to be acutely tender, par-
ticularly on the anterior border. Occlusal examina-
tion shows imbalances and premature contacts on
the left side. Injecting a local anesthetic into the
tender region of the muscle relieves the pain.
Diagnosis: Acute myofascial pain in the left mas-
seter muscle after dental treatment.
Etiology: Afferents from the muscle (probably in
tendons or fascia) converge on the same second-
order neuron in the brainstem trigeminal nucleus
as periodontal afferents from the mandibular
abutment teeth. The higher centers to which the
second-order neuron projects are unable to differ-
entiate between the two inputs. The higher nerve
centers "assume" that the new input (from the
muscle) originates from the same site as the orig-
inal input (the teeth).
Treatment: A night guard was worn for 1 week
followed by occlusal adjustment. Short-term
splint therapy was necessary to ensure that oc-
clusal changes did not occur while the muscle
was in spasm.

Complaint: Continuous, dull, widespread tooth-
ache from the maxillary molars bilaterally.
History: Symptoms have recurred on several occa-
sions over a period of years; the discomfort at times
spreads over the cheek. Teeth are tender to masti-
cation and somewhat sensitive to cold. Symptoms
seem to resolve spontaneously. The patient has fre-
quent colds and often feels "stuffed up."
Examination: Nasal and oropharyngeal discharge
and inflamed mucosa are seen. Tenderness is re-
ported with strong pressure to the cheek. Soft tis-
sues around the teeth are normal. The molars re-
spond briefly and sharply to a cold stimulus but not
with lingering pain. Other teeth test within normal
limits. Maxillary molars on both sides are slightly
tender to pressure. Radiographs reveal no caries,
deep restorations, nor periradicular pathosis.
Diagnosis: Acute upper respiratory tract infection
with involvement of the maxillary sinuses.
Etiology: Afferents from both mucosa and teeth
converge on the same second-order neurons in
the brainstem. Possibly, some afferents supplying
the teeth that travel along the wall of the sinus are
also stimulated "en passant" by sinus pressure.
Treatment: No dental treatment was indicated.
The patient was referred to her medical practi-
tioner to treat the respiratory complaint. On re-
call, the "toothaches" had resolved; all molars re-
sponded within normal limits to vitality and
percussion tests.

Cardiac Origin

Cardiac disease may refer pain to the teeth. Pain
arising from both narrowing of the coronary

CASE

PAIN REFERRED FROM NASAL

AND ANTRAL MUCOSA



artery (angina pectoris) and myocardial infarction
may refer to either arch but most commonly to
the left mandible .26.28 Occasionally the oral symp-
toms are not accompanied by chest pains; cardiac
pain is felt only in the face and jaws.

CASE

REFERRED PAIN OF CARDIAC ORIGIN

Complaint: Dull toothache in tooth No. 20, usu-
ally after physical exertion.
History: The patient has a long history of cardiac
disease with previous infarctions and two bypass
operations. The hospital cardiac unit referred him
for dental evaluation and treatment before per-
forming a third surgical procedure. Radiographs
reveal a periradicular lesion on tooth No. 20, al-
though the tooth is asymptomatic. Neither as-
pirin nor acetaminophen relieves the pain, but
amyl nitrite does.
Diagnosis: Angina pectoris referred to a tooth
with an otherwise asymptomatic lesion.
Etiology: Cardiac pain is a "deep" pain and as such
is poorly localized. Oral and cardiac afferents are
likely to converge above the brainstem level.
Treatment: Tooth No. 20 was treated endodonti-
cally with appropriate medical precautions. The
patient was warned that the discomfort might
continue with referred pain until his cardiac prob-
lems were resolved.

Other Teeth

Toothache may refer not only to nondental sites
but to other teeth as well .29

CASE

TOOTH-TO-TOOTH REFERRAL

Complaint: Intermittent, poorly localized, dull
pain in the upper right quadrant.
History: The pain has lasted several weeks, follow-
ing no fixed pattern. Root canal treatment of
tooth No. 4 was completed 1 year ago and treat-
ment of tooth No. 3 was done 2 months ago. The
referring dentist suspected that tooth No. 3 was
the problem and retreated the tooth, but symp-
toms did not resolve.
Examination: No soft tissue abnormalities are visi-
ble or palpable in the area. None of the teeth are
tender to percussion and palpation. Teeth with-
out root canal treatment respond within normal
limits to vitality tests, although a response in
tooth No. 2 is slow to develop. Radiographs reveal

29 / Differential Diagnosis of Orofacial Pain

	

527

apparently successful root canal treatment on
tooth No. 3 and tooth No. 2 has a crown with
three pins visible.

The patient was treated symptomatically with
analgesics and advised that a definitive diagnosis
was not possible until symptoms were focused.
The discomfort level increased 2 weeks later. On
examination tooth No. 2 is very tender to pressure
and responds to electrical and thermal stimuli, al-
though now with lingering pain. All other teeth
remain asymptomatic.
Diagnosis: Irreversible pulpitis and acute apical
periodontitis in tooth No. 2 that became localized
as inflammation spread from the pulp to peri-
radicular tissues.
Etiology: Afferents from teeth Nos. 2, 3, and 4
converge on the same brainstem neuron. Possibly
when the origin and site of referral are close to-
gether, afferent fibers branch and supply two
teeth.
Treatment: Pulpectomy of tooth No. 2 resolved
the symptoms. This was followed by full root
canal treatment. Symptoms have not returned.

SPREADING PAIN

As inflammation increases and mediators spread
through the adjacent tissues, pain may diffuse
in an increasingly wider area.""' The pain may
not be localizable because the origin is some-
where within that area. This is primary spread-
ing pain. The term secondary spreading pain de-
scribes pain from muscle spasms. These may
result from masticatory function disturbed by a
painful tooth.

CASE

SPREADING PAIN

Complaint: Soreness of the temporomandibular
joint and stiffness in the jaw musculature result-
ing in trismus.
History: Two months earlier a periradicular ab-
scess on tooth No. 14 had spread through soft
tissues, causing extensive swelling. Incision and
drainage followed by root canal treatment re-
sulted in resolution of tooth symptoms, although
joint soreness and stiffness persisted.
Examination: Tooth No. 14 is asymptomatic after
apparently successful root canal treatment. Open-
ing of the jaw is limited with tenderness of the
anterior border of the right masseter muscle.
Diagnosis: Spasms in the right masseter muscle.
Etiology: The spread of inflammatory mediators
from the periradicular abscess induced spasms in
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the masseter muscle. These spasms often persist
after resolution of the inflammation.
Treatment: Therapy is focused on the muscle
spasm. Heat, exercise, and possibly muscle relax-
ants should be effective.

PSYCHOGENIC PAIN

Pain has strong emotional and affective compo-
nents .32 The gate control theory helps to explain
this by incorporating the role of higher nerve
centers in the overall description of pain mecha-
nisms. Support comes from the finding that anti-
depressant drugs, particularly tricyclic antidepres-
sants are often effective for treating chronic pain
syndromes. Importantly (and confusingly), pain
may originate in higher centers even without
input from peripheral nerves. A patient suffering
from psychogenic pain often indicates a painful
site. Because the mouth and face have unusual
emotional significance, these sites are commonly
indicated as major sources of pain. The complex
psychology of psychogenic pain is beyond the
scope of this chapter. Accurate diagnosis and
treatment are difficult. Importantly, psychogenic
pain is common and should be included in a dif-
ferential diagnosis. A psychologic component is
suspected when the pain does not fit known phys-
iologic patterns:

No identifiable origin
Multiple (particularly when bilateral) pain
sites
No predictable response to therapy (espe-
cially analgesics)
Unusual, inconsistent, nonanatomically log-
ical pain patterns
No demonstrable etiology for the pain

As a clue, patients suffering from psychogenic
pain often focus on social and emotional prob-
lems when giving their history. Although all pain
has an emotional component, with psychogenic
pain it is the predominant component. Psycho-
genic pain is a tentative diagnosis of last resort
and an indication for referral. Often there is a true
cause for the pain, but the dentist is unable to
make a definitive diagnosis and mistakenly dis-
misses the problem as being of emotional or psy-
chogenic origin.

CASE

PSYCHOGENIC PAIN

Complaint: A 45-year-old woman was seen with a
continuous, moderate, dull, but occasionally severe
ache from bilateral temporomandibular joints and

molars. Discomfort began with the onset of mari-
tal problems and financial hardship. Root canal
treatment of tooth No. 3 provided temporary relief,
as did occlusal splint therapy and pharmacologic
treatment for depression. However, the discomfort
returned.
Examination: Clinical and radiographic examina-
tions of teeth show no abnormalities. Treatment
of tooth No. 3 appears successful. Palpation of the
temporomandibular joint reveals no abnormality.
Further questioning reveals extended emotional
stress after marital break-up.
Diagnosis: Orofacial pain of psychogenic origin
(tentative).
Etiology: Pain originates from higher nerve cen-
ters and is probably entirely affective. Various
forms of treatment are transiently effective be-
cause they affect higher central nervous system
centers.
Treatment: Long-term relief depends on the emo-
tional problems sustaining the central nervous
system changes being removed or on the patient
adopting suppressive strategies. A careful non-
judgmental explanation of psychogenic pain was
given to the patient. In particular, the contribu-
tion of both organic and psychologic components
to the pain experience was described. Clearly the
patient was experiencing pain, but, because no
organic cause was evident, interventional dental
treatment would not bring long-term relief. Ad-
dressing the emotional component of the pain
with the help of a physician, family, and other
support services may eliminate it. The prescrip-
tion of antidepressants by the physician is virtu-
ally always a component of treatment.

HEADACHES

Headaches are the most common painful entities
of the head and neck .33 The pain is often referred
to teeth and may be confused with toothache.
Headache presents in many forms. There are many
classifications but two primary groups of head-
aches: functional and organic.

Functional

Functional headaches are caused by vascular (mi-
graine, cluster, toxic vascular, and hypertensive),
musculoskeletal, and emotional disturbances.

Migraine headaches. These may be referred to
the teeth (commonly the maxillary canine teeth
and premolars), although the principal experience
is headache.34 Classic migraine is readily diag-
nosed (unilateral throbbing associated with pho-
tophobia and nausea); patients usually have a his-
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tory of recurrent episodes. Atypical variants may
confuse diagnosis.

Cluster headaches. These are severe. The patient
experiences several (sometimes daily) within a
2- or 3-month period, each lasting up to an
hour . 3s The pain is usually limited to the distri-
bution of the first and second divisions of the
trigeminal nerve and may be manifest in the max-
illary and occasionally the mandibular teeth.

Tension headache. This is the most common
form of headache. Involved are muscle spasms
that induce pain, which may be referred over a
wide area, including the forehead, temples, and
back of the neck.1

Organic

These headaches are caused by mass lesions (tu-
mors, hematomas, and so on), infection, arteritis,
phlebitis, vascular occlusion, cranial neuralgias,
and diseases of the eye, ear, nose, throat, and teeth.

Brain tumors may produce a range of no to se-
vere headache. When present, the headache is
most often a deep, aching, steady, dull pain. The
most severe head pains are associated with neu-
ralgias and vascular headaches. Headaches caused
by intracranial hematomas usually are seen after
injury.

NEURITIS

Neuritic pains from nerves supplying teeth often
cause or mimic toothache.' A neuritis may arise
from trauma or spread of disease (inflammatory
or neoplastic) from adjacent structures. Neuritis
is best distinguished from pain originating from
the teeth by the history, which usually includes
trauma, other disease processes, or other neuro-
logic symptoms such as anesthesia, paresthesia,
or occasional muscle weakness and paralysis.

TRIGEMINAL NEURALGIA

Trigeminal neuralgia is is initiated by innocuous
stimuli from a trigger zone and causes severe
pain.1,36-38 More common in older patients, it has
a neuroanatomic pattern, usually being limited to
one division of the trigeminal nerve, most often
the mandibular branch. Most trigger sites are ex-
traoral but may be intraoral and therefore con-
fused with tooth pain. The cause of trigeminal
neuralgia is controversial.

ATYPICAL ORAL AND FACIAL PAIN

This poorly defined group includes conditions
such as atypical facial neuralgia, atypical odontal-

gia, phantom tooth pain, and burning mouth. 6,39-41

Their most consistent characteristic is chronic
pain of a steady intensity (usually burning but
sometimes throbbing) that is poorly localized. The
pain often changes location and may cross the
midline. Most patients are female. Because these
conditions may include tooth pain in their presen-
tation, they are a source of possible misdiagnosis.
Multiple dental procedures have often been con-
ducted on patients with these conditions. The
etiology is unknown but a psychiatric basis is
strongly suspected. Treatment with antidepres-
sants, commonly tricyclics, has been reported to
be successful though topical capsaicin may also be
effective.

Failure to recognize chronic pain may lead
to inappropriate and ineffective treatment. In a
rather extreme example,41 a 22-year-old woman
underwent 38 separate root canal treatments,
22 apicoectomies, and 12 extractions, all in a fu-
tile attempt to relieve perceived oral pain. Her
problem was probably psychogenic.

Diagnostic Procedures

Thorough diagnosis of orofacial pain in some pa-
tients may be difficult and time-consuming 1,42

and is beyond the scope of this chapter. The dis-
cussion here is limited to determining whether
the presenting pain is of dental or other origin
and, if dental, to locating its origin. The proce-
dures and tests used in endodontic diagnosis were
described in Chapter 4. There is a definite ten-
dency to attribute orofacial pain to a pulpal or
periradicular cause. Root canal treatment is not
initiated until indicated by a definitive diagnosis.

RECOGNITION OF
DIFFICULT DIAGNOSES

In most cases the diagnosis of dental pain is rela-
tively straightforward. The history identifies a con-
sistent, logical pattern of symptoms. The patient
indicates a particular tooth, which, when exam-
ined, reveals a diseased pulp or periradicular tissues
and when stimulated, appropriately reproduces the
significant symptoms described in the history. Any
departure from this pattern should alert the den-
tist (Table 29-1, Box 29-2 and Box 29-3).

APPROACH TO
DIFFICULT DIAGNOSES

The major weapons are knowledge, an under-
standing of the mechanisms of pain, and, in par-
ticular an appreciation of the phenomena of
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referred and spreading pain and their patterns.
Dental pains are extremely versatile and have the
propensity to simulate nearly any pain syndrome.

IMPORTANT CLUES

The following items are important clues in the
differential diagnosis of orofacial pain:

Recent medical history may include colds or
flu with suspected sinusitis and ear infec-
tions. The symptoms may become worse
when the head is lowered. Examination should
include the oropharynx, sinuses, and ears for signs
of inflammation.
Stress and insomnia are correlated with brux-
ism and myofascial pain syndromes. The pa-
tient should be questioned about these condi-
tions and habits; include an examination of the
muscles of mastication and temporomandibular
joint.
Recent dental treatment suggests that a com-
promised pulp has succumbed to the final
insult of cavity preparation and restoration.
Pain is commonly referred to the most re-
cently treated tooth or teeth. Pain in recently
treated teeth should always be approached with
suspicion.
The true origin of pain is sometimes silent,
but pain may be initiated by direct stimula-
tion. Stimulating the site of perceived pain nei-
ther initiates nor worsens pain that has been
referred from another source.
Anesthetizing the site to which pain is referred
may reduce but not eliminate the pain. Anes-
thetizing the true origin of the pain eliminates
the pain. Selective infiltration anesthesia should
be conducted on maxillary teeth beginning with
the anterior teeth because these are more easily
anesthetized individually.

More than one source of pain is possible; the
sources may be related. For example, a
tender tooth may cause an occlusal imbal-
ance. Avoiding this tooth could lead to a
secondary, painful muscle spasm. Pulpitis in
more than one tooth is uncommon, but in oc-
clusal derangements several teeth may become
tender.
Pain from the pulp is poorly localized because it
is a deep tissue. When the inflammation
spreads to the superficial periodontium it
becomes well localized. Ifpain is poorly local-
ized and pulpitis is suspected, allow for inflamma-
tion to spread to the periodontal tissues, at which
time localization will be clear.
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Endodontic Therapeutics

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

/ Identify patients with a higher risk for experiencing pain after endodontic procedures.

2 / Understand the indications and contraindications for prescribing analgesics, antibiotics, anti inflammatory

agents and anxiolytics.

a / Develop a treatment plan consisting of appropriate endodontic and pharmacologic strategies for managing

pain, anxiety, and infection.

4 / Diagnose and treat odontogenic infections.

s / Monitor patient response to treatment.

6 / Make alternative therapeutic selections when required.
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I nhalation

his chapter is not a complete review
of the pharmacology of certain drug
classes. Instead, it reviews therapeutic

strategies for combining both pharmacologic and
endodontic treatments for managing pain, infec-
tion, and anxiety.

0dontalgia

The management of the endodontic patient does
not end at the completion of the appointment.
Continuing treatment includes strategies to con-
trol pain and/or infection both before and after
treatment. Thus endodontic therapeutics includes
clinical procedures as well as appropriate adjunc-
tive pharmacotherapy. Indeed the most common
form of orofacial pain is toothache (odontalgia),
yearly affecting 12% of the population or about
22 million citizens in the United States.' Thus
strategies for managing odontalgia are important
components of root canal treatment.

Predictors of Post-Treatment
Endodontic Pain

Fortunately not all endodontic patients experience
pain after treatment. Studies have shown that
more than one-half of endodontic patients do not
report post-treatment pain.2-4 However, this also
means that approximately 40% of patients expe-
rience some pain after endodontic procedures,
with about 20 percent of all patients reporting
moderate-to-severe pain .z 'Therefore patients who
are at increased risk for post-treatment pain should
be identified and receive additional pharmacother-
apy for pain management.

RISK FACTORS FOR POST-
TREATMENT ENDODONTIC PAIN

Unfortunately, there are no tests that reliably pre-
dict which patients will experience pain; however,
certain risk factors have been identified. One
major risk factor is the presence of preoperative
pain or percussion sensitivity.-' This may be due
to hyperalgesia or allodynia initiated by pulpal
and/or periradicular inflammation. Hyperalgesia
(exaggerated pain response) is due to both pe-
ripheral and central mechanisms and, signifi-
cantly, can persist with little-to-no peripheral
input." Allodynia (a reduction in pain threshold)
is identified by the symptom of painful chewing
or a positive percussion rest, in which a normally
innocuous stimulus (e.g., gentle tapping of a
tooth with a mirror handle) is now perceived as
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painful. As summarized in Box 30-1, patients with
preoperative hyperalgesia or allodynia have an
increased risk for developing post-treatment en-
dodontic pain.9-11

FLARE-UP

A small proportion of patients (2% to 4%) experi-
ence a post-treatment flare-up." A flare-up is
the development of severe post-treatment pain
and/or swelling that requires an emergency dental
visit. Risk factors include apprehension, retreat-
ment, female sex and age older than 40, a history
of allergy, and a diagnosis of pulpal necrosis. 10,11,14

Patients with an apical periodontitis who have en-
dodontic treatment completed in one visit have
an almost 10-fold increase in the risk of develop-
ing a flare-up." Patients with risk factors should
be informed of this possibility; this may increase
their compliance in taking analgesics and may de-
crease the tendency to blame the clinician.

Pain Management
Strategies: the "Ws"

A simple effective algorithm for managing the
patient with odontalgia is the "3D's": Diagnosis,
Definitive treatment, and Drugs. First, the 3D's
provides an easy mnemonic to summarize an in-
tegrated approach. Second, this algorithm com-
bines pharmacologic and nonpharmacologic ap-
proaches to obtain maximal clinical benefit. And
third, the order of the 3D's is a logical sequence
for developing a plan for management of post-
treatment pain.

DIAGNOSIS

Diagnosis is the first "D" and is a critical initial
step in managing pain. Diagnosis of the cause and
localization of the pain are critical in effective
pain management. Two general issues should
be considered in examining a patient with pain.
First, can the chief complaint be reproduced? If
the chief complaint cannot be reproduced, then
possibly the pain is originating from another lo-
cation, including another tooth (see Chapter 29).
This possibility can be evaluated by using a local
anesthetic block to rule out pain referred from
distant sites, although there are limitations in in-
terpreting diagnostic local anesthetic injections
(see Chapters 7 and 29).

The second general issue is identification of a
cause for the odontalgia. If the patient points to a
certain tooth as the source of the pain, then clini-
cal examination should reveal an etiologic factor.

In most cases odontalgia is due either to acute
stimulation (i.e., dentinal hypersensitivity), to
trauma, or to pulp inflammation. Thus clinical
examination should reveal corresponding etio-
logic factors such as exposed dentin, traumatic
occlusion (or a history of trauma, bruxism, etc),
caries, or a leaking restoration. If the suspected
tooth has no apparent etiologic factors that could
contribute to the pain, then the differential diag-
nosis should be expanded. It is appropriate and
ethical to consider referring the patient to a spe-
cialist for more detailed clinical examination if ei-
ther the chief complaint cannot be reproduced or
etiologic factors are not apparent. Ignoring these
factors may increase the risk of misdiagnosis and
mistreatment.

DEFINITIVE TREATMENT

The second "D" refers to definitive dental treat-
ment. Examples include pulpotomy, pulpectomy,
incision for drainage, and even immediate extrac-
tion for teeth with a hopeless prognosis. Definitive
treatment reduces or eliminates the peripheral
causative factors contributing to hyperalgesia, re-
sulting in a significant reduction in pain levels.
Figure 30-1 compiles data from studies of more
than 1000 patients with pain after endodontic
procedures. Whenever possible, data from the
control groups are shown (e.g., patients taking
placebo tablets instead of active analgesics); thus
the major source for the pain reduction presum-
ably was the definitive dental treatment. Both
pulpotomy and pulpectomy substantially reduce
post-treatment pain by 50% to 75%, compared
with pretreatment pain values.

Figure 30-1 illustrates and reinforces an impor-
tant therapeutic concept. The optimal method to
control post-treatment pain is to combine both
definitive treatment and appropriate drugs. Ef-
fective treatment, such as canal debridement and
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FIGURE 30-1

Evaluation of the effects of pulpotomy or pulpectomy on post-treatment pain in patients experiencing pain before
treatment. Data are presented relative to the mean pre-treatment pain values reported for each study. Pre-treatment
pain values (solid lines at 100%) and mean post-treatment pain values (dashed arrows) are normalized by sample
size for each study. The first author, year, and reference number (in parentheses) are noted for each study.

irrigation, will reduce or eliminate many of the pe-
ripheral factors that lead to activation of noci-
ceptors innervating pulpal or periradicular tissue,
thus altering the peripheral component of hyper-
algesia. Prescribing drugs without dental treat-
ment is unlikely to provide the same level of pain
relief as compared to the combination of both
techniques.

After definitive treatment, pain is often re-
duced fairly quickly. An average time course of
post-treatment endodontic pain is illustrated in
Figure 30-2, as shown in a multicenter clinical
trial." Two important concepts emerge from this
figure. First, the best predictor of post-treatment
pain appears to be the magnitude of pretreat-
ment pain. Figure 30-2 shows that patients
with moderate-to-severe pretreatment pain re-
port greater pain after endodontic treatment
compared with those who report no or mild pre-
treatment pain. Second, on average, maximal
pain is experienced in the first 24 hours of treat-
ment with levels diminishing thereafter . 3,15-22

These pain predictors have important implica-
tions for dispensing of analgesics. Patients who

are at increased risk (e.g., presenting with more
pain) for post-treatment pain should take anal-
gesics "by the clock" (e.g., every 6 hours) for the
first 2 to 3 days. This maintains a more pre-
dictable blood level of analgesics compared with
the traditional "take as needed" (prn) instruction.
After 2 to 3 days, patients may then take anal-
gesics as needed.

DRUGS

The third "D" refers to drugs. The three major
areas covered in this section on drugs are a flexible
prescription plan, the use of long-acting local
anesthetics, and indications for steroids.

Analgesics

A flexible analgesic prescription strategy, based on
research, has been developed. 5.23 The overall objec-
tive of a flexible analgesic prescription strategy is
to obtain maximal analgesia and minimal side ef-
fects. Thus a flexible pain management plan se-
lects the optimal analgesic based upon the pa-
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FIGURE 30-2
Time course of post-treatment pain in 53 patients. This was a multicenter clinical trial evaluating the effects of
various analgesics on post-treatment pain after anesthesia, isolation, and complete cleaning and shaping of the
root canal systems. Only patients given a placebo are presented in this figure. The patients are subdivided into
four groups depending on the magnitude of pre-treatment pain they reported before treatment. (Modifed from
Torabinejad M, Cymerman J1, Frankson M, et al: l Endod 20:345, 1994.)

tient's medical history, level of pain, and presence
of risk factors for post-treatment pain.

The selection of the appropriate analgesic is
based in part upon the observation that the non-
narcotic component of a combination drug often
provides greater analgesia with fewer side effects
than the opioid component. This is based on re-
sults of studies evaluating both acetaminophen-
codeine combinations (e.g., the equivalent of two
tablets of Tylenol III and ibuprofen [200 mg]-
hydrocodone [7.5 mg] combinations [i.e., the
equivalent of Vicoprofen]).24.25 Thus analgesia can
be maximized with fewer side-effects by using the
strategy of first prescribing the most effective
dose of a nonnarcotic analgesic.

There are important dose-response considera-
tions for the nonnarcotic drugs such as ibuprofen
or acetaminophen, because they have a ceiling in
their dose-response curve. Thus after a maximally
effective dose is ingested, additional amounts of
the same drug will not provide a proportionate
analgesic benefit. This last point has important
clinical implications. Patients with endodontic
pain should always be asked about how much
pain they have (i.e., estimated on a scale of 1 to 10)
and about their recent history of analgesic use
(type of analgesic, total dose, and time of last
dose). These factors will guide the selection of an
appropriate analgesic treatment plan.

Figure 30-3 presents a simplified model of a
flexible analgesic prescription plan. This plan is di-
vided into two columns, for patients who can take
nonsteroidal antiinflammatory drugs (NSAIDs)
and for patients who cannot (e.g., those with active
ulcers, ulcerative colitis, or asthma, or those with
a potential interaction with certain concomitant
drugs). Each column is then divided into three
general categories of analgesic recommendations
based on the level of pain or the clinician's assess-
ment of risk factors for post-treatment pain. The
overall strategy is to first obtain the best analgesia
as a result of the use of the nonnarcotic drug and
then to add narcotic drugs when needed for ad-
ditional pain control. This approach maximizes
analgesia benefit while minimizing the potential
for side effects.

NSAIDs alone are usually sufficient for patients
who can tolerate them because of the relatively low
incidence of post-treatment pain (most patients
have no to slight pain). 3,4 Thus a prescription
for an NSAID, such as ibuprofen 600 mg every
6 hours, is optimal for the majority of patients. If
patients cannot tolerate an NSAID, a 1000 mg
dose of acetaminophen is often suitable for man-
aging post-treatment pain.

Some patients have moderate-to-severe post-
treatment pain 4; these patients may not obtain
adequate pain relief by a single drug approach.
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FIGURE 30-3
A simplified analgesic prescription plan to guide drug selection based upon patient history and level of present
pain or anticipated post-treatment pain. NSAID, Nonsteroidal anti inflammatory drug.

For these patients, there are two general analgesic
approaches. A first approach is to coprescribe the
alternating schedule of NSAID described earlier
with an acetaminophen-opioid combination (Fig-
ure 30-3). This provides predictable control for se-
vere pain and can be used to modify a standard
NSAID-only regimen if pain control is inade-
quate.26-27 Moreover, all three drugs (the NSAID,
acetaminophen, and the opioid) are active anal-
gesics that can have additive effects when com-
bined .25,27.28 A second general approach would be
to switch to a fixed drug combination of ibupro-
fen 200 mg with hydrocodone 7.S mg (e.g., Vico-
profen); this combination is effective for pain of
inflammatory origin .25 In general, a flexible anal-
gesic prescription strategy offers the best combi-
nation of pain relief with minimal side effects, in
addition to providing the clinician with a rational
approach for customizing an analgesic plan suit-
able for the patient's needs.

Local Anesthetics

Another important element in a review of the
third "D" of pain control (drugs) is local anes-

thetics. Chapter 7 provides a detailed description
of the use of local anesthetics. Local anesthetics
offer the benefit of prolonged pain control after
completion of the endodontic appointment.
Long-acting local anesthetics, etidocaine or bupi-
vacaine, offer prolonged pain control for up to
6 to 8 or more hours after injecrion.29,30

However, recent basic research on pain mecha-
nisms have revealed the existence of a central
component to hyperalgesia, which can be estab-
lished by an intense barrage of activity from pe-
ripheral nociceptors. 6,8 The preemptive analgesia hy-
pothesis states that clinical pain is reduced if the
peripheral barrage of nociceptors is reduced .31

Subsequent studies on orofacial pain have pro-
vided support for this concept. For example, pa-
tients given a bupivacaine injection for an inferior
alveolar nerve block before an oral surgical proce-
dure reported less pain at 2 days after the proce-
dure compared with placebo-injected patients . 32

This result is not restricted to extraction pro-
cedures because infiltration with bupivacaine be-
fore tonsillectomy reduced postoperative pain
for 7 days compared with placebo injections .33

Collectively, these studies indicate that long-
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acting local anesthetics should be considered for
treating endodontic pain patients.

Steroids

Steroids represent another example of the third
"D" of pain control (drugs). In general, the de-
cision to use a drug depends on the risks, bene-
fits, patient factors, and pharmacologic alter-
natives. The decision to prescribe steroids is
not always simple because potential risks in-
clude suppression of immune function and
wound healing. Single-dose administration of
a steroid produces a reduction in circulating
lymphocytes and monocytes for 24 hours with
no reduction in circulating neutrophils or anti-
body response . 34

Controlled clinical trials for mild-to-moderate
pain indicated that steroids provide analgesia
in patients with endodontic pain after oral, in-
tramuscular, or intracanal routes of adminis-
tration .22,35,36 Short-term administration of ste-
roids may have a place in management of
endodontic pain for patients in whom the bene-
fits outweigh the potential modulation of infec-
tion, wound healing, or other adverse effects.
However, this benefit must be balanced against
the known efficacy of alternative drugs (e.g.,
NSAIDs) and the particular factors of each case.
No evidence supports the prophylactic use of
steroids for prevention of more severe levels of
endodontic pain.

Antibiotics
As described above, odontogenic pain is best man-
aged by a combined approach using both local
treatment and pharmacotherapeutic measures.
The same philosophy holds for odontogenic
infections-optimal management includes both
definitive treatment (e.g., canal debridement and,
often, incision for drainage) and pharmacologic
adjuncts (e.g., antibiotics) when indicated. Sys-
temic antibiotics are not a substitute for proper
local treatment. Indeed, the vast majority of en-
dodontic infections can be treated without antibi-
otics. Pain and swelling are managed by debride-
ment of the pulp space and drainage of the soft
and hard tissues. Healthy patients without sys-
temic signs and symptoms of infection but with
symptomatic pulpitis, symptomatic apical peri-
odontitis, a draining sinus tract, or localized
swelling do not require antibiotics .37.38

Likewise, the use of "prophylactic antibiotics"
to prevent post-treatment pain or flare-ups after
root canal treatment is neither effective, rational

nor justified . 394° Even if antibiotics were helpful,
because only a small percentage of endodontic pa-
tients experience a flare-up, the risk-benefit ratio
would not support their routine use. 12,14,41,42 The
use of prophylactic antibiotics places patients at
risk for side effects. In addition, these patients are
subjected to the possibility of selection of resis-
tant microorganisms and "superinfections." Also,
antibiotics may be very costly.

PROPHYLACTIC ANTIBIOTICS
FOR MEDICALLY
COMPROMISED PATIENTS

Medically compromised patients who have an in-
creased risk of a secondary infection at a distant
site (metastatic) after a bacteremia include those
with rheumatic or congenital heart disease, pros-
thetic cardiac valves, mitral valve prolapse with
regurgitation, previous infective endocarditis,
systemic pulmonary shunts, indwelling arteri-
ovenous shunts, uncontrolled diabetes, and an
immunosuppressed or immunologically defi-
cient status. These dental patients who are at
risk of metastatic infection after a bacteremia
must receive a regimen of antibiotics that either
follows the recommendations of the American
Heart Association (AHA) or is determined in con-
sultation with the patient's physician. A team ap-
proach by the patient, dentist, and physician
helps to ensure compliance and adequate ther-
apy." ," The regimens recommended by the AHA
are given in Table 30-1.

The AHA recommends the use of antibiotics to
protect against endocarditis for canal instrumen-
tation beyond the apex, for endodontic surgery,
and for anesthesia delivered via the periodontal
ligament.43.44 Although the incidence of bac-
teremia is low with root canal procedures, a tran-
sient bacteremia can result from instrumentation
confined to the root canal45,46 Care must be taken
when positioning rubber dam clamps and per-
forming other procedures that may produce
bleeding with an accompanying bacteremia. The
use of chlorhexidine, povidone-iodine, or iodine-
glycerin on isolated and dried gingiva for 5 min-
utes along with irrigation of the gingival sulcus
before surgical procedures are performed has
been recommended .43,47

Antibiotic prophylaxis guidelines for patients
with total joint replacements have recently been
updated .4s Patients considered to be at risk in-
clude immunocompromised/immunosuppressed
patients, insulin-dependent (type I) diabetic pa-
tients, patients who have had joint replacements
in the past 2 years, and those with previous joint
infections, malnourishment, and hemophilia .48,49
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TABLE 30-1

Adapted from Dajani A, Taubert K, Wilson W, et al: Prevention of bacterial endocarditis: recommendations by the American Heart Association,

JADA 128:1142-1151, August 1997. Copyright 0 1997 American Dental Association. Reprinted by permission of ADA Publishing, a Division of

ADA Business Enterprises, Inc.
IV, Intravenous; IM, intramuscular.

"Total children's dose should not exceed adult dose.
tCephalosporins should not be used in individuals with immediate-type hypersensitivity reactions (urticaria, angioedema, or anaphylaxis) to

penicillins.

ANTIBIOTICS USED IN TREATMENT

An antibiotic regimen should be prescribed in
conjunction with the appropriate endodontic
procedure when there is systemic involvement, a
persistent infection, or a spreading infection. The
signs and symptoms of systemic involvement and
spread of infection include fever (>100° F or
>38' C), malaise, cellulitis, progressive abscess,
and unexplained trismus, alone or in combina-
tion. Under these circumstances, an antibiotic
should be given only as an adjunct to debride-
ment and drainage or extraction when indicated.
Patients with these signs and symptoms must be
closely followed on a daily basis, in person or by
telephone. After the source of infection has been
treated, improvement is usually rapid. Systemi-
cally administered antibiotics will not be effective
against a reservoir of microorganisms in an in-
fected root canal system or a periradicular abscess
because of absence of normal circulation.

Initial empirical selection of an antibiotic (an-
timicrobial agent) is based on the microorgan-
isms commonly associated with endodontic in-
fections.50,51 The clinician must be thoroughly
familiar with the drug and inform the patient of

benefits, side effects, and possible sequelae of not
taking the proper dosage. If the patient's condi-
tion does not rapidly improve, consultation or re-
ferral to a specialist should be done immediately.

SELECTION OF AN

ANTIBIOTIC REGIMEN

Under ideal circumstances, susceptibility test-
ing would be undertaken before the prescription
of antimicrobial drugs. Unfortunately with the
polymicrobial nature of endodontic infections,
it may take from several days to weeks to obtain
a complete susceptibility profile of the bacteria.
Therefore by necessity, the initial antibiotic pre-
scribed is empiric. Penicillin VK remains the first
antibiotic (antimicrobial) of choice because it
has remained effective against most of the facul-
tative and strict anaerobes commonly found in
polymicrobial endodontic infections .50-5 3 Bac-
teria sensitive to penicillin include anaerobes
(Porpbyromonas, Prevotella, Peptostreptococcus, Fu-
sobacterium, and Actinomyces), and Gram-positive
facultative bacteria (e.g., streptococci and ente-rococci).50-53



Penicillin is inexpensive and has low toxicity,
but importantly, approximately 10% of the popu-
lation may be allergic to this medication. Most al-
lergic reactions occur in patients with no reported
history of penicillin allergy.54 However, obtaining
a careful history of the patient's drug reactions is
mandatory. If a decision is made to prescribe
penicillin, an adequate blood level must be ob-
tained. An initial oral loading dose of 1000 mg of
penicillin VK is followed by 500 mg every 6 hours
for 7 days. A loading dose provides an adequate
therapeutic level and helps prevent development
of resistant strains. Antibiotics should be contin-
ued for 2 to 3 days after resolution of the signs
and symptoms of the infection. When an antibi-
otic is prescribed in conjunction with debride-
ment of the root canal system and soft tissue
drainage, significant improvement should be seen
within 2 to 3 days. If the infection is not resolving,
referral to a specialist is indicated.

Amoxicillin has a broader spectrum than peni-
cillin VK that includes bacteria not usually found
in endodontic infections. Thus it selects for resis-
tant organisms commonly found in the gastroin-
testinal tract. For patients with severe infections
or if immunocompromised, the prescription of
the broader spectrum amoxicillin may be war-
ranted. An oral loading dose of 1000 mg is fol-
lowed by 500 mg every 8 hours for 7 days. The
combination of amoxicillin and clavulanate (Aug-
mentin) may be indicated if tests demonstrate the
presence of /3-lactamase-producing bacteria or if
the infection is life-threatening.

Metronidazole is bactericidal against strict
anaerobes but does not have activity against aer-
obes or facultative anaerobes. The addition of
metronidazole to penicillin for combined therapy
is indicated if the patient's condition is not im-
proving after 72 hours. The patient should con-
tinue to take the prescribed penicillin for its ef-
ficacy against aerobes or facultative anaerobes.
When the patient's condition is not improving,
the initial diagnosis and treatment must be re-
viewed and further treatment rendered if indi-
cated. The recommended dose of metronidazole
is 500 mg every 6 hours for 7 days. Patients taking
metronidazole have an intolerance to alcohol.

Clindamycin is effective against many Gram-
positive and Gram-negative microorganisms in-
cluding both facultative and strict anaerobes. Clin-
damycin is a good (but expensive) alternative to
penicillin and is recommended for patients allergic
to penicillin. It is well distributed throughout the
body and reaches bone concentrations similar to
those in plasma. Clindamycin therapy has been as-
sociated (very seldom) with pseudomembranous
colitis. However, antibiotic-associated colitis is
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now known to be caused by all antibiotics except
the aminoglycosides. Clindamycin, ampicillin/
amoxicillin, and the cephalosporins each cause
about one-third of cases of antibiotic-associated
colitis. The usual adult dose of clindamycin is a
300 mg loading dose followed by 150 to 300 mg
every 6 hours for 7 days.

Clarithromycin and azithromycin are macro-
lides like erythromycin with some advantages
over erythromycin.55 They may be prescribed for
patients allergic to penicillin with relatively mild
indications for systemic antibiotic therapy. They
produce less gastrointestinal upset and have a
spectrum of antimicrobial activity that includes
some of the anaerobic bacteria associated with en-
dodontic infections. Clarithromycin may be given
with or without meals in a dose of 250 to 500 mg
every 12 hours for 7 days. Azithromycin should be
taken 1 hour before meals or 1 hour after meals. A
loading dose of 500 mg is followed by 250 mg
daily for 5 to 7 days. These antimicrobials block
the metabolism of warfarin and anisindione,
which can lead to serious bleeding in patients tak-
ing anticoagulant medication.56

Patients using oral contraception should be
warned to use alternative methods of contracep-
tion after the prescription of antibiotics. Although
rifampin seems to be the only antimicrobial proven
to be associated with reduced effectiveness of
oral contraceptives, case reports have implicated
others .56

ROLE OF BACTERIA
AND THEIR CONTROL

Antimicrobials in the form of irrigants, intracanal
medicaments, and antibiotics have been an inte-
gral part of endodontic practice. With the advent
of improved microbiologic techniques, scientific
data suggest that diseases of endodontic origin
are either primarily or secondarily caused by mi-
croorganisms. Clinicians must understand the
role of microorganisms in the pathogenesis of
these pathoses. Important treatment modalities
are complete root canal debridement and incision
for drainage in conjunction with appropriate use
of antimicrobials.

Anxiolytics
A third realm of endodontic pharmacotherapy is
the control of anxiety. Surveys of dental patients
indicate that both endodontic and oral surgical
procedures rank as the most fearful for patients,
with many patients reporting that they are "ner-
vous" when facing an impending endodontic
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appointment.57.58 Similar to the control of pain
and infection, an integrated approach for the con-
trol of anxiety includes both nonpharmacologic
and pharmacologic techniques.

Several nonpharmacologic techniques for the
control of anxiety, ranging from behavioral man-
agement techniques to distraction to hypnosis
have been evaluated in endodontic patients. 59-60

These techniques reduce reports of pain or anxiety
during endodontic treatment. 61,62 Nonpharmaco-
logic techniques are often combined with pharma-
cologic techniques for control of anxiety. 63

Pharmacologic routes for control of anxiety in-
clude oral, inhalation, and intravenous techniques;
because of the scope of this topic, only the first two
methods will be reviewed. Advantages of oral routes
of drug administration for control of anxiety in-
clude demonstrated efficacy, reduced monitoring,
and decreased likelihood of serious morbidity. 64,65

ORAL

Commonly and conveniently used oral benzo-
diazepines include diazepam and triazolam. Di-
azepam (Valium), at an adult dose of 5 to 15 mg,
can be administered to reduce anxiety in endo-
dontic patients.66 Triazolam (Halcion), at a 0.25 mg
oral dose, is also effective. It has rapid onset and re-
duces anxiety comparable to an intravenous dose
of 19 mg of diazepam . 66,6' Unlike diazepam, triazo-
lam does not have an active metabolite and pro-
vides faster recovery; however, patients cannot
drive because they may experience transient reduc-
tions in psychomotor impairment .6' Sublingual
administration of the triazolam tablet bypasses
first-pass hepatic clearance of the drug and in-
creases the peak anxiolytic effect; an indication for
this approach may be patients requiring a faster
onset of anxiolytic activity.68 Diazepam is available
in tablet form, or for a more rapid onset, may
be prepared as a liquid at 5 mg/ml and ad-
ministered approximately one hour before the ap-
pointment.

INHALATIONAL

The primary inhalational anxiolytic drug is ni-
trous oxide (N2O). Although 40% N2O appears to
have marginal effects on anxiety, the delivery of
50% N2O has been reported to be effective. 67,69 N2O
does not appear to have additive effects when com-
bined with either triazolam or diazepam. 17,70 Intra-
operative scavenging of N2O is important because
chronic exposure to the gas has medical implica-
tions .71^ ' 2 Although patient acceptance is often
high with N2 O, the clinician should consider the
potential for effective gas scavenging as well as the

effectiveness of alternative drugs. Also there is
some difficulty in completing endodontic proce-
dures and radiographic examination because of
interference from the inhalation apparatus.
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Geriatric Endodontics

LEARNING OBJECTIVES

After reading this chapter, the student should be able to:

/ Identify those biologic aspects in the elderly patient that are similar to and different from those in the

younger patient.

z / Discuss age changes in the older dental pulp, both physiologic and anatomic.

a / Discuss differences in healing patterns in the older patient.

4 / Describe complications presented by the medically compromised older patient.

s / Describe, step by step, the process of diagnosis and treatment planning in the elderly patient.

6 / Identify factors that complicate case selection.

7 / Discuss why there are differences and what those differences are when root canal treatment is performed

i n the older patient.

s / Recognize the complications of endodontic surgery.

s / Select the appropriate restoration after root canal treatment.

10 / Identify those elderly patients who should be considered for referral.
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Biologic Considerations

Pulp Response

Changes with Age

Nature of Response to Injury

Periradicular Response
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Differential Diagnosis

Endodontic Pathosis

Other Pathoses

Treatment Planning and Case Selection

Procedure

Prognosis

Number of Appointments

Additional Considerations

Root Canal Treatment

Treatment Considerations

I mpact of Restoration

Retreatment

Endodontic Surgery

Medical Considerations

Biologic and Anatomic Factors

Healing After Surgery

Bleaching

External Stains

I nternal Stains

Restorative Considerations

Overdenture Abutments

Coronal Seal

Trauma

ndodontic considerations in the
elderly patient are similar in many ways
to those in the younger patient, but

with differences. This chapter will discuss those
similarities as well as concentrating on the differ-
ences. The topics will include the biologic aspects
of pulpal and periradicular tissues, healing pat-
terns, diagnosis, and treatment aspects in the geri-
atric patient.

The number of persons aged 65 and over in the
United States exceeds 35 million. Not only is this
age group expanding in numbers, but their dental
needs continue to increase.1.2 More elderly patients
will not accept tooth extraction unless there are no
alternatives.3.4 Their expectations for dental health
parallel their demands for quality medical care. An
even more important consideration is that their
dentitions will have experienced decades of dental
disease as well as restoratives and periodontal pro-
cedures (Figure 31-1). These all have compound
adverse effects on the pulp, periradicular, and sur-
rounding tissues (Figure 31-2). In other words, the
more injuries that are inflicted, the greater the like-
lihood of irreversible disease and thus the greater
the need for treatment.

The combination of an increase in pathosis
and dental needs, coupled with greater expecta-
tions, has resulted in more endodontic proce-
dures among these aging patients (Figure 31-3).
Furthermore, expanded dental insurance benefits
for retirees as well as more disposable income has
made complex treatment more affordable . 2

Endodontic considerations in elderly patients
include biologic, medical, and some psychologic
differences from younger patients as well as treat-
ment complications. These considerations will be
further discussed in the chapter.

Biologic Considerations

Biologic considerations are both systemic and
local. The wide variety of systemic changes related
to the patient's medical status are covered in other
textbooks. In the older patient, there are no sys-
temic or local changes particularly unique to en-
dodontics that are different from those for other
dental procedures. Similarly, pulp and periradicu-
lar tissues do not respond markedly differently.

Pulp Response

CHANGES WITH AGE

There are two considerations: (1) structural (histo-
logic) changes that take place as a function of
time; and (2) tissue changes that occur in response
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FIGURE 31-1

Dentitions in older individuals often have multiple appearances and diverse problems caused by many years of
disease, restorations, and oral and systemic changes. These dentitions often are a challenge to restore to accept-
able function and esthetics.

to irritation from injury. These tend to have simi-
lar appearances in the pulp. In other words, injury
may prematurely "age" a pulp. Therefore an "old"
pulp may be found in a tooth of a younger person,
i.e., a tooth that has experienced caries, restora-
tions, etc. Whatever the etiology, these older (or in-
jured) pulps react somewhat differently than do
younger (or noninjured) pulps.

Chronologic Versus Physiologic

Does a pulp in an older individual react differently
than an injured pulp in a younger individual? This
question has not been answered. Probably a previ-
ously injured pulp (from caries, restoration, etc.) in
a younger person has less resistance to injury than
an undamaged pulp in an older individual. At a
histologic level, there are some consistent changes
in these older pulps as well as in irritated pulps.

Structural

The pulp is a dynamic connective tissue. It has been
well documented that, with age, there are changes
in both cellular, extracellular, and supportive ele-
ments (see Chapter 2). There is a decrease in cells,
including both odontoblasts and fibroblasts. There
is also a decrease in the supportive elements, i.e.,

blood vessels and nerves.6.7 There is presumably an
increase in the percentage of space occupied by col-
lagen, but less ground substance; these changes in
proportions have not been measured, but only
have been observed histologically.8

Calcifications

These include denticles (pulp stones) and diffuse
(linear) calcifications. These increase in the aged
pulp9 as well as in the irritated pulp.'° Pulp stones
tend to be found in the coronal pulp, and diffuse
calcifications are in the radicular pulp. It has been
speculated that the indices of calcification arise
from degenerated nerves or blood vessels, but this
has not been proven. Another common specula-
tion is that pulp stones may cause odontogenic
pain; this is not true.

Dimensional

Pulp spaces generally progressively decrease in
size and often become very small.1 1.12 Dentin for-
mation is not necessarily continuous throughout
life, but it often does occur and may be acceler-
ated by irritation from caries, restorations, and
periodontal disease. Dentin formation with time
or irritation is not uniform. For example, in molar
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FIGURE 31-2
Cervical external resorption exposing the pulp. A free-end re-
movable partial denture has settled posteriorly, exerting pres-
sure on the gingiva and inducing inflammation and root re-
sorption. (From Walton RE: Dent Clin North Am 41:795,
1997.)

FIGURE 31-3
Restorations, caries, and time have all combined to result in
dentin formation. The first premolar shows calcific metamor-
phosis (a very small pulp space is present). The second pre-
molar has dentin formation (arrow) in response to recurrent
caries. Both will be difficult to treat and restore. (From Walton
RE: Dent Clin North Am 41:795,1997.)

pulp chambers there is more dentin formation on
the roof and floor than on the walls. The result is
a flattened (disc-like) chamber (Figure 31-4).

NATURE OF RESPONSE TO INJURY

The older patient does tend to have more adverse
pulpal reactions to irritation than those that
occur in the younger patient. The reason for these
differences is debatable and not fully understood,
but they are probably the result of a lifetime of
cumulative injuries.

From Irritation

There are reasons for pulp pathosis after restora-
tive procedures. First, the tooth may have experi-
enced several injuries in the past. Second, there
are likely to be more extensive procedures that in-
volve considerable tooth structure, such as crown
preparation. There are multiple potential injuries
associated with a full crown: foundation place-

ment, bur preparation, impressions, temporary
crown placement (often these leak), cementation,
and unsealed crown margins. The coup de grace
of a pulp that is already stumbling along may be
that final restoration.

Age

Although it would seem that a pulp with fewer
cells, blood vessels, and nerves would be less resis-
tant to injury, this has not been proven. Pulp re-
sponses to various procedures in different age
groups have not shown differences, although the
large number of variables in these types of clinical
studies make it difficult to isolate age as a factor.
This is not necessarily the case with the immature
tooth (open apex), in which pulps have indeed
been shown to be more resistant to injury. There
are some who theorize that pulps in older teeth
may, in fact, be more resistant because of de-



FIGURE 31-4
Disc-like chamber (arrow). The chamber is flattened because
of dentin formation on the roof and floor. These chambers
and canals are a challenge to locate. (From Walton RE: Dent

Clin North Am 41:795,1997.)

creased permeability of dentin.13 Again this resis-
tance to injury in old teeth has not been proven."
The bottom line is that older pulps in older pa-
tients do require more care in preparation and
restoration; this is probably due to a history of
previous insults rather than age per se.

Systemic Conditions

There is no conclusive evidence that systemic or
medical conditions directly affect (decrease) pulp
resistance to injury. One proposed condition is ath-
erosclerosis, which has been presumed to directly
affect pulp vessels'-; however the phenomenon of
pulpal atherosclerosis could not be demonstrated."

Periradicular Response
Little information is available on changes of bone
and soft tissues with age, and how these might af-
fect the response to irritants or to subsequent
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healing after removal of those irritants. The indi-
cators are that there is relatively little change in
periradicular cellularity, vascularity, or nerve sup-
ply with aging." Therefore it is unlikely that there
are significantly different periapical responses in
older compared with younger individuals.

Healing

There is a popular concept that healing in older
individuals is impaired, compromised, or delayed
compared with that in younger patients. This is
not necessarily true. Studies in animals have
shown remarkably similar patterns of repair of
oral tissues in young versus old, but with a slight
delay in healing response.'' Radiographic evi-
dence of healing of younger versus older patients
after root canal treatment demonstrated no ap-
parent difference in success and failure.1 9 There is
no evidence that vascular or connective tissue
changes in older individuals result in significantly
slower or in impaired healing. Overall, there is lit-
tle difference in the speed or nature of healing be-
tween the different age groups; this includes both
bone and soft tissue. Critical to healing is vascu-
larity. In healthy individuals, blood flow is not im-
paired with age .z°

Medically Compromised Patients

Certainly, systemic problems in the older patient
tend to occur more often and with greater sever-
ity. In general, medical conditions are no more
significant for endodontic procedures in the older
patient than for other types of dental treatment.
In fact, there is little information on the relation-
ship of medical conditions or medically compro-
mised patients as to adverse reactions during or
after endodontic procedures.

It has been presumed that systemic conditions
such as diabetes or immunosuppressant therapy
would predispose an endodontic patient to infec-
tion or to delayed healing. There is no evidence
that this presumption is true nor that these con-
ditions will have more of an adverse effect in el-
derly patients. There is concern, however, about
the person with severe, uncontrolled diabetes,
who may require additional precautions and care-
ful monitoring.21

Of interest is osteoporosis, a rather common
condition of older women. There is evidence that
osteoporosis is associated with a decrease in tra-
becular bone density in the jaws, particularly in the
anterior maxilla and the posterior mandible . 22,23

However, it is not known whether patients with
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osteoporosis have impaired bony healing after root
canal treatment or surgery. As related to diagnosis
of periapical pathosis, osteoporotic changes are
probably not of sufficient magnitude24 to confuse
pre- or post-treatment evaluation.

In summary, elderly medically compromised
patients are at no more risk for complications
than are other age groups. In fact, for any med-
ically compromised patient, root canal treatment
or other endodontic procedures are far less trau-
matic and damaging than extraction. However,
one important consideration is that older patients
are more likely to be taking more and stronger
medications.25 Caution is required, particularly
when prescribing additional medications.

Diagnosis

Again, the same basic principles apply with older
as with younger patients.

DIAGNOSTIC PROCEDURE

It is important that a routine sequence be applied
to diagnosis, particularly with elderly patients.
The most important findings are from the subjec-
tive examination to determine symptoms and his-
tory. Careful questioning and then allowing suf-
ficient time for the older patient to recall and
answer often yields valuable information.

Chief Complaint

Allow the patient to express the problem(s) in his or
her own words. Not only will this divulge symp-
toms, but also it provides an opportunity to deter-
mine the patient's dental knowledge and ability to
communicate; this ability may be impaired because
of problems with sight, hearing, or mental status.

Medical History

The prudent diagnostician not only discusses
positive responses marked on the medical history
form but repeats important items that may not
have been marked or were overlooked by the
patient. Systemic conditions, medications, and
related considerations should be discussed in
depth. It is now appropriate to explain how the
patient's condition might affect diagnosis, treat-
ment planning, treatment, and outcomes.

Dental History

In general, elderly patients have a lot of history to
review and recall. There may have been important

dental occurrences that are only a dim memory,
which require prompting by the examiner. Exam-
ples include a history of traumatic injury, frac-
tures, caries, or pain and/or swelling.

Subjective Findings

By definition, subjective findings include infor-
mation obtained by questioning the patient's de-
scription of current signs and symptoms. Many
older patients are stoic. They do not readily ex-
press adverse symptoms and may consider them
to be minor relative to other systemic problems or
pains. A careful, concerned discussion about these
seemingly minor problems also helps establish
rapport and confidence.

Overall, symptoms of pulpitis do not seem to
be as acute in the older patient. One reason may
be that there is a reduced pulp volume and a de-
crease in sensory nerves, 26 particularly in dentin.

The absence of significant signs and symp-
toms is also very common, more so than the pres-
ence. Of course, the absence does not indicate the
lack of significant pathosis; most irreversible
pulpal and apical pathoses are asymptomatic at
any age. Thus when pathosis is suspected, objec-

FIGURE 31-5
Calcific metamorphosis. Although there usually is vital pulp
tissue, these teeth in older adults often do not respond to
pulp testing because of decreased nerve supply and an in-
crease in insulating dentin. (From Walton RE: Dent Clin North
Am 41:795,1997.)
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tive tests are required whether or not there are
significant signs and symptoms.

Objective Tests

These are primarily related to pulpal and periapi-
cal tests. Oral examination and transillumination
are also commonly required.

1. Pulp testing: Although similar in older and
younger patients, there are some differ-
ences. The pulp becomes less responsive to
stimuli with age (Figure 31-5). Thus testing
in older patients should be done slowly
and carefully, with the use of different stim-
uli. It is common for a tooth with a vital
pulp to be nonresponsive to one form of
testing (e.g., electrical) but respond to an-
other stimulus (e.g., cold). These results
must be correlated with other tests and
findings as well as with radiographs.

There is a question of whether electric
pulp tests should be used in patients with
pacemakers . 27 Although it is unlikely that
these tests could cause a pacemaker to mal-
function, there usually are other tests that
can be used safely to give information on
pulp status.

A test cavity is often indicated but may not
be as useful in the older patient because of
reduced dentin innervation. A false-negative
(no response/vital pulp) response is not un-
usual, even with a test cavity.

2. Periapical testing: Percussion (biting and tap-
ping) and palpation tests indicate periapical

inflammation but are not particularly useful
unless the patient reports significant pain.
These are most useful to confirm that such
symptoms are indeed from a particular tooth
and determine the severity of response.

RADIOGRAPHIC FINDINGS

Current, good quality periapical films are always
necessary; the same principles apply as in the
younger patient. The techniques of making radio-
graphs are similar but with some differences.
Bony growths such as tori and muscle attach-
ments (frena) may affect film positioning. Also,
the older patient may have difficulty in placing
the film; holders should be used. Generally, a par-
allel film is preferred for diagnosis with occa-
sional supplementation of mesially or distally an-
gled cone positioning or a Panelipse or occlusal
view. Often bitewing projections are helpful in
showing chamber size and location and relative
depths of caries and restorations.

Apically, there may be some differences in the
older patient. The incidence of nonendodontic
pathosis of the jaws tends to increase with age;
careful determination of pulp status is even more
important in these situations when the nature of
the pathosis is uncertain. If the pulp is vital, a le-
sion in the apical region is not endodontic.

Radiographs are studied for pulp size and for
root and pulp anatomy. Again, pulps tend to be
smaller and may disappear radiographically (Fig-
ure 31-6). Importantly, nonvisualization of a pulp
space does not mean that a pulp is not present. In

FIGURE 31-6
A, Although the pulp is barely visible apically (arrow), a corresponding histologic section of this region (B) shows
a sizable pulp space containing vital tissue. (From Walton RE: Dent Clin North Am 41:795, 1997.)
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fact, it has been demonstrated28 that there is al-
ways a pulp space, even when it is not visible ra-
diographically. Apical root and canal anatomy
tends to be somewhat different in elderly patients
because of continued cementum formation .29, 30

This may be further complicated by apical root re-
sorption from pathosis. 31

Differential Diagnosis
This is the ultimate determination of whether
there is an endodontic or another type of pathosis
and, if endodontic, the specific details of the pulp
or periapical lesion.

ENDODONTIC PATHOSIS

Signs and symptoms, test results, and other ob-
servations in the older patient should follow a
fairly consistent pattern. There may be the com-
plications of mind-altering medications as well
as occasional perceptive problems in elderly pa-
tients. Vague symptoms that cannot be localized
or do not follow an identifiable pattern probably
are not endodontic in origin. Other pathosis or
nonpathologic entities must then be considered.

OTHER PATHOSES

These include numerous entities, many of which
are more common in elderly patients. The lesion

that commonly mimics endodontic pathosis is
periodontal. Nonendodontic symptomatic disor-
ders that may mimic endodontic pathosis include
headaches, temporomandibular joint dysfunction,
and neuritis and neuralgia. The incidence of these
tends to increase somewhat with age, particularly
in patients who have specific disorders such as
arthritis that may affect the joints.

Differentiating periodontal from endodontic
pathosis is a common problem because of the in-
creasing incidence of both endodontic and peri-
odontal disease. Usually the underlying problem
is either periodontic or endodontic, with few true
combined lesions (see Chapter 26). Radiographic
changes, swellings, sinus tracts, and deep probing
defects may be either endodontic or periodontic
in origin. Although all findings should be consid-
ered, the ultimate indicator is pulp testing. If the
pulp is indeed vital, the problem is periodontal. If
the pulp is necrotic, the likelihood is that the
problem is endodontic. Pulp tests are critical; a
test cavity may be helpful.

Treatment Planning
and Case Selection
After differential diagnosis, a definitive treatment
plan is determined-usually root canal treatment,
but including additional procedures. Everything
should be considered (restorability, periodontal
status, and overall treatment plan). This would be

FIGURE 31-7

A, Castings are frequently misoriented due to tipping and rotation. B, Access is more challenging; observation be-
fore and caution during access are critical to avoid perforation. (From Walton RE: Dent Clin North Am 41:795,
1997.)



the time to consider referral of the patient to an en-
dodontist if the situation is deemed too complex.

PROCEDURE

Whatever the treatment, procedures are generally
more technically complex in older patients. Ex-
tensive restorations, a history of multiple carious
insults, periodontal involvement, decreasing pulp
size, tipping (Figure 31-7) and rotation are all fac-
tors. An original treatment plan often has to be
modified during the procedure because of unex-
pected findings. For example, root canal treat-
ment may be initiated only to find that a canal
cannot be located or negotiated; periradicular
surgery then becomes a necessity (Figure 31-8).
These possibilities should be explained to the pa-
tient, preferably before treatment is begun.

PROGNOSIS

Although periradicular tissues will heal as readily
in elderly as in young patients, 32,33 there are many
factors that reduce the rate of success. The same
factors that complicate treatment also may com-
promise ultimate success. An extensively restored
tooth is more prone to coronal leakage. Canals
that cannot be negotiated to length may contain
persistent irritants. Tipped or rotated teeth re-
stored with castings that are misaligned are more
difficult to access and therefore to clean, shape,
and obturate.
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Each patient should have a pretreatment and
post-treatment assessment of prognosis. The
pretreatment assessment is the anticipated out-
come; the post-treatment assessment reviews
what should happen according to modifiers de-
termined during treatment. Many teeth are se-
verely compromised and would be a problem to
retain (Figure 31-9). Extraction is often the pre-
ferred approach; a recent study34 on the out-
come of not replacing a missing tooth showed
that the consequences generally were not signif-
icant. Thus when extraction is discussed as an
option, the patient is informed that "filling the
space" may be unnecessary.

NUMBER OF APPOINTMENTS

Whether to treat in a single visit or in multiple
visits has always been a subject of debate and con-
jecture. Studies have shown that, overall, there are
no advantages to multiple appointments relating
to post-treatment pain or prognosis. However,
with pulp necrosis, treatment in multiple ap-
pointments and the use of calcium hydroxide as
an intracanal medicament may speed healing, 35
and longer term better outcomes were conclu-
sively demonstrated. 36

There are benefits to single appointment pro-
cedures in elderly patients. Longer appointments
may be less of a problem than several shorter
appointments if the patient must rely on others
for transportation or requires assistance to reach

FIGURE 31-8
A, Calcific metamorphosis and apical pathosis (arrows) after trauma. In this tooth, conventional access would be
difficult and would jeopardize retention of the bridge. B, A surgical approach was used with the hope of sealing
i n irritants apically. (From Walton RE: Dent Clin North Am 41:795, 1997.)
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FIGURE 31-9
Recurrent caries have created challenges in retaining this
molar. Crown lengthening would be necessary both for res-
toration and isolation during root canal treatment. Crown
l engthening may infringe upon the furcation. Canals would
be difficult to locate and negotiate. The tooth probably
should be extracted. (From Walton RE: Dent Clin North Am
41:795, 1997.)

FIGURE 31-10
Elderly patients often have postural problems. This patient is
made comfortable with a rolled-up towel, forming a brace
under his neck.

Root Canal Treatment
TREATMENT CONSIDERATIONS

Time Required

On average, longer appointments are necessary to
accomplish the same procedures in elderly pa-
tients for the reasons discussed earlier.

Anesthesia

the office or to get in the chair. At times, the el-
derly patient may require special positioning of
the chair, support of the back or neck or limbs,
or other such considerations (Figure 31-10).
These problems may require shorter, multiple
appointments.

ADDITIONAL CONSIDERATIONS

In treatment planning for elderly patients there
is a tendency to plan according to anticipated
longevity.37 It is natural to assume that proce-
dures need not be as permanent because the pa-
tient may not live for very long. The concept that
treatment should not outlast the patient is not ac-
cepted by most elderly patients, who desire health
care equivalent to that rendered to younger pa-
tients. Esthetic and functional concerns may be
no different.

Primary injections. The need for anesthesia is
somewhat less in the older patient. It is necessary
for vital pulps but is often unnecessary for pulp
necrosis, obturation appointments, and retreat-
ments. Older patients tend to be less sensitive
and are more likely to prefer procedures without
anesthetic. Also, they tend to be less anxious and
therefore have a higher threshold of pain. Al-
though there are no differences in effectiveness
of anesthetic solutions, various systemic prob-
lems or medications may preclude the use of
vasoconstrictors.

Supplemental injections. Intraosseous, perio-
dontal ligament (PDL), and intrapulpal anes-
thesia are effective adjuncts if the primary anes-
thesia is not give adequate. Again, certain
cardiac conditions may preclude the use of
epinephrine, particularly with the intraosseous
and PDL techniques. Duration of anesthesia
is considerably decreased without a vasocon-
strictor; reinjection during the procedure may
be required.
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FIGURE 31-12
Aids in orientation during access. The preparation is initiated
without the rubber dam in place. A mark to guide the bur is
placed on the crown in the long axis of the root. (From Wal-
ton RE: Dent Clin North Am 41:795, 1997.)

FIGURE 31-11
Age, caries, and restorations have resulted in small chambers
(arrows); either would be a challenge to access.

Procedures

I solation. Isolation is often difficult because of
subgingival caries and/or defective restorations.
However, placement of a rubber dam is imperative,
often requiring ingenuity (see Chapter 8). A fluid-
tight isolation reduces salivary contamination of
the pulp space and prevents introduction of irrig-
ants into the mouth. If there are questions about
the integrity of a restoration, it should be removed
before rubber dam placement. Also, temporary
crowns, orthodontic bands, or temporary restora-
tions should be removed in their entirety; improved
visibility and good isolation are more predictable.

Access preparation. Achieving good access to
enable locating and then negotiating canal orifices
is challenging in old teeth because of internal
anatomy (Figure 31-11). Radiographs are helpful. A
slightly larger rather than a too small access open-
ing is preferred, particularly through large restora-
tions such as crowns. Magnification is also helpful,
either from a microscope or other vision aids.

A supra-erupted tooth, as a result of caries or
restoration, has a short clinical crown, requiring a

less deep access preparation. The distance from
the reference cusp to the chamber roof should be
measured on the bur radiographically. A very
small or nonvisible chamber may be an indication
for beginning the access without the rubber dam;
this aids in staying in the long axis of the tooth
(Figure 31-12). Once the canal is located, the rub-
ber dam is immediately placed before working
length radiographs are made.

Locating canal orifices is often fatiguing and
frustrating to both clinician and patient. Although
a reasonable period of time should be allocated,
there is a limit. It may be best to stop and have the
patient return for another appointment. Often, the
canals are readily located at a subsequent visit. This
also is a time to consider a referral; another proce-
dure, such as surgery, may be indicated.

Working length. There are some differences in
the older patient.38 Because the apical foramen
varies more widely (Figure 31-13) than in the
younger tooth and because of decreased diame-
ter of the canal apically, it is more difficult to
determine the preferred length.29 In teeth of any
age, materials and instruments are best con-
fined to the canal space. One to 2 mm short of
the radiographic apex is the preferred working
and obturation length39; this should be decreased
if an apical stop is not detected.

Cleaning and shaping. A common challenge is
a much smaller canal that requires more time
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FIGURE 37-13
Variability in apical foramen location. A, The foramen is not visible radiographically. B, Histologically, the distal
root shows the foramen to be well short of the apex. (From Walton RE: Dent Clin North Am 41:795, 1997.)

and effort to enlarge. A very small canal may be
more easily negotiated and initially prepared
with a lubricant, such as glycerin. This may be
used through two or three smaller sizes of files
to facilitate enlarging as well as to reduce the
risk of binding and separation. The same princi-
ples of debridement and adequate shaping are
followed.

I ntracanal medicaments. These are contraindi-
cated, with the exception of calcium hydroxide.
This chemical is antimicrobial, inhibits bacterial
growth between appointments, and may reduce
periradicular inflammation." It is indicated if the
pulp is necrotic and the canal preparation is es-
sentially complete.

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

crown and (2) blockage of access and poor in-
ternal visibility.

The porcelain-fused-to-metal crown is more
common than a full metal crown and creates
additional problems. Porcelain may fracture or
craze. This problem is minimized by using burs
specifically designed to prepare through por-
celain" combined with slow cutting and copi-
ous use of water spray. Occlusal access is wide
(Figure 31-14). Metal should not be removed
after the chamber is opened to prevent metal
shavings from entering and blocking canals. An
access through a PFM or a gold crown (either
anterior or posterior) that is to be retained, is
best permanently repaired with amalgam. Ante-
rior nonmetallic crowns may be repaired with
composite.

Retreatment

Impact of Restoration
Generally the larger and deeper the restoration,
the more complicated the root canal treatment.
The old tooth is more likely to have a full
crown. There are two concerns: (1) potential
damage to retention or components of the

Factors that lead to failure tend to increase with
age; thus retreatment is more common in older
patients. Retreatment at any age is often compli-
cated and should be approached with caution;
these patients should be considered for referral.
Retreatment procedures and outcomes are similar
in both older and younger teeth.
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FIGURE 31-14
Access through a porcelain-fused-to-metal crown. The out-
l i ne is large for visibility. Also, the preparation does not ex-
tend to the porcelain to avoid fracturing it. (From Walton RE:
Dent Clin North Am 41:795, 1997.)

Endodontic Surgery
Considerations and indications for surgery are sim-
ilar in elderly and younger patients. These include
incision for drainage, periradicular procedures, cor-
rective surgery, root removal, and intentional re-
plantation. Overall, the incidence of most of these
will increase with age. Small non-negotiable canals,
resorptions, and canal blockages occur more often
with age. Perforation during access or preparation,
ledging, and instrument separation are related to
restorative and anatomic problems.

apy should preferably not be altered and that hem-
orrhage was controllable by local hemostatic agents.

BIOLOGIC AND ANATOMIC FACTORS

Bony and soft tissues are similar and respond the
same in older and younger patients. There may
be somewhat less thickness of overlying soft tis-
sue; however, alveolar mucosa and gingiva seem to
be structurally similar. Anatomic structures such
as the sinuses, floor of the nose, and location of
neurovascular bundles are essentially unchanged.
Often, periodontal and endodontic surgery must
be combined. Also, crown-to-root ratios may be
compromised because of periodontal disease or
root resorption.

HEALING AFTER SURGERY

Hard and soft tissues will heal as predictably al-
though somewhat more slowly.47.49 Postsurgical
instructions should be given both verbally and
in writing to minimize complications. If the pa-
tient has cognitive problems, instructions are re-
peated to the person accompanying the patient.
Even very elderly patients will have good healing,
provided they follow post-treatment protocols. Ice
and pressure (in particular) applied over the surgi-
cal area reduces bleeding and edema and mini-
mizes swelling. Overall, older patients experience
no more significant adverse affects from surgery
than do younger patients; outcomes are more de-
pendent on oral hygiene than on age per se, as has
been shown in periodontal surgery patients.50

One problem that seems to be more prevalent
in older patients is ecchymosis after surgery. This
is hemorrhage that often spreads widely through
underlying tissue and commonly presents as dis-
coloration (Figure 31-15). Patients are informed
that this may occur and that it is not of concern.
Normal color may take 1 to 2 weeks or longer to
return. In addition, the discoloration may go
through different color phases (purple, red, yel-
low, green) before disappearing.

MEDICAL CONSIDERATIONS

These may require consultation and are of concern
but generally do not contraindicate a surgical ap-
proach . 42 This is particularly true when extraction
is the alternative; surgery is often less traumatic . 43

Excessive hemorrhage during or after surgery is
of concern; many elderly patients are receiving anti-
coagulant therapy. Interestingly, recent studies ex-
amined bleeding patterns in oral surgery patients
taking low-dose aspirin44 and prescribed anticoagu-
lants .46.45 The findings were that anticoagulant ther-

Bleaching

Both internal and external tooth discoloration oc-
curs in older patients. 13 Internal discoloration is
related to dental (restorative or endodontic) pro-
cedures or to an increase in dentin formation with
a loss of translucency. External discoloration oc-
curs from stains and restorative procedures as
well (see Figure 31-1). Overall, teeth tend to dis-
color with time and with age. Both external and
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Teeth that are discolored because of increased
amounts of dentin formation and loss of translu-
cency generally should not be considered for in-
ternal bleaching, which would require root canal
treatment first. External bleaching may lighten
the teeth somewhat.

Restorative Considerations
OVERDENTURE ABUTMENTS

This involves the reduction of a root to permit
the resting' of a removable partial or complete
denture on a restored or natural root face.

An important consideration is that, although a
pulp space may not be evident on a radiograph
(Figure 31-16), usually small components of the
pulp chamber extend into the crown.28 Reduction
would create an clinically undetectable exposure.
If untreated, this will result in pulp necrosis.
Teeth to be reduced for overdenture abutments
should have root canal treatment followed by an
appropriate restoration to seal the access. Amal-
gam, composite resin, and glass ionomer are ade-
quate materials.-'

CORONALSEAL

In the elderly (as in the younger) patient, the coro-
nal surface must be sealed from oral fluids forever
to prevent failure. A concern for elderly patients
is that the dentist will be less careful with the de-
sign and placement of a restoration or select less
durable materials. In addition, the older patient is
likely to be more susceptible to recurrent caries or
abrasion, particularly on cervical root surfaces.
These lesions do not have to penetrate as deeply
to expose the obturating material. Subsequent to
this exposure will be contamination of the obtu-
rating material by saliva and bacteria with resul-
tant periapical pathosis. Again, this is probably
the number one cause of treatment failure and
reason for retreatment.

Trauma

Traumatic injuries occur in elderly patients more
commonly with recreational activity and because
of postural instability and loss of coordination.
Generally, the older patient who experiences fa-
cial trauma will have different concerns and re-
quire some differing approaches than the younger
patient."

A major issue is that there may be cranial in-
juries that are masked by the obvious superficial
facial trauma. Evidence of such injuries, as shown

FIGURE 31-15
Postsurgical ecchymosis. Root-end surgery of a maxillary lat-
eral incisor resulted in widespread migration of hemorrhage
i nto the tissues, with resultant discoloration. This is not an
uncommon occurrence in elderly patients. No treatment is in-
dicated, and the problem resolves in 1 to 2 weeks.

internal bleaching procedures can be successful in
these patients.

EXTERNAL STAINS

These are on, or close to, the enamel surface and
are best managed by conventional night guard/
oxidizing gel techniques.

INTERNAL STAINS

Stains that are most amenable to internal bleach-
ing are related to discoloration after root canal
treatment or pulp necrosis. The considerations re-
lated to diagnosis, etiology, treatment planning,
and prognosis for successful short-term and long-
term internal bleaching are detailed in Chapter
23. Often discolorations in these teeth can be sig-
nificantly resolved, much to the satisfaction of the
older patient.



by in-office tests (see Chapter 25), would require an
immediate hospital emergency room visit. Other
concerns would be similar to those discussed
earlier in this chapter: medical status, cognitive
factors, and patient expectations. In conjunction
with these considerations, the actual management
of the hard and soft tissues would be similar to and
have an expected outcome much like that of a
younger patient.

Many of these elderly trauma patients may
have initial injury management by a generalist
and then be referred to an oral surgeon for fa-
cial injury assessment. Follow-up, long-term den-
tition care may then be best managed by the
endodontist.
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Maxillary Right Central Incisor

Maxillary Right Lateral Incisor

Maxillary Right Canine
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Maxillary Right First Premolar
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Maxillary Right Second Premolar
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Maxillary Right First Molar
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Maxillary Right Second Molar



Maxillary Right Second Molar
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Mandibular Right Central and Lateral Incisor

Mandibular Right Canine
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Mandibular Right First Premolar
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Mandibular Right Second Premolar



Mandibular Right First Molar
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Mandibular Right Second Molar
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Mandibular Right Second Molar
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Examples of access openings prepared in ex-
tracted teeth are given here. It is important to rec-
ognize: (1) the location of the access relative to oc-
clusal or lingual landmarks (marginal ridge and
cusp tips) and (2) the size and shape of the access
relative to the size and shape of the occlusal or lin-
gual surface.

1. Maxillary lateral
2. Mandibular canine
3. Maxillary premolar
4. Four-canal maxillary molar (arrow indicates

dentin shelf covering mesiolingual orifice)
5. Three-canal mandibular molar
6. Four-canal mandibular molar
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Cleaning and shaping-continued

flaring, 212-214
standardized, 212, 213f
step-down, 212-216, 213f, 215f

shaping principles, 209-210
Clindamycin, 541
Clinical tests, 58-56
Cold testing, 57-58
Collagen fibers, 5, 14
Condensing osteitis, 42-43,43f, 61f, 143f
Cone-image shift, 132, 136-141
Coronal fracture, 415
Coronal leakage, 342f
Coronal root perforation, 322-323
Coronal seal, 241, 269-270, 400, 559
Cracked tooth, 80-81, 500, 5Olt, 502f,

505-510
Craze lines, 501-502, 503f, 507
Crown

cementation of, 378
formation of, 5
fracture of, 449-456
indications, 273-274
lengthening of, 79, 80f, 120,

493-494, 494f
longitudinal fractures of, 63
perforation of, 83
placement of, 93f
preparation of, 374-378
removal of, 351, 353, 354f
temporary, 121, 189, 279, 378

Crown-down technique, 214
Crown-root fracture, 270f, 454-486
Culture, 291-292
Cusp fracture, 501t, 502f, 502-505,

504f-505f
Cytokines, 39

D
Dam. See Rubber dam.
Debridement, 207-209, 290, 302
Decalcifiers, 220-221
Dendritic cells, 13, 33, 33f
Dens evaginatus, 176, 177f
Dens invaginatus, 174, 176, 177f
Dental follicle, 7
Dental history, 52, 298-299
Dentin

age-related changes, 22
cementum junction with. See Cemen-

todentinal junction.
desiccation of, 382
drying of, 376
excess removal of, 196-198
formation of, 5, 5f, 9, 10f, 21
histology of, 11
hypersensitivity of, 20-21, 21f
injury-induced formation of, 10
innervation of, 17-18, 20
irritant effects, 190
odontoblasts role in formation of,

4,10
permeability of, 374-375
resorption of, 36, 37f
secondary formation of, 21
softening of, 220-221
stimulation of, for pulp vitality

testing, 57
structural changes in, 270
tertiary, 10, 372, 372f-373f

Dentinal tubules, 467-468
Dentinoenamel junction, 11
Dentinogenesis, 10-11
Dentinogenesis imperfecta, 409
Dentin-pulp complex, 370
Dentition. See Tooth.
Dentogingival junction, 22
Desiccants, 221
Desmosomes, 11-12
Diagnosis, 50-53, 63-64, 64f, 65t, 73
Dilaceration, 176, 179
Discolorations

aging and, 408, 558-559
bleaching for. See Bleaching.
causes of, 406-409
coronal restorations, 409-410
endemic fluorosis and, 408
extrinsic, 418-420
in elderly patients, 558-5S9
intrapulpal hemorrhage, 407
intrinsic, 416-418
obturation materials, 409
tetracycline-induced, 408, 416-417
tooth formation defects as cause of,

408-409
Disinfection, 12S, 163
Doctor

listening by, 88-89
patient interactions with, 89-98
questions frequently asked, 90-97

Drainage
incision for, 114, 425-426
infection treatment by, 291

Drains, 304f
Drills, 157-158

E
Ectomesenchymal cells, 4
Elderly

bleaching, 558-559
diagnostic approach, 850-551
differential diagnosis, 552
endodontic surgery in, 557-558
healing, 549
periradicular response, 549
pulpal response changes, 546-549
radiographic imaging, 851-552
restoration considerations in, 556,

559
retreatment in, 556
root canal treatment in, 554-556
systemic problems in, 549-550
trauma in, 559-560
treatment planning in, 552-554

Electronic apex locators, 201-203
Emergencies. See also specific emergency

or condition.
challenges associated with, 297-298
definition of, 297
description of, 296-297
diagnostic approach, 298-299
interappointment, 297, 305-307
postobturation, 297, 307-308
pretreatment, 297, 300-305
referral for, 83-84
treatment planning, 300

Enamel
formation of, 5, 9
fracture of, 449
hypocalcification of, 408

Enamel-continued
hypoplasia of, 418
spurs, 480

Endemic fluorosis, 408
Endodontiss. See also Root canal treat-

ment.
definition of, 1
i mplants, 496-497
longevity of treated teeth, 269
pain secondary to, 534-535
periodontium health and, 470
pulpal effects, 471
surgery, 94, 95f
undergraduate curriculum, 1-2

Endodontist, 85-86
Enostosis, 143f
Enzymes, 288
Epithelial cell rests of Malassez, 6, 23,

24f
Erosion, 384
Examination

extraoral, 54
for emergencies, 299
intraoral, 84-55
open apex, 391-393
pain assessments, 53
periapical tests, 56
periodontal, 59, 299
present illness, 52-53, 447
pulp vitality tests, 57-59
radiographic, 59-61, 75
soft tissue, 54-55
teeth, 55, 55f

Explorer. See Mirror and explorer.
Extirpation, 212
Extracellular vesicles, 288

F
Fatty acids, 288
Fibrinopeptides, 38
Fibroblasts, 12-13
File(s)

characteristics of, 154f, 155
cleaning and shaping use of, 226,

226f
core material use of, 247
gutta-percha removal using, 357, 360
intracanal use of, 15S-159
K-type, 154f, 155
nickel-titanium, 228
separation of, 324f

Flaps, 430-434
Flare-ups, 305-307
Focal sclerosing osteomyelitis. See Con-

densing osteitis.
Follicle, 7
Fractures

alveolar, 464
categories of, 500-501, 501t
crown, 449-456
enamel, 449
root, 244, 456-458

Frictional heat, 375-376, 382
Furcation perforation, 314-315, 317f

G
Gates-Glidden drills, 157-158, 192f,

194f, 215
Geriatrics. See Elderly.
Gingivectomy, 120
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Glass ionomer cements, 381
Gram stain, 292
Ground substance, 14
Gutta-percha, obturation using

carrier systems, 262
lateral condensation, 252-257
removal of, 274-275, 275f, 357, 360,

360f-361f
solvent-softened custom cones,

257-259
techniques for, 251-252
vertical condensation, 259-262

H
Hageman factor, 38
Headaches, 528-529
Healing, 44-45, 435-436, 549, 558
Health history, 51-52, 73
Hertwig's epithelium, 5-6, 6f
Hyaline layer of Hopewell-Smith, 6-7
Hydrodynamic theory, of dentin

hypersensitivity, 20-21
Hydrogen peroxide bleaching, 410
Hyperalgesia, 101, 105, 535b
Hyperplastic pulpitis, 35-36

I
I mmune system

activation of, 371
cells of, 13
responses to pulpal injury, 32-33

I mmunoglobulins, 32,32f, 39
I mplants, endodontic, 496-497
Infections

control measures for, 290
drainage of, 291
site of, 348
treatment of, 290-292

Inflammation
causes of, 91, 91f
cells involved in, 31
changes caused by, 36
neurogenic, 17
process of, 16-17, 28f, 31-32
signs and symptoms of, 91, 92f

Informed consent, 89-90, 90b, 90f
Infraorbital block, 104
Injections, 101-102
Instruments

aspiration of, 324-325
cleaning and shaping use of, 163,

225-227
diagnostic, 161
disinfection of, 163
endodontic-specific types of,

161-162
engine-driven, 157-158
extraction of, 362, 365f-366f
fabrication of, 153
failure of, 340
hand-operated, 153f-154f, 153-154
ingestion of, 324-325
intracanal use of, 158-159, 208
nickel-titanium, 156-157, 159, 160f,

227-229
nomenclature for, 152
physical properties of, 154-155
rotary, 157-158
separated, 323f-324f, 323-324, 340,

349f, 360, 362

Instruments-continued
sizing of, 155
sonic, 231-232
standardization of, 155-156
sterilization of, 162-163
ultrasonic, 230-231
variations in, 156-157

Intentional replantation, 486-488, 487f
Intracanal medications, 232-234,

291,409
Intraosseous anesthesia, 105-107
Intrapulpal hemorrhage, 407
Intrapulpal injection, 111-112, 112f
Irreversible pulpitis, 34, 61, 65t, 66,

112-113
Irrigants, 218-220, 303, 325-326, 326f
Irritants

chemical, 28-31, 169-170, 190
obturation failure caused by, 241

Isolation methods. See Rubber dam.

K
Kininogens, 31
Kinins, 31

L
Laser bleaching, 421
Lateral canals, 244, 468, 469f
Lateral channels, 6-7, 8f
Lateral condensation, 160-161,

252-256, 514
Lateral perforation, 322, 329f
Ledge formation, 184, 222f-223f,

222-223, 319-320, 321f, 427f
Liners, 382
Lingual groove, 176, 178f
Lipopolysaccharides, 287
Listening, 88-89
Local anesthesia

blood flow reductions associated
with, 371

description of, 73
difficulties, 104-105
factors that affect, 100-101
mandibular, 103-104
maxillary, 104
pain management, 538-539
success of, 102-103
supplemental, 105-112

Lubricants, 221
Luxation injuries, 459-461
Lymphatic system, 17, 18f

M
Mandibular anesthesia, 103-104
Mandibular molars, 197f
Mantle dentin, 5-6
Mast cells, 31, 32f, 38-39
Master apical file determination, 210
Master cone, 253-254
Maxillary anesthesia, 104
Maxillary molars, 197, 198f
McInnes technique, 419
Medical history, 51-52, 73, 298-299
Mental foramen, 45, 45f
Metronidazole, 541
Microleakage, 379-380
Mineral trioxide aggregate, 389,

401-402,402f
Mirror and explorer, 56

Mobility tests, 59
Mouthguard bleaching, 420-421
Myofascial pain, 53

N
Neuritis, 529
Neurogenic inflammation, 17
Neuropeptides, 32, 38
Nickel-titanium instruments, 156-157,

159, 160f, 227-229
Nonsteroidal antiinflammatory drugs,

537-538

O
Obturation

accidents during, 326-328, 341
apical seal, 241
coronal seal, 241
discoloration caused by, 409
emergencies after, 297, 307-308
evaluation of, 262-263
failures in, 240-242
files, 247
gutta-percha. See Gutta-percha.
instruments for, 160-161, 163, 255f
lateral seal, 241
length of, 241-242, 242f-243f
materials, 245-248
objectives of, 240
overextended, 340
pastes, 248
sealers. See Sealers.
sectional, 260
silver points, 247, 247f
ti ming of, 244-245

Odontalgia, 534
Odontoblasts

cell body of, 11-12, 13f
dentin formation by, 4, 10
differentiation of, 5
displacement of, 376, 376f
injury to, 376
morphology of, 11
number of, 11
secretory production of, 12
structure of, 11-12

Open apex
definition of, 389
diagnosis of, 391-393
electrical pulp testing for, 393
illustration of, 390f
treatment planning, 393-394

Orofacial pain. See Pain.
Orthodontic extrusion, 491-493
Orthograde treatment. See

Retreatment.
Overfills, 241-242, 242f, 258f,

327-328, 341

P
Pain

anesthesia for. See Anesthesia.
antibiotic prophylaxis, 539-541
anxiolytics for, 541-542
causes of, 33-34
characteristics of, 524, 530t
continuous, 53
deep vs. superficial, 524
dentinal, 20
diagnostic procedures, 529-531
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Pain-continued
flare-ups of, 84
headache-related, 528-529
hypersensitivity theories, 20-21
intensity of, 53
management of, 535-539
mechanisms of, 522-524
myofascial, 53
perception of, 298
percussion, 56
periodontal, 525
physiology of, 33-34
posttreatment, 65
post-treatment, 534-535
procedural, 94-96
psychogenic, 528
pulpal, 10, 525
reaction to, 298
referred, 75, 525-527
significance of, 521-522
spontaneous, 53
spreading, 527-528
terminology associated with, 522b
types of, 522b

Palpation, 56, 56f
Passive step-back technique, 214-216
Pastes, 248
Patient, 88-97
Penicillin, 541
Percolation, 241
Percussion, 56
Perforations

during access preparation, 198, 199f,
203, 311-319

furcation, 315-316, 317f
prognosis, 318-319
retreatment considerations, 348
root, 83, 314, 320-323
stripping, 184-185, 224-225, 315,

316f
Periodontal abscess, 300f
Periodontal ligament

anatomy of, 23, 24f
anesthesia injection, 107-110
function of, 23
mobility tests for evaluating, 59
perforations into, 314
vasculature, 23

Periodontitis
acute apical, 40, 41f, 65t, 66, 289
chronic apical, 40-42, 65t, 66, 289
suppurative apical. See Apical ab-

scess, chronic.
Periodontium

anatomy of, 22
blood supply to, 7-8
endodontically involved teeth effects,

470-471
examination of, 59, 299
formation of, 7-8
tissues of, 7
vasculature of, 23

Perio-endo lesion, 473, 474f, 481f-482f
Periradicular lesions. See also specific

lesion.
bacterial role in, 29-30
cytokines in, 39
description of, 37-38
healing of, 44-45

Periradicular lesions-continued
illustration of, 339f
i mmunoglobulins in, 39
malignant lesions that simulate, 46
mediators of, 38-39
nonendodontic, 45-46
root canal treatment success and, 333

Periradicularsurgery
contraindications, 429-430
description of, 114
indications, 426-429
procedure sequence, 430-435

Periradicular tests, 299
Permanent restorations, 188-190
Phenolics, 233
Phospholipase A 2 , 32
Pins, 277, 382-383, 409
Plexus of Raschkow, 5
Polyamines, 288
Polycarboxylate cement, 381
Polymicrobial infections, 284-287
Polymorphonuclear leukocytes, 28f,

28-29,31
Porcelain, 79, 128
Post

for anterior teeth, 275-276
for posterior teeth, 276
removal of, 353, 355f-356f, 356-357
selection of, 274
space preparations for, 274-275,

328-330
temporary, 279

Posterior superior alveolar block, 104
Posterior teeth, 276-277
Predentin, 5
Preodontoblasts, 5, 12
Present illness, 52-53, 447
Probing, periodontal, 59, 472-473,

475f-476f, 482f
Profound anesthesia, 301
Prognosis, 69, 332-333
Prostaglandin E2 , 39
Psychogenic pain, 528
Pulp

abscess, 378f
age-related changes in, 21-22, 169,

546-548
anatomy of, 12f, 68f, 167-168
apical region, 173-174
bacteria effects, 283-284, 378-379
blood flow assessments, 59
calcifications, 14f, 14-15, 36, 62f, 69f,

170, 170f, 547
capping of, 384-385, 396-398
caries effects, 284, 383
cells of. See Odontoblasts.
characteristics of, 370-371
collagen fibers, 14
coronal, 8
electrical testing of, 58-59, 59f
embryology of, 4-5
extirpation of, 212
frictional heat effects, 382
functions of, 4, 10-11, 373, 373f
ground substance, 14
immune responses of, 32-33
inflammation of. See inflammation.
injury, 16, 31-34
innervation of, 17-21, 30

Pulp-continued
intrapulpal pressure, 371
irritants of, 28-31, 169-170, 190
lingual groove, 176, 178f
local anesthesia-induced reductions

i n blood flow, 371
lymphatic system of, 17, 18f
morphologic changes in, 21
necrosis of, 29, 36-37, 65t, 66,

113-114, 242f, 244-245, 277f,
287, 301-304, 306, 371, 383,
407, 458b, 469-470

neuropeptides, 32, 38
pain of, 525
pathosis of, 374, 375f
periodontal disease effects, 471
protective measures for, 382
radiographic evaluations of, 61
repair potential of, 373
restorative materials effect on,

378-383
sensations transmitted by, 10-11
size of, 4
stimuli transmission, 19-20
stones, 14f, 14-15, 170
tissue pressure, 16
trauma, 30, 448-449
vasculature of, 15f-18f, 15-18, 21,

30,59
vitality tests of, 57-59, 299, 472, 551

Pulp chamber
anatomy of, 8f, 75, 76f, 172, 179, 179f
unroofing of, 186-187

Pulp horn
anatomy of, 8, 8f, 172, 176
discoloration caused by, 409
exposure of, 187
removal of, 195-196

Pulp space, 9, 9f
Pulp-dentin complex, 370
Pulpectomy, 212
Pulpitis

hyperplastic, 35-36
irreversible, 34, 61, 65t, 66, 112-113,

277, 301, 393
reversible, 34, 35f, 65t, 66

Pulpotomy, 212, 385, 396-398, 451,
452f, 453b

R
Radiographs and radiography

bitewing, 144,144f
cone-image shift, 132, 136-141
description of, 59-60
diagnostic, 132, 134, 472
difficulties in obtaining, 75
elderly considerations, 551-552
endodontic uses of, 141-144
exploratory use of, 191
exposure considerations, 136
film-cone placement, 144-148
for emergencies, 299
limitations of, 60
obturation evaluations, 262-263
periapical lesions evaluated using,

60-61
rapid processing, 148
recall, 132-133, 135-136
sequence of, 134-136
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Radiographs and radiography-continued
success evaluations, 333, 335f
treatment uses of, 132
viewers, 148
working films, 132-135

Radiolucent lesions, 142, 142f,
475-476, 477f

Radiopaque lesions, 142-143
Reamers, 157-158
Reaming, 216
Recapitulation, 225, 225f
Referrals, 74-86
Referred pain, 75
Resin composites, 273, 381, 410
Restorations. See also Permanent restora-

tions; Temporary restorations.
access through, 277
design principles, 272
direct, 272-273
hypersensitivity after, 383
in elderly, 556, 559
indirect, 273-274
microleakage of, 379-380
patient questions regarding, 96
removal of, 189-190
structural and biochemical consider-

ations, 270-271
timing of, 271-272

Retreatment
case selection for, 347-351
clinician considerations, 348, 351
communication with patient,

365 1 367
completion of, 362, 365
considerations for, 346-347
crown removal for, 351, 353, 354f
degree of difficulty, 365
description of, 342
disease prevention, 351, 352f-353f
post and core removal for, 353,

355f--356f, 356-357
referrals, 367
root canal obstructions, 357-362
short- and long-term outcomes, 365
tooth considerations, 348

Reversible pulpitis, 34, 35f, 65t, 66
Root

amputation of, 436-439, 438,
439f, 442

curvature of, 76, 78f-79f
formation of, 5-6
fractures of, 244, 456-458
hemisection of, 438-439, 440f, 442
identification of, 168-169
length of, 9, 76
perforation of, 83, 314, 320-323, 436
resorption of, 81, 171, 171f, 202f,

261f, 414-415, 436, 548f
sheath proliferation, 5
submersion of, 494-496, 495f
vertical fracture of, 244, 328, 480,

501t, 513-518, 516f--517f
Root canal(s)

aberrations of, 216-218
accessory canals, 173, 244, 468, 469f
anatomy of, 8f, 9, 172-173
artificial, 320
bacteria in, 285t, 285-286
cone-image shift radiography, 138, 140

Root canal (s) -continued
C-shaped, 179, 179f
identification of, 168-169
inability to locate, 84, 191
ledge formation. See Ledge

formation.
multiple, 76, 77f-78f
number of, 76, 77f-78f
obstruction of, 357-362
overenlargement of, 222, 227f

Root canal(s)-continued
separation of, 198, 200f
shape of, 172-173, 209-210
working length of. See Working

length.
Root canal treatment

costs of, 96
evaluation of, 334-337
failure of, 95f, 334, 335f, 337-342,

437f
in elderly, 554-556
pain associated with, 94-96
previously started, 189
procedure, 91f-96f
success of, 333-334

Root planing, 471
Root-end closure

case selection, 394
definition of, 389, 398
failure of, 402-403
indications and contraindications, 396
planning of, 394
success of, 402, 402f
technique, 399-401, 401f
with mineral trioxide aggregate,

401-402,402f
Root-end resection, 432-433
Rotary instruments

characteristics of, 157-158
gutta-percha removal using, 357
intracanal use of, 159
nickel-titanium, 228-229
passive step-back technique and, 230
stainless steel, 232

Rubber dam
application of, 124-125
equipment for, 121-124
leaking of, 126
modifications for difficult situations,

126-128
placement of, 120-121, 124-125
positioning of, 125
reasons for using, 119-120, 313
referrals, 129

S
Sealers, 248-251
Selective anesthesia, 63
Separated instruments, 323f-324f,

323-324, 340, 349f, 360, 362
Shaping. See Cleaning and shaping.
Sharpey's fibers, 7
Silver points, 247, 247f, 360, 363f
Sinus tract type probing, 476-480, 479f
Smear layer, 376-377
Sodium hypochlorite, 290-291, 410
Sodium perborate bleaching, 410
Soft tissue examination, 54-55, 447-448
Solvent-softened custom cones, 257-259

Sonic instrumentation, 231-232
Specialist referral, 84-85
Split dam, 313, 313f
Spoon excavator, 161
Step-back technique, 212-216, 213f,

215f, 225, 230
Sterilization of instruments, 162-163
Steroids, 539
Stoma parulis, 55
Stones, pulpal, 14f, 14-15, 170
Straight-line access, 183-185, 184f
Stripping perforation, 184-185,

224-225, 315, 316f
Subodontoblastic plexus of Raschkow,

18, 20f, 20-21
Substance P, 16
Suppurative apical periodontitis. See

Apical abscess, chronic.
Surgery

amputation, 436-439, 438, 439f, 442
corrective, 436
healing after, 435-436
in elderly, 557-558
incision for drainage, 425-426
periradicular. See Periradicular

surgery.
referrals, 442-443, 443f

T
T cells, 13, 32, 40f
Temporary restorations

access preparation considerations,
188-189

crowns, 279
description of, 278
long-term, 280
objectives of, 278
placement of, 278, 279f
removal of, 189-190
semipermanent, 271-272

Tertiary dentin, 372, 372f-373f
Tetracycline-induced discoloration,

408, 416-417
Thermal tests, 57-58
Thermocatalyic technique, 411
Tooth

access considerations, 185-187
anatomic regions of, 8-9
avulsed, 461-464
canals of, 76, 77f-78f
control, 56
cracked, 80-81, 500, 501t, 502f,

505-510
examination of, 55, 55f
extraction of, 394
fractured, 80-81
isolation of, 79
location of, 79, 80f
luxation injuries of, 459-461
malpositioning of, 79, 80f
mobility testing of, 59
palpation of, 56, 56f
percussion of, 56
selective anesthesia, 63
split, 501t, 502f, 510-513, 511f
structure of, 270, 272
surface conservation, 185-187
trauma, 82, 446-464

Transplantation, 488-491, 489f-490f
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Trauma
examination of, 447-449
history-taking, 446-447
in elderly, 559-560
periodontal defect after, 480
pulpal, 30, 448-449

Treatment and treatment planning
adjunctive procedures, 68-69
appointments, 64-66, 94
complications that affect, 67, 68f-69f
description of, 63
diagnosis-specific approach, 64
emergencies, 300
form for, 64f
modifiers of, 67-69
referral during, 84
selection of, 67
signs and symptoms persisting after,

83-84
Trigeminal nerve, 17,19-20
Trigeminal neuralgia, 529

U
Ultrasonic condensation, 256
Ultrasonic instrumentation, 230-231
Underfill, 242, 243f, 326-327, 341

V
Varnishes, 382
Vasoactive intestinal peptide, 16
Venules, pulpal, 15, 15f, 17f-18f
Vertical condensation, 161, 259-262,

514
Vertical root fracture, 244, 328, 480,

501t, 513-518, 516E 517f
Vibratory systems, 230-232
Vital pulp therapy

complications of, 396
definition of, 389-390
failure of, 398, 402-403
indications and contraindications, 395
planning of, 394
prognosis, 396
pulpotomy. See Pulpotomy.

Vital pulp therapy-continued

success of, 402, 403f
techniques, 396-398

Vitality testing, of pulp, 57-59

W
Walking bleach technique, 411,

412f-414f

Working length
apical constriction, 201-203
description of, 200, 201
electronic apex locators, 201-203
estimated, 201
in elderly, 555-556
patient response, 204
reference point for, 200-201
variations in, 201, 202f

Z
Zinc oxide-eugenol, 248, 380-381
Zinc phosphate cement, 381
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