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In February of 1969, 1published a paper in the Journal
of the New Jersey Dental Association titled “Surgical
Endodontics, A Conservative Approach.”According to

the Random House Dictionary, conservative is defined
as “disposed to preserving existing conditions.”At that
time,popular dental semantics referred to the two cours¬

es of endodontic action as conservative and surgical.
This implies that the surgical approach is radical and the
nonsurgical approach is conservative. However, both of
these methods try to “preserve existing conditions”by
retaining teeth, and therefore both must be considered
conservative. In fact, modern endodontic surgery may

be more conservative than disassembly, retreatment, and
re-restoration. Despite advances in surgical endodontics,
this conversation still takes place today.

In 1969, Donald E. Arens was teaching surgical end¬
odontics to graduate students at Indiana University and
requested reprints of my paper for the residents. This
began a lifelong professional association and a personal
friendship. When he decided to codify his teaching mate¬

rials into a textbook, he joined with William Adams and
Roland DeCastro to write Endodontic Surgery (Harper
& Row, 1981).Iwas honored to contribute a chapter
to this first English-language textbook devoted to surgi¬
cal endodontics. The basic premise of the text was that
“surgical endodontics is an extension of root canal basic
therapy to preserve natural dentition.”

Ten years later, SurgicalEndodontics (Blackwell, 1991)
by James Gutmann and John Harrison was followed by
Practical Lessons in Endodontic Surgery (Quintessence,

1991) by the late Donald E. Arens, Mahmoud Torabine-
jad, Richard Rubinstein, and myself. This trio of text¬

books has served our profession well in establishing a

scientific basis and offering practical methods for under¬
standing and performing surgical endodontics. In 2001,
Color Atlas of Microsurgery in Endodontics (Saunders)
by Syngcuk Kim, Gabriele Pecora, and Richard Rubin¬
stein introduced the profession to the modern under¬
standing of true endodontic microsurgery.

Since then, there have been few books that have ad¬
dressed the surgical needs of modern-day dentists who
want to adopt contemporary and evidence-based surgical
endodontics methods into their practices. The Art and
Science of Contemporary Surgical Endodontics consists
of 17 chapters and 31 videos that span its entire scope.
It has been assembled and coauthored by Mahmoud
Torabinejad and Richard Rubinstein, two leaders in the
field of surgical endodontics. Their professional careers,
research, and didactic skills complement each other and
have produced the new standard for teaching and study¬
ing evidence-based surgical endodontics.

Noah Chivian, DDS

Professor of Endodontics, Rutgers School of Dental
Medicine

Adjunct Professor of Endodontics, University of
Pennsylvania, School of Dental Medicine

Director Emeritus, Chivian Department of Dentistry,
Newark Beth Israel Medical Center
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tion, local anesthesia and hemostasis, management of
soft tissues, removal of osseous tissue, root-end resection,
root-end preparation, and root-end filling materials, as

well as suturing and postoperative instructions. Follow¬
ing chapters are dedicated to the maxillary sinus and its
relation to surgical endodontics; soft and hard tissue
healing based on classic literature; and adjunctive surgi¬
cal procedures such as management of procedural acci¬
dents, resorption, root amputation, hemisection, replan¬
tation, transplantation, crown lengthening, and grafting
materials. A chapter on the pharmacology of surgical
endodontics describes the medications that can be used
preoperatively and postoperatively to aid healing and
provide patient comfort, and the last chapter assesses the
outcomes of surgical endodontics based on current evi¬

dence. Unique to this book is a DVD set of video clips
showing many of the surgical procedures described in the
textbook (see page xi).

Therefore, The Art and Science of Contemporary Sur¬
gical Endodontics not only teaches the reader how to

perform surgical endodontics but also provides him or

her with a summary of the science and technology behind
technical aspects of surgical endodontics that is concise,
current, and easy to follow.

One of the primary objectives of dentists has always
been to prevent tooth loss and save natural dentition.
Despite these efforts, many teeth still develop decay or

suffer traumatic injury and often require endodontic
care. Endodontics is a discipline of dentistry that deals
with the morphology, physiology, and pathology of the
human dental pulp and periapical tissues, as well as the
prevention and treatment of diseases and injuries related
to these tissues. The scope of endodontics is wide and
includes initial nonsurgical root canal treatment, non-

surgical retreatment of unsuccessful treatment, and/or
surgical endodontics. Many advances have been made
in endodontic surgery in the past 10 to 20 years. These
include enhanced magnification and illumination, ultra¬
sonic tips, microinstruments, newer root-end filling ma¬

terials, and the use of cone beam computed tomography
(CBCT).These advances have significantly improved sur¬

gical endodontics and have increased the feasibility and
predictability of this procedure to save natural dentition.

Like other dental procedures, the practice of surgical
endodontics requires two inseparable components: art

and science. The art of surgical endodontics consists of
executing technical skills during surgical procedures. The
science of surgical endodontics includes the basic and
clinical sciences related to biologic and pathologic con¬

ditions that guide the art of procedures involved in sur¬

gical endodontics through the principles and practice of
evidence-based treatment. In this textbook, the authors
have incorporated evidence-based information when
available and when appropriate. The textbook is written
specifically for advanced students in the field of endodon¬
tics, endodontists, and others who would like to incorpo¬
rate surgical endodontics in their practices.

The Art and Science of Contemporary Surgical End¬
odontics has been systematically organized to simulate
the order of procedures performed in a clinical setting
after presenting the necessary information related to the
anatomy, histology, and physiology of tissues involved in
surgical endodontics, as well as pathologic entities simu¬
lating lesions of pulpal origin. The first four chapters are

dedicated to the basic sciences of tissues involved in sur¬

gical endodontics, followed by an extensive chapter on

diagnosis and treatment planning. Several chapters focus
on the most recent advances in the art of surgical end¬
odontics related to CBCT, illumination and magnifica-
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Duration (min)Description

Chapter 5

5-1 Gow-Gates block injection
5-2 Vazirani-Akinosi block injection
5-3 Second division block injection
5-4 Infraorbital block
5-5 Intraosseous injection
5-6 Periodontal ligament injection
5-7 Incision and drainage
5-8 Irretrievable filling materials 1
5-9 Irretrievable filling materials 2

5-10 Irretrievable filling materials 3
5-11 Symptomatic cases during root canal therapy
5-12 Symptomatic cases after root canal therapy
5-13 Exploratory surgery

1:57
1:05
0:49
1:55
2:49
1:41
4:54
4:09
7:41
7:21

10:40
7:36
8:05

Chapter 9

9-1 Full-thickness flap
9-2 Palatal root surgery
9-3 Ochsenbein Luebke flap
9-4 Papilla base flap

2:52
10:33

1:48
5:37

Chapter 13

13-1 Simple interrupted suture

13-2 Figure-eight suture

13-3 Interrupted simple sling suture

13-4 Continuous independent sling suture

13-5 Horizontal mattress suture

13-6 Simple interrupted suture removal
13-7 Continuous sling suture removal

1:18
1:05
1:36
2:13
1:05
0:29
0:37

Chapter 15

15-1 Repair of external resorption by tooth replantation
15-2 Tooth replantation
15-3 Transplantation
15-4 Root amputation
15-5 Hemisection
15-6 Crown lengthening
15-7 Guided tissue regeneration

7:03
5:20
7:56
5:26
1:45
7:04
8:54

The authors have attempted to present a complete collection of surgical videos representative of all regions of the mouth,
but they recognize that there are emerging technologies, methods, and approaches that are too expansive to be included at this time.
Future editions of this textbook will include videos reflecting new advances and developments in surgical endodontics.
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Anatomical Zones in
Endodontic Surgery

-OHM

Kenneth R. Wright,DwightD.Rice, ZhongrongLuo

The oral environment is a complex region formed of a

mixture of hard and soft tissues. Its functions include
chewing, swallowing, and speech, as well as acting as an

accessory airway. Maintenance of a healthy dentition is
imperative to the overall well-being of the individual and
proper functioning of the alimentary system. An in-depth
understanding of the structure and function of the oral
apparatus is required to provide proper care to oral struc¬

tures and tissues.
In addition to posing the risk of damaging parts of the

tooth, endodontic procedures also risk damaging tissues
and anatomical structures surrounding the toothroot.1It
is therefore essential to have a thorough understanding
of the anatomy of the jaws and in particular the parts
of these bones housing neurovascular structures or pneu¬
matic spaces. In this chapter, we examine the anatomy of
themaxillary sinus, the mandibular canal with its branch¬
es (the mental canal/foramen and the incisive canal), and
the incisive canal andpalatine foramina of the maxilla, as
well as their relationships to the roots of teeth. But first
we examine the anatomy of the oral region in general.

The Bony Framework

Maxilla

The maxilla forms much of the midportion of the face,
the borders of the nasal aperture, part of the margin of
the orbits, and most of the hard palate and the support

for the upper lip and teeth (Fig 1-1). Branches from the
maxillary artery supply most of the maxillary region, and
sensory innervation is provided by the maxillary division
of the trigeminal nerve, designated as cranial nerve V2.

Associated with the nasal cavity are four sets of parana¬
sal sinuses, found in the frontal, maxillary, sphenoid, and
ethmoid bones. The largest of the paranasal sinuses, the
maxillary sinus, is housed in the body of the maxilla (Fig
1-2). This pneumatic space is roughly pyramid shaped,
with the base of the pyramid formed by the medial wall
of the sinus, which is also the lateral wall of the nasal
cavity. The medial wall of the sinus is actually formed by
parts of five bones— the maxilla, the lacrimal bone, the

1
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Anatomical Zones in Endodontic Surgery
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Fig 1-2 The maxillary sinus is housed in the body of the maxilla. This pneu¬
matic space is roughly pyramid shaped, with the base of the pyramid formed
by the medial wall of the sinus, which is also the lateral wall of the nasal cavity.
Note the presence of a sinus septum (arrow).

Fig 1-1 The maxilla shown from an anterior angulation. Borders of the max¬
illa include the floor of the orbit, the zygomatic bone, and the lateral borders
of the nasal cavity. The alveolar process forms the inferior boundary.

inferior nasal concha, the perpendicular plate of the pala¬
tine bone, and the uncinate process of the ethmoid bone.
The ostium of the sinus drains to the middle meatus, the
space inferior to the middle nasal concha, on the lateral
nasal wall (Fig 1-3). The posterior wall of the sinus faces
the maxillary tuberosity, the roof forms the floor of the
orbit, and the floor of the sinus extends inferiorly into
the alveolar ridge of the maxilla, most commonly in the
area of the second premolar and first and second molars.
Innervation of the mucosa lining the maxillary sinus is
provided by the posterior, middle, and anterior superior
alveolar nerves and the infraorbital nerve, all branches of
V2. The blood supply is primarily from branches of the
maxillary artery accompanying these nerve branches, as

well as the descending palatine artery, which accompa¬
nies the greater and lesser palatine nerves, and sometimes
the posterior superior alveolar artery. During endodontic
surgery, it is important to be aware of the position of the
posterior superior alveolar nerve to avoid damaging it.

The maxillary sinus, like all the paranasal sinuses, is
lined by respiratory mucosa, comprising pseudostratified
ciliated columnar epithelium with goblet cells overlying a

rather thin lamina propria that adheres to the periosteum
coveringunderlyingbone (mucoperiosteum).The mucosa
covering the floor of the sinus— the sinus membrane— is

often somewhat thickened and is sometimes referred to as

the Schneiderian membrane clinically (Figs 1-4 and 1-5).

The alveolar process or ridge is the portion of the max¬

illa that houses the roots of the teeth. The cortical plate
forming the outer walls of this ridge is relatively thin, al¬
lowing the infiltration of anesthetics. Below the midpoint
of the inferior orbital rim, an infraorbital foramen pro¬
vides passage for the infraorbital nerve, a continuation of

the maxillary nerve (V2), along with infraorbital vessels.
A canine eminence shows the location of the root of the
canine tooth.Medial to this eminence is an incisive fossa,
and lateral to the eminence is a canine fossa (Fig 1-6).

The hard palate is formed primarily by the two lat¬
eral palatine processes of the maxilla, which fuse in the
midline to form the intermaxillary, or median palatine,
suture. Two transverse palatine sutures separate the pos¬

terior borders of the palatine processes of the maxilla
from the horizontal plates of the palatine bones, which
form the posterior third of the hard palate. These sutures

are sometimes incomplete laterally, forming greater pal¬
atine foramina that transmit the greater palatine nerves

and vessels.Posterior to the greater palatine foramina are

smaller lesser palatine foramina, located within the py¬
ramidal processes of the palatine bones and transmitting
the lesser palatine nerves and vessels. Just posterior to

the maxillary central incisors lies the incisive fossa, into
which open incisive canals by way of incisive foramina,
transmitting the nasopalatine nerves and sphenopalatine
vessels from the nasal cavity (Fig 1-7).

The oral portion of the maxilla is covered by mucosa.

The buccal or vestibular surface of the maxilla is cov¬

ered by alveolar mucosa, which transitions to attached
gingiva at the mucogingival junction. On the palatal
side, the mucosa covering the hard palate transitions to

the gingiva covering the tooth-bearing alveolar process.
Much of the hardpalate is covered by a mucoperiosteum,
characterized by the attachment of collagen fibers in the
lamina propria that blend with the underlying perioste¬
um, without an intervening submucosa. A median pala¬
tine mucosal raphe indicates the location of the median
palatine suture. Anteriorly, immediately posterior to the

2
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Fig 1-4 Coronal CBCT image of a slightly thickened sinus membrane
(arrows).

Fig 1-3 A coronal section of the maxillary sinus using cone beam computed
tomography (CBCT) imaging. Note the close proximity of the root tips to the
floor of the sinus (red arrows).
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Fig 1-5 The mucosa covering the floor and walls of the sinus is sometimes
referred to as the Schneiderian membrane clinically. The arrows point to a
section left during the dissection. Notice its thin, delicate nature.

Fig 1-6 The canine eminence (yellow arrows) shows the location of the root
of the canine tooth. Medial to this eminence is an incisive fossa (blue arrows),
and lateral to the eminence is a canine fossa (red arrows).
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Fig 1-7 (a and b) Remarkable features of the hard palate include the intermaxillary suture (blue arrows), greater palatine foramina (red arrows), and lesser
palatine foramina (green arrows). Note the supplemental foramina (yellow arrows) in the posterior region (b).
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Fig 1-8 (a) At the inferior tip of the medial pterygoid plate, just posterior to the lateral aspect of the hard palate, is a hooklike process called the hamulus (red
arrows), (b andc) The medial (red arrows) and lateral (blue arrows) pterygoid plates of the sphenoid bone seen in axial view in dry skull and CBCT images.
(d) Coronal CBCT image showing the medial (redarrows) and lateral (blue arrows) pterygoid plates.

central incisors, a small midline incisive papilla indicates
the location of the incisive fossa, and projecting laterally
from the midline is a series of mucosal ridges called pala¬
tine rugae. Posterior to this lies a fatty region underlying
the mucosa as well as a glandular region that contains
numerous mucoserous minor salivary glands, or palatine
glands. The mucosa of the hard palate transitions to the
mucosa covering the soft palate, a muscular and glandu¬
lar structure that blends laterally into the palatoglossal
andpalatopharyngeal folds, or anterior and posterior pil¬
lars of the fauces, the opening of the oral cavity into the
oropharynx. The soft palate, also called the palatine ve¬

lum, terminates posteriorly in the midline by a small mus¬

cular projection, the uvula, which serves to close off the
oropharynx from the nasopharynx during swallowing.

The posterolateral border of the hard palate, just pos¬
terior to the greater and lesser palatine foramina, articu¬

lates or fuses with the pterygoid process of the sphenoid
bone.This process is made up of medial and lateralptery¬

goidplates, which run vertically just posterior to the hard
palate.Between the twopterygoidplates lies thepterygoid
fossa, and above that is a small scaphoid fossa. The later¬
al and medial pterygoid muscles have attachments to the
lateral pterygoid plate, and the tensor veli palatini muscle
attaches to the scaphoid fossa of the medial pterygoid
plate. At the inferior tip of the medial pterygoid plate,
just posterior to the lateral aspect of the hard palate, is
a hooklike process called the hamulus (Fig 1-8). The ten¬

don of tensor veli palatini hooks over the hamulus before
inserting into the soft palate. The hamulus also serves as
a point of attachment for the pterygomandibular raphe
and for the superior pharyngeal constrictor. Overactive
pterygoid muscles can generate myofascial pain, which
can mimic endodontic symptoms.

4
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The Bony Framework

Neurovascular supply to the maxilla

Blood supply. The maxilla with its associated soft tis¬

sues
artery, a terminal artery that branches from the external
carotid artery deep to the ramus of the mandible and

travels through the infratemporal fossa, where it gives off
branches to the muscles of mastication and surrounding

structures. The inferior alveolar artery originates from

this portion of the maxillary artery. The maxillary artery

then passes through the pterygomaxillary fissure to pro¬

vide blood supply to the palate via the descending pal¬
atine artery; the walls of the nasal cavity and anterior

palate via branches of the sphenopalatine artery; the mu¬

cosa of the maxillary sinus and the maxillary teeth via the
posterior, middle, and anterior superior alveolar arteries;
and the floor of the orbit and part of the face via the
infraorbital artery.The blood supply to this region is sup¬

plemented by the facial/angular artery and its superior
labial and lateral nasal branches, as well as the ascending
palatine and tonsillar branches.

and teeth are supplied primarily by the maxillary

I

0

Fig 1-9 Anterior view of the mandible.

branch divides into zygomaticotemporal and zygomati¬
cofacial nerves, which supply skin and soft tissues in the
zygomatic region of the face. From the zygomatic nerve,
a small communicating branch carries postganglionic fi¬
bers to the lacrimal nerve, a branch of the ophthalmic
division of the trigeminal nerve, to provide stimulation
for lacrimal gland secretion. The posterior, middle, and
anterior superior alveolar nerves supply the pulps and
periodontium of maxillary teeth and the mucosa of the
maxillary sinus.

Nerve supply. The maxillary region of the face and
oral cavity are both supplied primarily by branches of
the maxillary division of the trigeminal nerve (V2). This
nerve branches from the trigeminal ganglion in the mid¬
dle cranial fossa and passes through the foramen rotun-

dum to enter the upper part of the pterygopalatine fos¬
sa. In this fossa, the maxillary nerve is connected to the
pterygopalatine ganglion, a parasympathetic ganglion,by
two small pterygopalatine (sphenopalatine) nerves. These
little nerves conduct sensory fibers to the ganglion, from
which they are distributed to the nasal and oral regions.
Preganglionic parasympathetic fibers from the superior
salivatory nucleus in the pontine tegmentum of the brain
stem travel with the facial nerve to the geniculate ganglion,
where they leave the facial nerve as the greater petrosal
nerve. This nerve travels in a small groove on the floor of
the middle cranial fossa, joining with the deep petrosal
nerve, which is composed of postganglionic sympathetic
fibers from the superior cervical ganglion. Together, the
greater and deep petrosal nerves combine to form the
nerve of the pterygoid canal (Vidian nerve), which passes
through the pterygoid canal to enter the pterygopalatine
fossa. The preganglionic parasympathetic fibers synapse
in the pterygopalatine ganglion, from which postgangli¬
onic fibers are distributed with sensory fibers from V2
to the nasal and oral regions. Postganglionic sympathetic
fibers from the deep petrosal nerve accompany the post¬
ganglionic parasympathetic and sensory fibers. Major
branches from the pterygopalatine ganglion include lat¬
eral nasal branches, the nasopalatine nerve, greater and
lesser palatine nerves, posterior superior alveolar nerves,
and the infraorbital nerve, which gives rise to the middle
and anterior superior alveolar nerves. A small zygomatic

Mandible

The mandible, a horseshoe-shaped bone forming the chin
and lower jaw, is the only movable bone in the head (oth¬
er than the ossicles in the middle ear) (Fig 1-9). The body
of the mandible is the horizontal portion of the bone
supporting the teeth, and the ramus is the more vertical
posterior portion articulating with the temporal bone.
Anteriorly in the midline is the symphysis menti, a site
of fusion of two mandibular primordia during the em-

bryologic development of the mandible that forms much
of the chin. Extending outward and downward from the
midline is a triangular-shaped mental protuberance; its
two inferior angles are known as mental tubercles. Two
incisive fossae are found just superior to the tubercles.
A mental foramen is located laterally about midway be¬
tween the lower margin of the body of the mandible and
the alveolar crest, at approximately the level of the first
premolar or slightly more posteriorly, although the po¬
sition is variable. An oblique line begins partway back
along the body, starting near the inferior border and ter¬

minating as the anterior border of the ramus and leading
up to the triangle-shaped coronoid process. The posterior
border of the ramus meets the inferior border of the body
of the mandible at the (gonial) angle of the mandible.
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dibular fossa. These two fossae house the major salivary
glands with the same names. Extending anteroinferiorly
from the mandibular foramen is the mylohyoid groove,
which accommodates the nerve going to the mylohyoid
and anterior digastric muscles. A roughened area on the
inner surface of the angle of the mandible is the attach¬
ment of the medial pterygoid muscle (Fig 1-10).

The muscular tongue fills most of the oral cavity prop¬
er (the space interior to the dental arches) and is separated
from the mandibular dental arch by the sublingual sulcus
(floor of the mouth). The mucosa of the sulcus overlies
several important structures: the submandibular duct, the
lingual nerve, and more inferiorly the hypoglossal nerve,
in addition to the vena comitans of the hypoglossal nerve.

In the anterior region of the floor of the mouth are the
sublingual glands, one on either side of the tongue, form¬
ing sublingual folds (plicae).The tongue is attached to the
floor of the mouth and dental arch by the midline lingual
frenulum. The mucosa of the floor of the mouth, as with
the maxilla, transitions to gingiva on the medial aspect of
the alveolar process of the mandible. Each lip also has a

midline frenulum that attaches the lip to the alveolar bone
of its associated dental arch. An overactive frenulum can

cause mucogingival defects, which can have implications
for esthetics and for endodontic implant placement.

Fig 1-10 The internal or deep
dibular fossa (green arrows), the

surface of the mandible. Note the subman-
mylohyoid line (redarrows), the lingula (blue

arrow), and the mandibular foramen (yellow arrow).

The area just anterior and superior to the angle is rough¬
ened, indicating the area of attachment for the masseter

muscle. Superior to the posterior border of the ramus

is the condylar process, formed of the rounded condyle
that articulates with the mandibular or glenoid fossa of
the temporal bone, with a narrow neck of the mandible
just proximal to the condyle. Just inferior to the medial
aspect of the condyle is the pterygoid fovea, a point of
attachment for the lateral pterygoid muscle. The depres¬
sion along the superior border of the ramus, between the
condyle and coronoid process, is the mandibular notch,
which allows passage of the masseteric nerve and vessels
going to supply the masseter muscle.

On the medial or deep surface of the ramus of the
mandible, roughly midway between the inferior border
of the mandible and the mandibular notch and approxi¬
mately midway between the anterior and posterior bor¬
ders of the ramus, is the mandibular foramen through
which the inferior alveolar nerve and vessels enter the
mandible to be distributed to the mandibular teeth and
soft tissues. Just anterosuperior to the mandibular fora¬
men, a triangular bony protuberance, the lingula, serves
as an attachment for the sphenomandibular ligament as

well as a landmark for administration of inferior alveo¬
lar nerve blocks. In the midline of the anterior aspect of
the mandible, on its deep surface, the genial tubercles or

spines serve as attachments for the genioglossus and ge¬
niohyoid muscles. Extending posteriorly along the body
of the mandible is the oblique mylohyoid line, which
serves as the attachment for the mylohyoid muscle. Su-
peroanterior to the mylohyoid line is the sublingual fossa,
and inferoposterior to the mylohyoid line is the subman-

Neurovascular supply to the mandible and
associated structures

Blood supply. The mandibular region is supplied primar¬
ily by branches from the facial, lingual, and maxillary ar¬

teries. The facial artery is a branch of the external carotid
artery,entering the facial region by curving around the in¬
ferior border of the mandible about midway between the
mental tubercle and the angle of the mandible, and then
running diagonally toward the corner of the mouth and
then just lateral to the nose, where it becomes the angular
artery. The facial artery gives off submental, inferior, and
superior labial branches and a lateral nasal branch. The
lingual artery supplies the tongue by way of deep lingual
and dorsal lingual branches. The sublingual artery sup¬
plies the floor of the mouth, the sublingual salivary gland,
and surrounding muscles.

The inferior alveolar artery originates from the maxil¬
lary artery in the infratemporal fossa and travels with the
inferior alveolar nerve through the mandibular foramen
into the mandibular canal, where it gives off branches to

the pulp andperiodontium of mandibular teeth. A mental
artery branches off, passes through the mental foramen
with the mentalnerve, and supplies the lower lip and chin
area. A buccal artery, also from the maxillary artery, sup¬
plies much of the buccal region, anastomosing with the
facial artery.

6

www.konkur.in

Telegram: @dental_k



AnatomicalDanger Zones in Endodontic Surgery

HR
m

l
'j

yr

*** Ay
gmti

1FfflgP
* \ r

Lit "J l f# -1
r

** V*/ i£M I\/:h.* j

WWS
L

3“Wfcl?T x;f J

;
JA

Wzi
Fig 1-11 (a) Coronal CBCT image showing roots extending well superior to the floor of the sinus (redarrows), (b) The dissection also shows the floor of the
sinus dropping down between the root apices (blue arrow).

Maxillary sinus (antrum of Highmore)Nerve supply. The primary nerve supply to the mandib¬
ular region is via the mandibular division of the trigemi¬
nal nerve (V3).Branches from this nerve supply both sen¬

sory and motor innervation. The mandibular nerve (V3)

emerges from the trigeminal ganglion by passing through
the foramen ovale into the infratemporal fossa, where it
gives off motor branches to the muscles of mastication
along with tensor tympani and tensor veli palatini, and
supplies the mylohyoid muscle and the anterior belly of
the digastric muscle. The lingual nerve supplies general
sensation to the anterior two-thirds of the tongue, the mu¬

cosa covering the floor of the mouth, and lingual gingiva
associated with mandibular teeth. The buccal nerve sup¬
plies the skin of the buccal region and the buccal mucosa

and buccal gingiva for both mandibular and maxillary
teeth. The inferior alveolar branch travels through the
mandibular foramen, giving off branches to tooth pulp
and periodontium, and terminates by giving off mental
and incisive branches, which supply the chin, lower lip,
and gingiva in the region of the mandibular incisors.

The maxillary sinus is one of the first of the paranasal
sinuses to form during fetal development.2 As a person
ages, the maxillary sinus expands laterally and inferiorly,
until its floor finally lies about 4 to 5 mm inferior to the
level of the floor of the nasal cavity.3-5Inedentulous areas,
the sinus floor can drop to become nearly level with the
height of the alveolar ridge; this pneumatization of the si¬
nus has implications for oral surgical procedures such as

implant and apical endodontic surgery. As the floor of the
sinus continues to descend, it comes to lie in proximity
to the apices of maxillary teeth (Fig 1-11), primarily the
second premolar and the first and second molars.3 Inrare

cases, the floor of the sinus can extend as far anteriorly as

the canine root.3 With time, the bone forming the floor of
the sinus can thin considerably, allowing the roots to pro¬
trude into the sinus3 (Fig 1-12). Eberhardt et al6 showed
in a CT study that the apex of the mesiobuccal root of
the maxillary second molar was closest to the sinus floor.
This relationship can often be adequately seen with pan¬
oramic radiography, but CT provides better resolution7
(Fig 1-13).Nimigean et al4 reported that alveolar recesses

(depressions betweenroot apices) were present in52% of
cases, increasing the risk of penetration into the antrum

during surgical procedures. They described three differ¬
ent relationships between tooth roots and the floor of the
sinus: (1) one in which there is a thick layer of bone be¬
tween the root and the floor, (2) one in which there is only
a very thin layer of bone between root and antrum, and
(3) one in which the root apices penetrate into the floor of
the sinus, with the roots being covered only by the sinus
membrane.8-11In the study by Nimigean et al,4 the buccal
roots of the first and second molars were most likely to

penetrate the sinus floor.

Anatomical Danger Zones in
Endodontic Surgery

In performing endodontic surgery, a number of anatom¬

ical, histologic, and neurovascular structures are vulner¬
able to damage. In order to avoid damaging these struc¬

tures, a thorough understanding of the anatomy and
histology associated with the areas adjacent to the roots

of the teeth is imperative. The remainder of this chapter
focuses on these “danger areas,”while chapter 2 focuses
on the histology of the oral cavity.
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Fig 1-12 (a andb) Notice the small fenestrations into the floor of the sinus; in addition, one can appreciate the close proximity of the
greater palatine nerve to the palatal roots of the maxillary second and third molars (blue arrows). The CBCT image is aligned in the
coronal plane of the first molar, showing the mesial buccal and palatal root.
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Fig 1-13 (a) Panoramic reconstruction from a
CBCT scan showing the relationship between
the sinus floor and root apices, (b) CBCT image
showing a multiplanar reconstruction (MPR).

i
H:

I •

v.

i/

Aw

;y-'
8

www.konkur.in

Telegram: @dental_k



AnatomicalDanger Zones in Endodontic Surgery
OH

r7~

M

M

5

1
m

d
IK

Fig 1-15 A small sinus septum is present on this CBCT image (red arrows). The sinus
membrane is also visible on this reconstruction (blue arrows).

Fig 1-14 A portion of the sinus membrane (red
arrows) was left on the anterior floor of the maxil¬
lary sinus. Note the double ostium (blue arrows) in
the posterior superior portion of the sinus.

have some sort of septum. Krennmair et al20 suggest that
these septa often result from bone resorption of the floor
of the sinus after tooth loss or from increased pneuma-
tization over time. According to Krennmair et al,20 these
septa tend to form most frequently in the anterior part of
the sinus, but other studies reported prevalence in other
locations.22-25 Most of the septa are oriented vertically,
but Giil§en et al19 report on two cases showing horizontal
septation of the sinus and suggest that this will affect the
ability to elevate the sinus membrane to place implants.
It is important to examine the sinus radiographically
for septa before performing procedures that could dis¬
turb the floor or membrane of the maxillary sinus. Par¬

tial blockage of the ostium, anthroliths in the sinus, and
other benign to aggressive pathologies might be present

on CBCTs and should be evaluated whenever the sinus is

present in the scan (Fig 1-15).

The function of the paranasal sinuses remains largely
unknown. Theories include roles such as humidification
and warming of inspired air, assisting in regulating intra¬
nasal pressure, increasing the surface area of the olfactory
membrane, lightening the skull to maintain proper head
balance, imparting resonance to the voice, absorption of
shocks to the head, contributing to facial growth, and
perhaps as evolutionary remains of useless air spaces.3
When radiographic imaging includes these areas, any ab¬
normalities should be noted.

The sinus membrane, the mucosa lining the maxillary
sinus (Fig 1-14), is formed of an epithelial layer of pseu-

dostratified ciliated columnar tissue (respiratory epithe¬
lium) sitting on a lamina propria; it is attached to the
periosteum lining the bone, which forms the walls of the
sinus. While Testori12 states that the normal thickness
of this membrane is 0.13 to 0.5 mm, Janner et al13 re¬

ported that the thickness varies from 0.16 to 34.61 mm,
with the mucosa being thicker in men than in women,
and suggested that any thickening greater than 2 mm is
pathologic. Srouji et al14 showed that the deeper layer of
the membrane contains osteoprogenitor cells that could
potentially be stimulated to differentiate into osteoblasts,
which could then build up the sinus floor. When proce¬
dures affecting the floor of the maxillary sinus are per¬
formed (eg, for placing implants), the sinus membrane
is often elevated from the floor of the sinus, so that it
remains intact during the procedure. It has been shown
that damage to the membrane can make the sinus more

susceptible to infection and other complications.15 Yildi-
rim et al16 showed that in cases where the floor of the
sinus is indented by maxillary teeth, the mucosa tends to

be thicker than the floors of sinuses without indentations.
Many maxillary sinuses are partially or completely

divided into smaller compartments by bony septa, often
called Underwood’s septa12’17~21 (see Fig 1-2). Maestre-
Ferrin et al17 report that between 13% and 35.3% of sinuses
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Fig 1-16 (a) The incisive canal opens in the hard palate just posterior to the central incisors by way of the incisive fossa (red arrow).
(b) CBCT image of the incisive canal and foramen. 1, coronal; 2, sagittal; 3, superior axial; 4, middle axial; 5, inferior axial.

posite or posterior to the third molar, about 1.5 cm from
the median suture, and about 0.2 cm from the posterior
border of the hard palate30-32; it can be as far as 0.47

cm from the posterior margin of the hard palate in some

ethnic groups.31 The opening is most often in an inferior
or vertical position and less commonly in an anterior or

horizontal position,30 although this varies with ethnici¬
ty.32 A bony projection similar to the lingula is occasion¬
ally present along the posterior boundary of the foramen,
separating it from the lesser palatine foramen.30

The lesser palatine foramen is located posterior to the
greater palatine foramen. Although there is typically only
one on each side, there can be two or more foramina per
side. The most common position of the lesser palatine
foramen is at the junction of the palatine bone and the
inner lamella of the pterygoid plate.31

The greater palatine foramen is the opening for the
greater palatine canal (Fig 1-17), which transmits the
greater and lesser palatine nerves and the descending pal¬
atine artery, which then branches into greater and lesser
palatine arteries before exiting their respective foramina.
The walls of the greater palatine canal are formed ante¬

riorly by the infratemporal surface of the maxilla, pos¬
teriorly by the pterygoid process of the sphenoid bone,
and medially by the perpendicular plate of the palatine

Maxillary incisive fossa and canals
The maxillary incisive canal (Fig 1-16), so named because
of its proximity to the maxillary incisors, is a cylindric or

funnel-shaped tube connecting the nasal cavity with the
oral cavity and transmitting the nasopalatine nerve. The
sphenopalatine artery, a terminal branch of the maxillary
artery, anastomoses with the greater palatine artery in the
canal.The incisive canal opens in the hardpalate just pos¬
terior to the central incisors by way of the incisive fossa.
The incisive canals are larger, and the bone anterior to

the canal is thicker in men than in women.26-28 The bone
anterior to the canal thins with age, even in dentulous
patients. The canal is shorter in edentulous patients than
in dentulous patients.27 Careful attention should be paid
when performing apical surgery, root canal therapy, or

implant surgery in close proximity to this area.

Greater palatine foramen

While traditional textbooks29 describe the greater pala¬
tine foramen as being at the lateral extremity of the trans¬

verse palatine suture or opposite the maxillary second
molar, it is actually more posteriorly located— either op-
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Fig 1-17 The greater palatine canal is in close proximity

to the maxillary palatal root of the second molar and should

be given great care in surgical planning and treatment. The

red arrows indicate the position of the canal and foramen

in multiplanar CBCT imaging as well as dry skull anatomy. mg V;
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Fig 1-18 The mandibular canal shown in MPR CBCT re¬
construction as well as dissection. The redarrows show the
course of the canal and nerve. In this case, the canal loops
in the anterior region (blue arrow). This looping must be con¬
sidered for surgical treatments in this area.
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process.33 The close proximity of these structures, espe¬
cially when dealing with palatal surgical approaches to

the maxillary second and third molars (see Fig 1-12), re¬

quires vigilant attention to minimize possible postsurgi-
cal complications.

Mandibular canal
The mandibular canal begins at the mandibular foramen
on the inner surface of the ramus of the mandible and con¬

tinues downward and forward in the body of the mandi¬
ble, approximately midway between the superior and in¬
ferior borders of the mandible (Fig 1-18). However, there
is variation in the vertical position of the canal.35 In one

study,36 it was reported that the average distance between
the inferior border of the mandible and the mandibular
canal was 10.52 mm. The mean maximum diameters of
the mandibular canal, inferior alveolar nerve, inferior al¬
veolar artery, and inferior alveolar vein were 2.52, 1.84,
0.42,and 0.58 mm,respectively.36 Gowgiel37reported that
the canal was located near the lingual cortical plate and

Greater palatine nerve
Before or after exiting the greater palatine foramen, the
greater palatine nerve splits into several branches that
supply sensory and secretory fibers to the mucous mem¬

branes of the hard palate and palatal gingiva.34 Because
of this branching pattern, one should avoid incisions
without first dissecting out these vital structures.
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Fig 1-19 Impacted third molar. The roots can cause devia¬
tion or narrowing of the canal. Red highlighting emphasizes
the proximity of the roots to the canal. This MPR CBCT re¬
construction shows that care must be taken when planning
treatment.

HE /
Ji

s
k

FM
I!

I

Fig 1-20 CBCT imaging and dissection showing root apex
location in relationship to the mandibular nerve and canal.
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In some cases the canal runs in the lower half of the body
of the mandible, and in some cases the upper half.42 The
canal is often found on the lingual side of the mandible
posteriorly and then moves toward the vestibular side
of the mandible in the anterior portion. Factors like age,

race, and sex can affect the course of the canal and the
structures within it.43 The canal often bifurcates or even

trifurcates. The inferior alveolar nerve (IAN) typically
gives off mental and incisive branches. There can be du¬
plicate canals.43 Wadhwani et al44 suggested that if there
is difficulty achieving anesthesia of the lower lip and chin
area, it could be due to anatomical variation such as ad¬
ditional mandibular canals and IAN branches. He pro¬

poses that during embryologic development, the IAN is
actually made up of three separate nerves supplying the
posterior, middle, and anterior teeth and that these three
nerves fuse to form the IAN. Failure of these nerves to

fuse could be the cause of the multiple canals.In addition,
there is variation in the location of neurovascular struc¬

tures within the canal. It is difficult to detect bifid canals

that there was thicker cortical and trabecular bone on the
buccal side of the canal than on the lingual side. Monaco
et al38 showed that the roots of third molar teeth can be
located either buccal or lingual to the mandibular canal
or that the canal can pass between the roots. They also
showed that with an impacted third molar (Fig 1-19), the
roots can cause a deviation or a narrowing of the canal.39
On radiographs, the mandibular canal often appears as

a pair of parallel white lines with a dark region between
them. On CBCT scans, the canal often appears as round
or oval in cross section but sometimes is not readily vis¬
ible. Wadu et al40 reported that there is a lot of variation
in the radiographic appearance of the canal, as well as the
actual composition of the canal wall— what appears to be
radiopaque cortical bone on radiographs often turns out

to be porous and trabecular in dissections.
The roots of molars can be located lingual or buccal to

the canal, or the canal can be located apical to the roots.

In some cases the canal passes between the roots, and in
rare cases the roots go around the canal and then rejoin.41
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on panoramic radiographs, whereas with CBCTs they are

much more easily detectable. In two-dimensional (2D)

images, the mylohyoid groove can imitate an extra ca¬

nal.45 Atieh39 used three radiographic features to indicate

the relationship between molar roots and the canal: dark¬

ening of the root, interruption of the radiopaque borders,
and diversion of the mandibular canal. If these features

identifiable, then panoramic radiography is adequate.
Juodzbalys et al43 report that the inferior alveolar ar¬

tery is most frequently on the lingual side and slightly

superior to the nerve.Hsu et al46 measured distances from
the lingual and buccal cortical plates to the canal and
from the top of the canal to the superior surface of the
alveolar ridge. They also measured the average thickness
of the cortical bone at the upper surface. They found that
the cortical bone was thicker near the second premolar
than the first molar.

4. Mandibular canal narrowing: Narrowing of the
mandibular canal where it is superimposed on or is
in contact with the root(s) of the mandibular third
molar

5. Root narrowing: Narrowing of the root(s) of the
mandibular third molar where the mandibular canal
crosses it

6. Root deviation: Abrupt deviation in form (dilacer¬
ation) of the root(s) of the mandibular third molar
where it is superimposed on or is in contact with the
mandibular canal

7. Bifid apex: Bifid and dark apex of the root(s) of the
mandibular third molar where the mandibular canal
crosses it

8. Superimposed: Superimposition of the root(s) of the
mandibular third molar and the mandibular canal

9. Contact mandibular canal: Root(s) of the mandibu¬
lar third molar in contact with the superior border
of the mandibular canal

are

Relationship of roots to canal

The roots of molar and premolar teeth are often in

close proximity to the mandibular canal. Biirklein et al47
showed that in multirooted teeth, the distal roots of mo¬

lars were closer to the mandibular canal compared with
the mesial roots (Fig 1-20). A direct relationship between
the root tips and the mandibular canal was found in

3.2% of second premolars, 2.9% of first molars, 15.2%

of second molars, and 31.3% of third molars.47 In wom¬

en, roots tended to be closer to the canal than in men.

The right and left sides tended to be symmetric. The
distance between root tips and the canal is increased in
young adulthood. Burklein et al47 provided evidence that
extrusion of filling materials from root tips during end¬
odontic procedures can cause nerve damage. Abdulla48
showed that the mesial roots of first and second molars
are nearer to the canal than the distal roots and that the
second molar roots are closer to the canal than first molar
roots. One group49 identified nine radiographic features
that showed the relationship between tooth roots and the
mandibular canal:

Many studies suggested that 3D imaging (CBCT) is
much more effective in showing the relationship between
roots and the canal and avoiding damage than 2D im¬
aging (panoramic radiography).42,45,47,
question regarding the relationship of the canal in an area

where surgical intervention will take place, CBCT imag¬
ing is highly recommend if not required.

If there is any49-51

Branching and other aspects of the nerve

Ikeda et al52 reported that there are typically three main

nerve branches from the IAN: the ramus retromolaris, the
rami molares, and the ramus incisivus (Fig 1-21). Starkie
and Stewart53 showed that there are often nerve plexuses
branching from the IAN. They have identified a postero¬

internal alveolar plexus and an anteroexternal incisor

plexus. Within the mandible, the IAN has dental and in¬
terdental branches. The dental branches form the dental
plexus and innervate the teeth; the interdental branches
innervate the alveolar bone, the periodontium, and the
gingiva.54 Wadu et al40 demonstrated that the main nerve

divides into its incisive and mental branches in the mo¬

lar area well before reaching the mental foramen and
that the incisive branch supplies the canine and incisors.
They also demonstrated that a molar branch leaves the
main IAN soon after entering the mandibular canal and
gives off oblique branches to the root tips. Fibers from
this branch sometimes reach as far mesially as the sec¬

ond premolar. Wadu et al40 report cross innervation of
the incisive branches, with a dominance of the right side
supporting the left.

1. Radiolucent band: Increased radiolucency of the
root(s) of the mandibular third molar where the
mandibular canal crosses it

2. Loss ofmandibular border: Interruption of the radi¬
opaque lines that represent the superior and inferior
borders of the mandibular canal where it crosses the
root(s) of the third molar

3. Change in mandibular canal direction: Significant
change in the direction of the mandibular canal
where it is superimposed on or is in contact with the
root(s) of the mandibular third molar
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Fig 1-21 Branching of the IAN. Branches indicated by white arrows supply
teeth and surrounding tissues. The yellow arrow indicates the origin of the
mental nerve, and the blue arrows show an incisor plexus.
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A Fig 1-22 Variations in the mental foramina, (a) Normal
presentation, (b) Main foramen with two supplemental
foramina (arrows), (c) Two smaller foramina (arrows).
(d) No visible foramen present.

Mental foramen sons. Iwanaga et al59 investigated the size and location of
accessory mental foramina and showed that most of these
house a branch of the mental nerve, with only a few cases
showing arteries exiting from the accessory foramina. Sis-
man et al66 refers to these accessory foramina as accessory
buccal foramina.

The mental nerve is often described as having three
branches, two of which form an incisor plexus labial to

the teeth, supplying the gingiva and possibly the perios¬
teum. The third branch supplies the skin of the chin and
lower lip.67 Iwanaga et al59 identified four branches: a

mental branch, a medial inferior labial branch, a lateral
inferior labial branch, and an angular branch. There is
often an anterior loop of the mental nerve present within
the bone mesial to the mental foramen.S1’56’68 However,
reports of the incidence and length of the loop and its
visibility on radiographs varies widely.51 The nerve can

be damaged in this area if the clinician is unaware of its
presence. While the mental foramen is often detectable on

The mental foramina are two openings in the body of
the mandible through which pass the mental nerves and
accompanying vessels (Fig 1-22). Hiatt and Gartner55 lo¬
cate them at the level of the mandibular second premo¬
lar, inferior to the interproximal region between the first
and second premolars. During mandibular growth, the
position and orientation of the mental foramina change
from facing forward to facing upward and backward.29
However, there is variation in position from subcanine
to submolar51’56 as well as in number— normally there is
one on either side, but there are sometimes multiple fo¬
ramina, or in rare cases the foramen is absent. So there is
interindividual variation in size, shape, number, location,
symmetry, and orientation of the mental foramen as well
as variations between ethnic groups.51,57-65 Based on re¬

cent studies,56 the incidence of multiple foramina seems

highest in Japanese populations and lowest in white per-
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Fig 1-23 Lingual foramina (blue arrows) on the inner aspect
of the mandible in the midline. These are typically situated
above or between the mental spines (genial tubercles). The lin¬
gual canal (redarrows) can have single or multiple branches.

Fig 1-24 Genial tubercles (red arrows) with multiple lingual foramina (white arrows) and a
V-shaped lingual canal (green arrows).

panoramic radiographs, it is often not clearly visible.69’70
Again, CBCT scans provide better information than con¬

ventional 2D images.
According to Mohammadi,54 periapical infections, over¬

filling, and apical surgery are endodontic causes for par¬
esthesia of the mental and incisive nerves. Irrigation with
sodium hypochlorite can irritate the nerve periapically.
The location of the mental foramen should be determined
before apical surgery. Its location can change treatment

planning.

concluded that the mandibular incisive nerve typically
extends closer to the midline than previously reported.71
Yovchev et al73 demonstrated that the canals traveled me¬

dial to the mental foramina and between the lingual and
vestibular cortical plates of the anterior mandible. Raitz
et al76 showed that exclusively using panoramic radiogra¬
phy causes serious underestimation of the presence of an

incisive canal, whereas CBCT is much more effective in
identifying the canal.With CBCT,Yovchev et al73 estimat¬
ed the prevalence of mandibular incisive canals at more

than 92%. Their data also suggest that the mandibular
incisive canal is wider in men than in women and also
wider on the right side of the body. As with other ana¬

tomical structures, there is variation in size, shape, and
location.77

Mandibular incisive canals
The mandibular canal housing the IAN and vessels is de¬
scribed as terminating by bifurcating into (1) a mental
canal leading to the mental foramen and (2) an incisive
canal transmitting nerves and vessels to the mandibular
canines and incisors71,72 and occasionally first premolars.73
These incisive branches have been described as forming
a delicate plexus that is undetectable in radiographs.74
Mraiwa et al75 demonstrated mandibular incisive canals
both by imaging and by dissection in the bone of the chin
area. Most of these canals showed a well-corticalized
border located in the central region of the bone near the
symphysis menti. The canals showed a slight downward
course from their origin to their termination.The authors

Lingual foramen and canal

An examination of the inner aspect of the mandible in the
midline reveals one or more small foramina, typically sit¬
uated above or between the mental spines (genial tuber¬
cles) (Fig 1-23). Tepper et al78 showed that while 100%
of examined mandibles had midline foramina, a large
percentage also had foramina located lateral to the mid¬
line. They also demonstrated that many mandibles had
multiple lingual foramina (Fig 1-24). They cite a number

15

www.konkur.in

Telegram: @dental_k



(I Anatomical Zones inEndodontic Surgery

15. Sakkas A, Konstantinidis I, Winter K, Schramm A, Wilde F. Effect of Schneiderian
membrane perforation on sinus lift graft outcome using two different donor sites:
A retrospective study of 105 maxillary sinus elevation procedures. GMS Interdis-
cip Plast Reconstr Surg DGPW 2016;5:Doc11.

16. Yildirim D, Eroglu M, Salihoglu M, Yildirim A, Karagoz H, Erkan M. The relation¬
ship between dental indentation and maxillary sinusitis. Open J Medical Imaging
2013;3(2):65— 68.

17. Maestre-Fernn L, Galdn-Gil S, Rubio-Serrano M, Penarrocha-Diago M,
Peharrocha-Oltra D. Maxillary sinus septa: A systematic review, Med Oral Patol
Oral Cir Bucal 2010;15(2):e383-e386.

18. Rancitelli- D, Borgonovo AE, Cicciu M, et al. Maxillary sinus septa and anatomic
correlation with the Schneiderian membrane. J Craniofac Surg 2015:26:1394-
1398.

19. GOI§en U, Mehdiyev i, Ungor C, Jentiirk MF, Ula§an AD, Horizontal maxillary sinus
septa: An uncommon entity. Int J Surg Case Rep 2015;12:67-70.

20. Krennmair G, Ulm CW, Lugmayr H, Solar P. The incidence, location, and height
of maxillary sinus septa in the edentulous and dentate maxilla. J Oral Maxillofac
Surg 1999;57:667-671.

21, Malec M, Smektala T, Tutak M, Trybek G, Sporniak-Tutak K. Maxillary sinus septa
prevalence and morphology— Computed tomography based analysis. Int J Mor-
phol 2015;33:144-148.

22. Underwood AS. An inquiry into the anatomy and pathology of the maxillary sinus.
J Anat Physiol 1910 Jul;44(pt 4):354-369.

23. Velasquez-Plata D, Hovey LR, Peach CC, Alder ME. Maxillary sinus septa: A
3-dimensional computerized tomographic scan analysis. Int J Oral Maxillofac
Implants 2002;17:854-860.

24. Kim MJ, Jung UW, Kim CS, et al. Maxillary sinus septa: Prevalence, height, lo¬
cation, and morphology. A reformatted computed tomography scan analysis. J
Periodontal 2006;77:903-908.

25. Gonzalez-Santana H, Penarrocha-Diago M, Guarinos-Carbo J, Sornl-Broker M. A
study of the septa in the maxillary sinuses and the subantral alveolar processes
in 30 patients, J Oral Implantol 2007;33:340-343.

26, Al-Amery SM, Nambiar P, Jamaludin M, John J, Ngeow WC. Cone beam com¬
puted tomography assessment of the maxillary incisive canal and foramen: Con¬
siderations of anatomical variations when placing immediate implants. PLoS One
2015;10(2):e0117251.

27. Tozum TF, Gtincu GN, Yildirim YD, et al. Evaluation of maxillary incisive canal char¬
acteristics related to dental implant treatment with computerized tomography: A
clinical multicenter study. J Periodontal 2012;83:337-443.

28. Guncu GN, Yildirim YD, Yilmaz HG, et al. Is there a gender difference in anatomic
features of incisive canal and maxillary environmental bone? Clin Oral Implants
Res 2013;24:1023-1026.

29. Berkovitz BKB, Moxham BJ. A Textbook of Head and Neck Anatomy. Chicago: Year
Book Medical Publishers, 1988.

30. Westmoreland EE, Blanton PL. An analysis of the variations in position of the
greater palatine foramen in the adult human skull. Anat Rec 1982;204:383-388.

31. Piagkou M, Xanthos T, Anagnostopoulou S, et al. Anatomical variation and mor¬
phology in the position of the palatine foramina in adult human skulls from
Greece. J Craniomaxillofac Surg 2012;40(7):e206— e210.

32. Chrcanovic BR, Custodio AL. Anatomical variation in the position of the greater
palatine foramen. J Oral Sci 2010;52:109-113.

33. Howard-Swirzinski K, Edwards PC, Saini TS, Norton NS, Length and geometric
patterns of the greater palatine canal observed in cone beam computed tomog¬
raphy. Int J Dent 2010;2010.pii:292753.

34. Hafeez NS, Ganapathy S, Sondekoppam R, Johnson M, Merrifield P, Galil KA.
Anatomical variations of the greater palatine nerve in the greater palatine canal.
J Can Dent Assoc 2015;81:f14.

35. Nortje CJ, Farman AG, Grotepass FW. Variations in the normal anatomy of the
inferior dental (mandibular) canal: A retrospective study of panoramic radiographs
from 3612 routine dental patients. Br J Oral Surg 1977;15:55-63.

36. Kilic C, Kamburoglu K, Ozen T, et al. The position of the mandibular canal and
histologic feature of the inferior alveolar nerve. Clin Anat 2010;23:34-42.

37, Gowgiel JM. The position and course of the mandibular canal. J Oral Implantol
1992;18:383-385.

38. Monaco G, Montevecchi M, Bonetti GA, Gatto MR, Checchi L. Reliability of pan¬
oramic radiography in evaluating the topographic relationship between the man¬
dibular canal and impacted third molars. J Am Dent Assoc 2004;135:312-318.

39. Atieh MA. Diagnostic accuracy of panoramic radiography in determining relation¬
ship between inferior alveolar nerve and mandibular third molar. J Oral Maxillofac
Surg 2010;68:74-82.

of studies where hemorrhages occurred following im¬
plant placement because clinicians were unaware of the
presence of these tiny canals that conduct blood vessels
within the mandible and between the mandible and the
lingual mucosa. McDonnell et al79 demonstrated by dis¬
section that an anastomosis between sublingual arteries

formed a vessel that entered the lingual foramen. They
further showed that this vessel traveled through the canal
associated with the lingual foramen. Mraiwa et al75 ex¬

plained that spiral CT is more effective than either stan¬

dard intraoral radiographs or panoramic radiographs in
demonstrating the presence of these foramina/canals.
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mucus, along with a watery serous fluid. Some errone¬

ously call the oral mucosa a type of skin, but this is in¬
correct. Skin has its own set of properties that differ sig¬
nificantly from those of a mucosa. The term mucosa has
come to refer to any wet tissue lining a body passageway,
such as the digestive, respiratory, and urogenital tracts.

While the oralmucosa is continuous with skin at the lips,
it is a different entity. This membrane forms a barrier
against infection but also serves in secretion, sensation,
temperature regulation,13 and immunologic protection.14
The saliva, a portion of which is secreted by minor sali¬
vary glands embedded in the mucosa, mixes with food to

help break it down and digest it and also aids inspeaking.
A mucosa is composed of two distinct layers: an epi¬

thelium and an underlying and supporting layer of con¬

nective tissue termed the lamina propria. Most mucosae

lie upon yet another layer of connective tissue called the
submucosa, but this layer is sometimes reduced or absent
where the mucosa covers bone.13

The epithelium lining essentially the entire oral cavity
is a stratified squamous epithelium, similar to that form¬
ing the epidermal layer of the skin.In the skin, the epider¬
mis is made of morphologically and functionally distinct

In the practice of endodontic surgery, it is important
to have an understanding of not only the gross anato¬

my of the structures involved during different stages of
surgery (see chapter 1) but also the histology of these
tissues. An awareness of the properties of these tissues
and their capacity for healing and repair assists the den¬
tal practitioner in performing procedures with minimal
damage and optimal healing. A number of studies have
correlated histologic findings to outcomes of endodontic
surgical procedures.1-12 Endodontic surgical procedures
require an understanding of periodontal and periradicu-
lar tissues. This chapter is not an exhaustive examination
of periodontal and periradicular tissues but provides ba¬
sic and essential information regarding tissues involved
during endodontic surgery.

Oral Mucosa

The oral mucosa is the tissue lining the oral cavity. A
mucosa, or mucous membrane, is a wet tissue that con¬

tains glands that secrete a somewhat viscous liquid called
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Fig 2-2 Oral epithelium. A, nonkeratinized stratified squamous epithelium;
B, lamina propria.

Fig 2-1 Heavily pigmented epidermis (thin skin). A, stratum basale (note
the abundance of melanin produced by melanocytes); B, stratum spino-
sum; C, stratum granulosum (arrows point to cells containing dark purple
keratohyalin granules); D, stratum corneum.

the floor of the mouth. The epithelium is nonkeratinized
and generally thicker than in other regions of the oral
cavity. The lamina propria is also somewhat thicker than
in other parts of the mouth and is composed of lax, irreg¬
ularly distributed collagen fibers intermingled with elastic
fibers, allowing for stretching of the tissue (Fig 2-3).

Masticatory mucosa typically covers bone in places
like the hard palate and the attached gingiva, where the
mucosa is exposed to shearing forces such as when mas¬

ticating food. The epithelium of this mucosa tends to be
orthokeratinized, or at least parakeratinized. In the first
case, there is a stratum granulosum and a stratum corne¬

um similar to what we see in the skin.In the second case,
the surface cells, while containing some keratin, still have
pyknotic nuclei, and a stratum granulosum is not well
developed.13 Masticatory mucosa is able to withstand
abrasive forces and is much less distensible than lining
mucosa. The collagen fibers in the lamina propria are

grouped into tight bundles,providingmuch less give than
the lamina propria of lining mucosa. In the case of mas¬

ticatory mucosa, there is generally little, if any, submu¬
cosa. Collagen fibers from the lamina propria attach to

the periosteum covering the underlying bony structures,

which are invested by the masticatory mucosa, thus an¬

choring the mucosa and reducing its flexibility (Fig 2-4).
The mucosa covering the dorsum of the tongue is some¬

times referred to as a specialized mucosa,13 because al¬
though much of the epithelium is keratinized, the mucosa

remains flexible and is associated not only with mechani¬
cal function but also with general sensation and with the
sense of taste by way of numerous taste buds associated
with various papillae. Filiform papillae, the most abun¬
dant type of papillae, are keratinized and cone-shaped
and serve a mechanical function, holding food particles
and crushing them against the hard palate (Fig 2-5a).

These papillae are not furnished with taste buds.The fun-

layers of cells. The stratum basale, or basal layer, typically
only a single cell thick, is the deepest layer of cells and
is formed of a population of cells that act as stem cells,
undergoing frequent mitoses to produce the cells of the
more superficial layers. Also found in this basal layer, in
pigmented epithelia, are melanocytes, which produce the
pigment melanin, a dark substance that protects theDNA
of the epithelial cells from ultraviolet radiation. These
cells account for about 5% of the cells of the epidermis.14
The stratum spinosum, or “prickle cell”layer, is made up
of cells that, because of their attachment to adjacent cells
by desmosomes, appear to have spiny projections on their
surfaces. As the cells in the stratum spinosum move to¬

ward the surface of the epithelium, their shape changes
from rounded to slightly flattened, and their cytoplasm
fills with keratohyalin granules. These granule-filled cells
form the stratum granulosum. The superficial layer of the
epidermis, the stratum corneum, consists of dead cells
filled with filamentous keratin, which eventually detach
and are shed at the surface (Fig 2-1).

Most of the stratified squamous epithelium lining the
oral cavity is nonkeratinized (Fig 2-2), which means that
the layers of cells are modified from those forming the
epidermis. The stratum basale and stratum spinosum are

similar to those of the epidermis, but as the cells from
the stratum spinosum migrate toward the surface, they
do not become filled with keratohyalin granules (which
are involved in the keratinization process), so the next

layer is called the stratum intermedium.The surface layer
is made up of cells that are not keratinized and contain
viable organelles. This surface layer is called the stratum

superficiale.
There are regional variations in the oral mucosa. Lin¬

ing mucosa is the most widespread type, covering the in¬
ner surface of the lip, the buccal region, the soft palate,
the undersurface of the tongue, the alveolar region, and
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Fig 2-4 Masticatory mucosa (gingiva). A, free (marginal) gingiva (nonke-
ratinized); B, attached gingiva (parakeratinized); C, alveolar bone (alveolar
crest); D, periodontal ligament; E, root dentin; F, pulp chamber.

Fig 2-3 Lining mucosa (lip). A, nonkeratinized stratified squamous epithe¬
lium; B, papillary layer of lamina propria; C, reticular layer of lamina propria.
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Fig 2-5 Papillae of the tongue, (aj Filiform papillae. A, mucosa; B, submu¬
cosa formed primarily of skeletal muscle, (b) Foliate papillae. A, stratified
squamous nonkeratinized epithelium; B, each papilla has a lamina propria
core; C, papillary layer of lamina propria, (c) Circumvallate papilla. Arrows
indicate taste buds.
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in the posterior part of the tongue, are surrounded by a

deep sulcus, are keratinized on their upper surface, and
contain taste buds along their sides (Fig 2-5c). Special mi¬
nor salivary glands (of von Ebner) drain into the sulci
surrounding the papillae.

giform papillae, on the other hand, are rounded and non¬

keratinized and supplied with taste buds. Foliate papil¬
lae, more abundant in other mammals than in humans,
can be found along the lateral margins of the tongue in
rows, have a leaflike shape, and have taste buds along
their sides (Fig 2-5b). Circumvallate papillae are located
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of the tooth), in nonkeratinized. A healthy gingival sulcus
is between 0.5 and 3 mm deep. A deeper sulcus results
from gingival recession and is called a periodontal pock¬
et. The sulcus ends where the gingival epithelium lining
the sulcus, called sulcular epithelium,transitions to an ep¬
ithelium that is attached to the crown of the tooth, called
junctional epithelium. This area of attachment is called a

dentogingival junction. This junctional epithelium is un¬

usual in that an epitheliumnormally attaches to an under¬
lying collagen-based connective tissue by way of an inter¬
vening basal lamina. Here, an epithelial tissue attaches to

a calcified tissue— enamel— by way of hemidesmosomes.
Between the surface epithelial cells and the enamel (or ce-

mentumin the case of gingival recession) is what is called
an “inner”basal lamina. (The “outer”basal lamina lies
between the deep layer of epithelium and its underlying
lamina propria.) This epithelium is a unique modification
of stratified squamous nonkeratinizing epithelium.

Junctional epithelium tends to have a chronic low level
of inflammation, releasing fluid containing inflammatory
cells and cytokines into the gingival sulcus.

Mucosal Junctions
A mucocutaneous junction is a transition zone between
the skin and a mucosa. In the oral region, this occurs at

the lips, where the skin of the outer lip region transitions
to the mucosa of the inner lip at the red (vermilion) zone,
what most people consider as “the lip”proper. While
the red zone is keratinized, it lacks the hair follicles and
sweat glands present in the skin of the outer lip, but it
usually retains a few sebaceous glands, especially at the
corners of the mouth. This vermilion zone is red because
the dermal papillae extend close to the surface and con¬

tain capillary loops,giving this zone its coloration. As the
skin and vermilion zone transition to oral mucosa, the
epithelium goes from keratinized to parakeratinized to

nonkeratinized.13 The glands transition from sweat and
sebaceous in the skin to sebaceous in the vermilion zone

to mucous and serous in the oral mucosa.

The mucogingival junction is a fairly abrupt transition
from alveolar mucosa to the attached gingiva. This is ev¬

idenced by a change in color from a deep reddish-pink
of the alveolar mucosa to a pale pink with stippling of
the attached gingiva.There is a faint mucogingival groove

indicating where the transition occurs. At this junction,
the epithelium transitions from the gingival keratinized
or parakeratinized epithelium to the mucosal nonkera¬
tinized epithelium. The lamina propria of the gingiva
contains large bundles of collagen fibers that attach to

the underlying periosteum. This produces the stippled
appearance of the attached gingiva. The lamina propria
of the alveolar mucosa, by contrast, contains a looser ar¬

rangement of collagen fibers and abundant elastic fibers,
allowing the mucosa to return to its original form after
stretching. A free gingival groove separates the attached
gingiva from the free gingiva coronally and indicates the
point of attachment of the free gingiva.

The term alveolar mucosa refers specifically to the soft
tissue covering the alveolar processes of the maxilla and
mandible. This tissue is of the lining mucosa type and is
continuous with buccal and labial mucosa as well as the
mucosa forming the floor of the mouth. It transitions to

attached gingiva at the mucogingival junction.
The dentogingival junction, the interface between gin¬

giva and the crown of the tooth, is discussed below.

Palatal Mucosa

Because the masticatory mucosa is subject to abrasion
and shearing forces during chewing and other activities,
there must be a mechanism that tightly binds the epi¬
thelium to the underlying lamina propria and then the
lamina propria to the underlyingperiosteum. As with the
dermis of the skin,papillae of lamina propria project up¬
ward into the epithelial layer, providing a great overlap
between epithelium and connective tissue. At the same

time, rete pegs, downward projections of the epitheli¬
um, lie between the papillae of the lamina propria. The
combination of papillae and pegs serves to increase the
surface interface between epithelium and lamina propria,
thus anchoring the epithelium so that it will not separate

from the lamina propria when forces are applied to it.
The lamina propria is in its turn bound to the underlying
periosteum by collagen bundles so that the entire mucosa

is able to withstand shearing forces. In the lateral regions
of the hardpalate, a submucosa containing fat and glands
is interposed between the mucosa and the periosteum,
providing cushioning against the mechanical forces due
to chewing and action of the tongue.

Attached Gingiva

The attached gingiva, anchored to the alveolar bone,
transitions to free gingiva (marginal gingiva), which ex¬

tends above the alveolar crest. The buccal/labial side of
the free gingiva is keratinized, but the epithelium on the
coronal side of the free gingiva, facing into the gingival
sulcus (the space between the free gingiva and the crown

Lamina Propria

The lamina propria is a layer of connective tissue that un¬

derlies and supports the epithelial layer of a mucosa. The
term refers to the mucosa’s “own layer,”implying that
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Fig 2-6 Lamina propria. A, papillary layer; B, reticular layer; C, submu¬
cosa.
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Nerve Supplythe lamina propria is inseparable from its overlying epi¬
thelium. The lamina propria is separated from, yet firmly
attached to, the overlying epithelium by a basal lamina.
The lamina propria is subdivided into two somewhat
indistinct yet separate layers: (1) a superficial papillary
layer, so called because papillae extend upward into the
region of the epithelium from this layer, and (2) a thick¬
er and denser reticular layer, named for the fact that the
larger and more densely packed collagen fibers appear to

form a reticulum (Fig 2-6). The papillary layer is char¬
acterized by thin, loosely arranged collagen fibers and
capillary loops that extend up into the papillae, and the
reticular layer lies deep to it. The lamina propria, unlike
the epithelium, is richly supplied with vessels and nerves.

An amorphous ground substance fills the spaces between
cells, fibers, and neurovascular elements.

The typical cells found in the lamina propria include
the fibroblast, the most abundant cell type that is respon¬

sible for the secretion and turnover of ground substance
and fibers; the macrophage, a member of the mononucle¬
ar phagocytic system that is responsible for phagocytosis
of debris and foreign cells and that acts as an antigen-
presenting cell; the mast cell, a basophilic cell containing
histamine,heparin, and other substances involvedininflam¬
mation; and lymphocytes,plasma cells, and neutrophils, all
involved with immune function in the case of infection.

The nerve supply to the oral mucosa comes primarily
from the maxillary and mandibular divisions of the tri¬
geminal nerve, but with contributions from the facial,
glossopharyngeal, and vagus nerves. Most of the inner¬
vation is sensory, both general and special (taste). Effer¬
ent fibers provide sympathetic innervation to vessels and
glands.

Interdental Gingiva

The gingiva located between adjacent teeth takes the
form of a col, a depression with buccal and lingual peaks.
The epithelium is essentially junctional epithelium. In¬
flammation tends to be chronic in this area because of the
difficulty of eliminating debris and bacteria.

Periodontal Ligament

The periodontal ligament (PDL) is a strong connective
tissue that anchors each tooth to its socket, or alveolus.
The PDL develops from ectomesenchymal tissue concur¬

rently with the development of the root of the tooth. As
the root grows and as the tooth erupts, the collagen fi¬
bers within the PDL are remodeled to compensate for the
changing forces on the tooth. Once the tooth reaches full
occlusion, the pattern of periodontal fibers remains sta¬

ble unless other forces cause a change in fiber orientation
(eg, due to tooth movement, occlusal wear, etc). The role
of the collagen fibers in the PDL is to provide maximal
resistance to occlusal and interproximal forces being ap¬

plied to the tooth as well as to anchor and stabilize the
tooth. The fibers therefore assume a specific orientation
and attachment to surrounding tissues. In examining his-

Blood Supply

Large blood vessels that supply the oral mucosa are

found in the submucosa running parallel to the surface
epithelium. In the case of a mucoperiosteum, the vessels
are found in the reticular layer of the lamina propria. The
vessels derive primarily from the maxillary or facial arter¬

ies. Branches from these mucosal arteries extend upward
through the lamina propria, forming capillary networks
in the papillary layer.
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Fig 2-7 PDL fiber groups, (a) A, alveolar crest fibers; B, dentoperiosteal
fibers; C, dentogingival fibers; D, alveolar crest; E, dentin; F, gingival sulcus.
(b) A, oblique fiber group; B, cellular cementum; C, dentin; D, alveolar bone.
(c) A, apical fibers; B, apical cellular cementum; C, root dentin; D, alveolar
bone.
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tologic sections of the PDL, it is possible to identify these
specific groups of periodontal fibers. The fibers can be
divided into two broad categories: (1) the dentoalveolar
group,consisting of fibers attaching the tooth to the bone
of the tooth socket, and (2) the gingival fiber group,made
up of fibers connecting the tooth to the gingiva.13 Within
each group, five subgroups have been described. In the
dentoalveolar group, alveolar crest fibers link the bone
forming the crest of the tooth socket to the upper region
of the tooth root; horizontal fibers run in a horizontal
orientation along the sides of the root, from the root to

the wall of the alveolus; oblique fibers, like horizontal
fibers, attach the root to the wall of the alveolus but run

in an oblique orientation; apical fibers attach the apex of
the root to the adjacent alveolar bone; and interradicular
fibers, found only in multirooted teeth, attach the furca¬
tion zone of the tooth to the alveolus. Within the gingi¬
val group, dentogingival fibers anchor the free gingiva to

the upper part of the root; alveologingival fibers bind the
free gingiva to the alveolar crest area without attaching
directly to the tooth; dentoperiosteal fibers originate in
the cementum of the upper root, run above the alveolar
crest, and insert into the mucoperiosteum of the attached
gingiva; transseptal fibers run from the root of one tooth
over the alveolar crest to the root of an adjacent tooth,

without attaching to bone; and circular fibers run entirely
in the free gingiva, encircling the tooth without attaching
to it (Fig 2-7).

The primary cell type in the PDL is the fibroblast. This
cell retains the ability to both secrete and resorb collagen
fibers and ground substance, so that the PDL undergoes
frequent remodeling. There are ectomesenchymal cells in
the PDL that can give rise to new fibroblasts, and thus the
PDL has great reparative/regenerative capacity.

Alveolar Bone

Both the maxilla and the mandible have alveolar pro¬
cesses— ridges of bone that house the roots of the teeth in
sockets called alveoli. A lingual-buccal or lingual-labial
cut through each of these processes reveals that each alve¬
olar process consists of an external cortical plate, formed
of lamellar compact bone, and an internal layer of cancel¬
lous or spongy bone, formed of small bony trabeculae
that, like the compact bone,have a lamellar construction.
The spaces between trabeculae are filled with marrow

and blood vessels. Extending inward from the crest of
each alveolar process are the alveoli. The walls of the
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Fig 2-8 Alveolar bone proper, faj Cribriform plate. A, dentin; B, cementum; C, PDL; D, bony canal transmitting small blood vessels between bone and
PDL (these openings give this layer of bone its name); E, alveolar bone (note the immature “woven”appearance), (b) Bundle bone. Alveolar bone proper is
frequently referred to asbundlebone because of the presence of bundles of collagen (Sharpey fibers) from the PDL inserting into the bone matrix (arrows).

1*« AJJlgfaIS
-s?-

t®*£bi . rJ0 r> .1

* ;r -
1

-ÿ ,s;;

~ •

*

—
&

;
s

4?

' *v-
:

•b r* «- '
>

- .ÿv *0sr
. .

Fig 2-9 (a) Periosteum. Double-headedarrow indicates the full thickness of the periosteum. A, fibrous layer; B, osteogenic layer, (b) Endosteum (rat). Os¬
teoblasts (double-headedarrow) form this portion of the endosteum of a long bone; single-headedarrows indicate two osteoblasts, which upon embedding
themselves in bone matrix will become osteocytes.

clenching. Therefore, the bone often has a somewhat
immature appearance compared with other bone in the
region, with frequent reversal lines giving evidence of re¬

modeling (Fig 2-8).

The external surfaces of the cortical plates of the alve¬
olar processes are covered by a dense layer of connective
tissue called the periosteum. The periosteum is made up
of two distinct layers of material: (1) an outer fibrous
layer, composed of collagen fibers and ground substance
secreted by fibroblasts, and (2) an inner layer adjacent to

the bone surface formed of osteoprogenitor cells, which
under the right conditions will differentiate into osteo¬

blasts. So we say that the periosteum is formed of a fi¬
brous layer and an osteogenic layer. The inner surfaces
of bone, adjacent to the bone marrow, are lined by a cel¬
lular layer called the endosteum. This layer is composed
primarily of osteoblasts, along with flattened bone-lining
cells that are thought to be cells of the osteoblast lineage15
(Fig 2-9). Osteoblasts are large bone matrix-producing
cells, while lining cells are flattened and more metabol-

alveoli are formed of a dense layer of bone known as

alveolar bone proper. Radiographically, this bone tends
to be a little more radiopaque than the surrounding bone,
so it has been given the name lamina dura, literally “hard
plate.”This layer of bone is important in serving as an

attachment for the PDL by means of Sharpey fibers—
collagen fibers from the PDL that become partially em¬

bedded in the bone matrix as it mineralizes. The cemen¬

tum lining the external surface of the tooth root also con¬

tains Sharpey fibers, so that the tooth is anchored to the
alveolar bone proper. Because of the bundles of collagen
seen embeddedin the alveolar bone lining the tooth sock¬
et, this bone is sometimes called bundle bone. This bone
is also perforated with tiny canals or foramina that allow
the passage of blood vessels and nerves between the bone
and the PDL. These perforations have earned this layer of
bone the name cribriform plate, cribriform meaning
sieve-like or porous. Alveolar bone proper is a dynamic
tissue undergoing frequent remodeling because of chang¬
ing forces applied to the bone during mastication and
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Fig 2-10 faj Acellular cementum. A, dentin; B, acellular cementum covering root dentin; C, PDL; D, alveolar bone, (b) Cellular cementum. A, dentin; B,
cellular cementum covering root dentin; C, PDL; D, alveolar bone.

ically quiescent. Osteoclasts— bone-resorbing cells— are

occasionally seen in the endosteal layer in areas where
bone remodeling is occurring.

Apical Foramen
As the root of a tooth takes shape during tooth develop¬
ment, a foramen forms at the root tip that allows passage
of neurovascular structures between the pulp of the tooth
and the PDL (Fig 2-11). These nerves and vessels are

branches of the superior alveolar nerve and artery (max¬
illa) or the inferior alveolar nerve and artery (mandible).
The foramina range in size from 0.3 to 0.6 mm, with the
palatal roots of maxillary molars and the distal roots of
mandibular molars having the largest diameters.13 How¬

ever, there is considerable variation in the location, size,
and shape of apical foramina (Fig 2-12).

There is typically an apical constriction, defined as

“the apical part of the root canal with the narrowest di¬
ameter.”16 It is important to be aware that both the shape
and the location of the apical constriction are quite vari¬
able.16 The apical foramen typically does not extend to

the very apex of the root. Martos et al17 found that the
mean distance between the major apical foramen and the
root apex was 0.69 mm, with a greater distance in poste¬

rior teeth than anterior teeth. They also showed that the
foramen often deviates buccally or distally. There is also
variability in the shape and size of the apical foramen.18
In addition to the major foramen,many teeth have minor
or accessory canals and foramina (Fig 2-13). These have
been shown to be quite variable in number, location, and
size.19 In roots with multiple canals, the canals are often
connected to each other through one (Fig 2-14) or mul¬
tiple isthmi, which can complicate surgical endodontic
procedures20 (Fig 2-15).

Cementum

Of the four normal calcified tissues— enamel, dentin,
bone, and cementum— cementum is the least mineral¬
ized, with about 45% to 50% mineral content. Dentin
is sensitive to painful stimuli, so it is important to keep
it covered— by enamel in the crown and by cementum

in the root. As the root is being formed, cementoblasts
differentiate and begin to secrete matrix on the outer

surface of the root. In the cervical region, the layer of
cementum is thin and acellular. The layer of cementum

thickens progressively as the root grows apically and be¬
comes cellular in the apical part of the root. Two main

types of cementum have been identified. The first is called
acellular extrinsic fiber cementum, or primary cementum.

This is the cementum that is first produced as the root is
just beginning to form and is anywhere from 0 to 50 mi¬

crometers in thickness, depending on how apical the mea¬

surement is, which tooth it is, and how old the tooth is.
About halfway down the root, the cementum transitions
to cellular intrinsic fiber cementum (secondary cemen¬

tum). Embedded within the matrix of this cementum are

cementocytes in lacunae, which connect to one another
by processes lodged in canaliculi. Collagen fibers from
the PDL become embedded in the cementum just like they
do in bone, thus anchoring the tooth root to the alveolar
bone (Fig 2-10).
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ApicalForamen

Fig 2-11 The apical foramen is the pathway of
communication between the root canal of the tooth
and the PDL. (Courtesy of Dr Mahmoud Torabinejad,
Loma Linda, California.)
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Fig 2-13 A radiograph showing multiple accessory canals and
foramina in the mesiobuccal root of a mandibular first molar after
root canal treatment. (Courtesy of Dr Mahmoud Torabinejad, Loma
Linda, California.)

Fig 2-12 A cleared maxillary first molar showing the
complex canal anatomy of the mesiobuccal and pal¬
atal roots. (Courtesy of Dr Craig Barrington, Waxa-
hachie, Texas.)
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Fig 2-15 Multiple isthmi observed between the apical foramina of
the mesiobuccal root of a maxillary first molar after resection of this
root during an apical surgery. (Courtesy of Dr Richard Rubinstein,
Farmington Hills, Michigan.)

Fig 2-14 A large isthmus exists between the mesiobuccal and
mesiolingual of a mandibular first molar after resection of the mesi¬
al root. (Courtesy of Dr Steve E. Senia, San Antonio, Texas.)
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Bone Physiology
and Metabolism in
Endodontic Surgery

-OH

Sarandeep S. Huja, W. Eugene Roberts

Osteology

Differential osteology of the maxilla
and mandible

Bones have fascinated human beings since the dawn of
time.Much of what is known about the evolution of ver¬

tebrates is based on the ordered recovery of bones and
teeth from the soil. Over the millennia, these structures

tended to be well preserved. Compared with living bone,
teeth are relatively inert structures. Accretion capability
at the dentin-pulp interface (secondary dentin) is limit¬
ed, and some turnover of the cementum occurs because
of root resorption and cementum repair processes. The
enamel is a hard and inert structure,but bone is a dynam¬
ic structure that constantly adapts to its environment.
As a reservoir of calcium, bone remodeling (physiologic
turnover) performs a critical life support role in miner¬
al metabolism (Fig 3-1). In addition, the skeleton is the
structural scaffold of the body. Collectively bones are es¬

sential elements for locomotion, antigravity support, and
life-sustaining functions such as mastication. Adaptation
of bone is the physiologic basis of clinical practice. A de¬
tailed knowledge of the dynamic nature of bone physiol¬
ogy is essential for modern clinical practice.

Although equal and opposite functional loads are deliv¬
ered to the maxilla and mandible, the maxilla transfers
stress to the entire cranium, whereas the mandible must

absorb the entire load. Consequently, the mandible is
much stronger and stiffer than the maxilla. A midsagit-
tal section through the incisors (Fig 3-2) and a frontal
section through the molar region (Fig 3-3) show the dis¬
tinct differences in the osseous morphology of the maxil¬
la and mandible. The maxilla has relatively thin cortices
that are interconnected by a network of trabeculae. Be¬
cause it is loaded primarily in compression, the maxil¬
la is structurally similar to the body of a vertebra. The
mandible, however, has thick cortices and more radially
oriented trabeculae. The structural array is similar to the
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Fig 3-1 Artist’s rendering of the dynamic principles of cortical bone re¬
modeling by renowned dental illustrator Rolando De Castro. Remodeling is
a vascularly mediated process of bone turnover that maintains the integrity
of structural support and is a source of metabolic calcium. Osteoblasts are
derived from preosteoblasts circulating in the blood, and perivascular mes¬
enchymal cells give rise to osteoblasts. Note the three colored chevrons
(yellow, green, andorange) progressively marking the mineralization front of
the evolving second osteon that is moving superiorly on the left. (Reprinted
from Roberts et al’with permission.)
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Fig 3-3 Frontal section of the maxilla and mandible in the plane of the first
molars. Because it transmits masticatory loads to the entire cranium, the
maxilla has thin cortices connected by relatively fine trabeculae. The man¬
dible, however, is loaded in bending and torsion; it is therefore composed
of thick cortical bone connected by coarse, oriented trabeculae. (Reprinted
from Atkinson2 with permission.)

Fig 3-2 Midsagittal section of a human skull shows that the maxilla is
composed primarily of trabecular (spongy) bone. The opposing mandible
has thick cortices connected by relatively coarse trabeculae. (Reprinted
from Atkinson2 with permission.)

function (Fig 3-4). A clinical correlation consistent with
this pattern of surface strain is the tendency of some hu¬
man beings to form tori in the areas of maximal bending
and torsion (Fig 3-5). The largest tori are on the side on

which the individual habitually chews (preferential work¬
ing side).

shaft of a long bone and indicates that the mandible is
loaded predominantly in bending and torsion. This bio¬
mechanical impression based on osteology is confirmed
by in vivo strain-gauge studies in monkeys. FFylander3’4
demonstrated substantial bending and torsion in the
body of the mandible associated withnormal masticatory
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Fig 3-4 Stress patterns in the primate mandible during unilateral mastication. Fc and Fm are the condylar reaction and the resultant muscle forces on the
balancing side, respectively. Fbal is the force transmitted through the symphysis from the balancing to the working side. T and C indicate the location of
tensile stress and compressive stress, respectively, (a) During the power stroke, the mandibular corpus on the balancing side is bent primarily in the sagittal
plane, resulting in tensile stress along the alveolar process and compressive stress along the inferior border of the mandible, (b) On the working side, the cor¬
pus is twisted primarily about its long axis (it also experiences direct shear and is slightly bent). The muscle force on this side tends to evert the inferior border
of the mandible and invert the alveolar process (curvedarrow M). The twisting movement associated with the bite force has the opposite effect (curvedarrow
Bj. The portion of the corpus between these two twisting movements experiences maximal twisting stress. (Reprinted from Hylander4 with permission.)
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Fig 3-5 Occlusal view of the mandibular dentition of a male patient with
extensive buccal and lingual tori. Note that the exostoses are most exten¬
sive in the area of the second premolar and first molar, the area of maximal
torsion in the posterior segment of the mandible,

&

bone formed in response to healing is usually woven bone
(Fig 3-6). Woven bone is not found in the adult skeleton
under normal, steady-state conditions; rather, it is com¬

pacted to form composite bone, remodeled to lamellar
bone, or rapidly resorbed if prematurely loaded.6,7

Bone Physiology

Classification of bone tissue

During bone adaptation and growth, different bone types

can be observed histologically,and the practitioner should
have knowledge of these bone types.

Lamellar bone

In contrast to woven bone, lamellar bone, a strong, high¬
ly organized, well-mineralized tissue, makes up more

than 99% of the adult human skeleton (Figs 3-7a to

3-7c). When new lamellar bone is formed, a portion of
the mineral component (hydroxyapatite) is deposited by
osteoblasts during primary mineralization (Fig 3-7d).

Secondary mineralization, which completes the mineral
component, is a physical process (crystal growth) that
requires many months. Within physiologic limits, the

Woven bone

Woven bone varies considerably in structure; however it
is relatively weak, disorganized, and poorly mineralized.
Woven bone serves a crucial role in wound healing by (1)

rapidly filling osseous defects, (2) providing initial continu¬
ity for fractures and osteotomy segments, and (3) strength¬
ening a bone weakened by surgery or trauma. The first
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Fig 3-6 A section of human periodontium from the mandibular first molar
region shows a typical histologic response to orthodontic tooth movement.
With respect to the mature lamellar bone (L) on the ieft, the tooth (T) is
being moved to the right. The first bone formed adjacent to the periodontal
ligament (P) is woven bone (W). Subsequent lamellar compaction forms
primary osteons of composite bone (arrows). Bundle bone (B) is formed
where ligaments such as the periodontal ligament are attached. (Reprinted
from Roberts et al5 with permission.)
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Fig 3-7 (a) Microradiograph provides a physiologic index of bone turnover and relative stiffness. The more radiolucent (dark) osteons are the youngest, the
least mineralized, and the most compliant. Radiodense (white) areas are the oldest, most mineralized, and most rigid portions of the bone, (b) Polarized light
microscopy shows the collagen fiber orientation in bone matrix. Lamellae with a longitudinally oriented matrix (C) are particularly strong in tension, whereas
a horizontally oriented matrix (dark) has preferential strength in compression— arrows mark resorption arrest lines, and asterisks mark vascular channels.
(c) Multiple fluorochrome labels administered at 2-week intervals demonstrate the incidence and rates of bone formation, (d) This microradiograph shows
an array of concentric secondary osteons (haversian systems) characteristic of rapidly remodeling cortical bone. Primary (p) and beginning secondary (s)
mineralization are more radiolucent and radiodense, respectively, (Reprinted from Roberts et ,al8 with permission.)
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Fig 3-8 Epifluorescent photomicrograph demonstrating healing at an im¬
plant interface 12 weeks after implantation in a canine model. The original
cortical bone is undergoing secondary osteonai remodeling (green arrow)
with formation of secondary osteons. A periosteal callus is evident and
demonstrates woven bone (yellow arrow). Underneath the woven bone in
the older parts of the callus (blue arrows), lamellar compaction is clearly
seen with a mix of discrete and diffuse labels, where the woven bone is
being replaced with a more lamellar bone.

Fig 3-9 Trabecular bone remodeling in the vertebrae in a rat: Multiple fluo-
rochrome labels demonstrate bone formation (F) over a scalloped resorp¬
tion arrest line (S). (Reprinted from Roberts et al17 with permission.)

strength of bone is related directly to its mineral con¬
tent.9,10 The relative strengths of different histologic types

of osseous tissue can be stated thus: Woven bone is weak¬
er than new lamellar bone, which is weaker than mature

lamellar bone.11 Adult human bone is comprised almost
entirely of the remodeled variety: secondary osteons and
spongiosa.5,10,12

layers of bundle bone usually are seen adjacent to the
periodontal ligament (see Fig 3-6) along physiologic
bone-forming surfaces.16 Bundle bone is the mechanism
of ligament and tendon attachment throughout the body.

Skeletal Adaptation: Remodeling
and ModelingComposite bone

Composite bone is an osseous tissue formed by the depo¬
sition of lamellar bone within a woven bone lattice (Fig
3-8), a process called cancellous compaction.13’14 This
process is the quickest means of producing relatively
strong bone.15 Composite bone is an important interme¬
diary type of bone in the physiologic response to mechan¬
ical loading, and it usually is the predominant osseous

tissue for stabilization during the early process of postop¬

erative healing. When the bone is formed in the fine com¬

paction configuration, the resulting composite of woven

and lamellar bone forms structures known as primary
osteons. Although composite bone may be high-quality
load-bearing osseous tissue, it eventually is remodeled
into secondary osteons.5,11

Bone remodeling

Bone remodeling is a coupled sequential process of bone
resorption followed by bone formation (see Fig 3-7). Bone

remodeling occurs in both cortical bone (see Fig 3-7)
and trabecular bone (Fig 3-9) compartments of the skel¬
etal system. However, histologic sections reveal import¬
ant differences between bone remodeling in the cortical
versus trabecular bone at a tissue level. Histologically,
when viewed in transverse sections of long bones, the
end result of bone remodeling in cortical bone is the pro¬
duction of a new, circular-shaped osteon typically 200
to 300 microns in diameter (see Fig 3-7c). This type of
cortical bone remodeling can also be described as intra-
cortical secondary osteonai bone remodeling. Thus, the
remodeling occurs within the substance of the cortical
bone (in the intracortical compartment) and away from
the periosteal and endosteal surfaces. In addition, the os¬

teons that result from the bone remodeling process are

secondary osteons.18 These osteons have a reversal line,

Bundle bone

Bundle bone is a functional adaptation of lamellar struc¬

ture to allow attachment of tendons and ligaments. Per¬
pendicular striations called Sharpey fibers are the major
distinguishing characteristics of bundle bone. Distinct
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Fig 3-10 (a) A schematic drawing of trabecular bone remodeling over a 1-year interval shows the pattern of new bone formation (N) relative to old bone (0)

and osteoid seams (Os). The box marks an area of active trabecular resorption, which is magnified in part b. (b) A detailed drawing of an active remodeling
site shows a hemicutting/filling cone with a similar perivascular array of resorptive (R) and formative (F) cells as shown for cortical bone remodeling. The
osteoclastic and osteoblastic cell lines are red and blue, respectively. An unmineralized osteoid seam (solid red line) marks the bone-forming surface. (Re¬
printed from Roberts et al17 with permission.)
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wm Fig 3-11 The cutting/filling cone has a head of
osteoclasts that cut through the bone and a tail of
osteoblasts that form a new secondary osteon. The
velocity through bone is determined by measuring
between two tetracycline labels (1 and 2) adminis¬
tered 1 week apart. (Adapted from Roberts et al14
with permission.)
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by the osteoblasts.21 To restate, bone remodeling in both
cortical and trabecular bone involves the coordinated,
coupled activity of osteoclasts and osteoblasts.

Bone remodeling is a homeostatic process. It results
in the rejuvenation and replacement of old bone that has
served its purpose. It is unique to bone and does not oc¬

cur within the substance of other mineralized tissues such
as enamel, dentin, and cementum.This provides a distinct
advantage to bone and makes it a tissue that is capable of
regeneration. The bone remodeling also underlies the im¬
mense adaptive potential of this mineralized and hard tis¬

sue, both terms otherwise implying limited adaptability.22
From a functional standpoint, bone remodeling provides
for calcium and thus helps in precisely regulating calcium
levels in the body.18 From an evolutionary perspective,
bone acts as a calcium reservoir, allowing for life forms to

move away from the sea water. Without such a reservoir

and a method for mobilization of calcium stores, calcium
in the immediate environment (eg, sea water) was essen¬

tial for various cellular functions.

unlike primary osteons19 that lack one because no bone
resorption occurs in their development. In essence, pri¬
mary osteons are produced by bone formation and thus
not by a coupled process of bone resorption and bone
formation. In trabecular bone, the bone tissue structure

is frequently not wide enough to accommodate osteons

200 to 300 microns in size. Thus, only “hemi-osteonal”
surface bone remodeling (Fig 3-10) occurs in trabecular
bone.20 However, the bone remodeling is identical to that
of cortical bone as it follows the same coupled resorp¬
tion and formation process. A schematic drawing (see Fig
3-1Oa) of adult trabecular bone illustrates the pattern of
turnover associated with continuous remodeling to sup¬

port calcium homeostasis. An individual remodeling site
is shown in Fig 3-10b. The A— »R— >F process is similar
to the cutting/filling cones of cortical bone remodeling
(Fig 3-11). The trabecular bone remodeling mechanism is
essentially a hemicutting/filling cone.18 At a cellular level,
though very complex interactions exist, the resorption is
carried out by osteoclasts, and the formation is effected
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Fig 3-12 Orthopedic bone modeling related to growth in an adolescent
male involves several site-specific areas of bone formation and resorption.
Although extensive bone remodeling (ie, internal turnover) is also under¬
way, it is not evident in cephalometric radiographs superimposed on stable
mandibular structures.

Growth-related bone modeling in a
9- to 16-year-old male
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Resorption

HI Formation
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There are two terms used to further describe the type

of bone remodeling: stochastic and targetedP Stochastic
remodeling occurs somewhat uniformly throughout the
body (ie, the continuous repair and regeneration pro¬
cess). There are multiple sites (about 1million by some
estimates) in both trabecular and cortical bone at which
stochastic bone remodeling is occurring at any one time.
These remodeling sites also provide for metabolic calci¬
um.During calcium deprivation,24 bone remodeling is en¬

hanced, and the bone remodeling rate is increased with
more “cutting/filling cones”or osteons being produced
(see Fig3-11).Targeted remodeling occurs at a specific site
of injury and not throughout the entire body. A relevant
and easily understandable example is the bone-implant
interface. In placing an implant, microdamage (small lin¬
ear cracks) are created within the bone due to the inser¬
tion of the screw.25 The microdamage, a manifestation of
tissue injury in a mineralized tissue, is repaired by bone
remodeling.26 Thus, microdamage production stimulates
bone remodeling at the site of damage (ie, close to the
interface) and repairs the damaged bone. Another form
of bone injury is manifestation of diffuse damage.27 This
damage is not as clearly visible in histologic sections as

microdamage.Injury of bothhard and soft tissue produc¬
es a localized insult, and repair is targeted to that specific
area.

dyes can clearly distinguish bone remodeling and mod¬
eling.28,29 This contrast is not trivial, and the underlying
process and controls of bone remodeling and modeling
are different. It is not uncommon to find bone modeling
being measured in studies and being mistaken for bone
remodeling. This then leads to confusion in the literature
and more unfortunately to incorrect interpretations.

Bone modeling is a surface-specific activity and results
in a change in shape and size.18 It is an uncoupledprocess,
and the bone resorption and formation are not linked or

coupled in a sequential manner (Fig 3-12). The bone for¬
mation and resorption mediated by the osteoblasts and
osteoclasts respectively do not occur on the same bone
surface and occur independently of each other. One ex¬

ample of the end result of bone modeling that can occur

over a duration of years is the difference in the diameter
of the dominant arm of a tennis player from the contra¬

lateral nondominant arm.30 The bone of the dominant
arm has a diameter about 1.6-fold greater than the non¬

dominant arm. The change in size occurs over a period
of years and due to modeling events on the periosteal
surface (and endosteal surface) of the arm. This does not

mean that bone remodeling cannot occur within the cor¬

tical bone (intracortical compartment) independently or

simultaneously; however, they are two different processes
with different control mechanisms.31There are numerous

other examples of bone modeling, including the forma¬
tion of a callus after fracture of a bone (or insertion of
an endosseous implant) and changes seen on the surfaces
of bone (changes in shape and size) during growth (see
Fig 3-12). The surface changes are modeling, but there is
no doubt that remodeling is concurrently occurring with¬
in the bone. In fact, modeling occurs primarily during
growth (on periosteal and endosteal bone surfaces) and

Bone modeling

Bone modeling is a distinct and different process from
bone remodeling. These two processes are frequently con¬

fused even though they can be readily distinguished at a
histologic level.Histologic sections labeled with intravital
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Fig 3-13 (a) A hemisection of a cutting/filling cone moving to the left demonstrates the intravascular and perivascular mechanisms for coupling bone re¬
sorption (R) to formation (F) during the remodeling process. Lymphocytes (L) are attracted from the circulation by inflammatory cytokines. They help recruit
preosteoclasts (POcI) from the circulation. See text for details, (b) A magnified view of the head of a hemicutting/fiiling cone illustrates the proposed mech¬
anism for coupling bone resorption to formation via the genetic RANK/RANKL/OPG mechanism. The cutting head is stimulated by inflammatory cytokines
produced by osteocytes in damaged bone (left). Preosteoclasts have RANK receptors that are bound and activated by RANKL, probably produced or
mediated by T cells (lymphocytes) near the resorption front. Growth factors from resorbed bone (bottom) stimulate production of preosteoblasts, which then
produce OPG to block the RANK receptors on osteoclasts; the latter then withdraw from the scalloped surface and degenerate. Relatively flat mononuclear
cells (bottom center) form cementing substance to form a resorption arrest line. Osteoblasts (bottom right) produce new lamellar bone to fill the resorption
cavity. PG, prostaglandin; IL, interleukin. (Reprinted from Roberts et al17 with permission.)

remodeling (internal turnover) mobilizes and redeposits
calcium by means of coupled resorption and formation:
Bone is resorbed and redeposited at the same site. Os¬

teoblasts, osteoclasts, and possibly their precursors are

thought to communicate by chemical messages known as

couplingfactors.Transforminggrowth factor (3 is released
from bone during the resorption process; this cytokine
helps stimulate subsequent bone formation to fill resorp-

then decreases after maturity. It is activated again during
healing and other pathologic biologic processes (eg, bony
cyst producing expansion).

Modeling changes can be seen on radiographs (eg,
bony expansion or protuberance with tori), but remod¬
eling events, which usually occur at the same time, are

apparent only at the tissue level of examination. True re¬

modeling is not imaged onclinical radiographs.32 Constant
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is largely under the integrated biomechanical control of
functional applied loads. However, hormones and oth¬
er metabolic agents have a strong secondary influence,
particularly during periods of growth and advanced ag¬

ing. Paracrine and autocrine mechanisms, such as local
growth factors and prostaglandins, can override the me¬

chanical control mechanism temporarily during wound
healing.39 Remodeling responds to metabolic mediators
such as parathyroid hormone (PTH) and estrogen pri¬
marily by varying the rate of bone turnover. Bone scans

with 130Te-bisphosphate, a marker of bone activity,
indicate that the alveolar processes, but not the basilar
mandible, have a high remodeling rate.40’41 Uptake of the
marker in alveolar bone is similar to uptake in trabecular
bone of the vertebral column. The latter is known to re¬

model at a rate of about 20% to 30% per year, compared
withmost cortical bone that turns over at a rate of 2% to

10% per year.29 Metabolic mediation of continual bone
turnover provides a controllable flow of calcium to and
from the skeleton.

tion cavities.33 It is currently thought that growth factors

released from bone mediate the coupling process via a

genetic mechanism for activating and suppressing osteo¬

clasts. Thus, receptor activator of nuclear factor kappa-B
(RANK), RANK ligand (RANKL), and osteoprotegerin
(OPG) are gene products that control the remodeling se¬

quence of bone resorption followed by formation. This
ubiquitous genetic mechanism appears to be involved in
the inflammatory induction of bone resorption and the
coupling of bone formation at the same site34,3S (Fig 3-13).

Cortical Bone Growth and
Maturation

Cutting and filling cones

The rate at which cutting and filling cones progress

through compact bone is an important determinant of
turnover. The progression is calculated by measuring the
distance between initiation of labeled bone formation
sites along the resorption arrest line in longitudinal sec¬

tions.14 In a study using two fluorescent labels adminis¬
tered 2 weeks apart in adult dogs, the velocity was 27.7 ±

1.9 mm/day (mean ±SEM [standard error of the mean],
n = 4 dogs, 10 cutting and filling cones sampled from
each). At this speed, evolving secondary osteons travel
about 1mm in 36 days. Newly remodeled secondary os¬

teons (formed within the experimental period of the dog
study) contained an average of 4.5 labels (administered
2 weeks apart); the incidence of resorption cavities is
about one-third the incidence of labeled osteons.36 These
data are consistent with a remodeling cycle of about 12
weeks in dogs36 compared with 6 weeks in rabbits14 and
17 weeks in human beings.12,14 This relationship is use¬

ful for extrapolating animal data to human applications.
More recent experimental studies have shown that new

secondary osteons may continue to fix bone labels for up
to 6 months, indicating that terminal filling of the lumen
is slow.37

Traumatic or surgical wounding usually results in in¬
tense but localized modeling and remodeling responses.
After an osteotomy or placement of an endosseous im¬
plant, callus formation and resorption of necrotic osse¬

ous margins are modeling processes; however, internal
replacement of the devitalized cortical bone surrounding
these sites is a remodeling activity. In addition, a gradient
of localized remodeling disseminates through the bone
adjacent to any invasive bone procedure. This process,
called the regionalacceleratory phenomenon (RAP), is an

important aspect of postoperative healing.12,38
Modeling and remodeling are controlled by an interac¬

tion of metabolic and mechanical signals. Bone modeling

Bone remodeling rate

It is well known that cortical bone remodels at 2% to

10% per year while turnover in the trabecular bone is
30% to 35% per year.20,23 Trabecular bone is metabolical-
ly active and is the source of serum calcium.Interestingly,
in the alveolar bone that supports the tooth, the phys¬
iologic rate of cortical bone turnover can be as high as

35% per year, which is 3- to 10-fold higher than cortical
bone elsewhere (eg, in the long bones) in the body.42,43 In
implant adjacent bone, the rate of bone turnover can be
as high as 100% to 500% per year, suggesting intense
cortical bone remodeling in implant adjacent bone.44 It is
likely that this elevated turnover is required to maintain
a compliant zone of bone and to buffer for the modulus
mismatch between the implant and bone.

Regional acceleratory phenomenon

RAP was first described by Dr Harold Frost38 as a com¬

plex reaction to diverse noxious stimuli. He indicated
that it is an “SOS”mechanism and acceleration of nor¬

mal vital tissue processes. In humans, it lasts 4 months in
bone and somewhat less in soft tissues. Importantly,RAP
is a process of intermediary organization of tissues and
organs and is not revealed in isolated cells.This statement

is very important because it means that a conclusion that
RAP is occurring in an experimental system based on iso¬
lated cells is incorrect as originally defined. Initially RAP
was described in cortical tissues and later in trabecular
bone. RAP is not typically accompanied by osteopenia in
the cortical45 and trabecular46 bone.
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Fig 3-14 (a) The structural (S) and metabolic (M) fractions of cortical bone are revealed by multiple fluorochrome labeling of a rabbit femur during the late
growth and early adult periods. Continuing periosteal bone formation (right) contributes to structural strength, and high remodeling of the endosteal half of

the compacta provides a continual supply of metabolic calcium, (b) Structural and metabolic fractions of bone in the mandible. (Adapted from Roberts et
als with permission.)

Methods to Quantify Bone
Adaptation and Healing

Structural and metabolic fractions
The structural fraction of cortical bone is the relatively
stable outer portion of the cortex; the metabolic fraction
is the highly reactive inner aspect (Fig 3-14a). The pri¬
mary metabolic calcium reserves of the body are found
in trabecular bone and the endosteal half of the corti¬
ces, and thus these regions constitute the metabolic frac¬
tion. Diaphyseal rigidity is quickly enhanced by adding a

circumferential lamella at the periosteal surface. Even a

thin layer of new osseous tissue at the periosteal surface
greatly enhances bone stiffness because it increases the di¬
ameter of the bone. In engineering terms, cross-sectional
rigidity is related to the second moment of the area. Thus,
when a relatively rigidmaterial (bone shaft) is doubled in

diameter, the stiffness increases 16 times.
The addition of new osseous tissue at the endosteal

(inner) surface has little effect on overall bone strength.
Structurally, the long bones and mandible are modified
tubes— an optimal design for achievingmaximal strength
with minimal mass.9 Within limits, loss of bone at the
endosteal surface or within the inner third of the com¬

pacta has little effect on bone rigidity. The inner cortex

can be mobilized to meet metabolic needs without severe¬
ly compromising bone strength (Fig 3-14b); this is the
reason why patients with osteoporosis have bones with
a normal diameter but thin cortices. Even under severe

metabolic stress, the body follows a cardinal principle of
bone physiology: maximal strength with minimal mass.47

The morphology of bone has been well described, but its

physiology is elusive because of the technical limitations
inherent in the study of mineralized tissues. Accurate as¬

sessment of the mechanical response to applied loads re¬

quires time markers (bone labels) and physiologic indices
(DNA labels, histochemistry, and in situ hybridization)
of bone cell function. Systematic investigation with these
advanced methods has defined new concepts of clinical¬
ly relevant bone physiology. Specific assessment methods
include the following:

•Polarized light birefringence detects the preferential ori¬
entation of collagen fibers in the bone matrix.5

•Fluorescent labels (eg, tetracycline) permanently mark
all sites of bone mineralization at a specific point in time
(anabolic markers).5,43

•Microradiography assesses mineral density patterns in
the same sections.6

•Autoradiography detects radioactively tagged precursors
(eg, nucleotides and amino acids) used to mark physio¬
logic activity.48-50

•Nuclear volume morphometry differentially assesses

osteoblast precursors ina variety of osteogenic tissues.51

•Cell kinetics is a quantitative analysis of cell physiology
based on morphologically distinguishable events in the
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Fig 3-15 Calcium metabolism is a complex
physiologic process. Maintaining zero calcium
balance requires optimal function of the gut,
parathyroid glands, bone, liver, and kidneys.

PTH and the active metabolite of vitamin D,
1,25-dihydroxycholecalciferoi, are the major hor¬
mones involved. ECF, extracellular fluid. (Adapted
from Roberts et alB with permission.)
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osseous structure and function is fundamental to patient
selection, risk assessment, and treatment planning.47,62

Bone is the primary calcium reservoir in the body
(see Fig 3-14). About 99% of the calcium in the body is
stored in the skeleton. The continual flux of bone mineral
responds to a complex interaction of endocrine, biome¬
chanical, and cell-level control factors that maintain the
serum calcium level at about 10 mg/dL.

Calcium homeostasis is the process by which mineral
equilibrium is maintained. Maintenance of serum calci¬
um levels at about 10 mg/dL is an essential life-support
function. Life is thought to have evolved in the sea; calci¬
um homeostasis is the mechanism of the body for main¬
taining the primordial mineral environment in which
cellular processes evolved.63 Calcium metabolism is one
of the fundamental physiologic processes of life support.

When substantial calcium is needed to maintain the crit¬
ical serum calcium level, bone structure is sacrificed (Fig
3-15).The alveolar processes and basilar bone of the jaws
are also subject to metabolic bone loss.64 Even in cases of
severe skeletal atrophy, the outer cortex of the alveolar
process and the lamina dura around the teeth are pre¬
served. This preservation is analogous to the thin cortices
characteristic of osteoporosis.

Calcium homeostasis is supported by three temporally
related mechanisms: (1) rapid (instantaneous) flux of cal¬
cium from bone fluid (which occurs in seconds); (2) short¬
term response by osteoclasts and osteoblasts (which ex¬
tends from minutes to days); and (3) long-term control of
bone turnover (over weeks to months). Precise regulation
of serum calcium levels at about 10 mg/dL is essential

cell cycle (ie, DNA synthesis [S] phase, mitosis, and
differentiation-specific change in nuclear volume).51,

•Finite element modeling is an engineering method of
calculating stresses and strains in all materials, includ¬
ing living tissue.8,53-55

•Backscatter emission is a variation of electron microscopy
that assesses relative mineral density at the microscopic
level in a block specimen.56

•Microcomputed tomography is an in vitro imaging meth¬
od for determining the relative mineral density of osse¬
ous tissue down to a resolution of about 5 pm (about
the size of an osteoblast nucleus).57

•Microindentation testing is a method for determining
the mechanical properties of bone at the microscopic
level.58-61

52

Bone Metabolism

Bone metabolism is an important aspect of clinical den¬
tistry, and this section discusses the fundamentals of bone
metabolism with respect to clinical practice.

The skeletal system is composed of highly specialized
mineralized tissues that have structural and metabolic
functions. Structurally, lamellar, woven, composite, and
bundle bone are unique types of osseous tissue adapted
to specific functions. Bone modeling and remodeling are
distinct physiologic responses to integrated mechanical
and metabolic demands. Because of the interaction of
structure and metabolism, a thorough understanding of
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have low body fat and who exercise intensely (eg, run¬
ning or gymnastics) and in women who are anorexic.67

Estrogen replacement therapy (ERT) was widely rec¬
ommended for calcium conservation and the prevention
of osteoporosis in postmenopausal women.68,69 Elowever,
the increased incidence and progression of breast cancer
have greatly decreased the use of ERT.70 The antiestrogen
tamoxifen is used to treat some forms of breast cancer.
Fortunately, in postmenopausal women tamoxifen has a
beneficial effect on bone similar to that of estrogen.71 Ral¬
oxifene (Evista, Eli Lilly) has been shown to reduce the
risk of osteoporosis and heart disease without increasing
the risk of breast cancer. Some studies have even shown a
substantial anticancer protective effect.

for nerve conductivity and muscle function. A low serum
calcium level can result in tetany and death. A sustained
high serum calcium level is often a manifestation of hy¬
perthyroidism and some malignancies. Hypercalcemia
may lead to kidney stones and dystrophic calcification of
soft tissue. Normal physiology demands precise control
of the serum calcium level.62"64

Calcium Conservation

Calcium conservation is the aspect of bone metabolism
that involves preservation of skeletal mass. A failure in
calcium conservation stemming from a single problem or
a combination of metabolic and biomechanical problems
may leave a patient with inadequate bone mass for re¬
constructive dentistry. The kidney is the primary calcium
conservation organ in the body. Positive calcium balance
normally occurs during the growing period and for about
10 years thereafter. Peak skeletal mass is attained between
25 and 30 years. Zero calcium balance (see Fig 3-15) is
the ideal metabolic state for maintaining skeletal mass.
Preservation of bone requires a favorable diet, endocrine
balance, and adequate exercise.47,62

Metabolic Bone Disease

Osteoporosis is a generic term for very low bone mass
(osteopenia). The most important risk factor for the de¬
velopment of osteoporosis is age: After the third decade,
osteopenia is related directly to longevity. Other high-risk
factors are (1) a history of long-term glucocorticoid treat¬

ment, (2) slight stature, (3) smoking, (4) menopause or
dysmenorrhea, (5) lack of or little physical activity, (6)
low-calcium diet, (7) excessive consumption of alcohol,
(8) vitamin D deficiency, (9) kidney failure, (10) liver
disease (cirrhosis), and (11) a history of fractures. These
risk factors are effective in identifying 78% of those with
the potential for osteopenia.72,73 This is a good screening
method for skeletally deficient dental patients. However,
one must realize that more than 20% of individuals who
eventually develop osteoporosis have a negative history
for known risk factors. Any clinical signs or symptoms of
low bone mass (eg, low radiographic density of the jaws,
thin cortices, or excessive bone resorption) are grounds
for referral. A thorough medical workup, including a
bone mineral density measurement, usually is necessary
to establish the diagnosis of osteopenia. The term osteo¬
porosis usually is reserved for patients with evidence of
fracture or other osteoporotic symptoms. The treatment

of metabolic bone diseases such as osteoporosis depends
on the causative factors. Medical management of these
often complex disorders is best handled by physicians
specifically trained in bone metabolism.47,62

An increasing number of adults are seeking dental
treatment. All health care practitioners can play an im¬
portant role in screening patients with high-risk lifestyles.
Arresting the progression of metabolic bone disease is
preferable to treating the condition after debilitating
symptoms appear. A carefully collected history is the best
screening method for determining which patients should
be referred for a thorough metabolic workup. Clinicians

Endocrinology

Peptide hormones (eg, PTH, growth hormone, insulin,
and calcitonin) bind receptors at the cell surface and may
be internalized with the receptor complex. Steroid hor¬
mones (eg, vitamin D, androgens, and estrogens) are lipid
soluble and pass through the plasma membrane to bind
receptors in the nucleus.47,62 PTH increases serum calcium
by direct and indirect vitamin D-mediated effects. Clin¬
ically, a major effect of 1,25-dihydroxycholecalciferol is
induction of active absorption of calcium from the gut.

Sex hormones have profound effects on bone. Andro¬
gens (testosterone and other anabolic steroids) build and
maintain musculoskeletal mass. The primary hypertro¬
phic effect of androgens is an increase in muscle mass.
The anabolic effect on bone is a secondary biomechani¬
cal response to increase loads generated by the enhanced
muscle mass. Estrogen, however, has a direct effect on
bone; it conserves skeletal calcium by suppressing the ac¬
tivation frequency of bone remodeling.6S At menopause,
enhanced remodeling activation increases turnover.66 Be¬
cause a slight negative calcium balance is associated with
each remodeling event, a substantial increase in the turn¬

over rate can result in rapid bone loss, leading to symp¬
tomatic osteoporosis. Even young women are susceptible
to significant bone loss if the menstrual cycle (menses)
stops.15 Bone loss is a common problem in women who
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must assess carefully the probability of metabolic bone
disease.47,62

In addition to osteoporosis, clinicians should be par¬
ticularly vigilant for osteomalacia, a disease of poor bone
mineralization associated with vitamin D deficiency,29
and for renal osteodystrophy, a related condition in pa¬
tients with compromised kidney function.74

Dental treatment is usually contraindicated in patients
with active metabolic bone disease because of excessive
resorption and poor rates of bone formation. However, if
the metabolic problems (particularly negative calcium
balance) are resolved with medical treatment, these pa¬
tients can be treated, assuming that sufficient skeletal
structure remains. In fact, some individuals with osteopo¬
rosis retain near-normal jaw and alveolar bone, probably
because they have healthy oral structures that are loaded
normally. Apparently, under these circumstances, the dis¬
ease preferentially attacks bone and other parts of the
body with a less optimal mechanical environment.47,62,75

A study of all adult female dental patients at Indiana Uni¬
versity School of Dentistry showed that about 65% were
at high risk for developing osteoporosis (these women were
estrogen deficient or had at least two other risk factors).76

Osteoporosis is the most common metabolic bone dis¬
ease, but patients can be affected by many other osseous
pathologies, such as renal osteodystrophy, hyperparathy¬
roidism, hypoparathyroidism, hyperthyroidism, and os¬
teomalacia osteogenesis imperfecta. In addition, bone can
be compromised by a number of other systemic diseases.

With the use of more potent bisphosphonates to treat

osteoporotic patients including Reclast (Novartis), the
question has arisen whether tooth movement is retard¬
ed or, even more important, whether osteonecrosis of the
jaw (ONJ)77 will develop after tooth extractions. Animal
studies suggest that while potent bisphosphonates such
as zoledronic acid greatly suppress bone remodeling,78,79
they do not abolish the formation of new osteons at a
site of injury. In other words, bone remodeling at a tissue
level does occur in response to injury in an animal model
that has received potent and high-dose bisphosphonates.
However, the risks of drug-induced ONJ should be taken
into consideration prior to any dental treatment in pa¬
tients receiving intravenous bisphosphonates.

(1) growth and ischemic factors, (2) vascular induction
and invasion, and (3) mechanically induced inflamma¬
tion. The latter two are influenced by two major physical
influences: (1) diffusion limitation for maintaining via¬
ble osteocytes and (2) mechanical loading history80 (Fig
3-16).

Control of most bone modeling and some remodeling
processes is related to strain history, which is usually de¬
fined in microstrain (ps) (deformation per unit length X

10'6).81 Repetitive loading generates a specific response,
which is determined by the peak strain.
to simplify the often conflicting data, Frost87 proposed the
mechanostat theory. Reviewing the theoretic basis of this
theory, Martin and Burr10 proposed that (1) subthresh¬
old loading of less than 200 ps results in disuse atrophy,
manifested as a decrease in modeling and an increase
in remodeling; (2) physiologic loading of about 200 to
2,500 ps is associated with normal, steady-state activities;
(3) loads exceeding the minimal effective strain (about
2,500 ps) result in a hypertrophic increase in modeling
and a concomitant decrease in remodeling; (4) after peak
strains exceed about 4,000 ps, the structural integrity of
bone is threatened, resulting in pathologic overload. Fig¬
ure 3-17 is a representation of the mechanostat. Many of
the concepts and microstrain levels are based on experi¬
mental data.10,88 The strain range for each given response
probably varies between species and may be site specific
in the same individual.8,10,83-86 However, the mechanostat
provides a useful clinical reference for the hierarchy of
biomechanical responses to applied loads.

Normal function helps build and maintain bone mass.
Suboptimally loaded bones atrophy as a result of in¬
creased remodeling frequency and inhibition of osteo¬
blast formation.89 Under these conditions, trabecular
connections are lost and cortices are thinned from the
endosteal surface. Eventually the skeleton is weakened
until it cannot sustain normal function. An increasing
number of adults with a history of osteopenia caused by
metabolic bone disease are seeking dental treatment as
the population ages.

When flexure (strain) exceeds the normal physiolog¬
ic range, bones compensate by adding new mineralized
tissue at the periosteal surface. Adding bone is an essen¬
tial compensating mechanism because of the inverse rela¬
tionship between load (strain magnitude) and the fatigue
resistance of bone.90 When loads are less than 2,000 ps,
lamellar bone can withstand millions of loading cycles,
more than a lifetime of normal function. However, in¬
creasing the cyclic load to 5,000 ps, about 20% of the
ultimate strength of cortical bone, can produce fatigue
failure in 1,000 cycles, which is achieved easily in only a
few weeks of normal activity. Repetitive overload at less
than one-fifth of the ultimate strength of lamellar bone
(25,000 ps, or 2.5% deformation) can lead to skeletal
failure, stress fractures, and shin splints.

In an attempt

Mechanical Loading

Mechanical loading is essential to skeletal health. An
important element of bone biomechanics is the inflam¬
matory control of bone development, the adaptation to
applied loads, and the response to pathologic challenges.
The physiologic mechanism for controlling bone mor¬
phology involves inherent (genetic) and environmental
(epigenetic) factors. There are three genetic mechanisms:
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Fig 3-17 The mechanostat concept of Frost as defined by Martin and
Burr. Bone formation (F) and resorption (R) are the modeling phenomena
that change the shape and/or form of a bone. The peak strain history de¬
termines whether atrophy, maintenance, hypertrophy, or fatigue failure
occurs. Note that the normal physiologic range of loading (Maintenance
R=F) is only at less than 10% of maximal bone strength (spontaneous
fracture). Fatigue damage can accumulate rapidly at greater than 4,000 JJE.

Fig 3-16 The genome dictates bone morphology by a sequence of three
genetic mechanisms: (1) growth and ischemic factors, (2) vascular induc¬
tion and invasion, and (3) mechanically induced inflammation. The latter two
are influenced by two major physical influences: (1) diffusion limitation for
maintaining viable osteocytes and (2) mechanical loading history. (Reprint¬
ed from Roberts and Hartsfield80 with permission.)
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Fig 3-18 (a) A moderate load in the buccal direction results
in tipping displacement of the crown (1). In the absence of
vertical constraint, a normal healthy tooth would be expect¬
ed to extrude slightly because of the inclined plane effect of
the root engaging the tapered alveolus (2). As a result of di¬
minished bone support and destruction of restraining colla¬
gen fibers at the alveolar crest, a periodontally compromised
tooth may tip and extrude considerably more. Depending
on the occlusion, this displacement may cause an occlusal
prematurity (3). (b) Orthodontic tipping (1) with an extrusive
component (2) may produce an occlusal prematurity (3) and
mobility (4). An individual tooth in chronic occlusal trauma is
expected to fatigue the root apex continuously. This combi¬
nation of physical failure in a catabolic environment may lead
to progressive root resorption (5).
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From a dental perspective, occlusal prematurities or
parafunction may lead to compromise of periodontal
bone support. Localized fatigue failure may be a factor
in periodontal clefting, alveolar recession, tooth ablation
(cervical ditching), or temporomandibular joint arthro¬
sis. Guarding against occlusal prematurities and excessive
tooth mobility, while achieving an optimal distribution
of occlusal loads, is an important objective for dental
treatment.The human masticatory apparatus can achieve
a biting strength of more than 2,200 N, or more than
500 lbs of force.91,92 Because of the high magnitude and
frequency of oral loads, functional prematurities used
during dental or orthodontic treatment could contrib¬
ute to isolated incidences of alveolar clefting (Fig 3-18a)

and root resorption (Fig 3-18b). Excessive tooth mobility
should be monitored carefully during dental treatment.

Prevention of occlusal prematurities is a particular con¬
cern in treating periodontally compromised teeth.
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Pseudopodial process guides the
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Pericyte
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Mitosis of endothelial cell
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XT & Mitosis of pericyte;
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of endothelial celln Vacuoles form in the new cellsRemodeling/Repair of Root

Remodeling is the physiologic term for internal turnover

of a mineralized tissue without a change in its overall
form. Pioneer histologic studies by Dr Kaare Reitan have
demonstrated that root resorption cavities are usually re¬
paired (filled) with secondary cementum. In effect, this is
“repair”of the root of a tooth. This cementum repair is
very similar but not identical to remodeling of trabecular
bone. The similarities between bone remodeling and root

resorption are striking: Kimura and coworkers93 con¬
cluded that the “odontoclasts”of root resorption have
an intravascular origin similar to the osteoclasts of bone
remodeling. Considering all available evidence, it appears
that root resorption is a portion of the turnover process
to replace damaged root structure. Continuous forces,
particularly if they are associated with traumatic occlu¬
sion, may result in permanent loss of root structure18 if
multiple sites of root resorption communicate before the
initiation of their respective cementum repair phases.

o

Vacuoles join up to create the lumen
of the growing capillary; the process
repeats itself as the capillary sprout
elongates

Fig 3-19 Angiogenesis involves a well-defined sequence of capillary bud¬
ding followed by an extension of the perivascular network of pericytes,
which are the source of osteoprogenitor cells. EGF, epidermal growth fac¬
tor; TGF-p, transforming growth factor p. (Redrawn after Chang et al.94)

quence (Fig 3-20) was determined by in situ morphologic
assessment of three distinct events in cell physiology: (1)

DNA S phase, (2) mitosis, and (3) the increase in nuclear
volume (A' — > C shift) that accomplishes differentiation
to a preosteoblast.97

Careful cell kinetic analysis of mechanically induced
osteogenesis51 demonstrated that the initial mechanically
mediated step in osteoblast histogenesis is the differenti¬
ation of preosteoblasts from less differentiated precursor
cells (Fig 3-21). Subsequent studies further classified the
less differentiated precursor cells into committed osteo¬

progenitor (A') cells and self-perpetuating precursor (A)
cells.96 The morphologic marker for this key step in os¬
teoblast differentiation (change in genomic expression) is

an increase in nuclear volume— preosteoblasts have larg¬
er nuclei than their precursors.

Osteoblast Histogenesis and
Bone Formation

Osteoblasts are derived from paravascular connective
tissue cells (Fig 3-19). The less differentiated precursor
and committed osteoprogenitor cells are associated close¬
ly with blood vessels. Their progeny (preosteoblasts) mi¬
grate away from the blood vessels.The major rate-limiting
step in the histogenesis sequence occurs as the cells move
through an area of low cell density about 30 mm from
the nearest blood vessel.95 The osteoblast histogenesis se-
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Fig 3-20 Frequency distribution of nuclear volume for fibroblast-like cells
in unstimulated rat periodontal ligament. A, A', C, and D cells are a mor¬
phologic classification based on peaks in the distribution curve. The osteo¬
blast histogenesis sequence is a progression of five morphologically and
kineticaily distinguishable cells. The process involves two DNA S phases
and two mitotic (M) events. (Redrawn after Roberts and Morey96 with per¬
mission.)
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Fig 3-21 Differentiation of less differentiated
precursor cells to preosteoblasts involves an
increase in nuclear volume mediated by stress,
strain, or both. The increase in nuclear size is a
morphologic manifestation of change in genomic
expression (differentiation). (Reprinted from Rob¬
erts et al51 with permission.)
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ulation produces a slow but more sustained response that
requires almost 50 hours to reach the same osteoclast
density.

Because osteoclasts originate in the marrow, produc¬
tion of osteoclast precursor cells is under systemic (met¬

abolic) and local (hematopoietic) control. The reservoir
of circulating osteoclast precursors is controlled system-

ically. However, the localization of resorptive sites in the
PDL is regulated mechanically. Metabolic stimuli such as
PTH produce a relatively nonspecific resorption response
along previously resorbing surfaces.102 Mechanical induc¬
tion is a specific response that occurs only in the direction
of tooth movement. The current challenge is to under¬
stand the mechanical and biologic components of the re¬
sorptive mechanism.

Osteoclast Recruitment and
Bone Resorption

The osteoclast resorption rate is largely controlled by
metabolic factors, particularly PTH.98,99 No direct evi¬
dence exists to suggest that osteoclasts are produced in
the periodontal ligament (PDL) or at any other bone
surface. Preosteoclasts derived from the marrow enter

the PDL and adjacent bone through the blood circula-
52,100,101

Roberts and Ferguson52 compared the cell kinetics of
metabolic and mechanical induction of PDL resorption.
As shown in Fig 3-22, the number of osteoclasts per mil¬
limeter of bone surface is maximal about 9 hours after a

single injection of parathyroid extract. Mechanical stim-
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Fig 3-22 Metabolic (parathyroid extract [PTE]) versus mechanical stimu¬
lation of PDL osteoclastic activity. (Reprinted from Roberts and Ferguson62
with permission.)
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animal models. There are advantages and limitations of
each animal model; however, the three Rs (replacement,
reduction, refinement) are critical for any ethical animal
research.107

The healing response for an osseous excisional wound
has been described in a primate and canine model with108
and without109 root resection (Fig 3-23a). The defects are
initially filled with a coagulum consisting of disorganized
fibrin, which is then replaced by granulation tissue. The
granulation tissue consists of an extracellular matrix gen¬
erated by fibroblasts, immune cells such as neutrophils,
and macrophages. Abundant vascularization is key in ac¬
tive bone-formation areas (Fig 3-23b). At the remaining
cortical and trabecular bone edges, osteocytes forming a
thin layer are devoid of nuclei, suggesting that the bone
beneath the surface has been damaged; this is typically
seen as a deeply stained “basophilic”area. This deeply
stained area is likely the exposed mineralized matrix that
is absorbing the histologic stain and has accumulated
some diffuse damage at the ultrastructural level.27,110

At a tissue level, in both cortical and trabecular bone,
microdamage,26 best seen as linear cracks within the
bone, is a known stimulus for bone remodeling to occur
through a process described earlier in the chapter. At the
bone fronts on the endosteal surfaces, growth of trabec¬
ular bone takes place from the periphery to the center of
the excisional wound. Here pericytes from the endothe¬
lium of the blood vessels, undifferentiated mesenchymal
cells, and fibroblast-like cells differentiate into osteo¬

blasts and form small islands of bone. These islands then
enlarge and include metabolically active osteocytes (see
Fig 3-23b) in new islands of woven bone. These woven
bone surfaces can be lined by active osteoblasts that are
laying osteoid— the unmineralized matrix deposited by

Because osteoblasts and their precursors have a more
complete complement of bone-related receptors (ie, PTH,
growth hormone, and estrogen), they may play a role in
controlling osteoclasts.52,103,104 The intricate bone model¬
ing and remodeling responses require close coordination
of osteoblastic and osteoclastic function.105

Bone and Wound Healing in
Endodontics— Application of
Principles of Bone Physiology

The principles of bone biology outlined earlier in the
chapter can be directly applied to understanding osseous
healing after periradicular surgery. There are vast similar¬
ities between the healing after endodontic surgeries and
the healing after other corticotomies and osteotomies that
are performed for other purposes such as orthognathic
surgery, implant placement, or distraction osteogenesis,
because the fundamental process of bone healing is very
similar. In addition, the healing in the periradicular region
is also similar to that produced by a critical size defect,106
which is a frequent model to study enhanced materials,
drugs, and strategies to promote healing in large bony
defects.

Wound healing after periradicular surgery has pri¬
marily been studied in canine or monkey models because
the bone physiology and healing of these animals is very
similar to that which occurs in humans. Both models
possess secondary osteonal bone remodeling, which was
described earlier in this chapter. In addition, the bone
modeling response to repair is well demonstrated in these
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Fig 3-23 (a) Schematic of bone healing after periradicular surgery on a mandibular premolar, RR, resected root; C,
cortical bone; NCB, new cortical bone forming at the site of access from the buccal plate, (b) Inset of part a (red box).
Histologic events of bone healing in bone within the marrow cavity of the mandible. This cavity is highly vascularized
(whitearrows) and contains a dense connective tissue stroma (S) composed of fibroblasts, mesenchymal cells, and blood
vessels, which give rise to pericytes that differentiate into osteoblasts. The new woven bone (WB) islands have densely
stained and large osteocytes (black arrows).

the osteoblasts that will later be mineralized. Eventually,
the woven bone will undergo lamellar compaction and be
remodeled into lamellar trabecular bone.

On the cortical bone fronts, bone formation will take
place by apposition on the surfaces and by secondary os-
teonal remodeling within the substance of the bone, by
processes described earlier in this chapter. The woven
bone will grow toward the connective tissue underlying
the mucoperiosteum at the site of surgical access. The
entire bone healing process takes approximately 3 to 4
months at a tissue level. Beyond that, trabecular bone re¬
models at a rate of 20% to 30% per year. Thus, it is an¬
ticipated that the newly formed bone will be remodeled
and revitalized every 2 to 3 years.

In an excisional wound, the buccal bone is removed by
disease or by intent. There is extensive orthopedic litera¬
ture of bone healing45’46 such as that which occurs at the
monocortical buccal plate. The repair across a corticot-
omy or osteotomy site has been described to be akin to

a fracture healing process. However, because significant
micromotion does not exist, the typical callus to stabilize
the discontinuous segment does not form, nor does a car¬
tilaginous intermediate template as in long bones. Bone
formation de novo occurs at the site of injury. The bone
between the ends of the cut cortical bone plate is filled
in below the periosteum, and the facial/buccal surface is
restored. It will also eventually be remodeled by intracor-
tical osteonal remodeling. At the resected end of the root,
cementum will be laid down by apposition, and the PDL
will reestablish at the apical end of the root.

During the surgical procedure, the diseased tissues are
removed by rotary instruments. Depending on the type

of instrument used, its sharpness, and the use of coolant,
bone damage can be minimized. It is desirable to limit the
amount of necrosis and damage to the bone and its os¬
teocytes. Should a large area of necrosis exist, osteoclasts
will have to resorb bone prior to formation of new bone.
It has been shown that direct bone apposition can occur
over a thin layer of altered “basophilic”bone during the
reparative process.

In summary, by understanding bone remodeling, mod¬
eling, and the process of bone healing and adaptation,
periapical osseous healing can be appreciated as a spe¬
cialized regeneration of localized tissues.

Summary

Bone physiologic, metabolic, and cell kinetic concepts
have important clinical applications. The application of
fundamental concepts is limited only by the knowledge
and imagination of the clinician. Modern clinical prac¬
tice is characterized by a continual evolution of methods
based on fundamental and applied research.
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maintain healthy status, viability, and the capability of
producing a layer of protective dentin, odontoblastic lay¬
er destruction is seen secondary to advanced caries, bac¬
terial toxins, irritating restorative materials, necrotic
cells, or enzymes generated secondary to extracellular
matrix degradation.
erated after the demineralization of dentin, are also of
significance in the advancement of dental caries.17

The presence of pain represents an initial sign of in¬
flammation in the dental pulp, which can eventually lead
to total pulp destruction and development of periapical
pathology.11,20-25 Pulpal pain is produced in response to

bacterial infiltration and advancement through carious
dentin, where the predominance of anaerobic bacteria
and their significance in initiation of the inflammatory
cascade are well documented.26,27 Much attention has
also been directed to the significance of the bacterial ecol¬
ogy, their interaction, and the synergistic or negative re¬
lationship with developing periapical disease of varying
severity.26 Endodontic infections can be separated into
extraradicular or intraradicular, according to their ana¬
tomical location; intraradicular infections may be further
divided into primary, secondary, or persistent infections,
depending on the time participating microorganisms es¬
tablished themselves within the root canal.26

Although 300 bacterial colonies or more can be harbored
in the oral cavity, only selective species are responsible for
causing dental decay (dental caries) and periodontal dis¬
ease, including Streptococcus mutans, Atopobium, Propi-
onibacterium, Lactobacillus, and Actinomyces, among
others.1,2 If caries lesions are neglected and not appro¬
priately managed, bacteria will enter and invade the den¬
tinal tubules of the tooth, where metabolic byproducts
and cell walls can trigger and propagate pulpal inflamma¬
tion, ultimately causing pulpal necrosis.3,4 The outcome

of pulpal inflammation mostly depends on the invading
microorganisms and host immune response.5-8 The
presence of impaired cellular immunity, coupled with by¬
products generated from immune responses and immune
complexes, would further propagate pulpal inflamma¬
tion.S mutans, Streptococcus sobrinus, and Lactobacillus
species, among others, play a significant role in the initia¬
tion and progression of caries.9 These organisms are ac-
idogenic and aciduric, capable of producing an acidic
environment with enamel and dentin demineralization
while maintaining a survival advantage.
these organisms are capable of binding to type I collagen
in dentin after intratubular invasion.9,15-17 Compared
with mild pulp trauma caused by abrasion, slow caries,
or superficial filling procedures, where the pulp cells

n-19 Matrix metalloproteinases, gen-

10-14 Additionally,
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The composition of the microbiota may also vary de¬
pending on the different types of infection and different
forms of apical periodontitis. Further, culture-independent
molecular biology techniques have shed light on the rec¬
ognition of several new pathogens and are considered
to be a great asset to what has already been confirmed
with culture-dependent studies, where several candidate
endodontic pathogens were recognized.28 Advanced cul¬
ture and molecular biology techniques have highlighted
the polymicrobial nature of endodontic infections, which
would generally fall into nine phyla, namely Firmicutes,
Bacteroidetes, Spirochaetes, Fusobacteria, Actinobacte-
ria, Proteobacteria, Synergistetes, TM7, and SRI, as well
as several other bacterial types that are yet to be catego¬
rized.29 Gram-negative bacteria are beyond doubt consid¬
ered to be the most common microorganisms implicated
in primary endodontic infections, including Dialister (eg,
Dialister invisus and Dialister pneumosintes), Fusobacte-
riurn (eg, Fusobacterium nucleatum), Porphyromonas (eg,
Porphyromonas endodontalis and Porphyromonas gingi-
valis), Prevotella (eg, Prevotella intermedia, Prevotella
nigrescens, Prevotella baroniae, and Prevotella tannerae),
Tannerella (eg, Tannerella forsytbia), and Treponema (eg,
Treponema denticola and Treponema socranskii), but
Gram-positive bacteria such as Actinomyces (eg, Actino¬
myces israelii), Filifactor (eg, Filifactor alocis), Olsenella
(eg, Olsenella uli), Parvimonas (eg, Parvinomas micro),
Peptostreptococcus (eg, Peptostreptococcus anaerobius
and Peptostreptococcus stomatis), Pseudoramibacter
(eg, Pseudoramibacter alactolyticus), Streptococcus (eg,
Streptococcus anginosus group), and Propionibacterium
(eg, Propionibacterium propionicum and Propionibacte¬
rium acnes) as well as several uncultivated species have
been implicated.26,28"30

The periapical region represents the interface between
the dentition and the body’s defense system. An orches¬
trated and collective cascade of events that encompass
invading microorganisms, host tissue response, and the
biologic events that accompany both31"34 contribute to

propagation of pulpal inflammation and subsequent
spread to the periradicular region.19,27,35"38 Bacteria, pre¬
dominantly anaerobic27,38 and less commonly spirochetes,
fungi, and viruses, the latter species predominantly en¬
countered in immunocompromised patients, contributes
to the development of periapical pathology in associa¬
tion with necrotic and diseased root canals.39-42 Acid and
bacterial byproducts are major factors in the initiation,
propagation, and progression of pulpal inflammation
and accompanying symptoms. Bacterial fermentations
of carbohydrate and liberated organic acids, including
lactic acid and propionic acid, may fail to excite alpha
nerves and simultaneously reversibly suppress important
impulses elicited by other stimuli, which may partially
explain the lack of thermal sensitivity in teeth with deep
caries and high Lactobacilli count.43"45 Ammonia is prob¬

ably the most important among the algegenic (pain pro¬
ducing) molecules, followed by urea and indole, which
are liberated secondary to ammonia acid fermentation.44
Lipoteichoic acid (LTA) is produced in large quantities
by cariogenic bacteria in the presence of sucrose and ac¬
centuates pulpal inflammatory responses when released
extracellularly by Gram-positive bacteria.46,47 The alloge¬
neic metabolites from anaerobic Gram-negative bacteria
in deep caries could partially explain why Bacteroides
spp, P intermedia, and the amount of lipopolysaccharide
(LPS) in caries positively correlates to the presence of
heat sensitivity or pain.48,49 LPS activates the Hageman
factor, leading to bradykinin production, a potent pain
inducer.49-51 LPS and lipoteichoic acid activate in a simi¬
lar fashion on the immune system via binding to CD14,
activating signaling by Toll-like receptors52,53 and induc¬
ing proinflammatory cytokines such as tumor necrosis
factor-a (TNF-a), interleukin-1 (IL-1), interleukin-8 (IL-8),
interleukin-12 (IL-12), and anti-inflammatory cytokine
interleukin-10 (IL-10).9,54,55

Classification of Periapical
Lesions

Periapical pathosis has undergone many different classi¬
fications, some of which concentrated on the clinical fea¬
tures while others focused on the overall clinicopatholog-
ic and histomorphologic features. Nevertheless, none was
comprehensive enough to include and account for struc¬

tural aspects of periapical lesions.35,36,56 An optimal classi¬
fication of periapical pathosis would encompass the cor¬
relation between clinical and histomorphologic features.
Nair,56 for example, classified these lesions into acute api¬
cal periodontitis (primary or secondary), chronic apical
periodontitis, apical abscess (acute and chronic subtypes),
and periapical cyst, dividing the latter into true or pocket
cysts based on the distribution and type of inflammato¬
ry cells present within the lesions, the identification or
lack of epithelial cell lining, and whether the lesion had
transformed into a cyst. He also took into consideration
the relationship of the cystic cavity to the apical foramen
of the root canal. The classification followed by the orig¬
inal World Health Organization57 separated the lesions
into acute or chronic periapical periodontitis, periapical
abscess with sinus tract, periapical abscess without sinus
tract, and radicular cysts.

Acknowledging the lack of correlation between histo¬
morphologic features, clinical signs and symptoms, and
duration of the lesion, Torabinejad and Shabahang58 in
2014 simplified the classification of periapical lesions
into six main groups: normal periapical tissues, symp¬
tomatic (acute) apical periodontitis, asymptomatic (chron¬
ic) apical periodontitis, acute and chronic apical abscess-
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Fig 4-1 A summary of events leading to periapical pathology. The presence of deep caries that involves the pulp results in the formation of a periapical
abscess, which will eventually be replaced by granulation tissue (periapical granuloma). The periapical granuloma may potentially revert back to abscess
formation. Alternatively, the inflammation present in the periapical granuloma will stimulate the growth and proliferation of the epithelium from different sourc¬
es to form the radicular cyst. The presence of a lateral pulpal canal facilitates dissemination of bacteria to the periodontal ligament (PDL) and stimulation of
the proliferation of the epithelial rests with the PDL to form the lateral radicular cyst. The cyst increases in size due to several factors and is associated with
pressure-induced osteoclastic activation as well as inflammatory mediator-related osteolytic activity, which will collectively result in resorption of the apical
bone. The majority of the periapical radiolucencies that persist following root canal therapy represent periapical scars. Further, tissues that are left behind
after extraction of the teeth may present residual cysts, periapical granuloma, and/or scars.

Variations may be due to the sampling methods and/or
histologic criteria adopted in establishing the diagnosis.
The majority of studies have shown that close to 60%
of the practical pathologies represent granulomas, 22%
represent cysts, and a lesser percentage (12%) reveal peri¬
apical scars.58

The classification adopted in this chapter is simplified
into the following categories: acute and chronic peri¬
apical abscess (with potential fistulous tract formation),
periapical granuloma, periapical cyst, and periapical scar
(Fig 4-1). It also describes the distinction between those
entities of pulpal origin and etiopathogenesis and those
that are classified as periapical pathology mimickers,
which lack any relationship to pulpal etiology and origin.
In a recent review, Sullivan et al61 reviewed a large series
of periapical lesions and reported the overall incidence of
periapical pathology of endodontic origin to be 97.2%,
with the majority (60%) representing periapical granulo¬
mas, followed by radicular cysts (36.7%), periapical scars
(0.27%), and periapical abscesses (0.23%). In another re¬

view of a large series,62 the incidence of periapical granu¬
lomas and cysts was reported to be around 73%.

es, and condensing osteitis. Acute (symptomatic) lesions
are associated with pain and swelling, whereas chronic
(asymptomatic) lesions are associated with few or mild
symptoms. In symptomatic apical periodontitis, the pa¬
tient suffers from spontaneous pain and discomfort with
sensitivity to pressure or percussion. The tooth is respon¬
sive to cold, heat, and electric testing. If and when the
pulp is necrotic, it will respond positively (with pain) to

percussion but negatively (no pain) to vitality testing.
Histologic examination reveals a sea of neutrophils and
macrophages supported by a liquefactive necrotic back¬
ground (abscess). The identification of radiographic evi¬
dence of resorption would be minimal, if any, at this
stage.35,58,59

In asymptomatic apical periodontitis, the pulp under¬
goes total necrosis and thus is nonresponsive to electric
or thermal stimuli. Further, the tooth also shows little or
no response to percussion. Histologically, examination
of the periapical lesion shows periapical granulomas or
cysts.35,58,59

There is considerable inconsistency regarding the inci¬
dence of various classes of endodontic-related lesions.60
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not be impressive and reflects simple widening of the im¬
mediate periapical region, but occasionally well-defined
radiolucencies in the epochal region are detected.58

The extravasation of neutrophils, which occurs as a
result of the infiltration of microorganisms from the dis¬
eased pulp to the periapical region, is triggered by the
process of chemotaxis, which is in turn related to tissue
injury, bacterial products (lipopolysaccharides), as well
as complement factor C.31 Neutrophils act with a dual
function: They neutralize microorganisms while releas¬
ing leukotrienes and prostaglandins as part of a defense
mechanism. While the leukotrienes attract more neutro¬
phils and macrophages into the area, the prostaglandins
activate osteoclasts, leading to the resorption of bone in
that region.82 The process of resorption could be initially
halted by the application of indomethacin83,84 and inhibit¬
ing cyclooxygenase. The death of neutrophils leads to the
release of enzymes and destruction of the extracellular
matrix, which not only limits the amount of destruction
to the localized area but also attracts the influx of ad¬
ditional inflammatory cells to combat this inflammato¬
ry cascade. Activated macrophages will also produce a
variety of interleukins, including IL-1, IL-6, TNF-a, and
IL-8 chemotactic factors. These cytokines intensify local
angiogenesis and osteoclasts and therefore facilitate bone
resorption and degradation of the extracellular matrices,
among other functions,58,84,85 thus suppressing prosta¬
glandin synthesis.

The development and progression of acute periapical
abscesses are multifactorial. Routine culture, polymerase
chain reaction (PCR), and gene-sequencing studies86-90
have collectively demonstrated, with variable sensitivity
and specificity, several bacterial species including Fir-
micutes (eg, genera Streptococcus, Dialister, Filifactor, and
Pseudoramibacter), Bacteroidetes (eg, genera Porphyro-
monas, Prevotella, and Tannerella), Fusobacteria (eg,
genera Fusobacterium and Leptotrichia), Actinobacteria
(eg, genera Actinomyces and Propionibacterium), Spiro-
chaetes (eg, genus Treponema), Synergistetes (eg, genus
Pyramidobacter and some as-yet-uncultivated pheno¬
types), and Proteobacteria (eg, genera Campylobacter
and Eikenella). Regardless of the study and method of
identification, Firmicutes and Bacteroidetes together con¬
tribute to more than 70% of the species found in periapi¬
cal abscesses. Representatives of Spirochaetes and Syner¬
gistetes have been revealed only by culture-independent
molecular methods. Diverse groups of Gram-negative
and Gram-positive bacteria have been identified.26-30,65

The significance and relevance of host-related factors
on the severity of the periapical pathology have also
been studied with interest. Systemic conditions such as
diabetes, herpes infection, stress, and autoimmune sta¬

tus, in addition to the genetic background (eg, genetic
polymorphism) may also be relevant to the severity of
the disease.65,75,77,91 Ferreira et al91 investigated the expres-

Periapical abscess

The periapical abscess represents the initial accumulation
of inflammation and bacteria in the apical region, sec¬
ondary to advanced pulpal disease. Patients often present
with tooth pain, purulent discharge, and potential accom¬
panying fever and cervical lymphadenopathy. In the ear¬
ly abscess, radiographic examination may not be helpful
prior to the first 10 days’occurrence.63,64 Clinically, pa¬
tients suffering from acute and chronic abscesses will ex¬
perience pain with pressure, sensitivity to percussion, and
extrusion of teeth from sockets without swelling of the
surrounding tissue. Patients may also experience shivers,
malaise, and difficulty chewing. Radiographically, thick¬
ening of the apical PDL with an ill-defined radiolucency
may be seen at midstage of the disease; this is associated
with significant apical bone resorption.

Acute periapical abscess

An acute periapical abscess is a localized liquefactive le¬
sion that represents the direct extension of inflammatory
changes from the pulp to the periradicular tissue, with
subsequent destruction of that area. The pathogenesis of
periapical abscesses is multifactorial.65 Following infec¬
tion of the root canal, bacteria may proceed to involve
the periradicular tissue via the apical and/or lateral canals
or secondary to root perforation. This will further pro¬
ceed to acute or chronic periapical inflammation.65,66 The
potential of bacteria spreading to other anatomical sites
and producing cellulitis is also a possibility.67 Clinically,
the tooth is characterized by spontaneous, rapid-onset
pain with potential accompanying moderate to severe dis¬
comfort and pain, malaise, headaches, trismus, lymphade¬
nopathy, and nausea.65 The patient may also develop Lud¬
wig’s angina, which may contribute to life-threatening
airway obstruction,68-70 or cavernous sinus thrombosis,
an even more dangerous life-threatening situation in which
blood accumulates in the cavernous sinus secondary to
pressure related to the spread of infection into the mid¬
facial area and edema.71,72 In extreme circumstances, a
periapical abscess may lead to further and more serious
complications, including brain abscess, septicemia, orbit¬
al abscess, and necrotizing fasciitis, among others.65,73-81

Evidence of swelling may not be obvious in the begin¬
ning, especially when the infection is confined to the
bone. Patients may also experience high temperature and
leukocytosis. The tooth is typically negative for electric
and thermal pulp tests, but it will be painful upon percus¬
sion and palpation. Early radiographic examination may
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Fig 4-2 (a) Histomorphologic examination of an acute periapical abscess in a 15-year-old boy, curetted from the apical region of a symptomatic mandibular
right first molar, which was painful to percussion and tested nonvital with thermal and electric pulp testing, (b) Higher-power photomicrograph showing
dense inflammatory cell infiltrate admixed with hemorrhage (hematoxylin-eosin [h&e] stain; original magnification X20).

sion of IL-17 in periapical abscesses and granulomas and
demonstrated that abscesses, predominantly due to the
rich neutrophilic components, showed higher expression
of IL-17 than granulomas. They emphasized the role of
the cytokine in the pathogenesis of the periapical lesions,
especially in the acute stage of the process. IL-17a is a
member of the IL-17 cytokine family, which is directly
associated with the initiation and propagation of inflam¬
matory stimuli in several diseases, including rheumatoid
arthritis, psoriasis, and multiple sclerosis.91,92 The main
source of IL-17a in the abscesses and granulomas seems
to be the CD4+ cells. However, the levels of expression are
lower in periapical granulomas than in abscesses, which
may be explained by the higher percentage of CD8+ cells,
T lymphocytes, and neutrophils in abscesses compared
with granulomas.91,93-95

Histologically, acute periapical abscesses are charac¬
terized by the presence of a dense, neutrophilic inflam¬
matory cell infiltrate in a loose and edematous fibrocol-
lagenous connective tissue background. Vascular ectasia
is also commonly encountered, and lymphoplasmacytic
and eosinophilic inflammatory cell components of vari¬
able intensity may also be present (Fig 4-2).

gesics may help with the symptoms, and antibiotics may
be prescribed based on an assessment of the patient’s con¬
dition and the presence or absence of systemic involve¬
ment, including fever, lymphadenopathy, trismus, and/or
cellulitis.65 Penicillin is the first choice for treatment of
endodontic infections, because most of the bacterial spe¬
cies involved with endodontic infections, including ab¬
scesses, are susceptible to it.98-101 Amoxicillin is also often
prescribed, because it offers a broader spectrum of antimi¬
crobial coverage, may provide more rapid improvement
with pain or swelling, and offers longer dosage intervals
than penicillin.102 Clindamycin may also offer equivocal
results to penicillin with its strong antimicrobial activity
against oral anaerobes.101,103-105 The combination of ear¬
ly diagnosis and empirical antibiotic therapy with timely
surgical intervention is probably a prerequisite to ensur¬
ing the successful management of complications of acute
dental abscesses.74

Chronic periapical abscess and fistulous tract
(gum boil)

This occurs as a sequela of healing events that take place
in the acute periapical abscess, which is also initiated by
direct extension from the inflamed necrotic pulp to the
periapical region. The presence of microorganisms in
conjunction with the metabolic products and enzymes
liberated during the process of extension from pulpal
to periapical areas together induce an immunologic re¬
sponse of cellular and humoral immunity, leading to a
nonspecific reaction and further contributing to the

Management. With the goal of eliminating periapical
pathosis, the management of acute apical abscesses in¬
volves incision for drainage accompanied by root canal
treatment or extraction of the involved tooth to remove
the source of infection.96,97 Drainage may be achieved
through the root canal or through incision and drainage.
The latter is preferred if swelling is detected, because it
would provide more rapid improvement in status.97 Anal-
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Colic et al120 haveexplained by many investigators.
described a positive correlation between the presence of
PMNs and the high production of IL-17, which also cor¬
relates with the positive expression of IFN-y. They also
described the lack of a correlation with IL-23 production
in symptomatic periapical lesions when compared with
asymptomatic lesions, which were associated with a pre¬
dominance of T and B cells, plasma cells, high levels of
IFN-y, high production of IL-12, and a marked presence
of macrophages. In 1978, Torabinejad and Bakland108
highlighted the multifactorial etiology of bone resorption
in periapical pathogenesis and also reported that antigen-
antibody complex- and immunoglobulin E-mediated
reactions could well initiate the preliminary changes seen
in the periapical tissues. Additionally, delayed hypersensi¬
tivity (ie, cell-mediated immunity) is likely to participate
in the process, with significant contribution to the pro¬
gression of these lesions.108

114-119etiopathogenesis of periapical disease. Lysozymes ana¬

lyzed in chronic periapical lesions are thought to stimu¬
late the effect of immunoglobulins and may play a specif¬
ic protective role, affecting the local immunologic
reactions in the periapical region.106,107 Degraded proteins
as well as cholesterol may act as antigens to elicit a host
response, which can be harmful to periradicular tissues.
The interaction of immunocompetent inflammatory cells
identified in the periapical tissue with the host may also
induce bone resorption. Polymorphonuclear leukocytes
(PMNs) and macrophages together migrate to the peri¬
apical tissue and target quick phagocytosis of dead neu¬
trophils by macrophages, which further propagate the
chronic nature of the lesion. Recently, technical advance¬
ments in molecular biology have made it possible to dis¬
cover the role of inflammatory mediators including anti¬
bodies, cytokines, matrix metalloproteinases, growth
factors, and arachidonic metabolism to further under¬
stand the mechanism of the process. Both T and B lym¬
phocytes play an essential role in the development and
propagation of periapical disease, with the T-helper sub¬
set producing IL-2 and interferon-y (IFN-y) while
T-suppressor cells secrete IL-5, IL-6, and IL-10, which
regulate this production of antibodies by the plasma cells.
B lymphocytes are responsible for antibody production
and interact closely with the T-cell population in the
process of transformation of B cells to plasma cells. Mac¬
rophages have an essential role and produce IL-l,TNF-a,
interferon, and growth factors, which further contribute
to periapical inflammatory changes.31,106,108 Additionally,
antigen-presenting cells play a crucial role in the polariza¬
tion of T-helper cells and immune response toward Thl,
Th2, Thl7, or T-regulatory cells.109,110

The Thl immune response, triggered by IFN-y and
postinflammatory cytokines including IL-1, IL-6, and
TNF-a, among others, are involved in the progression
of lesions and bone destruction. In comparison, immune-
suppressive mechanisms mediated by transforming
growth factor-p (TGF-P) and TFi2 cytokines (IL-4, IL-5,
IL-10) are responsible for the healing process and restric¬
tion of inflammatory/immune mechanisms.111,112 Further,
IL-17, which stimulates the production of IL-8, may also
play an important role in exacerbating inflammatory
changes in periapical lesions.94 The Thl7 immune re¬
sponse seems to play a dominant role in exacerbating in¬
flammation and facilitating osteoclastic bone resorption
and destruction of the periapical tissues.113 Osteoclasts
are derived from pro-osteoclasts, which migrate through
the blood as monocytes to the periradicular tissues and
attach to bone surfaces, where they remain dormant until
signaled by osteoblasts to proliferate and cause resorp¬
tion. The roles of proinflammatory cytokines (including
IL-1, IL-6, and IL-8), TNF-a, IFN-y, colony-stimulating
factors, growth factors, and leukotrienes in the pathogen¬
esis and advancement of periapical lesions have been well

Histology. Inflammatory changes of varying degree, in¬
cluding the presence of neutrophils, lymphoplasmacytic
inflammatory cell infiltrate, and a distinct population of
histiocytes, are seen in the chronic periapical abscess. The
abscess is mostly supported by granulation tissue with
generalized acute and chronic inflammation, comprised
of lymphoplasmacytic inflammatory cell infiltrate, reactive
histiocytosis, a predominance of neutrophils, and plasma
cells with a distinct population of Russell bodies (Fig 4-3).

Occasionally, submucosal and/or chronic apical ab¬
scess formation may produce symptomatic or asympto¬
matic gingival swelling that drains peripherally on the gin¬
giva, producing the so-called gum boil (parulis, fistulous
tract). Radiographic examination demonstrating periapi¬
cal pathology, along with confirmation of nonvital tooth
status, can indicate a parulis of odontogenic origin relat¬
ed to necrotic pulp from a periodontal abscess. Insertion
of a gutta-percha point as well as radiographic imaging
help to delineate the source of infection. This draining
fistula actually represents a good prognostic sign, indicat¬
ing a competent immune system attempting to eliminate
disease status from necrotic pulp.121,122

When purulent exudate spreads through the medul¬
lary bone to perforate the cortical bone and discharges
into the submucosa or subcutaneous soft tissue, localized
swelling develops only intraorally. In other situations,
acute apical abscesses may not only drain through the
buccal or palatal bones into the oral cavity but may also
occasionally drain into the maxillary sinus or the nasal
cavity. Apical abscesses of mandibular teeth most proba¬
bly would drain through the buccal or lingual bones into
the oral cavity; however, the infectious process may also
extend into fascial spaces of the head and neck, resulting
in cellulitis and systemic signs and symptoms with more
consequent complications.123
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Fig 4-3 (a) Periapical radiograph of a chronic periapical abscess showing a well-demarcated radiolucency apical to the mandibular right
second premolar, which is symptomatic to percussion and contains a deep amalgam filling. (Courtesy of Dr Lane Thompson, Loma Linda
University.) (b) Histomorphologic examination reveals a dense mononuclear, predominantly plasmacytic inflammatory cel
original magnification X60).

filtrate (h&e stain;

Periapical granuloma flammatory infiltrate with Russell bodies is commonly
seen, and aggregates of neutrophils may also be observed.
Odontogenic epithelial rests, representing remnants of
rests of Malassez, are often observed. Cholesterol clefts
with accompanying multinucleated foreign body-type
giant reactions are also often present. Hemorrhage and
hemosiderin are often encountered (Fig 4-4).

Periapical granulomas arise with a shift from predom¬
inantly neutrophilic inflammatory components to a more
chronic inflammatory cell infiltrate characterized by a
rich, macrophage-lymphoplasmacytic inflammatory cell
infiltrate, supported by well-vascularized fibrocollage-
nous and granulation tissue background. IL-1, 1L-6, and
TNF-a derived from macrophages are powerful lympho¬
cytic stimulators. Activated T cells also produce a variety
of cytokines that downregulate the output of the afore¬
mentioned proinflammatory cytokines, which suppress
osteoclastic activity and limit the extent of bone resorp¬
tion. At the same time, T cell-derived cytokines may also
instigate connective tissue overgrowth (TGF-P) and sub¬
sequent stimulation of the proliferative effect of fibro¬
blasts and microvasculature,31’82’106’108’124 which halts the
process of bone destruction and bone remodeling during
the chronic phase of the disease. However, this process
may be a recurrent one if and when seepage of the micro¬
organisms recurs from the infected pulp canal to the peri¬
apical region.31 Approximately 45% of all periapical
granulomas contain epithelial cells31 derived from rests of
Malassez remnants, with continuous antigen stimulation
and coexisting inflammatory and immune responses.
These remnants proliferate, leading to the formation of
periapical cysts, also called radicular cysts.125,

A periapical granuloma is composed of granulation tis¬
sue and arises either as a sequela of a periapical abscess
or independently as an initial lesion. Although the term

granuloma may be considered a misnomer here, since it
typically describes a granulomatous type of inflammation
(eg, sarcoidosis), using it within the context of periapi¬
cal pathology is typical of describing the characteristic
granulation tissue. Clinically, the initial phase of periapi¬
cal inflammation is characterized by a dull, constantly
throbbing toothache with associated negative or delayed
vitality testing. The pain is typically exacerbated by biting
or percussion pressure. There is virtually no radiographic
evidence seen at this stage, but with progression of the
chronic inflammation symptoms may diminish, and ra¬
diographic evidence becomes more evident and easily
detected. Further, chronic disease may be occasionally
detected in the absence of any acute phase of the disease.
Radiographic examinations reveal the presence of vari¬
ably sized, well-defined or ill-defined radiolucencies that
may or may not be surrounded by a radiopaque rim. The
reliability of radiographic patterns in distinguishing be¬
tween periapical granuloma and periapical cysts has been
questioned, but cone beam computed tomography may
provide more accurate and reliable information in distin¬
guishing between the two.58,121,122

Histomorphologic examinations of periapical gran¬
ulomas demonstrate granulation tissue with acute and
chronic inflammation, comprised of dense lymphoplas-
macytic inflammatory cell infiltrate with a variably dense
histiocytic component. Reactive lymphoplasmacytic in- .
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Fig 4-4 (a) Periapical radiograph showing a periapical granuloma with prominent apical bone and focal root resorption. (Courtesy of Dr Shawneen Gonza¬
lez, Oregon Health &Science University.) (b) Low-power photomicrograph of the periapical granuloma depicting highly vascularized granulation tissue with
dense inflammatory cell infiltrate. Actinomycotic bacterial colonies (arrow) are also seen, (c) A high-power view showing granulation tissue with reactive his¬
tiocytosis (arrows). Scattered eosinophils and plasma cells are also present (h&e stain; original magnification X100). (d) A high-power view of the granulation
tissue with reactive histiocytes, some of which appear hemosiderin laden (arrows). Lymphocytes, neutrophilic aggregates (N), and plasma cells (P), some of
which exhibit immunoglobulin production (I) (Russell bodies), are also present (h&e stain; original magnification X100).

Neto et al127 evaluated the differences in expression of
tryptase + mast cells in periapical granulomas and cysts

and discovered larger numbers of these cells in chronic
periapical granulomas than in periapical (radicular) cysts,

which may be a reflection of the differences in pathobi-
ology and etiopathogenesis of the two lesions.128 Studies
have demonstrated that tryptase is involved in the acti¬
vation of fibroblasts and the induction or production of
collagen, contributing to wound healing and fibrosis, in
addition to the capability of possessing fibrinolytic prop¬
erties.129-131 These results also show that the central por¬
tion of these lesions bears the highest metabolic activity,
while the higher frequency of mast cells in the peripher¬
al portions of radicular cysts and near perilesional bone
seems to be indicative of the participation of these cells in
lesion expansion and bone resorption.132,133

Radicular cyst
Radicular cysts develop in the periapical region following
the proliferation of odontogenic epithelial rests— specifi¬
cally rests of Serres or Malassez— but may also be derived
from crystal crevicular epithelium, sinus epithelium, or
epithelium lining the sinus tracts.134

Clinically, radicular cysts typically present with asymp¬
tomatic swelling and mild sensitivity, especially when they
attain larger sizes. Tooth mobility may also be noted, and
negative response to electric testing, thermal testing, and
percussion are typically seen.58,122 Radiographically, peri¬
apical granulomas and radicular cysts may show identi¬
cal features, namely variably sized radiolucencies, with or
without loss of lamina dura, and apical root resorption.
Large cysts may be encountered occasionally. The inflam-
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Fig 4-5 (a) Periapical radiograph of a maxillary
left lateral incisor previously treated with root canal
therapy associated with a well-defined periapical
radiolucency. (Courtesy of Dr Shawneen Gonzalez,
Oregon Health & Science University,) (b) A low-
power photomicrograph of the excised apical tissue
showing a cystic cavity lined by stratified squamous

lium (arrow) covering a dense fibrocoll
supports a patchy inflammatory

infiltrate (h&e stain; original magnification X10).
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matory cell infiltrate along with a bacterial load may
also seep through the lateral canal, if and when present,
resulting in the so-called “lateral radicular cyst”seen in
the interradicular position, similar to lateral periodontal
cysts. Tooth vitality status along with histomorphologic
examination can readily distinguish between lateral ra¬
dicular and lateral periodontal cysts. Further, many or
most examples of the so-called “globular maxillary cyst”
are proven to be practically representative of actual ra¬
dicular cysts.134 Additionally, if and when the cyst is left
behind following extraction of the tooth where the cyst
existed, the remaining cyst would be designated as a
“residual periapical cyst.” Histologic features of all
the subtypes— lateral radicular, radicular, and residual
cysts— are identical.

all apical periodontitis cases.137'146 The majority of cysts
occur in the maxilla, specifically in the anterior region134
(Figs 4-5 to 4-7).

Several investigators have addressed the pathogene¬
sis of radicular cysts.

cated three stages in their development: (1) The dormant
epithelial rests of Malassez157 proliferate in response to

growth factors secreted.31,158 The cysts further develop as
a result of stimulation of a focal abscess or secondary to

necrotic and degenerative changes occurring as a result
of the nutritional deprivation.31 (2) The cystic epithelium
becomes well-defined.159,160 (3) The cyst grows second¬
ary to osmotic pressure and/or unexplainable molecular
events.31,161-168

Bernardi et al169 have extensively investigated the
pathobiology of the cystic epithelial lining and further
elucidated the complexity of its development. They high¬
lighted the significance of molecular events, including the
role of cell proliferative markers, apoptosis, the contri¬
bution and interaction with the extracellular matrix, as
well as the significance of inflammatory components and
bone metabolic factors in the complexity of the develop¬
ment of these cysts. Analysis of cell proliferative markers
Ki-67, AgNOR, and p53 have clearly demonstrated the
confinement of the proliferative activity to the basal lay¬
er level.170"173 Analysis of apoptotic regulators indicated
a proapoptotic microenvironment in both the epithelium
and the supporting stroma, showing lower antiapop-
totic markers and higher BAX (proapoptotic) markers,
respectively.173 The mesenchymal epithelial interaction
also plays an important role in the development of those
cysts.174-176 The secretion of bone metabolism-related fac¬
tors may favor an increase in osteolytic activity, facilitat¬
ing cystic expansion into the adjacent bone tissue.177"180
Additionally, the contribution of inflammatory cytokines,
including IL-la, IL-1J3, and IL-6 in the development of
radicular cysts is also emphasized by several studies.181'183

Shear et al150-152 have advo-147-156

Histology

Histologic examination of radicular cysts displays a cys¬
tic cavity lined by nonkeratinized inflamed, hyperplastic,
and edematous stratified squamous epithelium, covering
a dense fibrocollagenous wall. Occasionally, mucous cell
prosoplasia, cilia, and/or apocrine-like changes may be
identified within the epithelial lining, and cellular debris
is often seen within the lumen of the cyst. Rushton body-
type calcification may also be observed. These mostly rep¬
resent aborted keratinization without evidence of calcifi¬
cation.134"136 Bleeding within the cyst wall may also leave
behind cholesterol clefts with accompanying multinucle-
ated foreign body-type giant cell reaction. Granulation
tissue with acute and chronic inflammation composed
of reactive lymphoplasmacytic and histiocytic inflamma¬
tory cell infiltrate with Russell bodies is commonly seen
in the background. Pulse granulomas (giant cell hyaline
angiopathy) are also often detected within the cystic lin¬
ing.58,122,134,137"143 Various reports regarding the true inci¬
dence of cysts varied from below 20% to up to 65% of
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Fig 4-6 (a) Periapical radiograph showing carious anterior maxillary teeth, The maxillary left central incisor is associated with a well-defined periapical
radiolucency. (Courtesy of the Department of Endodontics, Oregon Health & Science University.) (b) A low-power photomicrograph of the excised periapical
tissue showing a cystic cavity lined by mostly inflamed hyperplastic stratified squamous epithelium (h&e stain; original magnification X10). (c to f) Variation of
histomorphologic findings in radicular cysts, including Rushton bodies (c, arrow), mucous cell prosoplasia (d, arrow), cholesterol clefts with accompanying
multinucleated foreign body-type giant cell reaction (e and f, arrows), and the root canal filled with foreign body material (f, star).
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Fig 4-7 A high-power view depicting the pres¬
ence of cholesterol clefts with accompanying
multinucleated foreign body-type giant cell re¬
action (a, arrow) and Rushton bodies within the
cystic epithelium (b, arrow) (h&e stain; original
magnification X100).9tSm

Treatment ular infection, mostly related to Actinomycotic colonies
present within these lesions; (3) a cystic lesion; (4) foreign
body reactions and/or material most probably related to

endodontic origin and/or bleeding (responsible for cho¬
lesterol cleft deposition within the lesions); and (5) scar
tissue.

Radicular cysts are best managed by root canal therapy
and/or extraction of the tooth, with conservative excision
of the cyst, eliminating the periapical pathology. Root ca¬
nal therapy is often followed by surgical endodontics if
and when the periapical pathology fails to resolve. Peri¬
apical granulomas may, but do not always, develop into
radicular cysts.

There are five principal biologic reasons for the per¬
sistence of periapical radiolucency following root canal
treatment31: (1) intraradicular infection; (2) extraradic-

Periapical scar
Occasionally, the inflammatory process in the apical re¬
gion is replaced by a dense, relatively acellular, fibrous
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Fig 4-8 (a) Periapical radiograph of a maxillary left laterai incisor previously treated with root canal therapy associated with a small periapical radioiucency.
(Courtesy of Dr Shawneen Gonzalez, Oregon Health & Science University.) (b) A low-power photomicrograph of the excised periapical tissue showing a
dense, relatively acellular fibrocollagenous connective tissue scar supporting a patchy mononuclear inflammatory cell infiltrate (h&e stain; original magni¬
fication X10), (c) A high-power photomicrograph of the periapical scar demonstrating a dense, relatively acellular fibrocollagenous connective tissue (h&e
stain; original magnification X100).

In general, a misdiagnosis may result from more than
one factor, including misperception, misinterpretation, in¬
complete diagnostic examination,195 or less than optimal
tissue sampling. Therefore, fewer teeth with periapical
radiolucencies would be initially treated surgically, with
no material available for histomorphologic interpreta¬
tion.198 It is agreed upon, with rare exceptions, that all
periapical pathology should be examined histological¬
ly.199 Certain circumstances encountered should further
motivate the clinician to perform periapical surgery with
submission of the tissue for histomorphologic confirma¬
tion,198 especially if the periapical radioiucency is detected
in the presence of a vital, caries-free tooth that is also free
of deep or larger restorations. Detection of anesthesia of
the associated nerve, root resorption, an irregular radio-
lucent pattern, and failure to respond to endodontic treat¬

ment should further warrant investigating the nature of
the lesion. It has been reported that approximately 25%
of malignant lesions that mimicked periapical pathology
and 10.8% of benign lesions that mimicked periapical
pathology presented with asymptomatic swelling, while
painful swelling was reported in 46.6% of malignant le¬
sions and in only 10.8% of benign lesions that mimicked
periapical pathology.200 Additionally, it is worth mention¬
ing that despite the fact that periapical pathology in a

tooth that presents with a negative vitality status should
be considered to be of endodontic nature,201"203 lesions
of non-endodontic origin may also devitalize teeth, es¬
pecially when located in close proximity to the root api¬
ces. Therefore, the vitality status should be theoretically
viewed and interpreted in the context of general clinical
history and radiographic interpretation.200’204’205

collagenous connective tissue. This scenario is often seen
secondary to root canal therapy in an immunocompetent
patient. The development of a periapical scar represents

the ultimate healing attempt of the tissue that would be
replaced by a dense, fibrotic, collagenous connective tis¬
sue background.184-187 The incidence of periapical scars
varies from 6.6% to 12%188-190 (Fig 4-8).

Periapical Pathosis Mimickers
and Radiolucencies Not of
Pulpal Origin

Clinicians must always confirm suspected periapical pa¬
thology via tissue examination not only to determine the
appropriate treatment plan and management of the con¬
dition but also to rule out the possibility of periapical
pathology mimickers, which are unrelated to pulpal dis-

The differential diagnosis of periapical radio¬
lucencies should also include lesions of nonodontogenic
origin.194 These include normal anatomical structures

such as nutrient canals, unusual arborization of bony
trabeculae, and Stafne cysts.195 Canalis sinosus, which
is a poorly recognized anatomical feature representing
a neurovascular canal that carries the anterior superior
alveolar nerve and vessels, may also be confused with
periapical pathology.196 A wide spectrum of entities have
been described under this category of periapical patholo¬
gy mimickers and are selectively described in this section.
A review of the literature reveals a general incidence of
periapical pathology mimickers to be within the range of
0.7% to 5%.193’197

191-193
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Fig 4-9 (a) A iow-power photomicrograph of an OKC with a well-defined cystic cavity, lined by an epithelium that demonstrates uniform thickness and
surface keratinization (h&e stain; original magnification X10). (b) A high-power photomicrograph of the OKC showing a palisaded basal layer, uniform six- to
seven-layer thickness, and a distinct surface parakeratinization (h&e stain; original magnification X100).

Odontogenic keratocyst and other
odontogenic cysts and tumors

The calcified odontogenic cyst (COC), or calcifying
cystic odontogenic tumor, is another odontogenic tumor

that may present occasionally in a periapical location and
therefore may be mistaken for periapical pathosis.208,214,215
COC is a rare, benign intraosseous (or less commonly pe¬
ripheral extraosseous) odontogenic tumor that involves
the maxillary and mandibular arches with similar fre¬
quency, most commonly seen in the premolar and canine
regions.211,213’215-219 COC is histologically characterized
by the presence of ameloblastic-type epithelium with the
addition of ghost cells and evidence of calcification,216
which can also help in the initial radiographic interpreta¬
tion of the lesion. In 2006, Buchner et al217 reported that
COCs represent approximately 1.6% of all odontogenic
tumors.

Ameloblastoma is the second most common odonto¬
genic tumor, has its origin from the odontogenic epithe¬
lium, and is most commonly encountered in the posteri¬
or mandibular region in patients over 40 years old.122 It
may present as a unilocular or multilocular radiolucency,
more often in the posterior mandibular region than other
locations, and may also exhibit significant expansion and
bone destruction. Typically, ameloblastomas present as
a unilocular or, more commonly, a honeycomb or soap-
bubble multilocular radiolucency and are commonly asso¬
ciated with significant bone resorption, destruction, and/
or cortical perforation.122,213 The lesion is benign but also
notorious for postsurgical recurrence. The presence of
periapical ameloblastoma is rare, accounting for approx¬
imately 0.7% of all periapical lesions studied by Chapelle
et al,220 and has been reported to occur in the periapical
location by many investigators.192,193,221-230 Despite the
presence of histologic variants in ameloblastoma, includ¬
ing granular cell, acanthomatous, and desmoplastic, the
histologic pattern is somewhat characteristic, showing
islands and nests of odontogenic epithelium rimmed by

The odontogenic keratocyst (OKC), also known as a ker-
atocystic odontogenic tumor, is the most common lesion
mimicking periapical pathology.193,197,206-210 Kontogiannis
et al197 reported that OKCs represented close to 35% of
all nonperiapical and endodontic-related periapical pa¬
thology. The distinction is of great importance, because
OKCs exhibit aggressive biologic behavior and are known
for their recurrence and massive bone destruction.211 Ra¬
diographically, an OKC may present as a unilocular or,
more commonly, a large multilocular radiolucency that
may involve a significant portion of the mandibular body
or ramus. Cortical expansion and/or perforation is not

uncommon, but tumors may, at least initially, spread an-
teroposteriorly within the medullary space, which may
potentially contribute to delays in discovery and diag¬
nosis.212,213 The radiographic examination, coupled with
the characteristic histomorphologic features, can easily
differentiate OKCs from periapical pathosis, yet lesions
may be deceptively seen in a periapical location as al¬
ready mentioned. Histologically, an OKC demonstrates
characteristic features, namely a cystic cavity lined by
uniform thickness; a stratified squamous epithelium with
a wavy, parakeratinized surface; a palisaded basal layer;
lack of rete ridges; and often prominent separation from
the underlying connective tissue (Fig 4-9). The orthoke-
ratinized OKC differs from a traditional OKC in that it
has a classic orthokeratinized surface pattern and lacks a
basal cell palisaded architecture. It has also been report¬
ed in a periapical location mimicking periapical pathosis.
This cyst has lower recurrence rates than the traditional
OKC and thus also shows less aggressive overall biologic
behavior.212,213
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Fig 4-10 (a) Low-power view of unicystic ameloblastoma showing
the characteristic peripheral, palisaded columnar cells and stellate re¬
ticulum pattern but confined within the cystic lining (h&e stain; original
magnification X10). (b) Low-power view of the same tumor demon¬
strating the presence of a solid infiltrative pattern of ameloblastoma

n the wall of the unicystic tumor (h&e stain; original magnification
x10). (c) A higher-power photomicrograph of a solid amelobl
demonstrating the nest, island, and follicles with characteristic
eral, palisaded columnar epi
(arrow) and enclosing stellate
original magnification X60).
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be mistaken for a periapical pathosis.227,230 Histologically,
AOT also demonstrates diagnostic features, including a
pattern of monotonous basophilic odontogenic epitheli¬
um arranged in ducts, nests, and spherules with the iden¬
tification of calcification and amyloid-like material.

Other cysts included in the differential diagnosis of
periapical pathosis include traumatic (hemorrhagic) bone
cysts and nasopalatine duct cysts (Fig 4-11). A thorough
radiographic, clinical, and vitality status examination
coupled with histomorphologic analysis should easily
delineate these entities from periapical pathosis. Hem¬
orrhagic bone cysts (HBCs) typically display a homog¬
enous unilocular radiolucency that scallops in between
the roots of vital mandibular teeth. HBC is typically diag¬
nosed when clinicians attempt to biopsy the lesion, only
to discover a virtually empty content. Exploratory biopsy
also leads to an expected bony filling and healing within
several weeks of the procedure. Nasopalatine duct cysts

are typically discovered as a heart-shaped midline nasal

peripheral columnar cells exhibiting reverse polarity and
enclosing stellate reticulum-like tissue213 (Fig 4-10). Uni¬
cystic ameloblastoma has been also reported by Gondak
et al224 to mimic periapical pathosis. Treatment of the
unicystic type is conservative total surgical enucleation
of the cystic area, with lower tendency for postsurgical
recurrence when compared with the solid form. Unicystic
tumors share the same histomorphologic pattern seen in
the solid tumor, albeit confined to a well-defined cystic
cavity more commonly in association with a pericoronal
impacted tooth location.

The adenomatoid odontogenic tumor (AOT) is most

commonly associated with a pericoronal impacted tooth
(maxillary and mandibular canines) and is rarely seen in
patients over 20 years old. Radiographically, the lesion
may mimic a dentigerous cyst or a unicystic ameloblasto¬
ma, with the exception of the identification of calcifica¬
tion within the pericoronal radiolucency. AOT has also
been rarely reported in an apical location and thus may
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Fig 4-11 (a) Periapical radiograph depicting a heart-shaped radiolucency in the anterior maxilla of a 20-year-old man in association with vital teeth,

characteristic of a nasopalatine duct cyst. (Courtesy of Dr Mahmoud Torabinejad, Loma Linda, California.) (b) Histologic examination of the enucleat¬
ed cyst showing a cystic cavity lined by ciliated respiratory type epithelium (arrow) (h&e stain; original magnification X60; inset X100). (c and d) The
cyst wall also supported minor salivary glands (c, arrows) and peripheral nerve bundles (d, arrows) (h&e stain; original magnification x10).

destructive entity most commonly involving the anterior
regions of the gnathic region, with a tendency to cross
the midline. CGCG may present with swelling and local
expansion, but there are no reliable clinical and/or
pathognomonic features that can predict the lesion’s be¬
havior. Radiographically, it may present as a unilocular
or multilocular radiolucency, but it may also rarely mimic
periapical pathology.122,231,232 CGCG may present with
a spectrum of behavior ranging from nonaggressive to

aggressive, locally destructive, and exhibiting a high inci¬
dence of postsurgical recurrence, with rapid growth, a
high rate of recurrence, cortical bone perforation, root

resorption, and tooth displacement.231 Histopathologic
examination reveals proliferating endothelial cells, fibro¬
blasts, and myofibroblasts in a well-vascularized fibrocol-
lagenous background that is packed with multinucleated,
osteoclast-type giant cells. Furthermore, extravasation of

radiolucency that is also associated with vital teeth (see

Fig 4-lla). The radiographic presentation in addition to

confirmation of tooth vitality is essential in distinguish¬
ing between nasopalatine duct cysts and radicular cysts.

Further histomorphologic examination confirming the
presence of respiratory-type epithelium with or without
stratified squamous epithelium salivary tissue and periph¬
eral neural tissue may further distinguish nasopalatine
duct cysts from radicular cysts, which commonly display
hyperplastic inflamed and edematous stratified squamous
epithelial lining.

Central giant cell granuloma

Central giant cell granuloma (CGCG) is a reactive, non¬
neoplastic, yet also potentially expansile, aggressive, and
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Fig 4-12 (a) Periapical radiograph of a CGCG
identified in a periapical location, (b) Histomor-
phologic examination of the lesion demon¬
strating an abundance of osteoclast-type
giant cells in a well-vascularized fibrocollag-
enous connective tissue background (h&e
stain; original magnification X60). (Courtesy of
Drs Phillip Merrell and Roy Eversole, University
of the Pacific.) llllilli®

SI jBBBm
tive, radiolucent, radiopaque, or mixed lesions, with or
without cortical perforation and/or potential jaw frac¬
ture.122,193,234"236

red blood cells and deposition of hemosiderin are com¬
monly seen122’231 (Fig 4-12). In 2009, Dahlkemper et al231
reported that approximately 20% of CGCGs may pre¬
sent with similarities to periapical lesions and may be
misdiagnosed as endodontic inflammatory lesions, and
therefore root canal therapy would not be effective.232,233

They also reported that CGCGs were less common in fe¬
males, less common before age 30 years, and did not

show prevalence to crossing the midline of the jaw as
previously reported. The involved teeth, when seen with¬
in the context of CGCG, would respond to vitality tests.

Lesions would be best managed by curettage, but radical
surgery may be necessary for aggressive lesions.122

Langerhans cell disease, lymphoma,
and related disorders
Langerhans cell histiocytosis (LCH) includes a group of
related disorders involving the reticuloendothelial system

characterized by abnormal Langerhans cell prolifera¬
tion.122,211 Of the three known subtypes of LCH— Letterer-
Siwe disease, Hans Schuler Christian disease, and eosino¬
philic granuloma— the latter is the most common subtype
and may be mistaken for periapical pathosis.122,247 It
demonstrates gnathic and extragnathic, well-demarcated,
punched-out radiolucencies; tooth mobility; and a radio-
graphic presentation that looks like teeth hanging in air.
It may also be associated with focal alveolar ridge soft tis¬
sue necrosis.122 The histomorphologic features of all types
are similar, showing an abundance of mostly grooved his¬
tiocytes and eosinophils supported by a generous vascu¬
lar background. Immunohistochemistry staining with
CDla and anti-SlOO protein confirm the diagnosis (Fig
4-13). Electron microscopic features of the Langerhans
cells known to be characteristic show tennis racket-type
granules commonly referred to as Birbeck granules,248,249

Among the two well-recognized types of lymphoma—
Hodgkin and non-Hodgkin lymphoma— the latter may
appear in extranodal sites in up to 40% of cases.250 Gen¬
erally, non-Hodgkin lymphoma predominantly affects
the lymphoid tissue of the Waldeyer’s ring in the head and
neck, including the tonsils, base of the tongue, and buccal
mucosa, but may also rarely involve jaw bones250-252 and
may therefore mimic endodontic or periodontic space
diseases, among other cystic jaw lesions253 (Figs 4-14 and
4-15). Jaw lymphomas often present as irregular radiolu¬
cencies with well- or ill-defined outlines.When lymphomas

Intraosseous malignant tumors
including metastatic carcinoma
Metastatic carcinoma is an important consideration with¬
in this category and has significant diagnostic, manage¬
ment, and prognostic implications.193,234"236 The incidence
of periapical pathosis representing confirmed metastatic
disease ranges from 2.1% to 0.21%.236,237 The most com¬
mon region where metastatic disease is encountered is un¬
doubtedly the posterior mandible, where lung and breast
carcinomas predominate, all sites considered.197,238"240 The
identification of evidence of radiographic opacity within
the metastatic disease may favor one of three sources—
specifically lung, prostate, and thyroid metastasis— more
than others.122 Intraosseous malignant salivary tumors

such as adenoid cystic carcinoma241,242 and central intra¬
osseous carcinoma (including central odontogenic car¬
cinoma)238,243,244 and rare malignant mesenchymal, soft
tissue tumors245 and neuroectodermal tumors246 may also
rarely masquerade as periapical pathosis. With rare ex¬
ceptions where lesions may present in a periapical loca¬
tion, metastatic carcinoma and intraosseous malignant
entities most commonly present as moth-eaten, destruc-
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Fig 4-13 A 7-year-old boy presented with an incidental finding of a radio-
lucent lesion surrounding the roots of the loose mandibuiar right first molar.
(a) Panoramic radiograph showing the presence of radiolucent lesions in
the right mandibular body (arrow), (b) A periapical radiograph better delin¬
eates the well-demarcated radiolucencies (arrows) periradicular and apical
to the first and second molars, respectively, (c) A low-power view showing
a partially necrotic tissue (arrow) and a dense cellular infiltrate (h&e stain;
original magnification X10). (d) A higher-power photomicrograph showing a
dense admixture of histiocytes, many of which demonstrate grooved nuclei
(arrow) and eosinophils (E) supported by a loose, mostly necrotic back¬
ground, characteristic of LCH (h&e stain; original magnification X60). (e)
Parts of the cellular infiltrate showed a dense admixture of eosinophils and
histiocytes (h&e stain; original magnification X40). (f and g) Immunohisto-
chemistry of LCH demonstrating intense and generalized positive labeling
with CD1a and anti S-100 protein antibodies, respectively, confirming the
diagnosis of LCH.
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Fig 4-14 An 80-year-old man presented with a 1-month history of paresthesia and a history of endodontic treatment
on the mandibular right first moiar. (a) Panoramic radiograph demonstrates a 3-cm radiolucency apical to the end-
odontically treated mandibular right first molar, (b) A periapical radiograph of this tooth demonstrates a radiolucency
apical to it. Enucleation of the lesion and histomorphologic examination demonstrated the presence of a large B-cell
lymphoma, confirmed with immunohistochemistry staining and flow cytometry studies.
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Fig 4-15 (a) Panoramic radiograph depicting a large radiolucency (arrow) in the right mandible of a 43-year-old man who presented originally
to his dentist with pain and swelling, with intermittent response to antibiotics. He received three consecutive root canal treatments and several
extractions within a period of 5 years. A biopsy of the persistent, refractory, painful swelling revealed the presence of a large B-cell lymphoma.
(b) Histomorphologic examination of the lesion demonstrated a dense lymphocytic infiltrate with many large and pleomorphic ceils (h&e stain;
original magnification x60). The tumor cells reacted positively with anti-CD20 (c) and anti-CD79a (d), among several other immunohistochemistry
stains, confirming the B-cell lineage of the tumor,
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Fig 4-16 (a) Panoramic radiograph of a 45-year-old man who presented with a several-week history of pain and moderate swelling in the
maxillary left vestibule and infraorbital area. He was diagnosed with periapical abscess (arrow) and accompanying cellulitis and managed with
several rounds of incision and drainage, antibiotics, and consecutive root canal treatment of several left maxillary teeth after testing nonvital. (b)
Computed tomography scan, with contrast, showing left maxillary expansion and soft tissue density within the maxillary sinus (arrow), (c) A biopsy
performed on the persistent swelling close to 6 months after his initial visit revealed inflamed sinus mucosa that supported dense, aggregated,
small round blue cells (h&e stain; original magnification X20). (d) Histomorphologic examination of the round blue cell population revealed the
presence of an atypical pleomorphic plasma cell population, which also exhibited mitotic activity (arrow) (h&e stain; original magnification X40;
inset x60). (e) Immunohistochemistry staining for CD138 showed diffuse positive staining, and flow cytometric analysis revealed a population of
monoclonal plasma cells (approximately 41% of the total cells), expressing moderately bright CD38, CD56, and bright cytoplasmic kappa light
chain. The histomorphologic features confirmed the diagnosis of solitary sinonasal plasmacytoma. (Case workup performed with the help of Dr
Vishnu Reddy, University of Alabama at Birmingham.)

Plasmacytoma is a rare clonal neoplastic proliferation
of plasma cells that can exist in extramedullary forms
and solitary lesions of bone.256 Lesions often appear as
well-demarcated radiolucencies within the medullary

Plasmacytomas of the head and neck may

involve bone, biopsy material often demonstrates necrot¬

ic tissue, adding to the difficulty in reaching an accurate

diagnosis.254 This potential pitfall may be overcome via
submitting the well-preserved pulpotomy (extirpated
pulp) tissue for histomorphologic interpretation in sus¬
picious cases.255

256-259cavity.
partially involve bone but are often grouped under the
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Fig 4-18 Periapical radiograph of the mandibular incisors
showing the right central incisor treated with root canal
therapy due to the misinterpretation of the periapical radio-
lucency as periapical pathology of endodontic origin. The
lytic phase of cemento-osseous dysplasia is seen involving
the rest of the mandibular anterior teeth except the apical
region of the left central incisor (arrow), where the osteoblas¬
tic phase of the condition is evident. (Courtesy of Dr Lane
Thompson, Loma Linda University, California.)

Fig 4-17 Periapical radiograph of the
mandibular incisors showing periapical
cemento-osseous dysplasia during the
mixed lytic-blastic phase of the disease.
(Courtesy of Dr Mahmoud Torabinejad,
Loma Linda, California.)

Fig 4-19 (a) Periapical radiograph of the
mandibular incisors showing periapical
cemento-osseous dysplasia involving the
left lateral incisor, which has been treated
with root canal therapy due to the misin¬
terpretation of the periapical radiolucen-
cy as periapical pathology of endodontic
origin. The osteoblastic phase of the con¬
dition is more evident apical to the rest
of the incisors, (b) Histomorphologic ex¬
amination of the tissue curetted from the
apical region of the mandibular central
incisors showing fragments of osteoid/
woven bone, some of which exhibit
resting lines and the majority of which
demonstrate well-preserved evidence of
osteoblastic rimming. The bone is sup¬
ported by dense fibrocollagenous con¬
nective tissue (h&e stain; original magnifi¬
cation X20).
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among this group, central cementifying ossifying fibroma
(COF) and osseous dysplasia (OD) are probably the most

likely to be mistaken for periapical pathology. COF is a

true benign tumor of bone that is usually characterized
by a well-demarcated radiolucency, radiopacity, or mixed
lesion, depending on the time of discovery and examina¬
tion. OD encompasses a group of reactive, non-neoplastic
lesions; within this group, periapical cemento-osseous

dysplasia is probably the most significant, especially be¬
cause the lesions, seen apical to the mandibular incisors,
are known to occur initially as osteolytic and subsequent¬
ly demonstrate opacity with time. Failure to confirm the
vitality status of these teeth may lead to false and unjusti¬
fied root canal therapy
cemento-osseous dysplasia is characterized by generalized
radiolucencies with opacities that typically start forming

extramedullary form with a well-documented predilec¬
tion for the head and neck area.256-258 Plasmacytoma may
rarely be confused with a periapical lesion of endodontic
origin, but biopsy of the tissue, usually in a lesion that
fails to respond positively to root canal therapy, showing
a monoclonal plasma cell infiltrate confirms the diagno¬
sis259 (Fig 4-16). Prolonged follow-up of these patients
is of extreme importance because plasmacytomas often
evolve to full-blown multiple myeloma.

Bone pathology

(Fig 4-17 to 4-19). Florid260-266Several entities within this category may present as peri¬
apical pathologies. Benign fibro-osseous lesions consti¬
tute a group of neoplastic, reactive, and metabolic lesions;
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Diagnosis and
Treatment Planning

•OHM

Mahmoud Torabinejad

The major etiologic factors for tooth loss are periodon¬
tal disease, decay, and traumatic injuries. For centuries,
dentists have provided information to the public regard¬
ing the value of natural dentition as well as methods and
materials to prevent and treat periodontal disease, decay,
and traumatic injuries. Despite these efforts, many teeth
still develop periodontal disease or pulpal disease as a
result of decay formation or traumatic injuries. Tradi¬
tionally, the treatments for the affected teeth were peri¬
odontal procedures or root canal treatment. When these
treatments were deemed inadequate, the teeth were sub¬
sequently extracted and either not replaced at all or re¬
placed with fixed or removable prostheses. A significant
improvement in the survival rates of implants in the latter
part of the 20th century added another treatment option
for teeth that could not be retained periodontally or end-
odontically (Fig 5-1). The purpose of this chapter is to

discuss treatment options for teeth with periodontal or
pulpal diseases.

For teeth with periodontal disease, treatment options
include periodontal treatment, extraction with no replace¬
ment, and extraction with placement of a fixed partial
denture (FPD) or single implant. For teeth with pulpal
and periapical diseases, depending on the extent of the
pulpal involvement and closure of the apices, treatment

options include vital pulp therapy, apexification, regen¬
erative endodontics, root canal treatment or extraction
with no replacement, and extraction with placement of
an FPD or single implant (Fig 5-2).

Caries or trauma

I
I 1

Vital pulp therapy
Root canal treatment

Extraction

I
No Prosthetic

replacement [Implant
treatment

Periodontal disease

I
f 1

Periodontal
therapy

Extraction

NoProsthetic
replacement

Implant treatment

Fig 5-1 Etiologies of tooth loss and treatment options.
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Fig 5-2 Treatment options for teeth with
open and closed apices and various puipai
conditions.
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•Autotransplantation

include edentulous sites adjacent to teeth without resto¬

rations or with a need for restoration (Fig 5-7), abutment
teeth with large pulp chambers, abutment teeth with a
history of avulsion or luxation, teeth with infractions or
vertical root fractures or an inadequate crown-to-root

ratio, and teeth that cannot be prepared with adequate
retention and resistance form. Other factors that affect
treatment planning for single implants include the pa¬
tient’s systemic and local health conditions, the patient’s
comfort and perception, biologic factors, tooth color, soft
and hard tissue biotypes, procedural complications, and
adjunctive treatments.14

Currently, there is no study comparing the surviv¬
al of periodontally treated teeth with single implant-
supported crowns. In a systematic review, Torabinejad et

al15 compared the outcomes of single implant-supported
crowns, FPDs, and extractions without further treatment.

Survival data in this systematic review showed superior
results for single implants compared with fixed prostho-
dontic treatment.

Treatment Options for Teeth with
Periodontal Disease

The treatment of choice for teeth with periodontal dis¬
ease is periodontal therapy and preservation of the nat¬

ural dentition (Fig 5-3). The main benefits of successful
treatment of teeth with periodontal disease include con¬
servation of the crown and root structure, preservation
of alveolar bone and accompanying papillae, preserva¬
tion of pressure perception, and lack of movement of the
surrounding teeth. Several studies have shown excellent
long-term prognoses for treated teeth with periodontal
disease and a survival rate over 90%.1-3

When teeth with periodontal disease are difficult to

maintain or the patient is not willing to keep his or her
natural dentition for various reasons, these teeth need to

be extracted (Fig 5-4). The harmful effects of extraction
of these teeth are bone resorption,4 shifting of adjacent
teeth,5"7 and reduced esthetics and chewing ability.8 Ide¬
ally, these teeth should be replaced with FPDs or a single
implant (Figs 5-5 and 5-6). The benefits of extraction and
replacement of a missing tooth with an FPD include the
prevention of shifting of the adjacent teeth and improved
chewing ability and esthetics.9 Studies have shown no
adverse effects on the surrounding alveolar bone10; no
difference in the attachment level between teeth support¬
ing FPDs and a homologous tooth11; and no difference in
plaque index, gingival index, or probing depths.12 It has
also been found that if hygiene is maintained to a high de¬
gree, no inflammation of the mucosa should be observed
under the pontic, regardless of the pontic material used.13

Implants are indicated when natural teeth cannot be
saved due to severe periodontal disease or decay or trau¬

matic injuries.14 Other indications for the use of implants

Treatment Options for Teeth with
Pulpal and Periapical Diseases

The major factors affecting treatment planning for teeth
with decay include pulpal condition and closure of the
apex (see Fig 5-2). When a tooth has reversible pulpitis
and an open apex, the treatment of choice is vital pulp
therapy through pulp capping and partial or complete
pulpotomy (Fig 5-8). When a tooth has reversible pul¬
pitis and a closed apex, the treatment of choice is vital
pulp therapy (Fig 5-9). When a tooth has irreversible pul¬
pitis or necrotic pulp and an open apex, the treatment
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Fig 5-5 Extracted teeth are replaced with an
FPD.

Fig 5-3 This patient was affected by severe
periodontal disease and referred for multiple ex¬
tractions. Periodontal treatment was performed
instead, and the patient still retains all of his
teeth 47 years later. (Courtesy of Dr Hessam
Nowzari, Los Angeles, California.)

Fig 5-4 A mandibular first molar with severe
periodontal disease that cannot be treated with
periodontal treatment and had to be extracted.

m
L 1

Fig 5-7 An implant is placed in an edentulous
site adjacent to teeth without restorations.

Fig 5-6 Extracted teeth are replaced with im¬
plants.

"
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PI#f w. B;-; iFig 5-8 (a) Preoperative radiograph of a cen¬
tral incisor with vital pulp and an open apex.
(b) Postoperative radiograph of the tooth after
pulp capping with mineral trioxide aggregate
(MTA). (c) Postoperative radiograph 9 years af¬
ter treatment showing complete closure of the
apex. The tooth had no clinical symptoms and
responded within normal limits to pulp tests.

fpcp; ' 6
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objectives of root canal treatment are to provide long¬
term comfort, function, and esthetics and save the natu¬

ral dentition. These objectives are achieved by complete
cleaning, shaping, and obturation of the canals; resto¬

ration of the affected teeth; and prevention of recontam¬

ination.16"18

of choice is apexification (Fig 5-10) or regenerative end¬
odontics (Fig 5-11). When a tooth has irreversible pulpi¬
tis or necrotic pulp and a closed apex, the treatment of
choice is root canal treatment (Fig 5-12).

For patients who have been affected by pulpal and
periapical diseases caused by decay or trauma, the main
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Fig 5-9 (a) Preoperative radiograph of a mandibular molar with vital pulp and closed apices in an 8-year-old boy. (b) Postoperative radiograph of the tooth
after pulp capping with MTA. (c) Postoperative radiograph 2 years after treatment. The tooth had no clinical symptoms and responded within normal limits
to pulp tests.
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Fig 5-10 (a) Preoperative radiograph of a central incisor with necrotic pulp and an open apex, (b) Postoperative radiograph
of the tooth after placement of an MTA plug and filling the rest of the canal with gutta-percha and sealer, (c) Postoperative
radiograph 3 years after treatment showing complete closure of the apex. The tooth had no clinical symptoms.

mm
a

Fig 5-11 (a) Preoperative radiograph of a mandibular molar with necrotic pulp, closed apices in the mesial canals, and an open apex in the distal root in
a 12-year-old boy. (b) Postoperative radiograph of the tooth after root canal treatment for the mesial roots and regenerative endodontics for the distal root.
(c) Postoperative radiograph 1 year later showing resolution of the lesion for the mesial roots and thickening of the walls in the distal root. The tooth had no
clinical symptoms.
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Fig 5-12 (a) Preoperative radiograph of a mandibular second molar with a periapical lesion and large periodontal defect, (b) Postoperative radiograph after
initial root canal treatment and filling the main and lateral canals, (c) Postoperative radiograph 3 years later showing complete resolution of the periapical and
periodontal lesions. (Courtesy of Dr Shahrokh Shabahang, Redlands, California.)
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Fig 5-13 (a) A maxillary premolar without a restorable crown, (b) A central incisor with a nonsalvageable resorptive defect, (c) A central
incisor with an inadequate crown-to-root ratio. These are all contraindications for root canal treatment.

Outcomes of Initial Root Canal
Treatment

Indications and Contraindications
for Initial Root Canal Treatment

Nonsurgical initial root canal treatment is a highly suc¬

cessful procedure when diagnosis and technical aspects

are carefully performed (see Fig 5-12). Several studies
with large sample sizes have reported that nonsurgical
root canal therapy (NSRCT) has a survival rate of more
than 90% when adequately performed.
al20 evaluated 44,613 NSRCT cases in the United States.
They reported that 94% of the teeth that had been re¬

stored were in function and had survived at an average
follow-up time of 3.5 years. Salehrabi and Rotstein21
evaluated 1,462,935 teeth in 1,126,288 patients in the
United States. They reported that at 8 years after initial
NSRCT, 97% of teeth had survived without intervention.
Chen et al22 evaluated 1,557,547 teeth receiving NSRCT
in Taiwan. At 5 years, they reported that 93% survived

Indications for root canal treatment include teeth with
irreversible pulpitis, necrotic pulps, treatable periodon¬
tal conditions, salvageable resorptive defects, favorable
crown-to-root ratios, as well as teeth with or without
periapical lesions that have restorable crowns.19 Any tooth
with pulpal and periapical pathosis that has a restorable
crown, sound periodontal structures, an adequate crown-
to-root ratio, and no major tooth resorption must be
saved by root canal treatment.

Root canal treatment is contraindicated in teeth with¬
out restorable crowns or teeth with untreatable periodon¬
tal conditions, nonsalvageable resorptive defects, and
inadequate crown-to-root ratios (Fig 5-13). Nonsurgical
root canal treatment is a predictable procedure when it is
performed properly.

20-22 Lazarski et
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Steps in Diagnosis of Nonhealing
Following Initial Root Canal
Treatment

without intervention. Raedel et al23 evaluated 556,067
teeth receiving NSRCT in Germany and reported a sur¬

vival rate of 84% without intervention after 3 years.
Bernstein et al24 examined the outcomes of NSRCT in

general practice using a practice-based research network
(PBRN) in the United States. At 3 to 5 years after treat¬

ment, 95% of the cases had survived without interven¬
tion. Another smaller PBRN study of 174 teeth reported
an 82% survival rate with a mean follow-up time of 8.6
years.25

Systematic reviews of outcomes of NSRCT reveal the
same results. Iqbal and Kim26 report a six-year survival
rate of 97%.26 Torabinejad et al15 report a similar sur¬
vival rate after 6-plus years. Another systematic review,
restricted to far fewer source articles, provided estimated
pooled proportions of 8 to 10 years with a survival rate
of 87%.27 These results point to excellent performance of
teeth treated with NSRCT over time. However, like other
complex disciplines of dentistry and medicine, root canal
treatment can also have some unsuccessful outcomes.

When initial NSRCT is unsuccessful, the first step in solv¬
ing the patient’s problem is to determine the cause(s) of
the nonhealing. As with initial nonsurgical treatment, di¬
agnosis is the first and the most important phase of treat¬

ment planning. Diagnosis is a detective process and there¬
fore must be performed carefully and systematically. A
competent dentist or specialist must have adequate train¬
ing in the art and science of alternative treatment options,
and he or she should perform diagnostic tests, interpret
the test results, psychologically manage the patient, and
finally formulate an appropriate diagnosis and treatment

plan.Treatment planning should address the expectations
of the patient, insurance company, and dentist. An ideal
treatment plan addresses the chief complaint of the pa¬
tient and provides a cost-effective treatment based on pa¬
tient and dentist expectations and abilities. The treatment
planning should be a patient-centered process based on
scientific evidence, preserving or restoring esthetics, com¬
fort, and function for the patient.

Similar to diagnosis and treatment planning for initial
NSRCT, a step-by-step systematic approach to diagno¬
sis and treatment planning must be followed for patients
who have had previous root canal treatment and may
need further treatment. These steps include:

Causes of Nonhealing of Initial
NSRCT

Because of the complexity of root canal systems and in¬
adequate chemomechanical instrumentation, elimination
of bacteria from the root canal systems is not always
possible.28-31 The presence of bacteria in the root canal
system before obturation negatively affects the prognosis
of this procedure.32 The use of calcium hydroxide as an
intracanal medicament decreases the bacterial population
and improves the prognosis.33’34 Studies have shown that
inaccurate obturation lengths as well as inadequate obtu¬
ration lead to worse outcomes.35-47

Reinfection of the root canal system after root canal
treatment through coronal microleakage is a major fac¬
tor for nonhealing after initial root canal treatment.28,29,32

Other causes of nonhealing after initial root canal treat¬

ment may be related to procedural accidents and mis¬
haps.28,31 They include perforations, canal transportation,
separated instruments, or ledge formations. Long-term
delay of placement of definitive restorations after initial
root canal treatment can also affect the treatment out¬
come.46,48-50 Another cause of nonhealing following root

canal treatment is the presence of vertical fracture that
occurs after root canal treatment.51-53 In a review paper,
Nair54 describes six main biologic factors that lead to
asymptomatic radiolucencies persisting following initial
root canal treatment.

1. Ascertaining the chief complaint of the patient
2. Recording pertinent information related to the pa¬

tient’s medical and dental history
3. Conducting thorough subjective, objective, and ra¬

diographic examinations
4. Analyzing the obtained data
5. Formulating an appropriate diagnosis and treatment

plan for the patient

A shortcut taken in these steps can result in misdiag¬
nosis, incorrect treatment planning, and the creation of a
misunderstanding between the clinician and the patient.

Chief complaint

Obtaining the chief complaint is the first step in com¬
munication between the clinician and the patient. The
clinician should allow the patient to express his or her
problem(s) in his or her own words. When the patient is
unaware of any problem and has been referred for diag¬
nosis or treatment, the chief complaint should be record¬
ed as “no chief complaint”for future reference.
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dication of the possible complications as a result of the
use of these medications as well as the emotional status
of the patient. If there is any medical evidence related to
the physical or psychologic disease status of the patient
that might interfere with treatment, consultation with the
patient’s physician is indicated before starting any treat¬
ment. The consultation should be in writing and should
be included in the patient’s file. The American Society of
Anesthesiologists’(ASA) Health Classification System is
currently used for assessing the physical status of a pa¬
tient. ASA I and ASA II do not usually require significant
treatment modification. Patients in the ASA III category
or above usually require medical consultation.62 Howev¬
er, ASA category alone is only part of the risk assessment

for endodontic microsurgery. The anticipated procedural
stress and patient’s self-reported dental anxiety must also
be considered. It has been demonstrated that, compared
with NSRCT, surgical endodontic therapy induces more
significant physiologic changes, including increased heart
rate and systolic blood pressure. Patients with above-
average dental anxiety are also more likely to experience
significant physiologic changes.63

Conditions that may affect treatment planning include
cardiovascular diseases, hypertension, use of vasocon¬
strictors in local anesthetics, ischemic heart disease,
heart murmurs and valvular disease, anticoagulant
therapy including aspirin and other non-steroidal anti¬
inflammatory medications, bleeding disorders, arrhyth¬
mias and cardiac pacemakers, and heart failure. Certain
conditions are more relevant to treatment planning for
endodontic microsurgery compared with NSRCT. For ex¬
ample, the patient’s tolerance for epinephrine must be
considered, and any bleeding disorders and anticoagulant
therapy or immunosuppressive conditions that may re¬
sult in delayed healing or treatment failure require special
attention.

Patients with valvular heart disease present two pri¬
mary considerations for dental treatment: (1) a potential
risk for infective endocarditis and (2) a risk of excessive
bleeding in patients on anticoagulant therapy. Manage¬
ment considerations for patients on anticoagulant ther¬
apy are discussed in greater detail in chapter 8. Current
guidelines for prevention of infective endocarditis were
revised in 2007 and represent a significant change from
previous American Heart Association guidelines.64 For
example, antibiotic prophylaxis is no longer recommend¬
ed for patients with a history of mitral valve prolapse
(with or without regurgitation), rheumatic heart disease,
bicuspid valve disease, aortic stenosis, and certain con¬
genital heart conditions. Antibiotic prophylaxis is now
only recommended for patients with valvular disease as¬
sociated with the highest risk of adverse outcomes from
infective endocarditis. These higher-risk conditions in¬
clude prosthetic heart valve, previous infective endocardi¬
tis, certain types of congenital heart disease (consult with

Health history

It is imperative to take a complete health history for new
patients and to review and update the information for
patients who have been treated in the office before. A
comprehensive health history for a patient includes dem¬
ographic data, medical history, and dental history. The
written medical history form should always be supple¬
mented with a verbal review of medical conditions and
medications. Patients may forget to report a medical con¬
dition or may intentionally omit certain information due
to privacy concerns or a lack of understanding that the
condition or medication could be relevant to dental treat¬
ment.55,56 Patients often fail to see the connection between
their medical problems and dental treatment.57 In one
study, almost two-thirds of adult dental patients (average
age 52 years) were taking prescription medications and/
or over-the-counter drugs. The most common were anti¬
hypertensive medications (35%), anticoagulants (12%),
psychiatric medications (10%), hypoglycemic medica¬
tions (9%), and gastric ulcer medications (8%).58

A particular concern in treatment planning for end¬
odontic microsurgery is the growing use of herbs, dietary
supplements, and various over-the-counter medications
that may cause increased bleeding during surgery.59 For
example, ginkgo, ginger, garlic, ginseng, feverfew, fish oil,
and vitamin E can all increase the risk of excessive bleed¬
ing during surgery.60 This information may change the
treatment planning and treatment options for the patient.

Medical history

Medical history should include the patient’s present and
past physical and psychologic conditions in regards to

cardiovascular system, blood disorders, metabolic profile,
respiratory system, central nervous system, endocrine sys¬
tem, immunologic disorders, and medications taken by
the patient. Advances in medicine have led to treatment

being rendered not only for young individuals or patients
without medical problems; the age of the patient popu¬
lation with pulpal or periapical pathosis is on the rise.61
Older individuals usually have more medical problems
compared with young ones. Consequently, these patients
may have systemic diseases or may be taking medications
that interfere with treatment options. A medically com¬
plex patient usually requires modification in treatment

procedures.
A thorough medical history provides information re¬

garding the general health of a patient as well as his or
her susceptibility to infection and tendency to bleeding.
Analysis of the patient’s list of prescribed medications,
herbs, dietary supplements, vitamins, and other over-the-
counter medications is usually indicative of the medical
condition of a patient and severity of his or her system¬

ic diseases.62 Gathering this information provides an in-

81

www.konkur.in

Telegram: @dental_k



[|§|| Diagnosis and Treatment Planning

Box 5-1 Suggested antibiotic prophylaxis regimens

Patients unable to take medications orally (taken
intramuscularly or intravenously)
Adults: 2.0 g ampicillin or 1.0 g cefazolin or
ceftriaxone

Children: 50 mg/kg ampicillin, cefazolin,
or ceftriaxone

Patients allergic to penicillin who are unable to take
medications orally (taken intramuscularly or
intravenously)
Adults: 1.0 g cefazolin or ceftriaxone or 600 mg
clindamycin

Children: 50 mg/kg cefazolin or ceftriaxone or
20 mg/kg clindamycin 30 minutes before the
procedure

Patients not allergic to penicillin (taken orally 1 hour
before procedure)
Amoxicillin
Adults: 2.0 g
Children: 50 mg/kg

Patients allergic to penicillin (taken orally 1 hour
before procedure)
Clindamycin
Adults: 600 mg
Children: 20 mg/kg

or
Cephalexin
Adults: 2.0 g
Children: 50 mg/kg

or
Azithromycin or clarithromycin
Adults: 500 mg
Children: 15 mg/kg

Dental historythe patient’s physician), and cardiac transplant with val-
vulopathy. For patients in the highest risk category, anti¬
biotic prophylaxis is recommended for dental procedures
that involve manipulation of gingival tissues or the peri¬
apical region of teeth or perforation of the oral mucosa;
obviously, this includes endodontic microsurgery. For all
other patients with valvular disease, the risks associated
with routine antibiotic prophylaxis are greater than po¬
tential benefits.64

These guidelines should be considered the current best
available evidence to guide clinical practice decisions;
however, it is interesting to note that a recent study in
England demonstrated an increase in cases of infective
endocarditis following the widespread adoption of the
new standards in 2008.65 The increase in cases was found
in individuals both at high risk and at lower risk of infec¬
tive endocarditis. Although the increase was statistically
significant, the absolute number of cases was still very
low, and the authors caution that a causal relationship
has not been established. The regimen for prophylactic
antibiotic coverage is shown in Box 5-1.

Other conditions that affect treatment planning are
diabetes, pulmonary diseases, central nervous disorders,
renal disease and dialysis, a history of bisphosphonate
use, bone marrow and solid organ transplantation, pros¬
thetic joints and other prosthetic devices, pregnancy, HIV,
sickle cell anemia, liver disease, adrenal suppression and
long-term steroid use, and allergies to antibiotics and
dental materials62 (see chapter 16).

A good dental history provides valuable information
about the patient’s attitudes toward oral health and sav¬
ing the natural dentition. This information has valuable
diagnostic importance and may provide clues for select¬
ing a specific test or treatment modality. After listening
with keen interest, the clinician should ask about previ¬
ous dental experiences; the type of pain or discomfort;
the severity, spontaneity, and duration of pain (if present);
and/or the stimuli that induce or relieve pain. Obtaining
this information provides clues regarding the previous
adverse effect of treatment related to the tooth that has
had root canal treatment or another tooth that has noth¬
ing to do with the root canal-treated tooth. Medications
taken for relief of pain or discomfort also provide tips
regarding the source of the patient’s concern. Root canal-
treated teeth usually have no sensitivity to cold or heat
and are not associated with severe and spontaneous pain.
Pain or discomfort related to a root canal-treated tooth
usually comes after application of pressure, which indi¬
cates the presence of periradicular pathosis.

Tentative diagnosis

After careful review of the medical and dental histories of
a patient and identification of the main subjective signs
and symptoms of the patient’s present illness, the clini-
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Fig 5-14 (a) Preoperative radiograph of a mandibular
central incisor with inadequate root canal treatment
with a large periapical lesion, (b) A large extraoral fis¬
tula on the patient’s chin related to this inadequate
treatment.
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cian often arrives at a tentative diagnosis. The tentative
diagnosis is then confirmed or modified by extra- and
intraoral examinations, as well as clinical tests.

abscess. Placement of gutta-percha into the sinus tract

can aid in localizing the source of the infection (Fig 5-15).
Soft tissue examination should also include identification
of the gingival biotype (Fig 5-16). This biotype (thick
versus thin) affects treatment planning and the type of
flaps used in surgery should endodontic surgery be indi¬
cated (see chapter 9). The location, size, and texture of
any muscle attachments and frena should be examined.
These also affect the types of treatment and flap designs
indicated for surgery.

Extraoral examination
Extraoral examination consists of an evaluation of the
general appearance of the face, facial asymmetry, and the
presence or absence of swelling, discoloration, and skin
redness. In addition, the presence or absence of extraoral
scars or sinus tracts and tender and/or enlarged lymph
nodes should be examined. A careful and thorough extra¬

oral examination may provide the cause of the patient’s
complaint and the extent of the disease process (Fig 5-14).

Hard tissues

Examination of the hard tissues consists of evaluation of
the dentition as well as the bones of the jaws. The number
of teeth and their condition are usually indicative of the
patient’s interest in oral health. Patients who have poor
oral health and have lost many teeth are not good can¬
didates for retreatment surgically or nonsurgically (Fig
5-17). A mirror and an explorer should be used to deter¬
mine the presence or absence of gross or recurrent mar¬
ginal caries, crown fractures, defective restorations, and
coronal leakage in teeth with previous root canal treat¬

ment. The thickness of the bones surrounding the teeth
should be carefully examined during hard tissue examina¬
tions.The nasal spine should be palpated to determine its
contour and sharpness. A delicate elevation is required to

avoid tearing of the soft tissue if surgery is indicated. The
location and extent of the external oblique ridge should
also be noted. The depth of the vestibule should be noted
during this examination. Like the gingival biotype, the
depth of the vestibule also affects the types of treatment

and the flap designs indicated if surgical endodontics is
contemplated (Fig 5-18).The depth and height of the pal¬
ate should be noted during examination of the maxillary
soft and hard tissues. These factors affect the buccal or
palatal surgical approach if surgery is contemplated (see
chapter 12).

Intraoral examination
Intraoral examination includes the soft and hard tissues
of the oral cavity.

Soft tissues

Soft tissue examination consists of a visual and digital
test of the lips, oral mucosa, cheeks, tongue, palate, and
muscles of mastication. The size and shape of the oral
cavity and the patient’s mouth opening should be deter¬
mined during intraoral examination. The color, texture,
and health of marginal gingiva should be carefully eval¬
uated. These factors affect treatment planning. The same
evaluations should be performed for attached gingiva.
The attached gingiva is evaluated for color, texture, and
vertical dimension. Alveolar mucosa should be examined
for the presence of inflammation, ulceration, discolor¬
ation, and the sinus tract stoma. Presence of a sinus tract
stoma usually indicates presence of a necrotic pulp and/
or chronic apical abscess and sometimes a periodontal
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Fig 5-15 (a) Tracing the sinus tract stoma with a gutta-percha point shows that the source of in¬
fection is far away from the stoma, (b) Two sinus tract stomas are traced to the central incisors with
necrotic pulps and open apices.
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Fig 5-16 (a) Thin biotype, (b) Thick biotype.
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Fig 5-18 (a) A deep vestibule in the anterior maxilla, (b) A shallow vestibule in the anterior maxilla.Fig 5-17 The loss of many teeth should be
considered as a factor during treatment plan¬
ning.

This test is performed by tapping on the incisal or occlu¬
sal surface with the end of a mirror handle held parallel
or perpendicular to the crown (Fig 5-19). In teeth with se¬
vere percussion sensitivity, this test should be performed
by gentle apical pressure with digital manipulation of the
tooth. Another way to evaluate percussion sensitivity is to

have the patient bite hard on an object such as a cotton

swab or mirror handle.

Clinical tests

Percussion

Percussion tests determine the presence of inflammation
anywhere in the periodontal ligament caused by either
pulpal or periodontal disease. In general, the percussion
pain related to periodontal inflammation is milder than
that related to periapical inflammation of pulpal origin.
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Fig 5-20 Palpation testing is performed by applying firm pres¬
sure on the mucosa overlying the hard tissues of the teeth.

Fig 5-19 Percussion testing is performed by tapping on the incisal surface
of the suspected tooth with the end of a mirror handle held parallel or per¬
pendicular to the crown.
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Fig 5-22 Periodontal probing is performed on the suspected
tooth and the adjacent teeth during diagnosis and treatment
planning. This test not only determines the source of the peri¬
odontal defect, but it also affects the flap designs if surgery is
indicated.

Fig 5-21 Vitality testing with cold or electricity is performed on the sus¬
pected tooth and the adjacent teeth during diagnosis and treatment plan¬
ning.

identify the cause(s) of the patient’s complaint. It is not

uncommon that, after performing these tests, the clinician
finds the source of the patient’s complaint to be another
tooth or some other cause.

Palpation

Like percussion sensitivity tests, palpation tests also de¬
termine the extent of inflammatory processes in the soft
and hard tissues of the oral cavity. Palpation tests are per¬
formed by applying firm pressure on the mucosa overly¬
ing the hard tissues (Fig 5-20). The presence of palpation
sensitivity around attached gingiva indicates periodontal
disease. In contrast, the presence of palpation sensitivity
in mucosa near the apices of teeth indicates periradicular
disease.

Periodontal probing

Evaluation of the periodontal health of the tooth in ques¬
tion is an important step for diagnosis and treatment

planning. Periodontal probing is an important clinical
test that is often overlooked. Periapical and periodontal
lesions may mimic each other and therefore require dif¬
ferentiation.66 Periodontal probing not only determines
the source of the periodontal defect, but it also affects
flap designs and the outcome of the endodontic surgery if
this treatment is indicated (Fig 5-22). Like nonrestorable
teeth, teeth with severe periodontal disease involvement
are poor candidates for any type of endodontic procedure
including surgical or nonsurgical retreatment.

Pulp vitality tests
Similar to vitality tests performed for initial root canal
treatment, cold, heat, and electric pulp testing should be
performed when a patient is considered for further non¬
surgical or surgical treatment (Fig 5-21).The information
gathered from these tests rules out other teeth and can
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Fig 5-23 Radiographic examination shows the presence of caries lesions,
defective and leaky restorations, periradicular lesions, and periodontal dis¬
ease; the location of anatomical landmarks such as the maxillary sinus;
the relationship of these anatomical landmarks to the apices of teeth;
the quality of root canal treatment. Careful examination of these features
affects treat

and

merit planning.

may not show the third dimension of objects in the oral
cavity. Recent advances in radiology have resulted in de¬
velopment of cone beam computed tomography (CBCT)
and visualization of the third dimension of objects in the
oral cavity. This technology is useful for diagnosis and
treatment planning for surgical and/or nonsurgical re¬
treatment (see chapter 6).

After conducting the above examinations and tests, the
clinician should be able to arrive at a final diagnosis and
prepare a proper treatment plan. The gathered informa¬
tion should be discussed with the patient in clear, precise,
and understandable language.The presentation to the pa¬
tient should include the scientific aspects of the treatment

options and the reasons, features, and benefits of the
proposed treatments. The American Association of En-
dodontists has published material that is designed to as¬
sist patients in understanding various treatment options.
These resources (in print and electronic formats) answer
the most frequently asked questions about treatment pro¬
cedures, problems, and prognosis (www.aae.org).

Mobility

The mobility test determines the periradicular support of
a tooth. Teeth with extreme mobility usually have little
periradicular support and are poor candidates for sur¬
gical or nonsurgical retreatment. Occasionally, mobility
decreases after successful surgical or nonsurgical retreat¬

ment if the source of the periradicular tissue loss is elim¬
inated.

Radiographic examination

Radiographs allow evaluation of mineralized tissues such
as teeth and bone. They reveal general information re¬
garding teeth, their roots, their crowns and crown-root

ratios, as well as the bone levels of surrounding teeth.
Radiographs also show the presence of caries lesions,
defective and leaky restorations, periradicular lesions,
and periodontal disease; the location of anatomical land¬
marks such as the maxillary sinus, incisive and mental
foramina, and the mandibular canal and its relationship
with the apices of teeth; and the quality of root canal
treatment (Fig 5-23). In addition, they show the presence
of radiolucencies as well as radiopaque structures such
as a buccal oblique ridge or exostosis. The data gathered
during radiographic examination provides valuable in¬
formation that affects treatment planning.

Unfortunately, clinicians have a tendency to rely on
radiographs too much and come to their final diagnostic
decision based on a single radiograph. Radiographs are

a useful tool and have diagnostic value, but they have
many limitations. Inflammatory changes in the pulp tis¬
sue are not visible, and periradicular lesions cannot be
detected in their early stages. Periradicular pathosis is de¬
tected when the inflammatory process erodes the cortical
plates.67,68 Radiographs are only two-dimensional and

Patient consent
Informed consent is an important part of treatment plan¬
ning for any proposed procedure. The treatment and its
alternatives should be discussed in layman’s terms and
must include a candid assessment of benefits, risks, and
costs involved. To document the understanding and ac¬
ceptance or rejection of the treatment options, a consent

form should be signed by the patient or guardian and
witnessed by a third party. This form is an agreement be¬
tween the patient and the practitioner and becomes a part
of the patient’s permanent record. If changes are made in
the treatment plan, they must be discussed and added to

the document, along with the date and the patient’s and
dentist’s signatures.
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Fig 5-24 fa) Preoperative radiograph of a mandibular
second molar with inadequate root canal treatment and a
large periapical lesion, (b) Postoperative radiograph after
retreating the root canals and filling them with MTA, (c) Post¬
operative radiograph 9 months later showing complete res¬
olution of the periapical pathosis. (Courtesy of Dr H. J. Kang,
Westlake Village, California.)

tions are currently nonsurgical retreatment, endodontic
surgery, replantation, transplantation, or extraction.

It must be remembered that the vast majority of teeth
with initial root canal treatment heal without any further
intervention. But like other procedures in medicine or
dentistry, some cases do not heal and need further treat¬

ment. Nonsurgical Retreatment

IndicationsTreatment Options Following
Nonhealing of Initial Root Canal
Treatment

If the quality of previous root canal treatment can be im¬
proved, nonsurgical retreatment is usually the first treat¬

ment of choice (Fig 5-24). Nonsurgical retreatment is in¬
dicated in motivated patients with teeth that are

restorable, have sound periodontal conditions, possess
favorable crown-to-root ratios, and are accessible non-
surgically. The nonsurgical retreatment option allows
the clinician to improve the quality of disinfection and
obturation compared with the initial treatment and ad¬
dresses possible coronal leakage with placement of a bet¬
ter coronal restoration. Nonsurgical retreatment prior to

surgical treatment has been shown to improve the out¬

come of surgical endodontics.30,69 Retreatment proce¬
dures usually require special skills, instruments, and ad¬
vanced training.31,70

Clinical examinations of teeth that have not healed fol¬
lowing initial root canal treatment may show the pres¬
ence of palpation and percussion sensitivity, localized
swelling, leaky or missing coronal restorations, and re¬
current caries. Radiographic examinations of these teeth
may reveal the presence of untreated canals, poor obtu¬
ration, separated instruments, and recurrent caries. The
main cause of nonhealing is the presence of bacteria in
the root canal system.54 When initial root canal treatment

fails to promote healing, the goals of further treatment

are to eliminate infection, improve the quality of obtu¬
ration, and save the natural dentition. The treatment op-
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Fig 5-25 (a) Preoperative radiograph of a maxillary lateral incisor with inadequate root canal treatment and a periapical
lesion, (b) A clinical image of the area shows the presence of inadequate tooth structure for placement of a crown and two
adjacent teeth without restorations, (c) The tooth was extracted and replaced with a single implant.

Contraindications Surgical Endodontics
An unmotivated patient, nonrestorable teeth, teeth with
inadequate periodontal support, teeth with an unfavor¬
able crown-to-root ratio, and teeth that are inaccessible
nonsurgically are the main contraindications for nonsur-
gical retreatment of teeth with nonhealing conditions (Fig
5-25). In addition, single-rooted teeth with vertical root

fractures are not suitable candidates for nonsurgical re¬
treatment.

When nonsurgical retreatment is not possible or does not

succeed, surgical treatment (surgical endodontics) is need¬
ed to retain a tooth that would otherwise be extracted
(Fig 5-26). Surgical endodontics does not involve simply
resecting the apex of a root, preparing a root-end cavity,
and placing a root-end filling material. The goals of this
procedure are sealing of all portals of communication
between the root canal system and periradicular tissues,
eliminating contaminants from the periradicular tissues,
providing an environment for complete regeneration of
periradicular tissues, and saving the natural dentition.
During the past 20 years, the art and science of surgical
endodontics have significantly changed. With the use of
the operating microscope, microsurgery instruments, and
new root-end filling materials, surgical endodontics has
saved numerous teeth that might otherwise have been ex¬
tracted.76

Benefits and risks

The main benefits of nonsurgical retreatment are reten¬

tion of the patient’s natural dentition and avoiding ex¬
traction. The main risks include damage to the existing
crown during access preparation, root fracture during
post removal, and accidental procedures such as ledge
formation, root perforations, and separation of instru¬
ments. Furthermore, nonsurgical retreatment may result
in extensive removal of tooth structure and weaken the
tooth, which may impact the retreatment outcome and
lead to the necessity for extraction training.70

History of surgical endodontics
Surgical endodontics is not a new procedure; it has a long
history (Table 5-1). The first modern endodontic text¬

book on surgical endodontics was published by Arens,
Adams, and DeCastro,77 followed by other textbooks in
1998.76 The results from scientific investigations and the
clinical techniques and concepts developed during the
second half of the 20th century have formed the founda¬
tion of what is known and is being practiced in the 21st
century. However, surgical endodontics is continually
evaluated and modified to improve its long-term clinical
outcomes.76

Outcomes
Studies have shown that a high percentage of nonsurgi¬
cally retreated cases are successful after retreatment.
Based on these reports, it appears that if a nonhealing
case is retreated by conventional nonsurgical means, the
success rate is high, especially in teeth without periapi¬
cal lesions and when the cause of failure is identified and
corrected.75

71-74
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Fig 5-26 (a) Periapical radiograph showing an extensive radiolucency around the apex of the maxillary right incisor with an overex¬
tended silver point and an inadequate coronal seal, (b) The root canal was retreated nonsurgically and surgically using MTA as a root
canal filling material, (c) Radiograph 3 years later showing complete resolution of the periapical lesion. (Courtesy of Dr Christopher
Sechrist, Redlands, California.)

Examples of historical reports related to endodontic surgery (1884-1998)Table 5-1

Described techniquesYearAuthors

Root amputation

Apicoectomy

Root amputation

Flap design

Fistulation

Flap design

Amalgam as a root-end filling

Causes of surgical endodontic failures

Cementum formation over resected roots

Cementum formation over resected roots

Scope of periapical surgery

Indications for endodontic surgery

Endodontic surgery

Endodontic surgery

Endodontic surgery

Endodontic surgery

1884Farrar

Black

Rhein

Schamberg

Koch

Buckley

Lucas

Fawn

Coolidge

1886

1890

1906

1909

1914

1916

1927

1930

1931Hill

1959Maxmen

Luebke et al 1964

Arens et al 1981

Gutmann and Harrison

Bellizzi and Loushine

1991

1991

Arens et al 1998

Incision and drainageSurgical endodontic procedures consist of incision and
drainage, periapical surgery, and adjunctive surgery pro¬
cedures like perforation repair, root resection, hemisec-
tion, bicuspidization, as well as tooth replantation and
tooth transplantation.

The objective of incision and drainage is to evacuate ex¬
udates and purulence from a soft tissue swelling. This
procedure not only results in patient comfort, but it also
speeds healing and recovery.76
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Fig 5-27 (a) A fluctuant swelling associated with the maxillary left canine with pulpal necrosis and an acute abscess, (b) A vertical incision is placed over
the abscess, (c) A rubber drain is sutured in place for continued drainage for a few days.

extremely helpful to provide effective anesthesia (Videos
5-5 and 5-6). If none of these procedures work, nitrous
oxide/oxygen sedation or intravenous sedation can be
used to perform incision and drainage with less pain and
discomfort (see chapters 8 and 16).

Indications

Drainage through the soft tissue is accomplished most

effectively when the swelling is fluctuant76 (Fig 5-27). If
the swelling is nonfluctuant or firm, incision for drainage
often results in drainage of only blood and serous flu¬
ids. Incision and drainage sometimes is performed before
endodontic surgery. Endodontic surgery should be per¬
formed when the incision has completely healed.

Incision

After obtaining anesthesia, the incision is made vertically
with a No.11scalpel.The advantage of vertical incisions
is that they are parallel with the major blood vessels and
nerves and leave very little scarring. The incision should
be made firmly through the soft tissue into the perioste¬
um and bone.

Contraindications

There are very few contraindications for the use of inci¬
sion and drainage. Patients with bleeding disorders must

be approached with caution. Hematologic screening is
indicated for these patients. Anatomical landmarks such
as the mental foramen, maxillary sinus, incisive fora¬
men, and an inferior alveolar canal near the apical ab¬
scess should be approached carefully during incision and
drainage.77

Drainage

After making the initial incision, a small closed hemostat
can be placed in the incision line to obtain more drainage.
To maintain a path for drainage, a drain cut from rubber
dam can be placed and sutured to the edge of the envi¬
sioned tissue. The drain should be removed within 2 to 3
days (Video 5-7).Procedures

Anesthesia Periapical surgery
Obtaining profound anesthesia is essential to performing
incision and drainage. Because of the presence of severe
inflammation, accomplishing this task with routine anes¬
thetic techniques might be difficult. In some cases, region¬
al block anesthetic techniques such as mandibular blocks
for posterior areas, including Gow-Gates (Video 5-1)
and Vazirani-Akinosi (Video 5-2) blocks, bilateral men¬
tal blocks for the anterior mandible, posterior superior
alveolar blocks for the posterior maxilla, and second di¬
vision block (Video 5-3) or infraorbital block (Video 5-4)

for the anterior maxilla are needed to obtain profound
anesthesia. In addition, in cases of severe percussion sen¬
sitivity, intraosseous and intraligamental injections are

The purpose of performing periapical surgery is to stop
egress of irritants from the root canal system into the peri-
radicular tissues. This is accomplished by gaining access
to the root end, or any part of it, and sealing the portals
of exit with a biocompatible material that allows com¬
plete regeneration of periradicular tissues.

Indications

The indications for periapical surgery have undergone
dramatic changes in the last two decades.76 These chang¬
es are evident especially when dealing with the treatment
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Fig 5-28 (a) A nickel-titanium file is separated inside the mesiobuccai canal of the mandibular first molar, (b) Because of patient discomfort, surgery was
performed to remove this instrument. MTA was used as a root-end filling material, (c) Periapical radiograph 32 months later showing complete healing.

Fig 5-29 (a) Inadequate root canal treatment, a large post, extrusion of filling materials into the periapical tissues, and patient discomfort led to a decision
to perform periapical surgery on the mandibular first premolar, (b) Postoperative radiograph after endodontic surgery. MTA was used as a root-end filling
material, (c) Periapical radiograph 41/2 years later showing complete healing and a functional tooth.

canal system through the coronal access; symptomatic
cases; adjunctive surgeries; and exploratory surgery.

of failed nonsurgical endodontic treatments. The most

important principle of endodontic diagnosis and treat¬

ment planning is that the primary treatment option for
failed endodontic treatment should be nonsurgical end¬
odontic retreatment whenever possible. The importance
of thorough and meticulous presurgical planning cannot

be overemphasized. Not only must the practitioner and
staff be thoroughly trained, but also all necessary instru¬
ments, equipment, and supplies must be readily available
in the treatment room. This requires that every step of
the procedure be carefully planned and analyzed. The
potential for possible complications must be anticipated
and incorporated into the presurgical planning. Good
patient communication is essential for thorough surgical
preparation. It is important that the patient understands
the reason surgery is needed as well as other treatment

options available. The patient must be informed of the
prognosis for a successful outcome and the risks involved
in the surgical procedure in addition to the benefits. It is
also important that the patient is informed of the possible
short-term effects of the surgery, such as pain, swelling,
discoloration, and infection.76

The main indications for periapical surgery are failing
root canal treatments; procedural accidents; irretrievable
materials in the root canal or periapical tissues; anatom¬

ical complexity of the root canal system that prevents

complete cleaning, shaping, and obturation of the root

Failing root canal treatments. When previous NSRCT
cannot be improved or performed because regaining ac¬
cess to the canal or removing posts would carry a risk of
perforation or root fracture and/or create a restorative
problem, surgical endodontics is indicated.

Procedural accidents. As with other disciplines in
dentistry, performing root canal treatment can result in
mishaps and procedural accidents. These include ledge
formation, root perforation, separated instruments, and
underfilled or overfilled canals. Most of these accidents
can be corrected nonsurgically. However, when nonsur¬
gical correction of these accidents is not feasible or prac¬
tical, periapical surgery is indicated to save these teeth
(Fig 5-28).

Irretrievable filling materials. Root canal filling mate¬

rials within the root canals can usually be removed from
the roots by an orthograde approach. However, when
obturation materials cannot be removed nonsurgically
(Video 5-8) or are beyond the root canal space, surgical
endodontics is indicated to save the tooth (Fig 5-29). See
Videos 5-9 and 5-10.
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Fig 5-30 (a) Preoperative radiograph of the right anterior maxilla shows the presence of dens invaginatus in the canine, (b)
Because of the presence of this anomaly in the tooth, the large lesion, and the inability to perform NSRCT, periapical surgery
was performed, (c) Postoperative radiograph 20 months later showing complete resolution of the lesion associated with the
canine.
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Fig 5-31 faj Preoperative radiograph of a mandibular second molar with completed root canal treat¬
ment. The tooth stayed symptomatic after treatment, (b) Postoperative radiograph of the tooth after
nonsurgical retreatment. The tooth stayed symptomatic again after retreatment. A tooth replantation
was planned for the patient, (c) Immediate postoperative radiograph after tooth replantation, (d) Post¬
operative radiograph 2 years later showing complete healing.

and symptoms persist during (Video 5-11) or following
(Video 5-12) initial treatment or retreatment, surgical
endodontics should be considered to relieve pressure and
reduce pain and discomfort for the patient76 (Fig 5-31).

Anatomical complexity of the root canal system.
Complex anatomy, severe curvature, and canal calcifi¬
cations that cannot be handled nonsurgically are indica¬
tions for surgical endodontics (Fig 5-30).

Adjunctive surgeries. Adjunctive surgical procedures
are those that are required to repair defects that occur
as a result of either procedural accidents or pathologic

Symptomatic cases. Nonsurgical retreatment usually
results in relief of pain and discomfort for most patients.
However, when nonsurgical retreatment is not possible
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Fig 5-32 (a) Clinical view of the maxillary right
region showing the presence of swelling be¬
tween the canine and first premolar in a 25-year-
old woman, (b) Periapical radiograph showing
the presence of a large lesion between the ca¬
nine and maxillary first premolar, (c) A sagittal
view of the region with CBCT showing the extent
of the lesion, (d) An axial view of the region with
CBCT showing that the lesion has almost perfo¬
rated the maxillary sinus, (e) Because the teeth
in this region responded within normal limits, a
biopsy was performed. A postoperative radio¬
graph was taken after removal of the lesion. The
defect was filled with freeze-dried bone, and
a resorbable membrane was placed over the
bone graft material, (f) Histologic examination
of the tissue specimens removed during explor¬
atory surgery revealed the presence of an odon¬
togenic keratocyst between the canine and first
premolar, (g) Postoperative radiograph 1 year
later showing complete resolution of the lesion.
(h) A sagittal view of the region with CBCT1 year
after surgery showing complete healing.

%IP
g

* jflF

are some radiolucencies that are not caused by root canal
infection and may mimic periapical lesions of endodontic
origin (see chapter 4). Suspicious and nonhealing lesions
require exploratory surgery including a biopsy for histo¬
logic examination (Fig 5-32 and Video 5-13).

processes. They include repair of perforations, repair of
resorptive defects, root resection, hemisection, crown
lengthening, tooth replantation, and transplantation (see
chapter 15).

Exploratory surgery. A majority of periapical lesions are
caused by infection of root canal systems. However, there
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Fig 5-33 Performing periapical surgery on a tooth with
inadequate root canal treatment that can be retreated
nonsurgically is an indiscriminate act and a contraindi¬
cation for endodontic surgery.

i

Benefits and risks of surgical
endodontics

Contraindications

There are few contraindications for periapical surgery.
They include medical or systemic complications, indis¬
criminate use of periapical surgery, anatomical factors,
and an unidentified cause of treatment failure.76

The main benefits of surgical endodontics are retention
of the patient’s natural dentition and avoiding extraction.
The main risks of surgical endodontics include damage to

the gingival tissue and scar tissue formation after surgery,
as well as postoperative complications such as bruising
and paresthesia.

Medical or systemic complications. Serious systemic
diseases in patients with blood disorders, terminal dis¬
eases, uncontrolled diabetes, severe heart diseases, and
compromised immune systems are examples of contra¬

indications for periapical surgery. Consultation with the
patient’s physician is indicated. Outcomes of surgical endodontics

Examination of the outcomes of traditional endodontic
surgery has shown a relatively high success rate for this
procedure.72 Recent advances in the art and science of
endodontic surgery have improved significantly because
of the use of the microscope, angled ultrasonic surgical
instruments, and new root-end filling materials78 (see
chapter 17).

Indiscriminate use Of surgery. Indiscriminate use of
periapical surgery for those cases that can be handled
nonsurgically is unethical and should not be practiced
(Fig 5-33). Periapical surgery is contraindicated when
nonsurgical treatment is feasible and could probably re¬
sult in successful outcomes.Torabinejad et al72 performed
a systematic review to compare the clinical and radio-
graphic outcomes of nonsurgical retreatment with those
of endodontic surgery. They found that although end¬
odontic surgery offered more favorable initial success
rates, nonsurgical retreatment offered more favorable
long-term outcomes.72 This finding supports the concept

that nonsurgical retreatment should be the first choice be¬
fore attempting periapical surgery.

Adjunctive procedures

Adjunctive surgery procedures include perforation repair,
root resection, hemisection, and bicuspidization, as well
as tooth replantation and transplantation. The indica¬
tions, contraindications, and techniques involved with
these procedures are described in chapter 15.
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Cone Beam Computed
Tomography in
Treatment Planning of
Periapical Surgery
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Mohamed I. Fayad, Bruno C. Azevedo, Richard Rubinstein

Cone beam computed tomography (CBCT) is a diagnos¬
tic imaging modality that provides high-quality, accurate

three-dimensional (3D) representations of the osseous
elements of the maxillofacial skeleton. CBCT has great
potential to become a valuable tool in modern endodon¬
tic microsurgical procedures. The different applications
of CBCT in diagnosis, treatment planning, and long-term
outcome evaluation of periapical surgery are reviewed
in this chapter. Cases are presented to demonstrate the
benefit of CBCT information in presurgical assessment,
case selection, and treatment planning in endodontic mi¬
crosurgery. The chapter also discusses how to use CBCT
to identify and manage cases involving vital structures

(maxillary sinus, inferior alveolar nerve [IAN], mental
nerve, and nasopalatine bundle) and to evaluate the out¬

come of periapical microsurgery.
Intraoral and extraoral imaging modalities are in¬

valuable tools to the overall assessment of the oral max¬
illofacial complex. Periapical (PA), bitewing (BW), and
panoramic radiographs allow for two-dimensional (2D)
imaging examination of teeth and tooth-bearing areas. PA

radiographs play a major role in the endodontic imaging
diagnosis and, according to the joint statement between
the American Association of Endodontists (AAE) and the
American Academy of Oral and Maxillofacial Radiology
(AAOMR) published in 2015, “should be considered the
imaging modality of choice in the evaluation of the end¬
odontic patient.”1

Interpretation of 2D radiographs in dentistry is lim¬
ited due to the complex anatomy associated with the
oral cavity and the imaging projection restrictions, such
as flattening 3D structures into 2D images.2 Historically,
2D images have been known to have significant prob¬
lems because of vertical and horizontal imaging projec¬
tion errors such as elongation, foreshortening, magnifi¬
cation, and overlapping of anatomical structures.3 These
problems made precise diagnosis and surgical planning of
endodontic surgical cases a challenge, and until recently,
access to 3D imaging such as CT was limited.3

However, in 1997, Dr Yoshinori Arai from Nihon Uni¬
versity in Japan announced the development of the first
high-resolution, small-volume CT scanner dedicated to
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fields, which typically translates to a shorter life span and
regular calibration sessions. During image acquisition,
photons are converted into an optical signal by the input
phosphor screen, and this signal is in turn converted to

electrons by the photocathode screen. The electric field
inside the image intensifier will accelerate the electrons
and convert them back to an optical signal at the output
phosphor screen. The intensity of the optical signal is ad¬
justed by the optical iris, and the signal is then detected
by the charge-coupled device.7,8

This complex image formation generates a volume in
the shape of a sphere and can lead to geometric distor¬
tions at the edges of the volume. New reconstruction soft¬
ware can reduce such artifacts, but noise is still part of the
volume. This distortion could potentially reduce the mea¬
surement accuracy of CBCT units and their resolution.
One advantage, however, is a reduced radiation dose to
the patient. Flat-panel images are produced in a thin film
of amorphous silicon with a large area sensor.8 The pho¬
tons are read by a scintillator that converts x-rays into
an electric signal, which is read directly on the flat panel.
This allows for a distortion-free image and better dynam¬
ic range, maximized performance, and longer sensor life
span when compared with IIS.7,8

Image acquisition on both scanners relies on the same
imaging acquisition principles: a C-arm with an area
sensor (IIS or FPD) and an x-ray source rotating around
the patient’s head or region of interest. Multiple images/
frames, referred to as base images, are captured by the
sensors.The number of base images acquired depends on
the rotation angle (180 degrees vs 360 degrees), sensor
frame capture per second, resolution protocol, and expo¬
sure protocols (continuous or pulsating). In general, the
larger the number of base images, the better the image
quality/resolution, fewer reconstruction imaging arti¬
facts, and higher radiation dose.3,4'7,8

After acquisition is finished, all base images or raw
data are transferred to a computer for reconstruction.
CBCT data is typically incomplete because only part
of the anatomy is acquired during image capture, and a
reconstruction filter is used to improve the data quality.
The Feldkamp algorithm is the most popular filter used in
CBCT reconstruction.

the oral and maxillofacial complex. Another technologic
breakthrough was the ability to process and reconstruct

3D images in ordinary desktop computers.4,5 This new
imaging modality was originally termed ortho-CT.5 Dr
Arai’s work led to a 3D revolution in dentistry and the
endodontic specialty, allowing dentists to acquire small,
high-resolution 3D volumes of the maxilla and mandi¬
ble in office. This small-volume scanner also involved
reduced radiation dose and cost compared with medical
CT. In the early 2000s, the term ortho-CT evolved to

cone beam volumetric tomography (CBVT) and later to

cone beam computed tomography (CBCT).3
CBCT imaging has proven to be better than conven¬

tional radiographs for visualization of the maxillofacial
complex, including root canal anatomy, and accurate de¬
tection of apical pathologies and root fractures.3,6 CBCT
quickly became an important tool for endodontic surgi¬
cal cases. The ability to observe tooth and bony anatomy
in three dimensions without superimposition and sliced
into submillimeter layers delivers invaluable information
to surgeons before, during, and after surgical procedures.

According to the AAE/AAOMR 2015 statement,
small-volume high-resolution CBCT should be consid¬
ered as the imaging modality of choice when evaluating
the nonhealing of previous endodontic treatment to help
determine the need for further treatment— nonsurgical,
surgical, or extraction— and for presurgical treatment

planning to localize the root apex/apices and to evaluate
the proximity to adjacent anatomical structures.1

CBCT Hardware

CBCT scanners can be divided into two categories: ded¬
icated and multifunction. Dedicated CBCT scanners can
only acquire 3D volumes and have no other imaging ca¬
pabilities. They typically have larger footprints due to
wider air gap (distance between the area sensor and the
x-ray emitter) and offer multiple fields of view, ranging
from small to full head scan capabilities.3The patient may
be positioned as standing, sitting, or in a supine position
depending on the manufacturer. Multifunction CBCT
scanners can acquire multiple 2D/3D imaging modali¬
ties, including panoramic radiographs, lateral and frontal
cephalograms, open and closed 2D temporomandibular
joint (TMJ) views, and CBCT volumes. These units have
small footprints, and their designs are based on 2D digital
panoramic units.

Different types of sensors such as image intensifier
screens (IIS) and flat-panel displays (FPD) are currently
used on multifunction units.7,8 There are significant dif¬
ferences between them. IIS sensors are much bigger and
bulkier than FPD sensors and are sensitive to magnetic

CBCT Volume

The CBCT volume is made of 3D pixels called voxels.9'11
CBCT voxels are small cubes that are isometrics and iso-
morphs. Their size is an important factor when determin¬
ing the spatial resolution of a CBCT scan/scanner. In
theory, the smaller the voxel, the better the scanner’s abil¬
ity to display detail. Flowever, because CBCT is a com-
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not only the region of interest. In general, small-volume
CBCT scans cover the same anatomy as 2D images, and
minimal competency on their interpretation is required.
In addition, it is also important to stress that oral and
maxillofacial radiology is a recognized specialty in den¬
tistry; in case of doubt during interpretation, referral of
the patient volume to a dental radiologist is encouraged.

There are approximately 75 different dental CBCT
scanners on the world market, and competition between
companies has significantly reduced the cost of the scan¬

ners. As they become more affordable and more available
to practitioners, their price will continue to fall. CBCT
billing is currently being addressed by the American Den¬
tal Association (ADA) and the AAE, and insurance reim¬
bursement is expected to be resolved at some time in the
near future.

CBCT scans are associated with multiple types of ar¬
tifacts such as noise and poor soft tissue display. Arti¬
facts can compromise the final image quality and should
be minimized at all costs. The most common artifacts in
CBCT scanning are movement and beam hardening. Pa¬
tient movement is typically associated with longer acqui¬
sition times and/or poor patient stabilization. Movement
artifact will generate blurred images and double cortica-
tion throughout the anatomy. Those artifacts reduce im¬
age quality and could potentially mask key anatomical
and pathologic findings. Beam hardening and scatter ar¬
tifacts are produced in areas of metal restorations, den¬
tal implants, root canal-treated teeth,3 and orthodontic
braces. The dark band surrounding those metals and the
scatter white lines associated with metal and high densi¬
ty are associated with polychromatic photons generated
from the tube head. Because the energy levels of those
photons are not consistent, high-density structures such
as metal attenuate the photons in the diagnostic spec¬
trum, therefore hardening the beam of radiation and gen¬
erating those types of artifacts.

The increased radiation dose to the patient is a contro¬

versial topic in dentistry and medicine. Several national
and international initiatives are aimed to bring aware¬
ness to increased radiation dose associated with imaging
examinations. When discussing the issue, it is important
to stress that dentistry uses relatively low levels of radi¬
ation and that no current studies can prove beyond any
doubt a link between the radiation dose levels used in
dentistry and cancer. CBCT scans should be used when
the benefit of the information provided outweighs poten¬

tial risks.The radiation dose associated with CBCT scans
used in endodontics varies from 20 to 100 microsieverts.
The American Association of Physicists in Medicine state

that doses below 50,000 carry such a low risk that it may

be nonexistent. Furthermore, hypothetical cancer risk in
patient populations exposed to such low doses is highly
speculative and should be discouraged.12

plex imaging system, final resolution needs to take into

consideration more than just voxel size. It also depends
on the type of sensor (FPD has higher resolution than
IIS), number of base images acquired, air gap distance,
quality of the sensor, acquisition time, use of patient sta¬

bilization devices, and software filters.
After images are reconstructed by the acquisition soft¬

ware, the volume is available for visualization. Multipla-
nar reconstruction (MPR) allows the clinician to visualize
the volume in three different planes of space: axial, sagit¬
tal, and coronal. The axial plane allows the clinician to

evaluate the volume from bottom to top to bottom. This
plane allows for visualization of perforation or expan¬
sion of cortical plates. The coronal plane runs from ante¬

rior to posterior to anterior.This plane is important when
interpreting the maxillary sinuses and buccal-palatal or
lingual cortication of the posterior teeth. The sagittal
plane slides from lateral to medial to lateral (following
the midsagittal plane). This plane is preferable during
the investigation of anterior teeth and TMJ pathologies.
Volume-rendering reconstruction is also visualized; 3D
rendering of the anatomy is important to better visualize
key anatomical structures and to improve perception of
key anatomical features.10’11

Users can also control the slice thickness and slice in¬
terval of the navigation. Slice thickness controls thickness
of the 3D planes. As a general rule, the smaller the voxel
size display, the more noise is shown within the volume.
Slice interval controls how much the cursors will move
from image to image. In the MPR view, slice interval and
slice thickness are linked together and are typically 1mm.
If more detail is needed, they can be changed to submilli¬
meter values consistent with the smaller acquisition voxel
at the expense of adding more noise to the volume. Sur¬
gical case navigation through a volume should strike a
balance between those values in order to maximize reso¬
lution and minimize noise.9-11

CBCT Applications in
Endodontics

As a new imaging modality in dentistry, CBCT is increas¬
ing its importance in the modern dental practice. The
benefit of CBCT scans in the fields of endodontics, sur¬
gery, orthodontics, periodontics, implants, and patholo¬
gy is vastly described in the scientific literature; however,
there are nuances and limitations to this imaging modal¬
ity. Medicolegal issues, cost, imaging artifacts, and in¬
creased patient radiation dose are important topics to be
considered before the adoption of this technology. From
a medicolegal standpoint, it is important to remember
that doctors are required to interpret the full volume and
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Fig 6-1 (a and b) PA radiographs of the maxil¬
lary left first molar, mesial and distal angles, re¬
spectively. (c) Coronal view of the mesiobuccal
root showing a missed mesiobuccal canal and
periapical pathology not detected on the 2D ra¬
diograph (yellow arrow), (d) Sagittal view show¬
ing the crestal defect (blackarrow) communicat¬
ing with the periapical lesion and elevating the
floor of the maxillary sinus, with no evidence of
sinus perforation, (e) Clinical photograph after
flap reflection showing both crestal and periapi¬
cal lesions. Communication between both de¬
fects can be detected, (f) Both defects grafted
with enCore combination allograft (Osteogenics
Biomedical) and CopiOs pericardium membrane
(Zimmer), (g) Two-year postoperative recall ra¬
diograph.
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Potential Applications of CBCT
in Treatment Planning of
Endodontic Microsurgery

The role of CBCT in planning for periapical microsur¬
gery has been well documented.13-16 A major advantage of
CBCT that has been reported is the 3D geometric accura¬
cy compared with conventional radiographs. Compared
with PA films, CBCT has been reported to be a more
sensitive means to detect changes in density of the bony
structures17 and for the presence of periapical rarefaction.
CBCT enables periapical disease evidenced by radiolu-
cent changes at the root apex to be detected earlier than
conventional radiographs.1 CBCT scans resulted in 62%
more periapical radiolucent areas being detected on indi¬
vidual roots of posterior mandibular and maxillary teeth
when compared with two angled PA radiographs. In situ¬
ations where patients have poorly localized symptoms as¬
sociated with an untreated or previously root-filled tooth
and clinical and PA radiographic examination show no

evidence of disease, CBCT may be indicated to detect the

CBCT is a radiographic method that allows the clinician
to visualize an individual tooth or teeth in relation to the
surrounding structures and to create 3D images of the
area of study. Traditional radiographic examinations are
usually limited to 2D views captured using radiographic
film or digital sensors. Because 2D methods reproduce
the 3D anatomy as a 2D image, essential information of
the 3D anatomy of the tooth/teeth and adjacent struc¬

tures is frequently obscured, and even with paralleling
techniques, distortion and superimposition of dental
structures in PA views is unavoidable (Fig 6-1).
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presence of previously undiagnosed periapical disease.
3D visualization of any lesions and the increased accu¬
racy for the diagnosis of the periapical status has been
reported.18’19 Axial, coronal, and sagittal views of CBCT
images also eliminate the superimposition of anatomical
structures.

Apical surgery in maxillary and mandibular molars is
often associated with difficulties.These difficulties include
the close proximity of the apices or periapical lesions to

vital structures. In the posterior maxilla, the roots of
maxillary teeth overlap with anatomical structures such
as the maxillary sinus and the zygomatic buttress. The
roots of maxillary posterior teeth and their periapical
tissues can be visualized separately and in all three or¬
thogonal planes without superimposition of the overlying
zygomatic buttress, alveolar bone, and adjacent roots. In
the posterior mandible, the roots of the mandibular pre¬
molars and molars can be located in close proximity to

the mental foramen and the mandibular canal.
Both medical CT and CBCT have been used for the

planning of periradicular endodontic surgery.20,21 3D im¬
aging allows the anatomical relationship of the root api¬
ces to important neighboring anatomical structures to be
clearly identified.

Figures 6-2 to 6-4 demonstrate a series of surgical
es in which CBCT was a valuable aid in accurate treat¬
ment planning for periapical surgery for teeth with roots
in close proximity to the mental bundle and IAN.

cas-

CBCT for surgical treatment planning
when roots are in close proximity to
the maxillary sinus

When surgical treatment planning the posterior maxil¬
la, one should evaluate the maxillary sinus for the pres¬
ence of mucosal thickening near the affected root and
the proximity of the root end and lesion to the sinus and
sinus membrane. This preoperative 3D evaluation makes
presurgical treatment planning easier and allows the
operator to predict potential complications in advance,
such as a sinus perforation. Rigolone et al21 concluded
that CBCT may play an important role in periapical mi¬
crosurgery of palatal roots of maxillary first molars. The
distance between the cortical plate and the palatal root

apex can be measured, and the presence or absence of
the maxillary sinus between the roots can be assessed. In
addition, the thickness of the cortical plate, the cancellous
bone pattern, fenestrations, the shape of the maxilla, and
the inclination of the roots of teeth planned for periapi¬
cal surgery should be able to be determined before initi¬
ating treatment. Root morphology can be visualized in
three dimensions, as can the number of root canals and
whether they converge or diverge from each other. Un¬
identified (and untreated) root canals in root-filled teeth
may be identified using axial slices; these canals may not

be readily identifiable with PA radiographs even if taken
at different angles. In two recent studies, the thickness
and the anatomical characteristics of the sinus mem¬
brane and cortical bone were evaluated using CBCT in
patients treatment planned for periapical microsurgery in
the maxillary molar region.24,25 The sinus membrane in
the vicinity of roots with apical lesions tends to be sig¬
nificantly thicker when compared with the roots of teeth
without apical pathosis.21

Roots of maxillary posterior teeth can also frequently
extend into the maxillary sinus. Pagin et al26 found on a
random sample of CBCT scans that 35.9% of maxillary
posterior tooth roots abutted the sinus wall while 14.3%
of the roots protruded into the sinus.

Depending on the lesion and sinus perforation size,
guided tissue regeneration (GTR) could be indicated (for
further discussion of GTR, see chapter 15). If GTR is in¬
dicated, CBCT imaging provides 3D information of the
maxillary sinus septa. Even though Underwood27 pub¬
lished a detailed description of maxillary sinus anatomy

in 1910, for decades these septa were considered clinical¬
ly insignificant anatomical variations. Now, however, we

CBCT for surgical treatment planning
when roots are in close proximity to
the mental bundle and IAN

Communication between the root apices of mandibular
posterior teeth and the mandibular canal is not rare and
has to be taken into consideration when performing api¬
cal microsurgery to avoid iatrogenic nerve damage.22

The mean distance between the mandibular canal and
the apices of the adjacent teeth was evaluated in a recent
study.23 A total of 821 mandibular second premolars and
597 first, 508 second, and 48 third molars were included
in this study. The mean distances were 4.2, 4.9, 3.1, and
2.6 mm, respectively. The occurrence of a direct relation¬
ship between the root tips and the mandibular canal was
noted in 3.2%, 2.9%, 15.2%, and 31.3% of the involved
teeth, respectively. Women were affected almost twice
as often as men. No significant differences were found
concerning the location (right/left) of the teeth (P > .05).
Significantly shorter distances from the mandibular canal
to the root apices were found in patients younger than 35
years of age compared with those who were older.

Velvart et al20 found that the relationship of the man¬
dibular canal to the root apices could be determined in
every case when using medical CT but in less than 40%
of cases when using conventional radiography. Similar
results could most likely be achieved with CBCT using
considerably less radiation.
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Fig 6-2 ("aj 3D rendering of the mandibular left first premolar showing the periapical lesion
and its relationship to the mental bundle, (b and c) Axial and coronal 3D renderings show¬
ing the untreated lingual canal (blue and white arrows). Treatment options were discussed
with the patient, and the patient preferred the surgical approach due to the presence of the
cast post and core. The extent of the lesion buccolingually as well as the relationship of the
root to the buccal and lingual cortical plates can be evaluated from the coronal view (c). (d)
Clinical image after flap reflection and identification of the mental bundle (black arrow), (e)
Because of the close proximity of the root to the mental bundle (white arrow), a piezoelectric
surgery insert OT5 (Mectron) was used for the osteotomy, (f) Root resection performed with
OT7S-3 insert (Mectron). (g) Resected apical third with the OT7S-3 insert, (h) Clinical image
demonstrating the untreated lingual canal (white arrow) and isthmus, (i) Application of Endo-
Sequence BC Sealer (Brasseler USA) into the apical preparation prior to placement of the
Root Repair Material (RRM) (Brasseler USA), (j) RRM material filling in the buccal and lingual
canals, (k) Postoperative radiograph demonstrating the RRM filling in the lingual canal (white
arrow) and buccal canal (blue arrow).
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Fig 6-3 (a) CBCT sagittal view of a mandibular left second molar that was referred for periapical microsurgery. The first molar was retreated nonsurgically.
(b) CBCT of the axial, coronal, and sagittal views and a 3D rendering demonstrating the proximity of the IAN to the mesial root of the second molar, (c)
Clinical photograph after surgical flap reflection showing the buccal cortical plate, (d) Osteotomy and resection of the mesial root, (e) Clinical photograph
demonstrating the mineral trioxide aggregate (MTA) root-end filling, (f) Periapical defect grafted with Puros allograft material (Zimmer) before placement of
CopiOs membrane, (g) Immediate postsurgica! radiograph, (h to k) Eighteen-month postoperative CBCT images demonstrating complete remodeling of the

defect and the buccal cortical plate.
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Fig 6-4 (a) PA radiograph of a mandibular right first molar that was referred
for periapical microsurgery. A nonsurgical retreatment attempt was per¬
formed prior to periapical microsurgery, during which a third untreated distal
canal was identified and treated. Mesial canals were blocked, (b to e) CBCT
of the sagittal, coronal, and axial views and a 3-D rendering demonstrating
the proximity and communication of the defect and IAN to the mesial root
of the first molar, (f) Clinical photograph after surgical flap reflection, mesial
root resection, and degranulation of the defect. The IAN was detected (white
arrow) at the base of the defect, (g) Clinical photograph of CopiOs membrane
without graft material, (h) PA radiograph at 3-month recall, (i to k) CBCT sagit¬
tal view, PA radiograph, and 3D rendering at 6-month recall. (I to n) PA radio¬
graph and axial and coronal views of the mandibular first molar at 12-month
recall demonstrating complete remodeling of the defect, including the buccal
cortical plate.
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Fig 6-5 (a) CBCT axial view demonstrating maxillary sinus septa, (b) 3D CBCT rendering demonstrating maxillary sinus septa.

must understand the normal anatomy of the maxillary
sinus and any anatomical variations because the sinus el¬
evation is a complicated procedure and the membrane
is susceptible to perforation during apical surgery in the
presence of a septum.28 Therefore, only when the prev¬
alence, location, and morphology of the sinus septa are
understood can a precise surgical plan be made and com¬
plications from sinus surgery be prevented.

The prevalence of sinus septa varies from 16% to 58%.
The location and the shape of the septa are important be¬
cause they provide support for the absorbable membranes
(Fig 6-5). Sinus septa can be divided into primary septa

and secondary septa. The primary septa arise from the
development of the maxilla, whereas the secondary septa
are said to arise from the irregular pneumatization of the
sinus floor following tooth loss. In other words, primary
septa are congenital, and secondary septa are acquired.
The septa above the apical area of an edentulous ridge
cannot be distinguished into primary or secondary septa
without previous radiographic records. Therefore, it can
be said that septa above teeth are primary while septa
above an edentulous ridge are primary or secondary. The
location of reported septa demonstrated a greater preva¬
lence in the middle region (from the distal aspect of the
second premolar to the distal aspect of the second molar;
50%).This was followed by the anterior region (from the
mesial to distal aspect of the second premolar; 24%) and
the posterior region (the distal aspect of the second molar
region; 22.7%).29 We can assume that secondary septa
develop more frequently in the area above lost molars
because of earlier extraction of molars than premolars.

Figures 6-6 and 6-7 demonstrate two surgical cases in
which CBCT was a valuable aid in accurate treatment

planning for periapical surgery for teeth with roots in
close proximity to the maxillary sinus.

CBCT for surgical treatment planning
for teeth with large periapical lesions
The true size, location, and extent of periapical disease
should finally be appreciated, and the actual root to

which the lesion is associated should be able to be iden¬
tified with confidence. Accurate analysis of the volume
of bone defects is an important step for clinical evalua¬
tion before performing endodontic surgery as well as for
monitoring the outcomes of therapy (increased/decreased
volume after treatment).

The outcome of periapical surgery can be affected by
several factors, among which the size and location of
the periapical bone loss and the presence of bacteria are
thought to be among the most important. Knowledge of
the lesion size is important when a decision is to be made
for the use of GTR techniques (for further discussion of
GTR techniques, refer to chapter 15). In large periapical
defects, lesions will often be filled with fibrous connective
tissue referred to as scar tissue. The ingrowth of non-
osteogenic tissues and the downgrowth of the epithelial
tissue along the root surface can result in incomplete re¬
pair.

Several software packages already provide clinicians
with a dedicated tool for assessing the volumes of regions
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Fig 6-6 (a) PA radiograph of a maxillary left first molar referred for periapical surgery, (b and c) Clinical photograph demonstrating sinus communication
after degranulation of the defect, (d) Clinical photograph demonstrating the protection of the sinus communication with CollaCote (Zimmer) and methylene
blue staining of the mesiobuccal root resection to confirm complete resection and location of the untreated mesiolingual canal prior to ultrasonic root-end
preparation, (e) Root-end filling with MTA. (f) Postoperative radiograph, (g to j) Eight-year recall CBCT images demonstrating the coronal (g), axial (h), and
sagittal (i) views and a 3D rendering (j). Complete bone regeneration of the buccal plate as well as the floor of the sinus can be visualized.

106

www.konkur.in

Telegram: @dental_k



Potential Applications of CBCT in Treatment Planning of Endodontic Microsurgery
-OHM

3$* *

y

#r, .

\ §
SIA JU"

yrf f *ÿ \

4P il-
V

** -

:

v;
v

Fn"e

p

Fig 6-7 (a) CBCT 3D rendering of maxillary right premolars referred for periapical microsurgery. Perforation of the maxillary sinus can be visualized (blue
arrow), (b) Sagittal view of the premolars. Perforation of the maxillary sinus is noted (white arrow), (c) Coronal view of the first premolar demonstrating the
through-and-through nature of the periapical defect; (d) Axial view demonstrating the mesiodistal extent of the periapical defect, (e) Clinical image demon¬
strating the large maxillary sinus communication, vasculature (blue star), and the maxillary sinus septa (white arrow) that will be utilized to hold the absorb¬
able membrane, (f) CopiOs membrane placed prior to the placement of Infuse bone morphogenetic proteins (Medtronic) and bone grafting with an enCore
combination, (g to j) Two-year postoperative CBCT images of the premolars demonstrating bone remodeling observed in the sagittal view (g), coronal view
of the first premolar (h), coronal view of the second premolar (i), and axial CBCT view (j). Both buccal and palatal cortical plate remodeling can be observed.
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CBCT for surgical outcome evaluationof interest in cubic millimeters. However, to obtain an
accurate volume estimation, it is necessary to obtain lin¬
ear measurements across all of the slices that encompass
the region of interest, which makes volume estimation
very time-consuming. Dedicated software packages solve
this issue by allowing for interpolation between several
separated slices. Furthermore, volume analysis can be
performed on the axial, sagittal, or coronal plane using
software packages such as the XoranCAT (version 3.1.62,
Xoran Technologies), which is used regularly to work
with i-CAT images. OnDemand3D (version 1.0, Cyber-
Med) and KDIS 3D (version 2.1.11, Kodak Dental Sys¬
tems) are examples of software that are able to assess
DICOM (Digital Imaging and Communications in Medi¬
cine) images.

The use of high-resolution images derived from CBCT
data sets enables the linear measurement of lesions in the
maxilla and mandible in three planes of space. Measure¬
ments on different planes make it possible to obtain real
volumetric assessments. Esposito et al30 evaluated the
accuracy and reliability of volumes measured on CBCT
images as compared with physical measurements.

Twenty-seven bone defects were created around the api¬
ces of eight teeth in a single young bovine mandible to

simulate periapical lesions of different sizes and shapes.
The volume of each defect was determined by taking an
impression of the defect using a silicone material. The
samples were scanned using an Accuitomo 170 CBCT
unit (J. Morita), and the data were uploaded into a new¬
ly developed dedicated software tool. Two endodontists
acted as independent and calibrated observers. They
analyzed each bone defect for volume size. The differ¬
ences between the direct volumetric measurements and
the measurements obtained with the CBCT images were
statistically assessed using a lack-of-fit test. A correlation
study was undertaken using the Pearson product-moment
correlation coefficient. Intra- and interobserver agreement
was also evaluated.

Statistical analysis showed no significant differences
between the reference values and the software-based vol¬
ume measurements, proving that this software is accurate.

Intra- and interobserver agreement was excellent, show¬
ing a strong correlation between the two variables. The
authors concluded that CBCT proved to be a reliable
method in vitro for the estimation of endodontic lesion
volumes in bovine jaws. Therefore, this may constitute a
new, validated technique for the accurate evaluation and
follow-up of apical periodontitis. Figure 6-8 illustrates the
use of CBCT to determine the size of the periapical lesion
as well as treatment planning prior to the surgical procedure.

Perhaps the most exciting area in which CBCT may be
applied in endodontics is in determining the outcome of
treatment.31’32 Detailed CBCT scans should result in a
more objective and therefore more accurate determina¬
tion of the outcome of endodontic treatment. The CBCT
images are geometrically accurate, and there is no dis¬
tortion of the teeth being assessed or superimposition of
overlying anatomy as often seen with conventional film
and digitally captured PA radiographs. Recently, clinical
studies have compared the diagnostic value of 2D and 3D
radiography for the postsurgical assessment of periapi¬
cal healing following periapical microsurgery.
was a higher agreement when evaluating healing in the
3D evaluation when compared with the 2D method. The
results of these studies demonstrated that the percentage

of repair was different for both methods. More remain¬
ing defects were detected after periapical microsurgery on
CBCT images than on PA radiographs. The lower rate of
healing observed on 3D radiographs could be attributed
to the type of the bony defect, which may require regen¬
erative procedures or longer observation periods for heal¬
ing assessment.

Traditionally, the criteria for healing assessment of api¬
cal surgery are based on the work by Rud et al36 and Mol-
ven et al.37 However, a recent study has shown that these
2D criteria may not be valid for the evaluation of 3D.

Simon et al38 compared the ability of CBCT and biop¬
sy with histologic examination to differentiate between
periapical cysts and granulomas in teeth with large peri¬
apical lesions. They stated that grayscale value measure¬
ments of periapical lesions on CBCT images were able
to differentiate solid (granulomas) from cystic or cavity
(cyst) type lesions. They further concluded that CBCT
may be clinically more accurate and more useful than
biopsy. If confirmed, these findings may influence the
decision-making process when considering a nonsurgical
or surgical approach to endodontic retreatment.

A recent study evaluated the concordance of 2D and
3D radiography and histopathology in the diagnosis of
periapical lesions.39 The final histologic diagnosis of the
periapical lesions included 55 granulomas (94.8%) and
3 cysts (5.2%). Radiographic assessment overestimated
cysts by 28.4% (CBCT imaging) and 20.7% (PA radiog¬
raphy), respectively. The authors concluded that in order
to establish a final diagnosis of an apical radiolucency,
the tissue specimen should be evaluated histologically
and specified as a granuloma (without epithelium) or a
cyst (with epithelium). Analysis of 2D or 3D radiograph-

33-35 There
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Fig 6-8 (a) PA radiograph of the maxillary left lateral incisor and canine. The 2D radiograph does not allow for the appreci¬
ation of the true size and extent of the defect, (b to d) CBCT views of the sagittal plane (b), axial plane (c), and 3D rendering
(d) demonstrating the actual size of the defect. Perforation and loss of palatal bone can be clearly seen in the axial and 3D
rendering views (white and black arrows), (e to i) Two-year recall CBCT images of the lateral incisor and canine demonstrating
complete remodeling of the defect, including the buccal and palatal cortical plates.
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Fig 6-9 (a) PA radiograph of maxillary
central and lateral incisors that were refe
for periapical microsurgery, (b) Two-year recall
radiograph showing incomplete healing (peri¬
apical scar) around the root apices of these
teeth. Guided bone regeneration was not used
to address the through-and-through defect, (c)
Incomplete healing of the buccal and palatal
bone can be seen in the axial CBCT view (white
arrow), (d) 3D rendering showing the defect
(black arrow), (e) Sagittal CBCT view showing
the incomplete healing of the through-and-
through defect (yellow arrow).
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ic images alone results only in a tentative diagnosis that
should be confirmed with biopsy.

Two recent studies evaluated the outcome of endodon¬
tic microsurgery utilizing CBCT technology.35,40 Von Arx
et al34 evaluated a new CBCT-based criteria in a prospec¬
tive clinical study for the radiographic outcome assess¬
ment 1 year after apical surgery using four different indi¬
ces. Reformatted buccolingual CBCT sections through
the longitudinal axis of the treated roots were analyzed.
Radiographic healing was assessed at the resection plane
(R index), within the apical area (A index), at the cortical
plate (C index), and regarding a combined apical-cortical
area (B index). All readings were performed twice to cal¬
culate the intraobserver agreement (repeatability). Second¬
time readings were used for analyzing the interobserver
agreement (reproducibility). All study parameters showed
excellent intraobserver agreement (repeatability). With
regard to interobserver agreement (reproducibility), the B
index (healing of apical and cortical defects combined)
and the R index (healing on the resection plane) showed
substantial congruence and thus are to be recommended

in future studies when using buccolingual CBCT sections
for radiographic outcome assessment of apical surgery.

Kim et al40 evaluated the size, volume, and other pa¬
rameters of preoperative periapical lesions measured from
CBCT images as potential prognostic factors in endodon¬
tic microsurgery. The mesiodistal (Lx), apicocoronal (Ly),
and buccolingual (Lz) diameter; the volume (V) of the
periapical lesions; the destruction of the cortical bone;
and the height of the buccal bone plate (Lb) were mea¬
sured independently by two examiners. The outcome was
classified as a success or failure based on the clinical and
radiographic evaluation at least 1 year after the surgical
procedures were performed. The main finding of this
study was that the outcome of endodontic microsurgery
was influenced by the volume of the preoperative periapi¬
cal lesion. Periapical lesions smaller than 50 mm3 in vol¬
ume were associated with significantly higher successful
outcomes. The preoperative linear diameter of the lesion,
destruction of the cortical bone, and height of the buccal
bone plate were not found to be significant predictors.
The findings from the previous studies could influence the
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decision-making for the utilization of GTR techniques in

apical microsurgery.
Future research may show that root-filled teeth that

appear to have “healed” on conventional radiographs
may still have signs of periapical disease (eg, widened
periodontal ligament space, periapical radiolucency)
when imaged using CBCT. This in turn may have impli¬
cations for decision-making and selection criteria when
considering placing or replacing coronal restorations on
teeth that have previously been treated with endodontics
and appear to have successfully healed radiographically.
There is a need to define the criteria of radiographic heal¬
ing in CBCT following periapical microsurgery.

Figure 6-9 demonstrates a surgical case in which CBCT
a valuable aid in accurate outcome assessment ofwas

periapical surgery.
Clinicians must remember that CBCT still uses ionizing

radiation and is not without risk. Radiation exposure to

the patient must be kept as low as reasonably practicable,
and evidence-based selection criteria for CBCT must be
adhered to. Endodontic cases should be judged individu¬
ally, and until further evidence is available, CBCT should
only be considered when it has been decided that con¬
ventional radiographic view(s) are yielding limited infor¬
mation and that further radiographic details are required
for diagnosis and treatment planning. The AAE/AAOMR
position statement on the use of CBCT in endodontics is
a valuable document that lists recommendations to help
the clinician decide when it is appropriate to use CBCT
imaging in the diagnosis, treatment planning, and execu¬
tion of nonsurgical and surgical procedures.1
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Magnification and
Illumination in Apical
Surgery

Richard Rubinstein

apical microsurgery is such an example. The desire to

eliminate disease at the root end, the need to obtain a
clearer understanding of the complexities of pulpal anat¬

omy, and the utilization of enhanced magnification and
illumination have fathered contemporary apical surgery,
more accurately described as apical microsurgery.

One of the most important developments in surgical end¬
odontics in recent years has been the introduction of the
surgical operating microscope. In the late 1980s and early
1990s, a handful of endodontists throughout the world
began experimenting with the operating microscope to

see if there were any applications that could be used in
apical surgery. They felt that they could provide better
treatment if they could further magnify and illuminate
the surgical field beyond what was available with con¬
ventional loupes and surgical headlamps. The results
were overwhelming. Cases that once seemed impossible
became easy and exciting to operate on, and teeth that
might otherwise have been extracted had a predictable
chance for retention.

Elimination of Disease at the
Root End

While the origins of apical surgery can be traced to

pre-Columbian times,1,2 contemporary endodontic sur¬
gery began its journey in the early 1960s along with the
recognition of endodontics as a specialty in the United
States in 1964. Emphasis was placed on root-end filling
materials and their sealing ability. As apical surgical pro¬
cedures evolved, much controversy existed, and person¬
al choices evolved with little biologic basis. Surgery at

this time, and until recently, was often performed with
inadequate lighting, no magnification, and a limited ar-

Several Paths Cross

The separate pursuits of intention, knowledge, and tech¬
nology on occasion overlap and over time result in clin¬
ical solutions that benefit patients. The development of
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Fig 7-1 (a) Hess model of a mandibular molar showing anatomical complexities throughout the root
canal system, (b) Hess model of a mandibular premolar showing anatomical complexities in the apical
terminus.

to clean, shape, and obturate root canal systems. More
recently, Takahashi and Kishi, using a dye infusion pro¬
cess, also studied anatomical complexities.7 These models
clearly show the majesty and grace of the human den¬
tal pulp (Fig 7-2). Weller et al8 studied the incidence and
location of the isthmus in the mesiobuccal root of the
maxillary first molar and found a partial or complete
isthmus 100% of the time at the 4-mm level of resection.
West looked at the relationship between failed endodon¬
tics and unfilled or underfilled portals of exit (POEs).9
Using a centrifuged dye, he identified that 100% of the
failed specimens studied had at least one underfilled or
unfilled POE.9 Because 93% of the canal ramifications
occur in the apical 3 mm, logically the clinician should
attempt to treat the root canal system to the full extent

of the anatomy.7 Failure to address these anatomical con¬

cerns will leave the etiology of failure unremoved, and
reinfection, even after the removal of a periapical lesion,
may reoccur. Clearly, root canal systems are more com¬
plex than previously thought. Significant pulpal anatomy

such as accessory canals and isthmi has to be considered
when performing both surgical and nonsurgical end¬
odontic treatment. The acceptance of the significance of
these anatomical complexities and the need to eliminate
them may in fact have been the genesis of modern apical
surgery, which could further be appreciated with the in¬
troduction of magnification.

mamentarium. Frank et al3 reported that the success rate

in apical surgeries sealed with amalgam, which had been
considered a successful procedure, dropped to 57.7% af¬
ter 10 years. Guttmann and Harrison identified the task
of modern-day endodontics as striving to “eliminate the
art and craft otherwise inherent in surgical endodontics—
the heuristic— and encourage a relentless, honest pursuit
of the contemporary challenges of endodontic surgery.”4
Shabahang recently described apical surgery as endodon¬
tic therapy through a surgical flap. The main purpose of
apical surgery is to remove a portion of a root with ana¬
tomical complexities laden with tissue debris and micro¬
organisms or to seal the canal when a complete seal can¬

not be accomplished through nonsurgical means.5 The
complexity of these root canal spaces has only recently
been appreciated.

Anatomical Complexities

Walter Hess, a Swiss dentist, first published his landmark
anatomical studies in the early 1920s.6 When his work
was first published, many clinicians felt that the anatomi¬
cal complexities reported were artifacts created by inject¬
ing vulcanite rubber under too much pressure (Fig 7-1).

However, more progressive thinkers of that time believed
that the results had merit and sought more effective ways
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Fig 7-2 Takahashi models, (a) Mesial view
of the mesial root of a mandibular molar. Note
the midroot isthmus and the apical bifidity of
the buccal canal. Also note the multiple api¬
cal termini, (b) Mandibular second premolar.
Note how the single canal bifurcates, rejoins,
and then splits once more at the canal ter¬
minus. (c) Maxillary central incisor. Note the
multiple portals of exit in the apical third of
the root, (d) Mandibular molar. Note the an¬
atomical complexities present in both roots.
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Using a compound microscope, in 1665 Robert Hooke
coined the word cell while describing features of plant
tissue.10 Another pioneer of microscopy, Antonie van
Leeuwenhoek produced single lenses powerful enough to

enable him to observe bacteria 2 to 3 microns in diameter
in 1674.10

Little was done to improve the microscope until the
middle of the 19th century when Carl Zeiss, Ernst Abbe,

A Brief History of Magnification
Although the first accurate lenses were not made until
about the year 1300, credit for the first microscope is usu¬
ally given to Hans and Zacharias Jansen, a father and
son who operated a Dutch lens-grinding business, around
1595.10 They produced both simple (single lens) and com¬
pound (two lenses) microscopes.
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could restore permanent hearing after the tiny bones of
the middle ear had ossified (Lowrence B, personal com¬
munication, 1989).

The formal introduction of the binocular operating mi¬
croscope was in 1953 when Zeiss introduced the Opton
ear microscope. This was the forerunner of the OPMI 1
(the first modern microscope). The Opton had a five-step
magnification changer that could produce magnifications
from Xl.2 to X40 and field-of-view diameters from 4.8
to 154 mm. Working distances were a remarkable 200 to

400 mm. The Opton had built-in coaxial illumination,
which added immensely to visual acuity (Haper M, per¬
sonal communication, 2005).

The use of the SOM in ophthalmology developed at

a much slower rate. Many ophthalmic procedures could
be performed without the microscope. Initially, loupes
seemed adequate, and emphasis was placed on develop¬
ing better loupes. Light amplification was not a particu¬
lar problem because side illumination was available. The
need for a coaxial illumination light source (found in an
SOM) did not become important to the ophthalmologists
until they started performing extracapsular cataract ex¬
traction. In order to see the posterior capsule, a red reflex
from the retina was needed. This reflex is produced by
coaxial illumination. Many ophthalmologists during the
early 1970s felt that the SOM made simple and highly
successful operations complicated and drawn out. How¬
ever, a few clinicians began to use the “ear scope,”as it
was called, to perform cataract removal. They soon rec¬
ognized the advantages of the wide field, better depth of
focus, better illumination, and variable magnification
when using the SOM instead of loupes (Lowrence B, per¬
sonal communication, 1989).

The development of the SOM in neurosurgery was
similar to that in ophthalmology. In 1966, while per¬
forming cranial nerve dissections at the University of
California, Los Angeles on closed-circuit television for
dental students, Dr Peter Jannetta, a neurosurgeon, made
an anatomical discovery. The trigeminal nerve is general¬
ly described as emerging in the cerebellopontine angle in
two bundles: sensory (portio major) and motor (portio
minor). Jannetta noted a portio intermedius, which he
theorized needed to be preserved when cutting the por¬
tio major in order to preserve light touch perception af¬
ter surgery for trigeminal neuralgia. Using the SOM, he
further developed a microvascular decompression proce¬
dure to visualize and free up small blood vessels wrapped
around the trigeminal nerve root, thereby relieving com¬
pression on the nerve and eliminating the symptoms of
trigeminal neuralgia.13

In the mid 1970s, Contraves AG of Zurich, in con¬
junction with Dr M Gazi Yasargil (Switzerland) and Dr
Leonard Malis (USA), introduced a neurosurgical floor
stand that combined a perfectly balanced suspension of
the microscope with electromagnetic locking of each pri-

and Otto Schott devoted significant time to develop the
microscope as we know it today. While Zeiss concentrat¬

ed on the manufacturing process, Abbe and Schoot con¬
centrated their time on the theoretical study of optical
principles and conducted research on glass.11 Their prod¬
uct was the genesis of the surgical operating microscope
(SOM) that ultimately found its way into the practice of
medicine.

The Evolution of Magnification
and Illumination in Medicine

In 1921, Dr Carl Nylen of Germany reported the use of
a monocular microscope for operations to correct chron¬
ic otitis of the ear.12 The unit had two magnifications of
X10 and X15 and a 10-mm-diameter view of the field.
This microscope had no illumination.

In 1922, the Zeiss Company (Germany), working with
Dr Gunnar Holmgren of Sweden, introduced a binocu¬
lar microscope for treating otosclerosis of the middle ear.
This unit had magnifications of X8 to X25 with field-of-
view diameters of 6 to 12 mm.

In the United States, ophthalmologists were using the
slit lamp for examination of the anterior structures of the
eye before World War II, but it was the otologists who
introduced the SOM to the medical community. In the
late 1940s, Dr Jules Lempert, a leading mastoid surgeon
from New York, had been using loupes to perform his
surgery. Dr Lempert realized the limitations of loupes; he
needed more magnification and illumination and was in
search of a microscope. While attending a show of indus¬
trial equipment in Germany, he found a microscope that
he felt he could adapt.This was the Zeiss epi-teknoscope.
Zeiss sold three of these units to the Storz Instrument
Company in St Louis, Missouri, one of which went to

the Lempert Institute of Otology. The epi-teknoscope was
based on Galilean optics. Galilean optics are those op¬
tics that focus at infinity. This is markedly different from
Greenough optics (convergent optics), which are found
in dissecting or laboratory microscopes. Greenough-type
microscopes necessitate observation with convergent eyes,
resulting in accommodation of the observer and eye
fatigue. The advantage of Galilean optics is that the light
beams going to each eye are parallel. With parallel light
instead of converging light, the operator’s eyes are at rest

as if he or she were looking off into the distance. There¬
fore, operations that use the SOM and take several hours
can be performed without eye fatigue (Haper M, personal
communication, 2005).

Dr Samuel Rosen, an otologist from Philadelphia,
learned of the microscope that Dr Lempert had obtained.
He also purchased one and developed a procedure to

replace the stapes mobilization technique with one that
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Fig 7-3 The original DentiSoope. (Cour¬
tesy of Dr Noah Chivian, West Orange,
New Jersey.)

Fig 7-4 Attendees at the First International Congress in Microsurgical Dentistry. (Courtesy of
Dr Jean Boussens, Bordeaux, France.)

and was marketed by Johnson & Johnson. The Denti-
Scope had a single magnification of X8 and dual fiber¬
optic lights that were directed toward the surgical field.
The unit could be mounted on a mobile stand or could
be permanently mounted to a wall. Unfortunately, due to

lack of initial interest in the product, the DentiScope was
dropped from production. Despite this setback, there was
still interest in using the SOM in dentistry.

In July 1982, the First International Congress in Micro-
surgical Dentistry was held in Bordeaux, France (Fig 7-4).

Drs Jean Boussens and Ducamin-Boussens chaired the
meeting. In attendance were many of the early pioneers,
including Drs Baumann, Jako, and Apotheker (Boussens

J, personal communication, 1997). Dr Apotheker contin¬
ued to work with and perform research on the operating
microscope. In 1984, along with Dr Howard Reuben,
they reported its use for the first time in apical surgery.19
Two years later, Dr Howard Selden reported his experi¬
ence with the SOM.20

Interest surged again among endodontists in 1989
when Drs Noah Chivian and Sandy Baer formed a com¬

pany called Microdontics and sold the remaining Denti-
Scopes. All of these microscopes found their way into
endodontic offices throughout the United States by the
end of the decade.

Dr Gabriele Pecora gave the first presentation on the
use of the SOM in surgical endodontics at the 1990 an¬
nual session of the American Association of Endodontists
in Las Vegas, Nevada. He used the Zeiss OPMI I SOM.
Dr Richard Rubinstein and Dr Gary Carr began using
medical-grade microscopes for apical surgery in 1990 and
reported on their experience.21-24 Shortly thereafter, Dr

mary axis of the various floor stand elements (Haper M,
personal communication, 2005). Advancements of this
nature made the SOM a mainstay in the modern hospital
operating room for all medical disciplines.

The Evolution of Magnification
and Illumination in Dentistry and
Endodontics

The use of magnification to enhance visualization in
dentistry dates back over a century. In 1876, Dr Edwin
Saemisch, a German ophthalmologist, introduced simple
binocular loupes to surgery.14 Soon after, dentists began
experimenting with loupes to assist in the performance
of precision dentistry, and this continued to be standard
practice until the late 1970s.

In 1962, Dr Geza Jako, an otolaryngologist, used the
SOM in oral surgical procedures.15 Dr Robert Baumann,
an otolaryngologist and practicing dentist, described the
use of the otologic microscope in dentistry in 1977.16 He
predicted that the SOM would find a place in the arma¬
mentarium of the modern dentist as it did in otorhino¬
laryngology, neurosurgery, vascular medicine, and gyne¬
cology.

In 1978, Dr Harvey Apotheker, a dentist from Mas¬
sachusetts, and Dr Jako began the development of a mi¬
croscope specifically designed for dentistry. In 1980, Dr
Apotheker coined the term microdentistry.17,18 The Denti¬
Scope (Fig 7-3) was manufactured by Chayes-Virginia
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Carr founded the Pacific Endodontic Research Founda¬
tion, which was dedicated to teaching microendodontics.

In March 1993, 11 years after the introduction of the
DentiScope, the first symposium on microscopic end¬
odontic surgery was held at the University of Pennsylva¬
nia School of Dental Medicine. The first university-based
training program was founded at that university shortly
thereafter.

By 1995, there was considerable increase in the use of
the SOM. Microscope companies such as Zeiss, Global,
and JEDMED offered microscopes with a variety of fea¬
tures that could accommodate virtually any practitioner
and office environment. Improved lighting systems, vari¬
able adjustable binoculars, and improved ergonomics
created opportunities for visual acuity that were far supe¬
rior to what was available just a decade earlier.

In the summer of 1995, a workshop was held for end¬
odontic department chairmen and program directors to

address the need for enhanced magnification and its role
in advanced specialty education programs. The American
Association of Endodontists sponsored the workshop.
Drs Carr, Rubinstein, Ruddle, West, Kim, Arens, and
Chivian, all early pioneers in endodontic microscopy,
taught the course that was both lecture and hands-on. At
the end of the 2-day workshop, there was a unanimous
decision among the teachers to recommend to the Com¬
mission on Dental Accreditation of the American Dental
Association that proficiency in the use of the microscope
in both surgical and nonsurgical treatment be included
in postgraduate endodontic education programs. The
Commission met in January 1996, and the mandato¬
ry teaching of microscopy was passed and included in
the new Accreditation Standards for Advanced Specialty
Education Programs in Endodontics. The new standards
went into effect in January 1997. Later the term micros¬
copy was amended to magnification to include the use of
loupes, headlamps, and endoscopy. As in medicine, the
incorporation of the SOM moved slowly, but it has ulti¬
mately changed the fields of both surgical and nonsurgi¬
cal endodontics and the way they are practiced.

In 1999, Mines et al25 reported the frequency of use
of the microscope, as a function of years since complet¬
ing advanced endodontic training, as follows: < 5 years,
71%; 6 to 10 years, 51%; and > 10 years, 44%.The aver¬
age rate of utilization was 52%.The most frequent use of
the microscope in apical surgery was in root-end prepara¬
tions and in placing root-end fillings. In 2008, Kersten et

al26 repeated the study and reported the results as follows:
<10 years, 95%; 10 to 14 years, 90%; 16 to 20 years,
82%; and > 20 years, 78%. The average utilization had
increased to 90%.2S Since this study was reported, more
residents have completed programs and are now in prac¬
tice, and more nonusers have retired. One can assume
that the frequency of utilization has increased and will
continue to increase in time.

As an alternative to the SOM, some practitioners use
loupes, loupes in conjunction with headlamps, and the re¬
cently introduced endoscope for apical surgery. A review
of each of these choices of magnification and illumination
will point out their benefits and limitations as surgical
adjuncts.

Loupes

Historically, dental loupes have been the most common
form of magnification used in apical surgery (Fig 7-5).
Loupes are essentially two monocular microscopes with
lenses mounted side by side and angled inward (conver¬
gent optics) to focus on an object. The disadvantage of
this arrangement is that the eyes must converge to view
an image. This convergence over time will create eye
strain and fatigue, and as such, loupes were never intend¬
ed for lengthy procedures. Most dental loupes used today
are compound in design and contain multiple lenses with
intervening air spaces. This is a significant improvement
over simple magnification eyeglasses but falls short of the
more expensive prism loupe design.

Prism loupes are the most optically advanced type of
loupe magnification available today. They are actually
low-power telescopes that use refractive prisms. Prism
loupes produce better magnification, larger fields of view,
wider depths of field, and longer working distances than
other types of loupes. Only the SOM provides better mag¬
nification and optical characteristics than prism loupes.

The disadvantage of loupes is that X3.5 to X4.5 is
the maximum practical magnification limit. Loupes with
higher magnification are available, but they are quite
heavy and, if worn for a long period of time, can pro¬
duce significant head, neck, and back strain. In addition,
as magnification is increased, the field of view and depth
of field decrease, which limits visual opportunity.

Visual acuity is heavily influenced by illumination. An
improvement to using dental loupes is obtained when a
fiberoptic headlamp system is added to the visual arma¬
mentarium (Fig 7-6). Surgical headlamps can increase
light levels as much as four times that of conventional
dental operatory lights.Another advantage of the surgical
headlamp is that because the fiberoptic light is mounted
in the center of the forehead, the light path is always in
the center of the visual field.

Endoscopy

Endoscopy is a surgical procedure whereby a long tube is
inserted into the body, usually through a small incision. It
is used for diagnostic purposes, examination, and surgical
procedures in many medical fields. Goss and Bosanquet27
reported that Ohnishi first used the endoscope in den-
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Fig 7-6 Surgeon with surgical headlamp and X2.5 loupes (Designs for
Vision).

Fig 7-5 Dental loupes with X2.5 and X3.5 magnification (Designs for
Vision).
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Fig 7-7 The EVS utilizes a fixed rod lens for apical surgery. (Courtesy of
Dr James Bahcall, University of Illinois at Chicago.) r/

tistry to perform an arthroscopic procedure of the tem¬

poromandibular joint in 1975. Detsch et al28 first used the
endoscope in endodontics to diagnosis dental fractures in
1979. Held et al29 and Shulman and Leung30 reported the
first use of the endoscope in surgical and nonsurgical end¬
odontics in 1996. Bahcall et al31 presented an endoscopic
technique for endodontic surgery in 1999.

The endoscopic system consists of a telescope with a
camera head, a light source, and a monitor for viewing.
The traditional endoscope used in medical procedures
consists of rigid glass rods and can be used in apical
surgery and nonsurgical endodontics. A 2.7-mm lens di¬
ameter, 70-degree angulation, 3-cm-long rod lens is rec¬
ommended for surgical endodontic visualization, and a
4-mm lens diameter, 30-degree angulation, and 4-cm-
long rod lens is recommended for nonsurgical visualiza¬
tion through an occlusal access opening.32 The recently
introduced flexible fiberoptic orascope is recommended
for intracanal visualization and has a 0.8-mm tip diame¬

ter, 0-degree lens, and working portion that is 15 mm in
length.

The term orascopy describes the use of either the rigid
rod lens endoscope or the flexible orascope in the oral
cavity. One of the first units introduced, the EVS (End¬
odontic Visualization System, JEDMED) incorporates
both endoscopy and orascopy in one unit (Fig 7-7). The
EVS allows for two methods of documentation.The cam¬
era head used in the EVS is an S-video camera, and as
such, documentation is usually accomplished by record¬
ing streaming video onto tape or a digitized format. Dig¬
ital stills can be obtained by using the JEDMED Medi-
capture system, which can work with any existing video
system. Images are captured on a USB flash drive in either

JPEG or BMP format, with a resolution of up to 1024 X

768 pixels, and transferred to a computer for editing and
placement into case reports or presentations. Updated
versions are now available with the Medicapture system

incorporated into the camera head.
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Fig 7-8 (a) JEDMED V-Series SOM with assistant binoculars, three-chip
video camera, and counterbalanced arms, (b) Global A-6 SOM with as¬
sistant observation scope, high-definition digital camera, and 100,000-lux
illumination, (c) Zeiss OPMI PROergo SOM with magnetic clutches, power
zoom, and power focus on the handgrips.
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Fig 7-9 Micromirror view of Grey MTA
Plus retrofill (Avalon Biomed) at X16.

tion and blood can affect the clarity of the image, and the
use of antifog solutions are recommended. Furthermore,
endoscopes and orascopes will not provide a discernible
image when placed in blood, dictating the need for ex¬

cellent hemostasis in the operating field. Observation of
the surgical field for both the operator and the assistant
is through a monitor (see Fig 7-7). Critics of this form
of magnification point out that the images viewed are
two-dimensional (2D) and too restrictive to be useful
when compared with the stereoscopic images provided
with loupes or microscopes.

Clinicians who use orascopic technology appreciate
the fact that it has a nonfixed field of focus, which al¬
lows visualization of the treatment field at various angles
and distances without losing focus and depth of field.33
Unlike when loupes or a microscope is used, the endo¬
scope and orascope are in much closer proximity to the
field of treatment. Moving the lens closer to the point of
observation creates various levels of magnification. This
equates to greater clarity at higher magnification, often
in the range of X30 to X40. Because of this close prox¬
imity to the point of observation, factors like condensa-
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Fig 7-11 Turning the dial rotates the turret ring
inside the body of the SOM and creates five mag¬
nification factors.

Fig 7-10 Cross-sectional diagram of a typical five-step SOM head showing the
turret ring, magnification lenses, and light path in the body of the microscope.

better. Fractures, POEs, and canal isthmi can be readily
seen and dealt with accordingly.

Orascopy was never intended to replace loupes or the
microscope but rather to complement these other forms
of magnification when specific magnification is needed.34
Bahcall and Barss recommend using X2 to X2.5 loupes
for visualization in conjunction with the use of the endo¬
scope in apical surgery to reflect gingival tissue, remove
cortical and medullary bone, and isolate the root end.
They further recommend that the endodontist hold the
endoscope with a comfortable pen grasp while the assis¬
tant retracts the gingival tissue and suctions during sur¬
gical treatment.32

Magnification fundamentals

The magnification possibilities of a microscope are de¬
termined by the power of the eyepiece (available as XlO,
X12.5, X16, and X20), the focal length of the binoculars,
the magnification changer factor, and the focal length of
the objective lens. Diopter settings on the eyepieces adjust
for accommodation and refractive error of the operator.
Accommodation is the ability to focus the lens of our
eyes, which decreases as we age, and refractive error is

the degree to which we need to wear corrective glasses. As
in a typical pair of field binoculars, adjusting the distance
between the two binocular tubes sets the interpupillary
distance. Binoculars are now available with variable in¬
clinable tubes and can rotate from 0 to 220 degrees and
beyond to accommodate virtually any head position.

Magnification changers are available in three-, five-, or
six-step manual changers, with manual zoom or power
zoom changers. Manual step changers consist of lenses
that are mounted on a turret (Fig 7-10).The turret is con¬

nected to a dial that is located on the side of the micro¬

scope housing (Fig 7-11). The dial positions one lens in

front of the other within the changer to produce a fixed

Surgical operating microscope

Most microscopes can be configured to magnifications up
to X40 and beyond (Fig 7-8), but limitations in depth of
field and field of view make it impractical. The lower-
range magnifications (X2.5 to X8) are used for orienta¬
tion to the surgical field and allow for a wide field of
view. Mid-range magnifications (XlO to Xl6) are used
for operating. Higher-range magnifications (X20 to X30)
are used for observing fine detail. The most significant
advantages of using the SOM are in visualizing the sur¬
gical field and in evaluating surgical technique (Fig 7-9).
Clearly, if a task can be seen better, it can be performed
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Fig 7-12 (a) A 50:50 beam splitter, (b) A 50:50 beam splitter with 35-mm digital camera and video camera.

magnification factor. Rotating the dial reverses the lens
positions and produces a second magnification factor.
A typical five-step changer has two sets of lenses and a
blank space on the turret without a lens. When you fac¬
tor in the power of the eyepiece, the focal lengths of the
binoculars, and the objective lens with the magnification
changer lenses, five fixed powers of magnification are ob¬
tained: two from each lens combination and one from the
blank space.

A manual zoom changer is merely a series of lenses that
move back and forth on a focusing ring to give a wide
range of magnification factors. A power zoom changer
is a mechanized version of the manual zoom changer.
Power and manual zoom changers avoid the momentary
visual disruption or jump that is observed with manual
step changers as you rotate the turret and progress up or
down in magnification.

The SOM is focused much like a laboratory micro¬
scope. The manual focusing control knob is located on
the side of the microscope housing and changes the dis¬
tance between the microscope and the surgical field. As
the control knob is turned, the microscope is brought into
focus. Some microscopes are fine focused by turning a
focusing ring mounted on the objective lens housing.

Some microscopes have power zoom and power focus
features. These features are often combined and located
in foot controls, which allow for hands-free operation.
The Zeiss OPMI PROergo has its power zoom and power
focus adjustments located on both sides of the handgrips
of the microscope (see Fig 7-8c). This microscope also
features magnetic clutches, which keep the microscope
head in a locked and stable position.

The focal length of the objective lens determines the
operating distance between the lens and the surgical field.

With the objective lens removed, the microscope focuses
at infinity and performs as a pair of field binoculars. A
variety of objective lenses are available with focal lengths
ranging from 100 to 400 mm. A 175-mm lens focuses at
about 7 inches, a 200-mm lens focuses at about 8 inch¬
es, and a 400-mm lens focuses at about 16 inches. Many
endodontic surgeons use a 200-mm lens; this allows ad¬
equate room to place surgical instruments and still be
comfortably close to the patient.

As mentioned earlier, as the magnification is increased,
the depth of field and field of view both decrease. While
this is a limitation for fixed-magnification loupes, it is not

a limiting factor with the SOM because of the variable
ranges of magnification. If the depth of field or field of
view is too narrow, the operator merely needs to back
off on the magnification as necessary to view the desired
field.

Illumination fundamentals

The light provided in an SOM is two to three times more
powerful than that in surgical headlamps and, in many
endodontists’offices, has replaced standard overhead op-
eratory lighting.

As can be seen in Fig 7-10, the illumination pathway
of the microscope starts at its source and is reflected
through a condensing lens to a series of prisms and then
through the objective lens to the surgical field. After the
light reaches the surgical field, it is then reflected back
through the objective lens, through the magnification
changer lenses, through the binoculars, and then exits to

the eyes as two separate beams of light. The separation
of the light beams is what produces the stereoscope effect
that allows us to see depth.
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Fig 7-13 Doctor and assistant at the SOM.
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tor center the surgical field and assists with surgical pho¬
tography.

Illumination with the SOM is coaxial with the line of
sight. This means that light is focused between the eyes
in such a fashion that you can look into the surgical site
without seeing any shadows. Elimination of shadows is
made possible because the SOM utilizes Galilean optics.
As stated earlier, Galilean optics focus at infinity and send
parallel beams of light to each eye. With parallel light, the
operator’s eyes are at rest, and therefore lengthy opera¬
tions can be performed without eye fatigue.

Parfocusing the microscope

Before the microscope can be used, it must be made par-
focal. This means that it is in focus throughout the entire
range of magnification. In addition, when the microscope
is parfocused, accessories such as cameras and auxiliary
binoculars are also in focus. The necessary process is de¬
tailed below.Accessories

A beam splitter (Fig 7-12) can be inserted in the pathway
of light as it returns to the operator’s eyes. The function
of the beam splitter is to supply light to an accessory such
as a video camera or a digital still camera. With a 50:50
beam splitter, half of the light is available to the operator,

and the remaining light can be equally split between a dig¬
ital still camera and a video camera. Other configurations
are also available. In addition, an assistant articulating
binocular can be added to the microscope array (see Fig
7-8a) and substituted for one of the cameras. The advan¬
tages of adding assistant articulating binoculars are nu¬
merous.The assistant becomes optically important to the
surgical team and develops a keener understanding not

only of what is expected in the surgery but also of why
it is expected (Fig 7-13). He or she sees stereoscopically
exactly what the operator sees. Placement of a surgical
suction becomes accurate, and the assistant can visually
anticipate the surgeon’s next step in the procedure. Most
clinicians have found that bringing the assistant into the
visual sphere increases job satisfaction significantly.

An eyepiece with a reticule field can be substituted for
a traditional eyepiece. The reticule field helps the opera-

1. If you wear glasses, fold the rubber cups on the eye¬
pieces to their downward position.

2. Set the interpupillary distance as you would a pair
of field binoculars.

3. Set any fine focus device (which will vary depend¬
ing on the manufacturer) so that it is in the center

position.
4. Set the diopter settings of both eyepieces to zero.
5. With the microscope set at the highest magnification

factor, focus the microscope on a fixed object.
6. When the object is in focus, set the microscope to the

lowest magnification factor.
7. Close the left eye and turn the diopter setting of the

right eyepiece either + or-until the object is in focus
in the right eye.

8. Close the right eye and turn the diopter setting of the
left eyepiece either + or - until the object is in focus
in the left eye.

9. The microscope is now parfocused and will not need
to be changed unless it is to be used by an operator
who has different optical requirements.
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Fig 7-14 Digital radiographs and clinical images on
a 19-inch flat-panel LCD screen.

, j

Determining magnification Among them have been 35-mm photography, sublima¬
tion dye prints, and videotaping. With the introduction
of digital radiography systems, clinical images can now
be captured on a video capture card installed on the op-
eratory computer. The video camera mounted on the mi¬
croscope’s beam splitter sends a real-time video signal,
and an unlimited number of images can be captured or
recorded during the procedure. These images can then be
saved along with radiographic images and reviewed with
the patient after the surgery (Fig 7-14). Digitally created
clinical and radiographic images can then be exported to

a Microsoft Word document for case reporting or placed
into PowerPoint presentations for teaching purposes.

Using the microscope and digital radiographic systems
in this way provides opportunities for unsurpassed
doctor-patient communication. Furthermore, communi¬
cation with referring dentists and teaching possibilities
are also enhanced.

A frequently asked question is “how do I know what
power Fm working at?”While charts are available from
the various manufacturers, there is a simple formula that
can help the operator calculate the working magnifica¬
tion.

Focal length of
binoculars

x Magnification
factor

Power of
eyepieces

Total
magnification Focal length of

objective lens

X

For example, if the magnification factors are 0.5, 0.66,
1.0,1.5, and 2.0; the focal length of the binoculars is 160
mm; the power of the eyepieces is X10; and the focal
length of the objective lens is 200 mm, then the total mag¬
nifications are as follows:

M5-X 0.5 X 10 = X4 Care and maintenance of the
microscope

200
160 X 0.66 X 10 = X5.3
200

An SOM is a costly item and should last a long time if
properly maintained and cared for. Dust is the great¬
est enemy of a microscope, and as such the microscope
should be covered when not in use. The SOM lenses
should be treated like a fine pair of glasses and frequent¬
ly cleaned with lens-cleaning solution. Prior to the use
of such solutions, observable dust particles should be re¬
moved from all lens surfaces by using a camel hair brush
or compressed air. After applying the lens-cleaning solu¬
tion, use a cotton-tipped applicator and, starting at the
center of the lens, move the applicator in increasing circu-

— X 1.0 X 10 = X8
200

1.5 X 10 = X12
200

— X 2.0 X 10 = X16

Documentation

Historically, there have been a number of ways to in¬
corporate documentation while using the microscope.
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Fig 7-15 Operator demonstrating the use of a 3D imaging system. I

fpl
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3D Imaging: 3D Vision Systemslar motions until you reach the outer rim of the lens.Then
lift the applicator off the lens surface. The objective lens
should be completely removed and cleaned on both sides.
Dust can also be removed by using lens-cleaning paper or
ultrafine fiber cloths that trap dust and dirt, which is then
squeegeed away.

Residual Oil Remover (V-Vax Products) is considered
by many to be the best and safest optical cleaning formula
available. Dirt particles are emulsified, and light transmis¬
sion is increased by V2 an f-stop. It was originally made
for Zeiss and is currently used in the space program. The
product is sprayed on and removed with lens paper or a
microfiber cloth.

While it is very important to clean all the lens surfaces,
it is important not to attempt to clean the internal parts
of any lenses. If you feel that there is dirt or dust on the
inside of a sealed component, it should be returned to

the manufacturer for professional cleaning. Avoid us¬
ing any abrasive disinfection solutions on lens surfaces,
because they will remove the antireflective coating over
time. Disinfection of exposed surfaces should be limited
to the body of the microscope and not the lenses. Prod¬
ucts such as Sani-Cloth (PDI), a dual-chain quaternary/
alcohol disinfectant, can be used to disinfect the surfaces
of the SOM.

A variety of surgical barriers are available for use with
the SOM. Elaborate disposable and autoclavable sterile
drapes can be used in an operating room environment.
Adhesive coverings such as Allrap and Cover-All are
available from most dental supply companies and pro¬
vide an adequate surface barrier. These products can be
cut to size and placed on most contact surfaces of the
microscope. Sterilizable rubber knobs can be purchased
from the various microscope companies and fit over mag¬
nification and focusing knobs to provide a sterile barrier.

Three-dimensional (3D) imaging systems such as the one
produced by 3D Vision Systems are designed from the
ground up for dentistry. The third-generation prototype

(Fig 7-15) has a passive 3D imaging system with 720p
resolution and a latency of 50 msec. The microscope head
magnifies the image, which is captured by two 3D camer¬
as. The signal is then processed and sent to a 22-inch 3D
monitor.The depth of field is 100 mm.There is an HDMI
outlet for 2D recording. Whether or not it could replace
the SOM in apical surgery is unknown. However, it may
ultimately replace the use of the endoscope and orascope
as it is hands free, puts the monitor directly in front of the
operator, and allows the operator to work in a heads-up
position.

Another 3D imaging system is the MoraVision 3D
clinical operating camera system designed by Dr Assad
Mora, a practicing prosthodontist. This 3D system (Fig
7-16a) consists of a 4-inch cube housing two high-
definition video cameras, a light source, a microphone,
and a 3D video microprocessor, all suspended by a rela¬
tively small articulation arm mounted on a pole. A foot
control allows for hands-free focusing and zoom magnifi¬
cation. When an HDMI cable is connected to a 3D mon¬
itor, the magnified 3D image is viewed in real time with
passive 3D glasses. The glasses use two polarizing filters
set on either side of the frame at 90 degrees to one anoth¬
er. The degree of magnification varies with the size of the
viewing monitor. On average, a 42-inch monitor provides
a range between X10 and X13.The depth of field is 25 to

75 mm at X8. A second monitor can be added so that the
assistant can view the same 3D field as the operator. Op¬
tions to record video in either 2D or 3D or capture still
photos in 2D are available. Some clinicians have already
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Fig 7-17 Left-handed doctor utilizing two assistants during apical surgery.

be placed flat on the floor.This upright positioning should
create a double S-curvature of the spine, with lordosis in
the neck, kyphosis in the mid-back, and lordosis again
in the lower spine. Such posturing is not possible when
the clinician is wearing a headlamp and loupes or using
an endoscope. With these devices, there is still the ten¬

dency to bend over the patient, creating poor ergonomics
and leading to head, neck, and shoulder strain. Constant
bending over the patient collapses the diaphragm and
may inhibit oxygen exchange, causing fatigue later in the
workday. This is eliminated with the upright positioning
achieved while using the SOM.

While performing apical surgery, the clinician should
utilize two assistants (Fig 7-17). The primary assistant or
suctioning assistant is seated so that he or she can observe
the doctor’s perspective through the assistant articulating
microscope. The secondary assistant stands to the doc¬
tor’s dominant side and is responsible for placing instru-

replaced their microscopes with this camera system (Fig
7-16b) and report that the 180-degree hemispheric range
of motion over the patient’s head allows for significant
postural freedom not afforded by the SOM.

Ergonomics

As stated earlier, the binoculars on many SOMs have
variable inclination. This means that the operator’s head
can develop and maintain a comfortable position. All
stooping and bending is eliminated, thereby forcing the
operator to sit up straight, tilting the pelvis forward, and
aligning the spine in proper position. Proper positioning
is further enhanced when the operator uses a surgical op¬
erating stool with arm supports and can have his or her
thighs parallel to the floor. In addition, both feet should
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ments into the doctor’s hand. If desired, the secondary
assistant can view the surgery in real time on either of
two monitors placed in the operatory that display digital
radiographs and real-time video. Positioned this way, the
doctor should never have to take his or her eyes away
from the SOM and the surgical field and should be able
to maintain appropriate and beneficial posture through¬
out the entire procedure.

Operating positions must be comfortable for the doc¬
tor, the assistants, and the patient. Proper operating po¬
sition is determined by six factors: the patient’s head po¬
sition, the dental chair position, the microscope position,
the doctor’s position, the assistants’positions, and the
position of any assistant observation devices such as an
assistant articulating binocular. All of these components

are capable of moving in 3D space. There must be good
communication throughout the surgery as slight adjust¬
ments in any of the six factors may significantly improve
the comfort level, allowing lengthy procedures to be per¬
formed with little or no fatigue.

beam splitter is attached to the microscope, less light will
be available for the photo adapters and auxiliary assis¬
tant binoculars. This decrease in illumination at higher
magnification is not a problem while using the endoscope
because the light source of the endoscope is at the tip of
the endoscope and the camera compensates for any light
loss. Furthermore, depth-of-field concerns while using the
endoscope are not an issue because the aperture of the
endoscope is quite small and, as in photography, as you
decrease aperture or f-stop you increase depth of field.

Depth perception

Before apical surgery can be performed with an SOM,
the clinician must feel comfortable receiving an instru¬
ment from his assistant and placing it between the micro¬

scope and the surgical field. As stated earlier, the operat¬

ing space between the objective lens and the surgical field
is determined by the focal length of the objective lens,
which should be large enough to accommodate the clini¬
cian’s hand and surgical instruments. Learning depth per¬
ception and orientation to the microscope takes time and
patience.There is a learning curve, and it will vary among
operators. As a general rule, it is suggested that each cli¬
nician reorient himself or herself to the SOM prior to

beginning each procedure and practice various surgical
scenarios with the assistants prior to each case. If the cli¬
nician is not a recent graduate of an advanced specialty
training program in endodontics, it is strongly suggested
that he or she enroll in a university-based microsurgical
training program or take a continuing education course
prior to purchasing a microscope to avoid making costly
mistakes.

Misconceptions About Surgical
Microscopes

Magnification

A frequently asked question is “how powerful is your
microscope”? The question really addresses the issue of
useable power. Useable power is the maximum object
magnification that can be used in a given clinical situation
relative to the depth of field and field of view. The ques¬
tion then becomes “how usable is the maximum power”?
While magnification in excess of X30 is attainable, it is of
little value while performing apical surgery. Working at

higher magnification is extremely difficult because slight
movements by the patient continually throw the field out

of view and out of focus. The operator is then constantly
recentering and refocusing the microscope. This wastes a
considerable amount of time and creates unnecessary eye
fatigue.Those clinicians who use the endoscope for apical
surgery would also agree that higher magnifications are

for critical evaluation only and not for operating.

Access
One of the problems encountered in conventional apical
surgery is gaining physical access to the sight of infec¬
tion. The SOM will not improve access to the surgical
field. If access is limited for traditional surgical approach¬
es, it will be even more limited when the microscope is
placed between the surgeon and the surgical field. Use
of the SOM, however, will create a much better view of
the surgical field. This is particularly true in diagnosing
craze lines and cracks along the beveled surface of a root

or when the surgeon is preparing a tiny isthmus between
two canals ultrasonically. Because vision is enhanced so
dramatically, apical surgery can now be performed with
a higher degree of confidence and accuracy. Repeated use
of the microscope and concurrent stereoscopic visual¬
ization will help the clinician develop visual imagery of
the various stages of apical surgery, which is necessary in

learning sophisticated surgical skills.

Illumination
There is a limit to the amount of illumination that an
SOM can provide. As you increase magnification, you de¬
crease the effective aperture of the microscope and there¬
fore limit the amount of light that can reach the surgeon’s
eyes. This means that as higher magnifications are select¬
ed, the surgical field will appear darker. In addition, if a
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Flap design and suturing

Incising and reflecting soft tissue flaps are not high-
magnification procedures. In many cases, they can be per¬
formed with the naked eye or with low-power loupes.
Basic single interrupted stitch suturing can also be per¬
formed with little to no magnification. While the micro¬
scope could be used at low magnification, little is gained
from its use in these applications. However, with the
introduction of the delicate papilla base incisional flap
design, which requires the use of 7-0 sutures and a min¬
imum of two sutures per papilla, microscopic magnifica¬
tion with a minimum of X4.3 is suggested.35 The SOM
is used at its best advantage for osteotomy, apicoectomy,
apical preparation, retrofilling, and documentation.
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Local Anesthesia
and Hemostasis
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Mechanism of Action of
Local Anesthesia

The ability to predictably achieve profound anesthesia is
one of the foundational skills for clinicians who perform
endodontic microsurgery. Fear of pain is a primary rea¬
son that patients avoid dental treatment,1 and consider¬
ing that the majority of endodontists are not equipped or
trained to provide deep sedation or general anesthesia,
endodontic surgeons must be able to provide a pain-free
experience using only local anesthesia, with the possible
addition of anxiolytic medications and/or nitrous oxide/
oxygen sedation. It is not the intention of this chapter to

replicate the content of the excellent textbooks already
available on local anesthesia; rather, it provides an over¬
view of general principles and will focus primarily on the
aspects of local anesthesia that are specifically relevant to

surgical endodontics.
Hemostasis during endodontic microsurgery is inex¬

tricably tied to local anesthesia because the epinephrine
component of dental local anesthetics provides the first,
and arguably the most important, ingredient for success¬
ful hemostasis.Therefore, this chapter also focuses on the
most clinically relevant aspects of surgical hemostasis.
The authors invite interested readers to pursue more in-
depth exposure to the basic science underlying hemosta¬
sis from one of the many excellent sources available on
this topic.

At a fundamental level, local anesthetics function by pre¬
venting the generation and conduction of a nerve impulse.
The neuron is the basic unit of the nervous system and al¬
lows for transmission of noxious stimuli from peripheral
oral structures to the central nervous system via sensory
afferent neurons. The action of local anesthetics is most
closely tied to structural aspects of the axon. The axon is
encased in a thin nerve membrane (axolemma), and some
nerve fibers are covered by an additional lipid layer of
myelin. Constrictions of the nerve sheath are called nodes
of Ranvier, and it is this area of the axon that is exposed
to the extracellular environment. At rest, there is a differ¬
ence in electrical charge between the inside and outside
of the membrane, with the interior negatively charged in
relation to the exterior. This polarization of the nerve is
maintained by sodium (Na+) and potassium (K+) pumps.
When a stimulus is applied, there is a rapid increase in
permeability to Na+ ions. This decreases the interior neg¬
ative charge, and a firing threshold is reached, which gen¬
erates an action potential and subsequent transmission of
a nerve impulse. At the most basic level, local anesthet-
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ics work primarily by binding to Na+ ion channels in the
neuronal membrane and inhibiting depolarization, there¬
by blocking conduction of a nerve impulse.2

as a topical anesthetic prior to injection. Application for
at least one minute to dry mucosa is important and has
been demonstrated in some studies to be moderately ef¬
fective for reducing injection pain when giving an infiltra¬
tion injection in the buccal vestibular mucosa, although
the value for palatal injections is more limited, and no
benefit was found for use in deeper regional block injec¬
tions, such as an inferior alveolar nerve block.5-7

Duration of action, potency, and time
of onset
Duration of action is an especially important factor in
endodontic microsurgery for several reasons. First, unlike
nonsurgical root canal treatment, if anesthesia wears off
before completion of a surgical procedure, it can be diffi¬
cult to reinject in areas where a mucoperiosteal flap has
been reflected. Second, longer-acting local anesthesia can
also enhance postoperative analgesia. Finally, the dura¬
tion of anesthesia is closely related to the duration of
hemostatic control in the surgical area.The protein-binding
ability of the cationic hydrophilic part of the local anes¬
thetic is related to the duration of action. For example,
bupivacaine has very strong protein-binding abilities,
which allows it to be effective for many hours when given
as a regional block.

Potency is related to lipid solubility. Greater lipid sol¬
ubility enhances the diffusion through the nerve sheet as
well as the neural membranes of the axon. Bupivacaine
is more lipid soluble than lidocaine, and therefore it is
more potent and can be prepared as a 0.5% concentra¬
tion rather than a 2% to 4% concentration.3

Local anesthetics are weak bases, and for them to be
stable in solution they are formulated as hydrochloride
salts. As such, the molecules exist in a quaternary, water-

soluble state at the time of injection. This form will not

penetrate the neuron. The time of onset of local anes¬
thesia is therefore predicated on the ionization constant
(pKa) of the anesthetic, which predicts the proportion of
molecules that exist in the cationic and lipid-soluble base
form in equal amounts.

Amide anesthetics

Lidocaine hydrochloride. Lidocaine is an amide anes¬
thetic, originally introduced by Nils Lofgren in 1943 and
cleared for use in the United States in 1948. Compared
with procaine, lidocaine is more potent, with a longer
duration of action and faster onset. This, together with
the fact that the drug has an excellent safety record and
few drug-drug interactions, makes it a very useful an¬
esthetic.8-10 The most common formulation is 2% with
1:100,000 epinephrine. In endodontic microsurgery, 2%
lidocaine with 1:50,000 epinephrine is also used and has
specific benefits and limitations, as discussed later in this
chapter.

Mepivacaine hydrochloride. Mepivacaine is an import¬
ant drug as it produces only mild vasodilation and is one
of the few commercially available local anesthetics that
is marketed as a 3% solution without a vasoconstrictor,
which can be very useful for patients with limited toler¬
ance for epinephrine or other vasoconstrictors. However,
local anesthetics without a vasoconstrictor are generally
not recommended for primary anesthesia of the surgical
site due to decreased duration of action and no vasocon¬
striction to assist with surgical hemostasis.Therefore, 3%
mepivacaine is often recommended for intraosseous
esthesia to avoid the transient tachycardia routinely seen
when using local anesthetics with a vasoconstrictor.

an-

Bupivacaine hydrochloride. Bupivacaine has a pKa of
8.1, which means it has a longer onset of action com¬
pared with other local anesthetics discussed in this chap¬
ter. Bupivacaine is available as a 0.5% solution with
1:200,000 epinephrine, and its primary attribute in sur¬
gery is its long duration of action when used in regional
block anesthesia. Studies have shown that bupivacaine
does not appear to be more effective than 2% lidocaine
with 1:80,000 epinephrine for the inferior alveolar nerve
block,11 but it can be effective for postoperative pain con¬
trol, especially if combined with pretreatment use of a
nonsteroidal anti-inflammatory drug (NSAID).12 The pa¬
tient may also require fewer opioid analgesics when bu¬
pivacaine is used for local anesthesia.13 The slower onset

of action often necessitates first using a faster-acting local
anesthetic, such as lidocaine, to allow rapid onset of anes¬
thesia followed by bupivacaine for prolonged anesthesia.

Types of local anesthesia

Ester anesthetics

Ester local anesthetics (eg, procaine) are of interest pri¬
marily from a historical perspective. First introduced in
the early 1900s, they were largely replaced with amide-
type local anesthetics in the 1940s. Procaine was asso¬
ciated with a higher incidence of allergic reactions and
fell out of common use for dental procedures after the
introduction of lidocaine and other amide-type local an¬
esthetics.4

Topical benzocaine is the only widely used ester-type
anesthetic in dentistry and is not available in injectable
form. Both 5% lidocaine and 20% benzocaine have
shown some effectiveness in specific situations when used
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Because of the long duration of action, it is usually not

recommended for children due to the risk of postopera¬
tive, self-inflicted soft tissue injury.

pha and beta adrenergic receptors.37 The primary action
of epinephrine is on smaller arterioles and precapillary
sphincters. During surgery, local anesthetic with 1:50,000
epinephrine is an effective aid in obtaining adequate he¬
mostasis. Of note is the fact that as the levels of epineph¬
rine decrease with time, its effect on the beta receptors is
predominant, and this can cause a rebound effect where¬
by vasodilation and bleeding result. This is often seen
hours after surgery.38

Articaine hydrochloride. Articaine is an amide/ester an¬
esthetic available as a 4% solution with either 1:100,000
or 1:200,000 epinephrine and has been claimed by some
to be more effective than other local anesthetics.14’15 Art¬
icaine is unique among amide anesthetics in that it has a
thiophene ring instead of the benzene ring found in other
amide anesthetics. This ester group means that articaine
gets metabolized in both the blood plasma and the liver.
Since its introduction, articaine has been popular with
dentists because of its reputation for superior diffusion
through bone and better anesthetic efficacy. According
to some reports, articaine has garnered the majority of
the dental market in many of the countries in which it is
available.16,17 Reported risks of articaine include potential
for methemoglobinemia and possible increased incidence
of paresthesia following regional nerve block injection,
although this latter claim is somewhat controversial.18,19

Gaffen and Haas20 looked at all cases of nonsurgical par¬
esthesia reported during a 10-year period (1999-2008)
by a professional liability insurance provider in Canada.
According to their calculations, the occurrence of pares¬
thesia was 1 in 609,000 injections. About 80% involved
paresthesia of the tongue, while altered sensation in the
lip and chin accounted for most of the other cases. Of the
182 cases of paresthesia reported, almost 60% were asso¬
ciated with articaine,16% with prilocaine, and 13% with
lidocaine. For the two local anesthetic drugs commonly
available for dental use as 4% solutions (ie, articaine and
prilocaine), the frequency of reported paresthesia was
significantly greater than expected. A review of the litera¬
ture is inconclusive with respect to its efficacy compared
with other anesthetics, with some suggesting significantly
more success
ference.26-34

Considerations unique to endodontic
microsurgery

Because endodontic surgery requires both soft tissue and
hard tissue anesthesia, as well as hemostasis provided by
the epinephrine component, it is recommended to wait
at least 10 minutes after local anesthetic injection to al¬
low for adequate anesthesia and hemostasis, even though
the usual soft tissue signs of anesthesia may appear more
rapidly.

Mandibular arch

A standard inferior alveolar and long buccal nerve block
is usually indicated as the starting point for surgery in the
mandibular arch. Two alternatives to the standard inferi¬
or alveolar block are the Gow-Gates block (see Video 5-1)
and the Vazirani-Akinosi block (see Video 5-2). Although
neither of these injection techniques has been proven su¬
perior to the standard inferior alveolar nerve block, they
may be preferred by some clinicians. In patients with
limited opening or trismus, the Vazirani-Akinosi block
may be useful because this injection is performed with
the patient’s mouth closed.The usual anesthetic of choice
for mandibular nerve block anesthesia is 2% lidocaine
with 1:100,000 epinephrine, which is supplemented by
a buccal vestibular injection of one or two cartridges of
2% lidocaine with 1:50,000 epinephrine for enhanced
anesthesia and hemostasis. Long-acting local anesthetics
such as 0.5% bupivacaine with 1:200,000 epinephrine
have a soft tissue duration of action of 6 to 10 hours
when used as a mandibular block injection, but the rel¬
atively low epinephrine concentration can result in in¬
creased intraoperative bleeding.39,40 A useful strategy to

provide increased postoperative analgesia is to adminis¬
ter a long-acting local anesthetic at the end of a surgical
procedure, prior to dismissing the patient.41,42

and others showing no significant dif-

Vasoconstrictors

All injectable local anesthetics are vasodilators. This
leads to lower efficacy because the local anesthetic is
more rapidly transported away from the surgical site into
the systemic circulation. This may also lead to increased
bleeding, which is particularly relevant during surgery.
Vasoconstrictors constrict the blood vessels and control
the tissue perfusion. Their addition is important because
they allow local anesthetics to be effective longer35,36; pro¬
duce lower blood levels of anesthetic, thereby decreasing
the potential for systemic toxicity; and decrease bleeding
during surgery.

The most common type of vasoconstrictor used in lo¬
cal anesthetics, and the most appropriate for endodon¬
tic surgery, is epinephrine. Epinephrine works on the al-

Maxillary arch

The approach to local anesthesia for endodontic surgery
in the maxillary arch is similar to that used for nonsur¬
gical endodontic therapy, with a few differences. First,
buccal vestibular infiltration over the tooth requiring sur-
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ry effects of GABA, the major inhibitory neurotransmitter
in the brain.48 Triazolam, diazepam, and lorazepam are
the most common benzodiazepines. Of the three, triazo¬
lam has the shortest half-life, approximately 1.5 to 5.5
hours, and is well-suited for dental procedures. A typical
dosing schedule for an average, healthy adult is 0.25 mg
triazolam at bedtime the night before surgery, followed
by 0.25 mg 1 hour before surgery. As with all medica¬
tions, the dose should be adjusted based on age, weight,
and medical conditions. The patient should also be ad¬
vised that he or she must be accompanied and driven to

and from the appointment by an adult. As an alterna¬
tive to oral dosing, triazolam can be effective in about 15
minutes when crushed and administered sublingually.49

gery is performed using one cartridge of 2% lidocaine
with 1:50,000 epinephrine. To maximize the hemostatic
properties of epinephrine, it is important to inject in the
vestibular fold, not the more apically positioned muscle
attachments, which can result in vasodilation instead of
vasoconstriction. Adjacent teeth are then anesthetized
with solutions containing 1:100,000 epinephrine, ex¬
tending at least one tooth beyond the area of the planned
incisions. Next, approximately 1 mL of local anesthetic
solution is slowly injected in the palatal tissues adjacent
to the root apex. To reduce patient discomfort associat¬
ed with palatal injections, place topical anesthetic with
firm pressure for 1 minute prior to initiating the injection;
start by injecting a small amount of local anesthetic, wait
2 minutes, then complete the injection. Regional nerve
blocks such as posterior superior alveolar, second divi¬
sion (see Video 5-3), and infraorbital (see Video 5-4) may
also be used in the maxillary arch for a greater field of
anesthesia, but at the expense of somewhat diminished
localized vasoconstriction activity.

Management of anesthetic failure and
discontinuous anesthesia
In general, the same regional block and infiltration tech¬
niques used for nonsurgical endodontic treatment are
used for surgical treatment. Perhaps the most significant
difference in the local anesthetic protocol between non¬
surgical and surgical endodontic therapy is the benefit
gained from judicious use of anesthetic solutions contain¬
ing 1:50,000 epinephrine. As previously noted, managing
discontinuous anesthesia or a duration of action that is
shorter than the procedure is more of a challenge after a
surgical flap has been reflected.

Intraosseous anesthesia can be used either prior to sur¬
gery to enhance depth of anesthesia and possibly improve
hemostasis or during surgery to manage discontinuous
anesthesia. Examples of intraosseous systems are depict¬
ed in Figs 8-1 and 8-2 (see also Video 5-5).Although there
are minor differences between intraosseous anesthesia
systems, the general concept is the same. First, a single-use,
disposable perforator tip placed in a low-speed or elec¬
tric handpiece is used to create a small opening through
the attached gingiva (unless a soft tissue flap has already
been reflected) and buccal cortical plate, dropping into
the cancellous bone space. Fight pressure should be used
so as to not overheat the bone. Initial resistance will be
felt as the perforator tip engages the buccal bone, fol¬
lowed by a distinct decrease in resistance as the tip drops
into the less dense cancellous bone. Next, local anesthetic
is delivered directly into the cancellous bone surrounding
the tooth using an ultrashort needle sized to match the
perforator tip. Systemic effects of epinephrine are more
pronounced with intraosseous injections, so it is import¬
ant to limit the quantity of anesthetic with epinephrine.
Transient tachycardia, usually lasting less than 4 or 5
minutes, is almost certain following intraosseous injec¬
tion with solutions containing 1:100,000 epinephrine.
However, no significant change in systolic, diastolic, or
mean arterial blood pressure is expected.50 Even so, solu-

Adjunctive therapy

Nitrous oxide/oxygen analgesia

Nitrous oxide/oxygen sedation can be used as a safe ad¬
junct to local anesthesia to help reduce anxiety and pro¬
vide analgesia. Nitrous oxide is a colorless, odorless gas
and is an effective analgesic/anxiolytic agent causing cen¬
tral nervous system depression and euphoria with little
respiratory depression.43 Nitrous oxide requires special
equipment and may be particularly useful in children
during dental and medical surgical procedures.44’45

Analgesic properties of nitrous oxide are thought to

be achieved by releasing endogenous opiate peptides,
and activation of opioid receptors and its anxiolytic ef¬
fect involve the activation of gamma-aminobutyric acid
(GABA) receptors through the binding site for benzodi¬
azepines.46

Oral conscious sedation

A significant number of patients defer or avoid dental
treatment due to fear. Dionne et al47 found that 18% of
patients who typically avoid dental treatment would be
willing to see the dentist if a drug was available to make
them less nervous. Oral sedation has been used in dental
offices for over 100 years and, with proper training and
monitoring, can be a safe and reliable method to relax pa¬
tients and enhance the surgical experience. The clinician
must receive proper training for conscious sedation and
must comply with all local regulatory requirements.

Benzodiazepines are the preferred drugs for conscious
sedation. They act by facilitating the physiologic inhibito-
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Mechanism of Action of Local Anesthesia
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Fig 8-1 Stabident system (Fairfax Dental), (a) A 27-gauge ultrashort needle (top) and 27-gauge solid wire with beveled tip perforator (bottom), (b) Proper
angulation and interproxima! position of the perforator tip after penetration into cancellous bone (the low-speed handpiece has been removed for better
visualization). The perforator tip is removed prior to placement of the local anesthetic needle, (c) The ultrashort needle is inserted to the hub, and local
anesthetic is slowly injected.
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Fig 8-2 X-tip system (Dentsply). (a) X-tip package (top) and disassembled perforator tip and sleeve (bottom), (b) The X-tip assembly is driven by a low-speed
handpiece into the interproxima! bone, and the tip and sleeve are then separated, leaving the sleeve in place, (c) An ultrashort needle is inserted completely
into the X-tip sleeve, and anesthetic solution is slowly injected (image shows only initial insertion).

incisor to second premolar, often proving useful when a
buccal flap has been reflected in this area and buccal infil¬
tration is not possible.

tions containing 1:50,000 epinephrine should not be used
for intraosseous anesthesia. Local anesthetic solutions
without a vasoconstrictor (eg, 3% mepivacaine) may pro¬
vide sufficient short-term local anesthesia in situations of
discontinuous anesthesia, but the duration of action will
be less than solutions containing 1:100,000 epinephrine,
and no additional hemostasis will be achieved.

Regional block injections (eg, inferior alveolar, poste¬

rior superior alveolar, or infraorbital) or reinjection can
be reasonably effective when not in the immediate area

of a reflected surgical flap. In the maxillary arch, a sup¬
plemental palatal injection with 1 mL of lidocaine with
1:100,000 epinephrine is often effective, at least as a

short-term measure. Injection on the palate with 1 mL
of local anesthetic between the first and second premo¬
lars and about midway between the marginal gingiva and
the midline of the palate (anterior middle superior nerve
block) can provide anesthesia from the ipsilateral central

Medical considerations and safety of
local anesthetics

Use in pregnancy

Although endodontic surgical procedures for pregnant

patients can often be deferred until after delivery, the
presence of pain or recurrent infection could shift the
balance in favor of surgery during pregnancy, especially
if it can be scheduled during the second trimester. In fact,
endodontic microsurgery is typically no more invasive

than a surgical extraction and could be considered more
conservative and appropriate therapy than prolonged use
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of analgesics and/or antibiotics during pregnancy. Of the
commonly used local anesthetic agents, only lidocaine
and prilocaine, with or without epinephrine, are US Food
and Drug Administration (FDA) category B drugs and
therefore considered safest for use during pregnancy.51
The most commonly available local anesthetic without
a vasoconstrictor is 3% mepivacaine, which is FDA cate¬

gory C. The use of a local anesthetic with epinephrine is
recommended for the pregnant patient as it has several
benefits including greater duration of anesthesia, more
profound anesthesia, and decreased potential for system¬

ic toxicity from the lidocaine due to delayed systemic up¬
take and metabolism of the local anesthetic.

epinephrine. The TMD for 4% articaine with 1:100,000
epinephrine (TMD = 7 cartridges) or 3% mepivacaine
without vasoconstrictor (TMD = 5.5 cartridges) are both
lower than the TMD for 2% lidocaine with 1:100,000
epinephrine.55 Pediatric and elderly patients, as well as
those with significant systemic disease, are more likely to
reach toxic levels of local anesthetic at a lower dose than
healthy adults, so extra caution must be exercised with
these patients.

Drug interactions

The vasoconstrictor in local anesthetics is more likely
than the anesthetic agent itself to be responsible for a
drug-drug interaction. Serious drug interactions with epi¬
nephrine and other vasoconstrictors have been associated
with nonselective beta-blockers (eg, propranolol, nado¬
lol, and timolol maleate), monoamine oxidase inhibitors
(eg, isocarboxazid, phenelzine, selegiline, and tranylcy¬
promine), and tricyclic antidepressants (eg, amitriptyline,
desipramine, and nortriptyline).

Maximum safe dose of epinephrine in patients

with cardiovascular disease

Compared with nonsurgical root canal therapy, which
can often be performed with limited or no vasoconstric¬
tor, microsurgical procedures can be very challenging
without the hemostatic benefits of a local anesthetic with
vasoconstrictor. Safe management of patients with mod¬
erate to severe cardiovascular disease requires careful
attention to the amount of epinephrine used. Although
high-quality clinical research on this topic is lacking, the
use of 0.036 to 0.054 mg of epinephrine (two to three
cartridges of local anesthetic with 1:100,000 epineph¬
rine) is generally considered safe for most patients with
cardiovascular disease, except those with severe disease
and other specific conditions.52-54 For practical purpos¬
es, this may preclude the use of a local anesthetic with
1:50,000 epinephrine, because the quantity of local anes¬
thetic used would need to be reduced by 50%. A reason¬
able strategy for patients with advanced cardiovascular
disease or reported sensitivity to epinephrine is to titrate
the dose— that is, slowly inject one-half to one cartridge
of local anesthetic and wait several minutes to gauge the
response before proceeding with an additional injection.
Vasoconstrictors should be avoided or used with extreme

caution in patients with poorly controlled hypertension,
arrhythmias that are refractory to treatment, myocardial
infarction within the past month, coronary artery bypass
graft within the past 3 months, stroke within the past 6
months, and uncontrolled congestive heart failure. When
in doubt about a patient’s ability to tolerate an endodon¬
tic surgical procedure, medical consultation is indicated.

The maximum safe dose of a local anesthetic is not the
same for all products. For example, the maximum allow¬
able dose for lidocaine is 7 mg/kg (up to 500 mg), which
converts to approximately 13 cartridges of 2% lidocaine
with 1:100,000 epinephrine for an average, healthy adult.
For endodontic microsurgery, it is more appropriate to

observe a typical maximum dose (TMD) that is equiv¬
alent to 8 cartridges of 2% lidocaine with 1:100,000

Possible allergy

True allergy to an amide local anesthetic (eg, lidocaine,
articaine, prilocaine, and mepivacaine) is extremely rare,
but any such report should be investigated. The most

common adverse reaction following local anesthetic in¬
jection is psychogenic,56,57 characterized by a report of
tachycardia, syncope, or general uneasiness. Reaction to

the epinephrine component of a local anesthetic is not

uncommon and can result from an inadvertent intravas¬
cular injection or a general sensitivity to catecholamines
such as epinephrine. This is not a true allergic reaction.
A true allergy will almost certainly have been detected
during prior routine dental treatment. An allergic reac¬
tion to the sulfite preservatives used in local anesthetics
containing epinephrine is also believed to be very rare but
has been reported.58-61

Surgical Hemostasis

Value of vasoconstrictors in local
anesthetic
Endodontic microsurgery is unique compared with most

other oral surgical procedures in that the main reason for
good hemostasis is the need for a relatively blood-free
field around the apex of the root to allow for proper visu¬
alization of the area, placement of root-end filling mate¬

rials, and inspection for possible root fractures.62 In addi¬
tion, adequate hemostasis during the surgical procedure
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minimizes surgical time, which leads to less postoperative
bleeding and swelling. The first step in assuring adequate
hemostasis is the use of a local anesthetic with vasocon¬
strictor. The vasoconstrictor of choice is epinephrine due
to decreased stimulation of alpha receptors compared
with alternative vasoconstrictors such as norepinephrine
and levonordefrin.63

In a relatively small clinical study comparing blood
loss during periodontal flap surgery using 2% lidocaine
with either 1:50,000 or 1:100,000 epinephrine, twice as
much blood loss occurred when the 1:100,000 epineph¬
rine solution was used compared with the 1:50,000 epi¬
nephrine solution.64 This difference could have practical
implications in endodontic microsurgery and supports

the position that injection of local anesthetic solutions
with 1:50,000 epinephrine should allow for improved
visualization and management of the surgical field. Addi¬
tional discussion of the safe use of local anesthetics with
epinephrine can be found in the previous section, “Medi¬
cal considerations and safety of local anesthetics.”

and 4.2 were at no greater risk for bleeding during oral
surgery procedures than patients in the 2.0 to 3.5 range.69
However, warfarin level and therefore level of anticoag¬
ulation is notoriously difficult to maintain in the desired
therapeutic range. Thus, an INR test the day of surgery
is recommended. If postsurgical antibiotics are given for
more than 5 days, disruption of the normal gastrointes¬
tinal flora can alter vitamin K absorption and therefore
increase the INR.70

Two newer alternatives for patients requiring antico¬
agulant therapy have been recently introduced and are
gaining popularity. Novel oral anticoagulants (NOACs)
are an alternative for most patients except those with ar¬
tificial heart valves. NOACs have fewer interactions with
foods and other drugs than warfarin and do not require
regular monitoring. However, standardized coagulation
assays are of limited value in measuring the level of anti¬
coagulation,71 and therefore it is more difficult to predict
potential bleeding risk during surgical procedures. And,
unlike warfarin, only one of the commonly prescribed
NOACs currently has an FDA-cleared reversal agent.
Novel oral antiplatelet drugs have been recently intro¬
duced, and little clinical guidance is available.67

Endodontic microsurgery is usually possible in pa¬
tients on anticoagulant therapy, but considering the wide
variety of drugs currently used for anticoagulation, along
with indications for anticoagulation therapy that range
from minimal to very serious, a medical consultation is
usually advised.67

Anticoagulant therapy

Anticoagulant drug therapy is prescribed for a variety
of medical conditions and includes warfarin (Couma¬
din, Bristol-Myers-Squibb), aspirin and other antiplatelet
agents (eg, clopidogrel, ticlopidine, prasugrel, and ticagre-
tor), novel oral anticoagulants, and novel oral antiplatelet
drugs. In addition, NSAIDs and many herbal medications
(eg, garlic, ginkgo, ginger, ginseng, feverfew, fish oil, and
others) have anticoagulant activity. A thorough medical
history is required because patients may fail to consider
herbal medications as drugs. As a general statement, anti¬
coagulant therapy usually should not be discontinued or
modified prior to endodontic microsurgery because doing
so can increase the risk for a thromboembolic event, and
bleeding can almost always be controlled with local mea-

However, it is important to understand the spe-

Inherited or acquired bleeding disorders
Any patient reporting a history of an inherited or acquired
bleeding disorder requires medical consultation prior to
surgical intervention. Replacement of deficient coagula¬
tion factors or a platelet transfusion prior to endodon¬
tic surgery may be required. Examples of bleeding dis¬
orders include thrombocytopenia, hemophilia, and von
Willebrand disease. The potential for increased bleeding
should also be considered in patients with impaired liver
function.

65-67sures.
cific mechanism of action of an anticoagulant drug and
the appropriate method for measuring the level of anti¬
coagulation, as well as the patient-specific indication for
anticoagulant therapy. In addition, even though the risk
for excessive bleeding may be minimal for most patients
undergoing endodontic microsurgery,68 medical consulta¬
tion is often indicated to help assess the potential risk of
a thromboembolic event if a decreased level of antico-

Local hemostatic agents

agulation is desired because the bleeding that occurs at

higher levels of anticoagulation can potentially interfere
with optimal visualization of the surgical field and the
placement of root-end filling materials.

The standard test for measuring warfarin activity is
the International Normalized Ratio (INR), and bleeding
risk should be minimal if the INR is within the normal
therapeutic range of 2.0 to 3.5.66 A recent clinical study
concluded that even patients with an INR between 3.5

Preoperative phase

As previously noted, profound local anesthesia with the
use of a vasoconstrictor is not only essential to ensure
patient comfort during the procedure, but also it is the
first and arguably the most important step in establishing
adequate hemostasis for endodontic microsurgery. Infil¬
tration with one or two cartridges of 2% lidocaine with
1:50,000 epinephrine in the surgical field will help assure
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Fig 8-3 (a) Osteotomy and resected root end of a mandibular left central incisor viewed with a micromirror. Although the root end can be clearly visualized,
oozing of blood in the surgical site would make placement of a root-end filling difficult, (b) Racellet pellets placed in the bony crypt for hemostasis, (c) View
of the root end after placement of root-end filling material. Racellet pellets are still in place but must be removed prior to wound closure. (Case courtesy of
Dr Jonathan Ee, Aurora, Ontario.)

sulfate, cotton gauze, and ferric sulfate for hemostasis
during endodontic surgery, calcium sulfate was found to

be superior to the other two products.

hemostasis during the procedure. However, there is no or
very limited value of using 1:50,000 solutions for block
injections. In fact, the additional epinephrine can result in
increased mean arterial blood pressure and tachycardia,
which can increase patient anxiety and place some pa¬
tients at greater risk of an adverse event.

8

Vasoconstrictors. Racemic epinephrine cotton pellets
(Racellet #2, Pascal) are often used to control bleeding
during endodontic microsurgery81 (Fig 8-3). All granula¬
tion tissue should be removed prior to placement of the
cotton pellets to ensure direct contact with the bone.81
After placing one epinephrine cotton pellet in the bony
crypt, several additional plain cotton pellets are packed
on top of the epinephrine pellet, and pressure is applied
for several minutes. The plain cotton pellets are then re¬
moved, and the epinephrine pellet is left in place to pro¬
vide a physical barrier to mild oozing of blood and to

catch any debris resulting from root-end preparation and
filling. If hemostasis is inadequate, the steps may be re¬
peated.

Although the epinephrine content of these pellets is
much higher than the amount contained in local anes¬
thetic, the systemic effect appears to be minimum when
used as described.82 Epinephrine is bound to alpha-1 and
alpha-2 adrenergic receptors and creates a strong and al¬
most immediate vasoconstriction of small blood vessels
and capillaries in the bony crypt, therefore limiting sys¬
temic uptake. One potential concern with using cotton

pellets in the bony crypt is that cotton fibers may remain
in the crypt after removal of the pellet and potentially in¬
terfere with healing. This risk can be minimized by using
the surgical operating microscope to isolate and carefully
remove any embedded cotton fibers prior to curetting the
bony crypt and stimulating bleeding. CollaCote (Zimmer
Dental) saturated with 10 drops of 2.25% racepineph-
rine inhalation solution may be considered as an alterna¬
tive to racemic epinephrine cotton pellets.83

Intraoperative phase

Bone wax. Bone wax is composed of beeswax and iso¬
propyl palmitate and produces physical tamponade of
small exposed blood vessels and capillaries in the bony
crypt. However, the use of bone wax for microsurgical
hemostasis is not recommended because it can impair
healing by initiation of a foreign body reaction and de¬
crease clearance of microorganisms.72,73 In addition, ef¬
fective and more biocompatible alternatives are readily
available.74

Cautery. Cautery involves the application of a handheld
heat source (such as most devices used for warm obtura¬
tion techniques) or an electrosurgery device to a visibly
bleeding or oozing vessel, but it should be limited to iso¬
lated areas due to the potential for delayed healing.
Cautery causes hemostasis by coagulation of blood and
tissue proteins.

75-77

Calcium sulfate. When mixed and placed in the bony
crypt, calcium sulfate provides a physical barrier to bleed¬
ing. After the material has set, it can be carved away from
the root-end area, leaving a layer in contact with the
bone. Unlike bone wax, calcium sulfate does not inhib¬
it healing. After completion of root-end preparation and
filling, the excess calcium sulfate can be left in place or
removed.78,79 In a small clinical study comparing calcium
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Fig 8-4 (a) Post perforation repair on the lateral surface of a maxillary right lateral incisor with ferric sulfate coagulum in place, (b) Filling material in place

with the ferric sulfate coagulum removed and fresh bleeding induced. (Case courtesy of Dr Richard Rubinstein, Farmington Hills, Michigan.)
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Fig 8-6 Root-end resection and preparation of
a maxillary right second premolar. Collagen is
packed in the bony crypt for hemostasis.

Fig 8-5 (a) Osteotomy and root-end resection completed on the mesiobuccal and distobuccal roots
of a maxillary left second molar, (b) A layer of collagen is placed on the distal wall of the bony crypt
(arrow) to control oozing and catch any excess root-end filling material. (Case courtesy of Dr Mohamed
I. Fayad, Chicago, Illinois.)

Gelfoam. Gelfoam (Pfizer) is a water-insoluble gelatin-
based product prepared from purified porcine skin. The
mode of action is believed to be mostly mechanical by
formation of an artificial clot and partially related to al¬
teration of the intrinsic blood clotting pathway. Although
Gelfoam is absorbable, it may delay initial healing, and
therefore removal prior to wound closure is advised.

Ferric sulfate. Ferric sulfate (Cut-Trol, Ichthys) is a he¬
mostatic necrotizing agent with a very low pH that was
first introduced for use in restorative dentistry to help
control bleeding from the gingival sulcus. Tissue proteins
are agglutinated and then plug capillary orifices. The use
of ferric sulfate as a hemostatic agent for use in endodon¬
tic surgery has been explored in animal model studies
with generally favorable results, as long as the material
was completely removed from the surgical site prior to

wound closure.84,85 However, failure to remove the ferric
sulfate from the bony crypt resulted in a foreign body
reaction and significantly impaired healing (Fig 8-4).

Absorbable collagen. A variety of collagen-based products
are available to assist with surgical hemostasis (eg, Colla-
Cote, CollaPlug, and CollaTape [Zimmer Dental] and
HeliCote [Integra]; Figs 8-5 and 8-6). The collagen is ob¬
tained from purified bovine tendon. On contact with blood,
collagen causes platelet aggregation with subsequent fibrin
clot formation, and hemostasis occurs in 2 to 6 minutes.

Thrombin. Thrombin has a long history in medicine for
localized surgical hemostasis but is not commonly used
for endodontic microsurgery due to handling properties
and expense.86 Thrombin is produced from bovine pro¬
thrombin and prepared as a dry powder and reacts di¬
rectly with blood fibrinogen to induce clotting.

Surgicel. Surgicel (Ethicon) is an oxidized regenerated
cellulose product prepared in a variety of fiber configura¬
tions. When it comes in contact with blood, it has antimi-
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palatal root surgery and is especially important for pa¬
tients for whom the potential for postoperative bleeding
is a concern. The flap should be inspected after suturing
to ensure close approximation of all tissue margins and
control bleeding. If additional local anesthesia is desired
for the immediate postoperative time period, care must

be taken not to inject directly under the repositioned flap.
The patient is returned to an upright position for 10 to

15 minutes, and the surgical area is inspected once more
prior to dismissing the patient. A cold compress is given
to the patient with instructions to apply to the face in the
surgery area— on for 20 minutes, then off for 20 minutes—
for the remainder of the day. The patient is given a pack¬
age of sterile cotton gauze to control minor bleeding if
necessary. The vast majority of situations involving post¬

crobial properties (presumably due to its low pH) and is

primarily a physical barrier to bleeding by formation of a

sticky artificial coagulum.87 Although Surgicel is absorb¬
able over time, retention in the wound site is not recom¬

mended because it can delay healing.88,89 ActCel (Coreva

Health Sciences) is a similar soluble regenerated cellulose
product. One potentially desirable attribute of cellulose
products is that they are not derived from animal tissues,
which may be preferred by some patients.

Chitosan products. HemCon (Tried Biomedical) is de¬
rived from chitosan, a naturally occurring biocompatible
polysaccharide from shellfish that was originally devel¬
oped as a hemostatic agent for use in battlefield trauma.

Cleared uses now include oral surgical procedures. A

j||| Local Anesthesia and Hemostasis

crobial properties (presumably due to its low pH) and is

primarily a physical barrier to bleeding by formation of a
sticky artificial coagulum.87 Although Surgicel is absorb¬
able over time, retention in the wound site is not recom¬
mended because it can delay healing.88,89 ActCel (Coreva
Health Sciences) is a similar soluble regenerated cellulose
product. One potentially desirable attribute of cellulose
products is that they are not derived from animal tissues,
which may be preferred by some patients.

palatal root surgery and is especially important for pa¬
tients for whom the potential for postoperative bleeding
is a concern. The flap should be inspected after suturing
to ensure close approximation of all tissue margins and
control bleeding. If additional local anesthesia is desired
for the immediate postoperative time period, care must

be taken not to inject directly under the repositioned flap.
The patient is returned to an upright position for 10 to

15 minutes, and the surgical area is inspected once more
prior to dismissing the patient. A cold compress is given
to the patient with instructions to apply to the face in the
surgery area— on for 20 minutes, then off for 20 minutes—
for the remainder of the day. The patient is given a pack¬
age of sterile cotton gauze to control minor bleeding if
necessary. The vast majority of situations involving post¬
operative oozing of blood can be self-managed by appli¬
cation of direct pressure with moistened cotton gauze.
For further discussion of postoperative instructions, see
chapter 13.

Chitosan products. HemCon (Tricol Biomedical) is de¬
rived from chitosan, a naturally occurring biocompatible
polysaccharide from shellfish that was originally devel¬
oped as a hemostatic agent for use in battlefield trauma.

Cleared uses now include oral surgical procedures. A
sticky mass is formed when in contact with blood, effec¬
tively sealing a wound while allowing time for the natural
coagulation pathway and clotting to occur. Chitosan has
natural antimicrobial activity, including activity against
many microorganisms commonly associated with oral in¬
fections. In a rabbit study, HemCon was compared with
ferric sulfate using the osseous wound model developed
by Jeansonne et al.85 There was no statistically significant
difference in hemostasis and wound healing between the
two groups, although a statistically significant increase
in new bone formation was observed in the HemCon
group.90 A clinical oral surgery (extractions) study found
significantly enhanced hemostasis and favorable wound
healing in the HemCon group compared with the control
group.91
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for postoperative bleeding and
ecchymosis

Some minor postoperative bleeding and ecchymosis is not
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addition to eradication of pathosis. In surgical treatment,
the least traumatic approach and tissue handling have a
positive effect on the esthetic result. The ultimate goal
in modern dentistry is regeneration, extending the mere
repair of lost tissues.

Achievement of so-called “white esthetics”refers to

natural visible tooth structures with tooth-colored ma¬
terials. With restorative techniques, it is possible to come
very close to a natural appearance of teeth. This notion
has reached a very high level of importance.4 The term

pink esthetics, in contrast, refers to soft tissues and un¬
derlying bone, which are both equally important for an
optimal esthetic result after surgical intervention. Man¬
agement of periodontal tissues with appropriate surgical
techniques, followed by proper long-term oral hygiene,
significantly impacts esthetics after a surgical procedure.
The objective of preserving oral structures is no longer
sufficient without considering the esthetics for all in¬
volved dentoalveolar components.5

This chapter addresses factors affecting soft tissue
management in order to gain access to the underlying
bone covering the roots in need of surgical intervention.
Emphasis is placed on the considerations of classic and
recent soft tissue management methods in reference to

biologic and esthetic outcomes.

Clinical success in endodontic surgery extends beyond
the mere treatment of apical periodontitis. Surgical treat¬

ment of periapical periodontitis involves the removal of
necrotic material and tissue breakdown products, treat¬

ment of the infection of the root canal system, and a
fluid-tight obturation of the treated portals of exit.1 In
order to allow these procedures to take place, the soft
tissues have to be mobilized. Three types of flaps dom¬
inate the possible surgical approach: sulcular, submar¬
ginal, and papilla-preserving incisions. The handling of
the tissues— including incision, raising the flap, handling
during the procedure, and suturing— is responsible for
the ultimate outcomes, mainly the amount of gingival
recession and attachment loss. Consequently, a success¬
ful outcome not only depends on endodontic aspects of
the treatment but also includes all involved dentoalveolar
structures. Reports regarding the impact of periodontal
conditions on the overall success rate are rather scarce;
however, Jansson et al2 studied the relationship between
apical and marginal healing in endodontic surgery and
demonstrated the persistence of endodontic infection as
a contributing factor for progression of attachment loss.
On the other hand, following periodontal procedures,
impaired periodontal healing in teeth with periapical le¬
sions was observed.3

Esthetic consequences following any dental proce¬
dures have become a significant factor to be considered in
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Biology of the Periodontal
Tissues

stratum spinosum.The cells of the spinous layer make up
the thickest part of the epithelium. The transformation
process closer to the surface renders the cells flatter (stra¬
tum granulosum).The most superficial cell layer (stratum
corneum) consists of flat cells in close contact, mostly
without nuclei.

In the stratum spinosum, dendritic (Langerhans) cells
may be found. They play an important role in the inflam¬
mation process. Langerhans cells bind to antigens and
transmit the information to macrophages and lympho¬
cytes.12

While each of the dentoalveolar structures is distinct in
its location and tissue architecture, they function togeth¬
er as a unit. They influence each other, and pathologic
changes as well as treatment trauma have marked effects
on repair and regeneration.

The periodontium comprises four components: gingiva,
periodontal ligament, alveolar bone, and cementum. The
gingiva reaches from the papilla to the mucogingival junc¬
tion, where it joins the alveolar mucosa.The gingiva is di¬
vided into papillae, marginal gingiva, and attached gingi¬
va (Fig 9-1).The gingival tissue attaches to the tooth with
the junctional epithelial attachment. Further apically, the
attachment consists of connective tissue and periodontal
ligament between the alveolar bone and cementum on the
root surface. Gargiulo and others6 describe the biologic
width as a measure to be respected; its dimension is ap¬
proximately 2 mm in total and can be described as the
sum of the junctional epithelial attachment width (0.97
mm) and connective tissue attachment width (1.07 mm).

The papilla has an important function, namely to fill
the interproximal space between the neighboring teeth,
and its presence is esthetically critical. The papilla has a
buccal and lingual peak separated by the col area, form¬
ing a concave depression. The papilla is covered with ke¬
ratinized oral epithelium and both nonkeratinized sulcu-
lar and squamous stratified col epithelium.7"9 The height
of the gingiva from the mucogingival junction to the gin¬
gival margin is highest on the labial aspect of the maxil¬
lary incisors and decreases in height toward distal areas.10

Oral sulcular epithelium

The sulcular epithelium is located between the gingival
crest and the most coronal portion of the junctional ep¬
ithelium, forming the lining of the gingival sulcus. In a
healthy situation, the depth of the sulcus is about 0.5 mm.
There are structural similarities to the oral gingival ep¬
ithelium. The sulcular epithelium is less permeable and
displays small infiltration of neutrophils compared with
the junctional epithelium.

Junctional epithelium

The junctional epithelium extends from the base of the
gingival sulcus to a level approximately 2 mm coronal
from the crestal bone. In healthy conditions, without at¬

tachment loss, the junctional epithelium reaches the ce-
mentoenamel junction. It is closely adapted to the tooth
surface and fulfills sealing and attachment functions.

The junctional epithelium is different from the sulcular
and the oral epithelium in both its origin and structure.
Triangular in form, in the most apical part it consists of
few cell layers, and toward the sulcus the thickness in¬
creases gradually to 15 to 30 layers. The reproduction
rate of the stratum basale cells is high, and these cells then
exfoliate into the gingival sulcus. Intact junctional epithe¬
lium contains migrating neutrophils; their presence rap¬
idly increases when an inflammatory process develops. In
addition to the neutrophils, T lymphocytes are found.13

In contrast to other oral epithelia with little extracel¬
lular space present, junctional epithelium shows gaps be¬
tween cells. This could be responsible for the increased
permeability of water, nutrients, and toxic substances
through the epithelium. The intercellular matrix not only
helps cell adhesion but also aids the attachment to the
tooth surface and base membrane separating the epithe¬
lium from the connective tissue.14,15 Epithelial cells are
metabolically active and capable of reacting to external
stimuli by synthetizing cytokines, growth factors, and en¬
zymes.16,17

Gingival epithelium

Depending on location and composition, the gingival ep¬
ithelium can be divided into oral gingival, oral sulcular,
and junctional epithelium.

Oral gingival epithelium

The oral gingival epithelium extends from the mucogin¬
gival junction to the tip of the gingival crest. It is between
0.2 and 0.3 mm thick and has largely a protective func¬
tion.11 The oral gingival epithelium is a keratinized squa¬
mous stratified epithelium that forms four cell layers.
Above the connective tissue, in close contact to the base¬
ment membrane, lies an active layer of cells, the stratum

basale. These rather small cells multiply continuously,
and as they mature into keratinized cells they become the
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Fig 9-1 Determination of the width of the attached gingiva, (a) Measurement of the probing depth. The gingival tissue over the probe represents the free
gingiva, (b) Arrows mark the mucogingival line. The distance between the tip of the probe (representing the probing depth) and the mucogingivai junction
is the width of the attached gingiva, (c) Dashed line represents the location for proper placement of a submarginal incision, (d) Schematic drawing of the
components of the so-calied biologic width. (Parts a to c reprinted from Velvart1 with permission.)

producing substances that can attract neutrophils. As the
bacterial accumulation continues, intercellular spaces be¬
gin to widen further, easing the passage of the inflamma¬
tory exudate to the gingival sulcus and at the same time
allowing molecules from the external surface to move to¬

ward connective tissue.
As the high level of infiltration and exudation persists,

ongoing tissue damage is established. Marked migration
of neutrophils and activation of macrophages and lym¬
phocytes can be observed within connective tissue. At the
same time, cells of the basal layer are capable of produc¬
ing collagenases, which degrade the underlying collagen
fibers. The junctional epithelium starts to migrate in an
apical direction, resulting in formation of a periodontal
pocket.19

The inflammatory process is marked by an increased
number and size of capillary loops in the connective tissue
adjacent to the junctional epithelium. A specific feature of
venules is their facilitation of neutrophil migration rather
than lymphocyte migration. A variety of additional fac¬
tors present in the local environment determine the activ¬
ity of fibroblasts, affecting migration, adhesion, prolifera¬
tion, and the matrix synthesis.20

Signs of tissue destruction are detectable as early as 3
to 4 days after plaque accumulation.21 The inflammato¬
ry response remains contained within the gingival tissues
for prolonged periods of time. However, should the bal¬
ance between bacteria and host defense shift unfavorably,
uncontrolled tissue destruction can take place, and the
inflammation may expand deeper into the periodontal
ligament and alveolar bone, resulting in attachment loss
together with apical migration of junctional epithelium.

Gingival connective tissue
Fibroblasts, a major cellular component of the connec¬
tive tissue, are of mesenchymal origin. They synthesize
extracellular matrix, take part in the regulatory process,
and respond to a variety of stimulants. Fibroblasts pro¬
duce cytokines, enzymes, enzyme inhibitors, and matrix
macromolecules. The function of these enzymes is to reg¬
ulate the degradation of the matrix during remodeling
and turnover.18 Fibroblasts are sensitive to changes in the
extracellular matrix as well as to the presence of growth
factors or cytokines. When injury occurs, fibroblasts are
able to migrate and attach to various substrates that at¬

tract them.
Collagen fibers, a major component of the matrix, are

organized in a distinct architectural pattern. They are
classified according to their location, origin, and inser¬
tion (eg, dentoalveolar, transgingival, interseptal, or cir¬
cular fibers). Supragingival fibers are responsible for the
attachment of the gingiva to teeth and provide a basis for
its firmness and biomechanical resistance.

Gingival changes during inflammation
Bacterial infection is the predominant cause for disease
development. The epithelium acts in several ways in the
presence of bacteria. Not only is it a mechanical barrier
against invasion of bacteria, but it also initiates the first
signals of bacterial assault to the underlying connective
tissue. The increased permeability of the junctional ep¬
ithelium is particularly important in initiating cellular
signaling processes. Epithelial cells are also capable of
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Functional Aspects

Interdental papilla

root. This necessitates exposing the bone surface by a
full-thickness flap consisting of periosteum and gingival
and mucosal tissues. Various factors must be considered
prior to placing an incision and selecting the flap design.

The tissue between two adjacent teeth, named the papilla,
is roughly pyramidal and triangular in shape.22 The
specific contour, width, and contact point area of the
neighboring crowns determine whether the papilla has
one peak or, for most cases, both a lingual and a buccal
peak joined by a concave col.23 The papilla usually fills
the entire interproximal space between neighboring teeth.
Tarnow et al24 studied the factors influencing papilla
height and found that the presence or absence of the in¬
terdental papilla depends on the distance between the
contact point and the crest of the bone. When the dis¬
tance from the contact point to the bone measured 5 mm
or less, the papilla was present almost 100% of the time.
With a distance of 6 mm, the papilla was present 56% of
the time, and when the distance measured 7 mm or more,
the papilla was present 27% of the time or less.

Holmes23 excised interdental papillae in 16 dental stu¬

dents: one from the anterior and one from the posterior
area of each student. From 32 specimens, 22 papillae did
not regenerate to their original shape and height. The re¬
generated papillae appeared flatter and did not fill the
embrasure as completely as before excision, and the cols
were less concave.

Regional anatomical structures
The location and path of blood vessels as well as nerves
must be known so that they can be protected and pre¬
served during the surgical procedure. Within the general
anatomical framework, their precise location can vary
from one patient to another. When mandibular premo¬
lars or molars are involved in a surgical procedure, the
protection of the neurovascular bundle is crucial. The
mental foramen is usually present between mandibular
premolars, apical or adjacent to the apices of the premo¬
lars. Dental radiographs do not visualize the mental fora¬
men and the mandibular canal predictably.26 Klinge et al27
assessed periapical radiographs, panoramic radiographs,
as well as tomography and found none of these meth¬
ods to be predictable in detecting the mandibular canal.
Computed tomography (CT) not only allows for detec¬
tion of neurovascular and other anatomical structures (ie,
the maxillary sinus) but also shows real transverse and
vertical relations between bone surface, lesion, and root.
When distances measured in the scan were compared
with the actual in vivo situation, 70% corresponded ex¬
actly, and 94% of the values were within ±1 mm of the
real measurements.27 Cone beam CT has replaced spiral
CT scans in dental offices due to its limited radiation ex¬
posure and is now increasingly used as a tool for diagno¬
sis and treatment planning in endodontics.28-30

Blood supply

The blood vessels supply the alveolar mucosa and gingiva
through interconnected pathways.There are subepithelial
capillaries of the gingiva and alveolar mucosa, the vascu¬
lar network within the periosteum, the intraseptal vessels
in the bone marrow, and the plexus of the periodontium.
The periosteal and periodontal networks connect direct¬
ly through Volkmann canals.25 The gingiva and perios¬
teum receive blood supply from supraperiosteal vessels,
which run roughly along the long axis of the teeth. They
branch in the lamina propria of the gingiva and spread
to the periosteum. Minor communications exist between
intraseptal vessels penetrating the interdental bone and
periodontal ligament, which fuel the gingiva with blood.
These multiple interconnections between different plexus
help supply blood and nutrients to tissues when surgical¬
ly severed.

Periodontal Conditions

Soft tissue management in surgical endodontics is heav¬
ily influenced by periodontal conditions in the region of
intervention. Probing depth around all involved teeth
should be measured. This involves continuous probing
around the entire circumference of the tooth, noting any
furcation involvement in multirooted teeth. A clear dis¬
tinction should be made between histologic pocket depths
and clinically measured probing depth. In a completely
healthy situation, these distances correspond approxi¬
mately. Gingival inflammation will increase the probing
depth reading due to resorption of collagen fibers in the
connective tissue (see “Biology of the Periodontal Tis¬
sues”). In the case of acute gingivitis or periodontitis, the
periodontal probe will slide into the pocket and penetrate
the junctional epithelium as well as connective tissue to

the level of crestal bone or where collagen fibers are still
intact. Consequently, the measured probing depths are

Access to the site of apical pathosis

Proper access to the area to be treated is one of the key
factors for a successful surgical procedure. Lesions of
endodontic origin are present in the bone around the
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Fig 9-2 Recession following a surgical procedure on the maxillary left central incisor, (a) Preoperative condition, (b) Recall at 1 year. Note the increased
retraction of the gingival margin and exposure of the root surface. (Reprinted from Velvart et al38 with permission.)

Coronal Restorationgenerally larger than the actual histologic attachment lev¬
el or pocket depth.31 Further reason for overestimation
of pocket depth is the presence of gingival swelling. The
amount of swelling and the degree of inflammation cor¬
responds to bleeding on probing. As the accumulation of
bacteria is the main reason for inflammation, every at¬

tempt should be made to reduce the amount of plaque in
the oral environment. This can be achieved in three ways:
by the dental hygienist, with meticulous oral hygiene, and
by rinsing with 0.2% chlorhexidine twice daily 1 week
prior to and 2 weeks after the surgical intervention. Chlor¬
hexidine has been shown to significantly reduce plaque
growth,32,33 to minimize postoperative discomfort, and
to promote healing.34,35 In general, less plaque results
in reduced contamination of the surgical site and atmo¬

sphere for the surgeon and staff.36
The determination of the width of attached gingiva is

a further factor to be considered for planning the proper
placement of an incision. When a submarginal incision is
considered, a minimum of 2 mm of attached gingiva is
required for the survival of the nonmobilized tissue and
to maintain a stable position of the gingival margin.37The
attached gingiva is determined by subtracting the probing
depth from the distance between the gingival margin and
the mucogingival junction (see Fig 9-1).

Critical to the survival of the soft tissues is sufficient
blood supply. As described earlier, marginal gingiva re¬
ceives nutrients from crestal vessels and to a minor extent

from the periodontal ligament. Insufficient blood supply
and traumatic handling of the tissues, including excessive
drying, can lead to necrosis of the nonreflected tissue with
a deleterious esthetic result.

The presence, type, and quality of the restorative work
must be considered. Restorative work in general rep¬
resents an irritation factor for the gingival tissues. Over¬
extended restorations should be corrected during a pre-
surgical dental hygiene phase. Special reference should be
made to the position of the restoration margin in relation
to the gingival margin. In visible areas, frequently sub¬
gingival margin placement is observed to avoid esthetic
drawbacks of a discolored root surface or visible metal
portions of the restoration. Manipulation of soft tissues
will result in some degree of recession, which might ex¬

pose the restoration margin (Fig 9-2). Management of
this problem is discussed later in the chapter.

Patient-Related Factors

The healing process depends heavily on the biotype of
gingival tissue. Patients with a thick tissue appearance
tend to display coronal soft tissue regrowth to the for¬
mer level in crown lengthening procedures, while patients
with a thin tissue biotype show a higher degree of reces¬
sion following surgical interventions.39ÿ11 Next to soft tis¬
sue factors, the integrity and thickness of the underlying
bone plays a role in mucogingival stability.42
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Fig 9-3 (a) The triangular flap requires a sulcu-
lar incision, usually with mesial placement of the
vertical releasing incision, (b) Rap reflected. (Re¬
printed from Velvart1 with permission.)

ba

Triangular flapFlap design

A horizontal incision extending one or two teeth distally
and mesially to the involved area, combined with only
one vertical releasing incision, forms the triangular flap
(Fig 9-3 and Videos 9-1 and 9-2). The incision extends
from a point 1 to 2 mm short of the mucobuccal fold to a
point at the distal or mesiolabial line angle of the selected
tooth. From there, a horizontal incision in the gingival
sulcus continues to a point two to three teeth to the op¬
posite side of the surgical site. For palatal roots that are

not accessible from the buccal, a palatal triangular flap
is raised. In order to prevent damage to the neurovascu¬
lar bundle at the palatal foramen and avoid substantial
bleeding, the releasing incision should be placed between
the canine and first premolar (see Video 9-2).

The main advantage of this flap design is easy repo¬
sitioning and minimal disruption of the vascular supply
to the flap. The triangular flap is indicated for correction
of marginally located processes such as perforations, cer¬
vical root resorptions, or apicoectomies involving teeth
with short roots. If it turns out that the access is too lim¬
ited, the triangular flap can be converted easily to a rect¬

angular flap by placing an additional releasing incision at

the distal end of the horizontal incision (see below). The
main drawback of this flap design is a risk of recession
due to the marginal line of incision.

The success of any surgical procedure depends largely
on the extent to which adequate access can be obtained.
Endodontic surgery first requires exposure of the bone
overlying the tip of the root(s). To access the bone, a
full-thickness flap or a combination of a full-thickness
and a split-thickness flap must be raised. This means a

soft tissue flap, which consists of gingival and mucosal
tissue as well as periosteum. In order to mobilize the flap,
various modes of incision can be selected, including hor¬
izontal incisions (sulcular and submarginal) and vertical
releasing incisions. It is critical that incisions and flap el¬
evations are carried out in a manner such that soft tissue
healing by primary intention is facilitated. This is secured
by (1) performing complete and sharp incision of the tis¬
sues, (2) avoiding severing of the tissues during flap ele¬
vation, and (3) preventing dehydration of tissue remnants

on the root surface during the procedure.

Semilunar flap

A semilunar flap consists of a straight or curved horizon¬
tal incision in the alveolar mucosa over the apical area,
placed all the way to the bone. A multitude of disadvan¬
tages have made this flap design obsolete. The semilunar
flap will only provide limited access to the apical area. It
will sever a maximum of blood vessels by cutting horizon¬
tally. Incisions should not be placed over existing or sur¬
gically created bone defects but rather over sound bone.
Oral tissue at the apical level to a large extent consists
of elastic fibers and muscle attachments, both of which
exert pulling forces on reapproximated surgical wound
margins. This retractive force will not only make suturing
difficult but will also result in a constant tension on the
flap, poor alignment of wound edges, gap formation, and
impaired healing.43

Rectangular flap

The rectangular flap is formed by a horizontal incision
with two vertical releasing incisions (Fig 9-4 and Video
9-1) and is perhaps the most frequently used flap in end¬
odontic surgery. At the terminal point of the horizontal
incision of a triangular flap, a vertical incision is made
extending from the crestal tissue at the mesial or distal
line angle of the last tooth to the mucobuccal fold.
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Fig 9-4 (a) The rectangular flap involves two
vertical releasing Incisions combined with a mar¬
ginal sulcular incision. The releasing incisions are
placed at least one tooth away from the tooth to
be operated on, except in the area of the mental
foramen, which should not be subjected to ver¬
tical incisions, (b) Flap reflected. (Reprinted from
Velvart' with permission.)
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Fig 9-6 Rectangular sulcular full-thickness flap involving a tooth with
a discolored root covered with a metal-ceramic crown. (Reprinted
from Velvart et al38 with permission.)

Fig 9-5 Fluorescein angiography following placement of a short (SF) versus
long (LF) full-thickness flap, 24 hours after surgery. A to B and C to D indicate
the distances from the cementoenamel junction to the respective flap margin.
Arrows indicate the clinical flap outline and hypofluorescent areas of subsequent
necrosis. (Reprinted from Mormann and Ciancio45 with permission.)

the gingival capillary blood circulation. The circulation
changes observed suggested that flaps receive their major
blood supply from their apical aspect, but not exclusive¬
ly. However, the horizontal marginal incision severed the
anastomoses between the gingival and periodontal vas¬
culature. Flap blood perfusion was maintained up to the
point where the ratio of length to width of the parallel
pedicle flap equaled 2:1. Several authors have confirmed
this finding.46,47 The length-to-width ratio requirement
usually favors a slight trapezoidal shape of the flap, with
strong preference of extending the horizontal dimension
of the flap over several teeth. Repositioning the tissue and
wound closure in the rectangular and trapezoidal flaps
is typically straightforward because of the definite posi¬
tion of the papillae during reapproximation of the tissue.
In esthetically critical areas with prosthetic restorations
involving subgingivally placed crown margins (Fig 9-6),

postoperative recession is a potential outcome, leading to

an esthetically compromising exposure of the crown mar-

The rectangular flap will give excellent surgical access
to the apical area in any region. The difference between
the rectangular and trapezoidal version is the degree of
divergence of the vertical incisions. Blood vessels run
roughly parallel to the long axis of the teeth.

In order to disrupt the vascular supply as little as pos¬
sible, the vertical incision should be placed parallel to

the root. This favors the rectangular flap.44 On the oth¬
er hand, the blood supply and survival of the mobilized
tissue appeared to be the best when the base was broad¬
er than the proximal end of the flap.45 For this reason,
vertical incisions should never be placed in a converging
pattern; rather, the flap width should be extended one
or two teeth mesially or distally to the tooth involved.
Figure 9-5 shows the difference in circulation distur¬
bance in a short full-thickness flap compared with a long
full-thickness flap of comparable flap width by means of
fluorescein angiography. Mormann and Ciancio45 stud¬
ied the effect of various types of surgical procedures on
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Fig 9-7 Submarginal incision consisting of two vertical incisions connect¬
ed by a scalloped horizontal incision within the attached gingiva. (Reprinted
from Velvart1 with permission.)

planning, the risk of scarring is another disadvantage
of submarginal flap design. As a consequence of dehy¬
dration of the tissue, the flap sometimes tends to shrink
during surgery, resulting in tension and difficulty in re¬
placing and securing it by suturing.

gins (see Fig 9-2). Using a proper atraumatic and gentle
surgical technique with appropriate wound management

minimizes such esthetic disadvantages.

Submarginal flap

Papilla base flapThe submarginal flap, also referred to as the Ochsenbein-
Luebke flap,48 is formed by a scalloped horizontal sub¬
marginal incision placed within the attached gingiva,
which follows roughly parallel to the contour of the
gingival margin (see Figs 9-la to 9-lc). The horizontal
incision continues with two vertical releasing incisions
(Fig 9-7). These vertical incisions extend from a point
1 to 2 mm short of entering the mucobuccal fold to a
point on the attached gingiva approximately 3 to 5 mm
above or below the marginal gingiva and the sulcus depth
(Video 9-3).

The submarginal flap is only to be used when there is
a broad attached gingiva and when the expected apical
lesion or surgical bony access will not involve the incision
margins. This flap design has the advantage of preserving
the marginal gingiva and does not expose the margin¬
al crestal bone. Pihlstrom et al49 studied healing results
when a sulcular full-thickness flap was elevated in an area
with shallow pockets (1 to 3 mm). They observed loss of
attachment, which was still present 6Vi years postopera-
tively. The Ochsenbein-Luebke flap, on the other hand, is
typically associated with minimal gingival recession. For
example, von Arx et al39 reported significantly less reces¬
sion for the submarginal incision compared with a sul¬
cular and papilla base incision. However, this difference
was not significant at the 5-year recall appointment, in¬
dicating that the incision technique mainly affected mar¬
ginal healing within the first year after apical surgery.50

Except for the rare risk of massive loss of marginal
tissue due to a possible insufficient blood supply to the
nonreflected gingival tissue (see above) or poor treatment

The papilla base flap consists of two releasing vertical in¬
cisions connected by the papilla base incision and intrasul-
cular incision in the cervical area of the tooth (Video 9-4).

This flap was designed to prevent recession of the papilla.
A microsurgical blade of a size not exceeding 2.5 mm in
width should be used. Controlled and minute movement

of the surgical blade within the small dimensions of the
interproximal space is crucial. The papilla base incision
requires two different incisions at the base of the papilla.
A first shallow incision severs the epithelium and con¬
nective tissue to the depth of 1.5 mm from the surface of
the gingiva (Fig 9-8, blue line). This guarantees sufficient
thickness of the coronal end of the split-thickness flap
portion. The path is a curved line connecting one side of
the papilla to the other. The incision begins and ends per¬
pendicular to the gingival margin (Fig 9-9). The scalpel is
held perpendicular to the gingival surface. In the second
step, the scalpel retraces the base of the previously created
incision while inclined vertically, toward the crestal bone
margin. The second incision results in a split-thickness
flap in the apical third of the base of the papilla (see Fig
9-8). From this point on apically, a full-thickness muco-
periosteal flap is elevated (Fig 9-10). Although the papilla
base flap achieves predictable healing results, this tech¬
nique requires a skilled surgeon. Atraumatic handling of
the soft tissues is of utmost importance in order to obtain
rapid healing through primary intention. The epithelium
of the partial-thickness flap has to be supported by un¬
derlying connective tissues, otherwise it will break down
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Fig 9-10 Elevated spit-thickness flap
showing the papilla base incision with
the major part of the papilla unaltered.
(Reprinted from Velvart et al61 with per¬
mission.)

Fig 9-9 Curved incision placed perpendicular to the
gingival margin (lines). (Reprinted from Velvart et al51 with
permission.)

Fig 9-8 Schematic drawing of incision type for
the papilla base flap. The first shallow incision is
placed at the lower end of the papilla in a slightly
curved line, perpendicular to the gingival margin
(blue line). A second incision is placed directed
to the crestal bone margin from the base of the
previously created incision (green line). The re¬
sult is a split-thickness flap on the base of the
papilla.

tion and continued apically, as the dotted line in Figure
9-11 demonstrates.

The healing capacity of oral tissues is typically excel¬
lent. Only rarely are there serious postsurgical compli¬
cations, such as tissue necrosis, nerve damage, profound
bleeding, or serious infections. When general basic rules
are followed, adequate healing of the soft tissues can be
expected. Healing is influenced by flap shrinkage, which
results in tissue tension and difficult reapproximation
of wound edges upon closure and requires an increased
number of sutures, adding further trauma to the tissues.
This is particularly true for submarginal flap types. Keep¬
ing the flap moist at all times helps to reduce dehydration
and shrinkage. Postoperative gingival recession is a diffi¬
cult therapeutic dilemma that has increasingly become a
clinical concern for the surgeon and patient. With the aid
of contemporary techniques such as microscopic magni¬
fication, more suitable materials, and the use of microin¬
struments, soft tissue management has evolved and will
result in a more predictable and successful outcome.38

and lead to scar formation. On the other hand, excessive
thickness of the connective tissue layer of the split flap
portion can jeopardize the survival of the buccal papilla
left in place.52 The ideal thickness of the partial-thickness
flap has not been studied. Epithelium thickness varies be¬
tween 111 and 610 pm with a mean of 364 pm.53 The rec¬
ommended thickness of free gingival grafts was reported
to be 1 to 2 mm.54,55 Based on the gingival graft studies,
a thickness of 1.5 mm was chosen for the split-thickness
flap in the papilla base incision. The selected thickness
resulted in excellent healing results.52

Strategies and Procedures

In order to obtain the best possible healing, optimal blood
perfusion to all tissues in and around the surgical site is
required. As tissues obtain blood supply from various
sources, the disruption of one circulation pathway may
still allow the tissue to survive if the incision and tissue
handling are correct. This means that vertical incisions
should be placed parallel to the long axis of the tooth
rather than diverging, and they should never converge.
In addition, the releasing vertical incision should start

paramedial from the papilla and should never be placed
either midaxial or through the middle of the papilla. The
initial path of the incision must be placed perpendicular
to the marginal edge of the gingiva. After reaching the
midpapilla area, the scalpel is turned in a vertical direc-

Papiila preservation/protection

The interdental papilla, the portion of the gingiva be¬
tween two adjacent teeth, is critical for functional, pho¬
netic, and esthetic reasons. Complete and predictable
restoration of lost interdental papillae is one of the big¬
gest challenges in periodontal reconstructive surgery.56
Therefore, it is imperative to maintain the integrity of
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Fig 9-11 (a) Vertical releasing incision that creates a compromised tissue area (arrow). The proxi¬
mal, nonreflected tissue portion will most probably necrotize because of insufficient blood supply. A
dashed line indicates the desired incision course, beginning perpendicular to the gingival margin, (b)
Correctly performed vertical incision. (Reprinted from Velvart et

Fig 9-12 Comparison of different sizes of
scalpel blades, (top) Regular blade size #15.
(middle) Smaller #15C blade, (bottom) Mi¬
croblade with double-sided cutting edges.
(Reprinted from Velvart and Peters64 with per¬
mission.)

with permission.)

the papilla during surgical procedures. Most frequently,
a sulcular full-thickness flap is used in periradicular sur¬
gery. In this flap technique, the buccal papilla is mobilized
and becomes part of the flap.57 Ideally, a sulcular incision
should dissect the buccal from the lingual papilla. In nar¬
row interproximal spaces, complete mobilization of the
papilla is often difficult and may cause tissue loss. Shrink¬
age of the papilla during the healing phase can occur and
may initiate the ultimate loss of papilla height. Velvart et

al,58 in a preliminary study, investigated the shrinkage of
papillae after sulcular flaps in patients with healthy peri¬
odontal tissues. The reduction of papilla height increased
gradually during healing. Immediately postoperatively,
papilla height loss due to surgical manipulation resulted
in a recession ranging from one-fourth (n =14) to one-
fourth to one-half (n = 3) of the original height. At suture

removal, six sites had a loss of height of up to one-half
the original position. None of the 17 sites remained at

preoperative levels at any time.
A quantitative study analyzed recession of the inter¬

dental papillae in periodontally healthy situations after
apical surgery using sulcular flap incisions.59 All experi¬
mental sites exhibited a significant loss of papilla height
at 1 month (P < .003) and 3 months (P < .004). Main
loss of papilla height occurred between baseline and the
1-month recall (-1.1 ± 0.8 mm), while a small but signif¬
icant further loss occurred between the 1- and 3-month
recall appointments (-0.2 ± 0.3 mm; P < .05). Recall at

3 months showed that retractions increased in 10 sites,
while in 3 sites the loss had diminished compared with
the value after 1 month. These results suggest that the

conventional sulcular flap results in considerable retrac¬

tion of papilla height after 1 month and 3 months post-
surgically.59

The issue of papilla preservation has been largely ad¬
dressed in periodontal therapy. In anterior periodontal
surgery, a papillary retention procedure is advocated to

maintain papilla height to maximize postoperative esthet¬
ics.60’61 Cortellini et al62,63 suggested a modification of the
papilla preservation technique that allows primary clo¬
sure of the interdental space over a bioabsorbable mem¬
brane. A horizontal incision is performed at the base of
the lingual papilla.The papilla is subsequently elevated to

the buccal side. After coronal repositioning of the buccal
flap over the membrane, the interproximal area is cov¬
ered with the papilla, which is attached to the buccal flap.
Primary closure over the membrane was obtained in all
treated sites using the modified preservation technique.
Probing attachment level gains and pocket depth reduc¬
tion were observed after1year when using this technique.

The use of the papilla preservation technique in apical
surgery is seldom possible, the reason being that the en¬
tire papilla, if incised on the lingual aspect as mentioned
above, cannot be mobilized under the contact point due
to lack of space. This leads to modification of the flap
for endodontic surgery. The papilla base incision is per¬
formed only on the buccal aspect of the tooth.The proce¬
dure requires horizontal and vertical incisions in a specif¬
ic way. The first incision line should begin perpendicular
to the outer contour of the marginal gingiva, as shown
and marked with a green line in Fig 9-8.
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Fig 9-13 Raising a flap from the releasing incision with a distocoronal-
directed motion, undermining the periosteum. (Reprinted from Velvart1 with
permission.) -—
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Fig 9-14 (a and b) A small groove in the bone at the base of the flap serves as a rest for the periosteal elevator, giving the assistant a safe position for it so
that it will not slip and possibly crush the tissues. (Courtesy of Dr Richard Rubinstein, Farmington Hills, Michigan.)

This rule applies to any type of incision to avoid thin¬
ning out of tissues and to allow sufficient blood supply to

reach the area, promoting better healing. The importance
of proper incision and surgical technique in obtaining
recession-free and esthetically improved healing was
pointed out in a recent clinical study on the papilla base
flap.52 The marginal incision commences by the prepara¬
tion of the papilla base using a microsurgical blade. The
size of the blade should not exceed 2.5 mm in width. Suit¬
able shapes include standard #15C blades or blades with
a rounded end (BB 369, Aesculap) (Fig 9-12). The crucial
point is a controlled movement of the scalpel blade with¬
in the small dimensions of the interproximal space.

The evaluation of healing patterns of the papilla base
incisions after 3 months revealed mainly completely un¬
detectable or only partially detectable incision lines and
generally demonstrated excellent healing. None of the
operated sites displayed any measurable loss of papilla
height or other complications.52

Flap elevation/mobilization
After the incision, lifting the tissue from the underlying
bone should raise the flap. In the process, the perioste¬
um should not be perforated or torn. To optimize healing
conditions, maintenance of an intact periosteum is essen¬
tial because it will protect the surgical cavity from being
in direct contact with the mucosal tissue, which otherwise
may enter the cavity and prevent complete bone fill. Flap
elevation should begin from the releasing incision in an
undermining action (Fig 9-13). The elevating instrument
then should be directed toward the marginal ridge. If
the periosteum cannot be separated completely from the
crestal bone, the flap will be freed by carefully dissecting
the nonseparated tissue remnants with a scalpel. Once
the flap has been retracted, a small groove should be pre¬
pared in the bone with a small round bur. This groove
serves as a rest for the retractor, to prevent crushing of the
flap during the surgery (Fig 9-14).
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Conclusion

The introduction of microsurgery to surgical endodon¬
tics attempted to minimize trauma and enhance surgical
results. Because of the combination of magnification and
more delicate instruments, improved and careful tissue
handling has become possible. This in turn allows for
more predictable healing and less esthetically compromis¬
ing tissue defects and recessions.

To achieve these goals, several measures are necessary,
including accurate preoperative treatment planning in
reference to the condition and the quality of the tissue to

be manipulated. Although application of basic rules leads
to adequate soft tissue healing after endodontic surgery,
there is a great potential for improvements in postsurgi-
cal esthetic outcome. As in other dental fields, pink es¬
thetics of oral soft tissues become increasingly important,
and efforts should be made to minimize scar formation
and recessions after surgical procedures. This is even
more the case when larger restorations are present and
healthy periodontal tissues are reflected as access flaps
for periradicular surgeries. Microsurgery alone will not

accelerate epithelial healing rates, but through perfect tis¬
sue adaptation of wound edges, it can create smaller dis¬
tances for epithelial migration during the healing process.
More rapid soft tissue healing is a result of reduced tissue
trauma and enhanced wound closure during microsurgi-
cal procedures. Toward this end, minimal trauma should
be inflicted during incision and raising of the flap. Both
the flap and nonreflected tissue remaining on the tooth
surface should be kept moist during the entire procedure,
especially in situations where excellent hemostasis can be
achieved. The flap design plays an important role in de¬
termining how much recession will occur postoperatively.
Papilla base flaps have greatly improved the conditions
for recession-free healing after endodontic surgery.
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Apical Microsurgery:
Application of
Armamentaria,
Materials, and Methods

o«
Richard Rubinstein, Mohamed I. Fayad

Nonsurgical root canal therapy has proven to be a highly
successful procedure when the clinical case is properly
diagnosed, treated, and restored. If a conventionally treat¬

ed case fails and it is determined that the reason for fail¬
ure is endodontic in origin and not periodontal, traumat¬

ic, or restorative in nature, apical microsurgery is often
the treatment of choice. Significant advances in the use of
magnification and illumination and supportive armamen¬
taria in recent years have benefited treatment protocols
in apical surgery such that teeth that might otherwise
have been extracted now have a predictable chance for
retention.

Case Selection and Treatment
Planning

One of the most important caveats in apical microsurgery
is in knowing when to perform it. Case selection will im¬
pact heavily on treatment outcomes, which then influence
future treatment choices and long-term success rates.

The most important diagnostic tool to this end has been
the introduction of limited field computed tomography
(cone beam computed tomography [CBCT]). When uti¬
lizing this technology, exploratory or diagnostic surgery
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Fig 10-1 (a) Preoperative radiograph, (b) CBCT scan, (c) Apical retrofiiling. (d) Postoperative radiograph.

tion is not available in the planar two-dimensional (2D)
radiograph (Fig 10-2b). Again, knowing this prior to the
surgery will allow for proper preparation by the clinician
(Figs 10-2c and 10-2d).

In Fig 10-3a, the sagittal view of a CBCT scan shows
that there is adequate space between the apical periodon¬
titis and the mandibular canal and that there is little
chance of harming the inferior alveolar or mental nerves.
Therefore, this case should be fairly routine (Figs 10-3b
to 10-3e).

In Fig 10-4a, the axial view of a CBCT scan shows
that there is apical periodontitis on all three roots of this
maxillary first molar. The coronal view shows that the
palatal apical periodontitis is more accessible from the
palatal approach and that the buccal apical periodontitis
is accessible from the buccal approach. Knowing this in
advance of the surgery allows the clinician to treatment

plan for both buccal and lingual flaps and plan for a more
predictable surgery (Figs 10-4b to 10-4h).

becomes a thing of the past as treatment decisions with
predictable outcomes can easily be made. In addition, an
appropriate armamentarium and strategic approaches
can be prepared well in advance of the actual surgery.

CBCT examination can help us treatment plan by re¬
vealing the exact position of the apical periodontitis. In
Fig 10-la, a preoperative radiograph shows apical peri¬
odontitis. The sagittal view of the CBCT scan also indi¬
cates that the periodontitis is apical, but the coronal view
shows that the buccal cortical plate is quite thick and that
the root is lingually positioned (Fig 10-lb). Knowing this
information in advance allows the clinician time to select
the appropriate armamentarium to address the position
and treatment of the apical periodontitis (Figs 10-lc and
10-ld).

In Fig 10-2a, the coronal view of a CBCT scan shows
that the mental nerve is quite close to the location of the
apical periodontitis and that root resection should be
more coronally positioned to avoid potential paresthesia.
Also note the root is inclined to the lingual.This informa-
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Fig 10-2 (a) CBCT scan, (b) Preoperative radiograph.
(c) Apical retrofilling. (d) Postoperative radiograph.
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6 months.

T vin

% ;;.v:

I
>-

[;*>

Mi-
VtZ &I js -

'’

_

157

www.konkur.in

Telegram: @dental_k



Apical Microsurgery: Application of Armamentaria, Materials, and Methods

Mmi

1 II
I

j\-'~ .
I I

r,£r
j£r i)

mi

£- Vii *r* *

WJ ..

j0T

v. *•

f;
'

j
/ ift

'

.'3*

fc,l

Fig 10-4 faj CBCT scan, (b) Preoperative radiograph (note that the 2D
planar view does not show the extent of the apical periodontitis), (c) Buccal
apical retrofillings. (d) Palatal retrofill. (e) Opening into the maxillary sinus.
(f) DynaBlast paste graft (Keystone Dental) in situ, (g) Postoperative radio¬
graph. (h) CBCT scan IV2 years later showing significant healing.
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Fig 10-5 faj 2D planar view, (b) CBCT scan.

In Fig 10-7a, a 2D planar film shows a mandibular
second premolar with apical periodontitis. The mental
foramen can be seen at the periphery of the image. The
sagittal view of the CBCT scan (Fig 10-7b) shows an un¬
usual mental foramen and a narrow vertical extension of
the nerve canal extending into the proximity of the lesion.
Surgical removal of this lesion could very well cause per¬
manent paresthesia. Note that the apical periodontitis on
the mandibular first premolar seen in the sagittal section
of the CBCT scan does not appear in the 2D planar view.
Orthograde retreatment may be the best solution for
both the mandibular first and second premolars and in
fact was recommended and subsequently performed (Fig
10-7c). The follow-up 2D planar radiograph shows heal¬
ing at 1 year (Fig 10-7d). The follow-up CBCT scan at

1 year shows significant bone fill in the axial, coronal,
and sagittal sections (Fig 10-7e).

These are just a few examples of the benefits of limited
field CBCT technology and how it can assist the clinician
in treatment planning and making better treatment deci¬
sions so that surgical outcomes are more predictable. For
further discussion of the use of CBCT in apical microsur¬
gery, see chapter 6.

CBCT examination can often help determine when not

to take a surgical approach. In Fig 10-5a, the 2D pla¬
nar view shows a mandibular second molar with apical
periodontitis. The clinician might be concerned about the
location of the mandibular canal. The coronal view of
the CBCT scan (Fig 10-5b) shows that the location of
the mandibular canal is apical and buccal to the apical
terminus and not of great concern. However, the coronal
view also shows that the root is located against the lin¬
gual cortical plate of bone and that surgical access is not

practical. Orthograde retreatment, intentional replanta¬
tion, or removal of the tooth with replacement by an
implant-retained crown may be a better choice.

Figure 10-6 shows a similar situation. The 2D planar
view (Fig 10-6a) shows a mandibular second molar with
apical periodontitis. The CBCT scan (Fig 10-6b) shows
that there is an untreated mesiobuccal canal. This can be
seen in the axial and coronal views. In addition, the roots

are positioned against the lingual cortical plate, making
the surgical approach impractical. Clearly, orthograde re¬
treatment is the best option as to not entomb the necrotic
pulp tissue with a surgical approach (Figs 10-6c and 10-6d).
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Fig 10-6 (a) 2D planar view, (b) CBCT scan, (c) Postoper¬
ative radiograph showing treatment of the untreated mesio-
buccal canal, (d) Six-month follow-up radiograph showing
initial healing.
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Fig 10-7 faj 2D planar view, (bj CBCT scan showing an unusual mental foramen and canal.
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Fig 10-7 (cont) (c) Orthograde retreatment of both man¬
dibular premolars, (d) One-year follow-up 2D planar view, (e)
One-year follow-up CBCT scan showing healing in the axial,
coronal, and sagittal sections.
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Flap design, reflection, and retractionApical Microsurgery
After anesthesia is obtained, and prior to incising the
surgical flap, the oral cavity should be rinsed with a dis¬
infectant solution such as chlorhexidine. A 0.12% chlor-
hexidine rinse has been shown to significantly reduce the
bacterial count in the oral cavity in advance of operative
procedures.1 For a complete discussion of anesthesia and
hemostasis, see chapter 8.

Microscalpels (Fig 10-8) are used in the design of the
free gingival margin flap to delicately and atraumatically
incise the interdental papillae when full-thickness flaps
are required. Microscalpels cause less trauma than con¬
ventional scalpels, thereby resulting in less scarring and

In order to understand the objectives of apical micro¬
surgery and the application of armamentaria, materials,
and methods, it is helpful to divide the subject into mul¬
tiple stages or sections. Among these stages are flap de¬
sign, flap reflection, flap retraction, osteotomy, periapical
curettage, biopsy, hemostasis, apical resection, resected
apex evaluation, apical preparation, apical preparation
evaluation, drying the apical preparation, selecting ret-

rofilling materials, mixing retrofilling materials, placing
retrofilling materials, condensing retrofilling materials,
carving retrofilling materials, finishing retrofilling mate¬

rials, and flap closure.
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Fig 10-9 Feather Microsurgical Blades. (Courtesy of J. Morita.)Fig 10-8 A variety of microscalpels sized 1 to 5 used for precise incision (Kerr End¬
odontics).

\

V,i

* J

I

33
Fig 10-10 (a to d) Application of Feather Microsurgical Blades, (Courtesy of J. Morita.)

Historically, flaps have been reflected with a Molt 2/4
curette or variation of the Molt 2/4. This instrument is
double ended, and the cross-sectional diameters of the
working ends are 3.5 mm and 7 mm. Under low-range
magnification, it can readily be seen that even the small¬
est end of this instrument is too large to place beneath
the interdental papilla without causing significant tearing
and trauma to the delicate tissues. Rubinstein Mini-Molts
(JEDMED; Fig 10-11) are available in two configurations
whose working ends are either 2 and 3.5 mm or 2 and 7
mm. The smaller ends of these instruments provide for

more favorable cosmetic outcomes. Feather Microsurgi¬
cal Blades (J. Morita; Fig 10-9) are made of high-quality
stainless steel using high-precision grinding technology,
which produces ultrasharp cutting edges that work with
a variety of handles. These blades allow for a very fine in¬
cision and minimize the risk of tissue injury (Fig 10-10).
Vertical incisions can be made with a 15c blade in a
Bard-Parker handle and are 1.5 to 2 times longer than
those in conventional apical surgery to assure that the
flap can easily be reflected out of the light path of the
microscope.
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Fig 10-12 PR-1 and PR-2 periosteal elevators.Fig 10-11 A comparison of the small ends of two Mini-Molts (left) and a
standard Molt 2/4 curette (right).
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Fig 10-13 Blade and contact surfaces of the Rubinstein Retractors 1 to
6 (JEDMED).

Fig 10-14 Rubinstein Retractors 7 and 8 (universal and universal mini;
JEDMED).

bent at 110 degrees to keep the retractor and the oper¬
ator’s hand out of the light path of the microscope. The
handles are ergonomically designed to decrease cramping
and fatigue and can be held in a variety of hand or finger
grips. For further discussion of soft tissue management

and conventional and contemporary flap designs, see
chapter 9.

atraumatic elevation of the interdental papilla, making
flap reflection more predictable and gentle to the tissues.
The recently introduced PR-1 and PR-2 (G. Hartzell &
Son; Fig 10-12) have similar geometries and also accom¬
plish the goals of atraumatic flap reflection.

Instruments such as the Minnesota retractor have been
used to retract the flap away from the surgical field after
reflection while assuring visual access. Maintaining pres¬
sure on this instrument for even a short period of time
often causes restriction of blood flow to the fingers of the
operator, and its use can be quite uncomfortable. A series
of six retractors from JEDMED (Fig 10-13) and two new
universal positioning retractors (Fig 10-14), which offer a
variety of serrated contact surfaces that are flat, notched,
and recessed, allow the operator several options for se¬
cure placement in areas of anatomical concern. Among
these are placements over the nasal spine, canine em¬
inence, and mental nerve. These retractors decrease the
chance of slippage, which can cause trauma to the flap
and delicate gingival mucosa.The blades of the retractors

are designed to retract both the flap and the lip and are

Osteotomy

Because we can see better with the surgical operating mi¬
croscope (SOM), bone removal can be more conservative.
Handpieces such as the Impact Air 45 (Kerr Endodon¬
tics), introduced by oral surgeons to facilitate sectioning
of mandibular third molars, are also suggested for apical
surgery to gain better access to the apices of maxillary
and mandibular molars. When using the handpiece, the
water spray is aimed directly into the surgical field, but
the airstream is ejected out through the back of the hand-
piece, thus eliminating much of the splatter that occurs
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Fig 10-15 Impact Air 45 with high-speed surgical length
proximity to the mental nerve (magnification x8).
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move the remainder of granulomatous tissue. Because of
its sharp edge, the Jacquette 34/35 is an excellent instru¬
ment for removing granulomatous tissue from the junc¬
tion of the root surface and the bony crypt. The more
tissue that can be removed results in less work for the
body to do relative to wound healing. Larger lesions can
be removed by using curettes such as a Lucas 85. The le¬
sion can be blunt dissected from the bony crypt, scooped
out using the concave surface of the instrument, and then
delivered to a specimen bottle.

It goes without saying that if tissue warrants removal,
it warrants examination and diagnosis by an oral pathol¬
ogist. At no time should a surgeon remove tissue and
accept the responsibility of its diagnosis based on clinical
impression, color, or consistency. In addition, any foreign
material present in the bony crypt should be removed
because it could cause persistent irritation and may
prevent complete healing of the tissues.2 After the bony
crypt has been physically debrided, it should be rinsed
thoroughly with sterile saline. For further discussion of
radiolucent periapical pathosis, see chapter 4.

with conventional high-speed handpieces. Because there
is no pressurized air or water, the chances of producing
pyemia and emphysema are significantly reduced.

Burs such as a Lindemann H161 or H162 bone cutter

(Brasseler USA) are extremely efficient and are recom¬
mended for hard tissue removal. They are 9 mm in length
and have only four flutes, which result in less clogging.
With the use of an SOM and an Impact Air 45, high¬
speed surgical burs can be placed even in areas of ana¬
tomical jeopardy with a high degree of confidence and
accuracy (Fig 10-15). The size of the osteotomy should
be as small as practical so that wound healing will not

be impaired, yet large enough to allow for complete de¬
bridement of the bony crypt and access for root-end pro¬
cedures that will follow. If the apical periodontitis has
not penetrated the cortical plate of bone, a preoperative
CBCT scan of the surgical field will provide the exact

location of the root terminus. A premeasured endodontic
file can then be positioned over the involved tooth, and
the exact location of the terminus can be visualized. Us¬
ing gentle brushstrokes, the osteotomy should be initiated
slightly coronal to the end of the root to avoid encroach¬
ment on potentially significant anatomical structures. Af¬
ter several brushstrokes, an endodontic explorer such as a
DG16 can “peck and check”for penetration through the
bone and into the lesion and can be repeated as necessary
until the lesion is located.The osteotomy is then enlarged
peripherally to visualize the root, lesion, and bony crypt.

Apical resection and resected apex
evaluation
There is general agreement that the main cause of failure
in conventional endodontic treatment is the clinician’s in¬
ability to adequately shape, disinfect, and obturate the
entire root canal system.3 The majority of this untreated
anatomy is located in the apical 3 mm, and for this reason
a 3-mm resection is recommended.4"6 With the introduc¬
tion of ultrasonics for creating root-end preparations, a
second reason for a 3-mm resection has emerged. Several
authors have studied the incidence of craze lines, cracks,
and fractures in the root and cementum surfaces after
ultrasonic root-end preparations.7"11 While all of these
studies showed a statistically significant increase, none

Curettage and biopsy

With the SOM, periapical curettage is facilitated because
bony margins can be scrutinized for completeness of tis¬
sue removal. A Columbia 13/14 curette is recommended
in small bony crypts because it is curved and can reach
to the lingual aspect of a root. After the Columbia 13/14
is used, the Jacquette 34/35 scaler is recommended to re-
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Fig 10-17 A comparison of the Impact Air 45 (bottom) and NSK 2:1 nose-
cone handpiece (top) with surgical length burs.

Fig 10-16 Aseptico 7000 motor and NSK
2:1 nose-cone handpiece.
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Fig 10-19 CX-1 explorer locating a crack on the facial surface of a root
(magnification X20).

Fig 10-18 CX-1 explorer locating an untreated portal of exit on the bev¬
eled surface of a previously retrofilled root (magnification X20).

creation of axial bevels that approximate zero degrees.
One such unit is the Aseptico 7000 motor (Aseptico) and
NSK 2:1 nose-cone handpiece (NSK) (Figs 10-16 and
10-17). The unit drives the handpiece at 80,000 rpm and
is more than sufficient to atraumatically cut cortical bone
and root. A variety of burs are available in 44.5-mm and
65-mm lengths, allowing access to difficult-to-reach ar¬
eas. A saline solution spray is directed over the bur and
cools the bone and root surfaces. Saline has the advantage
over distilled water and city water in that it is physiologic
and sterile. The Aseptico 7000 motor and NSK nose-cone
handpiece can also be used to perform the osteotomy.

After the root-end resection has been completed, the
beveled surface of the root can be examined under mid¬
range magnification. Using a small CX-1 micro explorer
(Kerr Endodontics), small microfractures, isthmuses, and
portals of exit can readily be seen (Figs 10-18 and 10-19).

has shown any clinical significance as a result of the find¬
ings. In as much as the greatest cross-sectional diameter
of a root in the apical 6 mm is typically at the 3-mm level,
it is suggested that this be the location of the resection in
order to create an adequate buffer or cushion to absorb
the potential deleterious effects of ultrasonic energy.

Historically, a long bevel was created in order to pro¬
vide access for a microhead handpiece. With the introduc¬
tion of periapical ultrasonics, little to no bevel is needed.
This results in fewer cut dentinal tubules and less chance
of leakage. The Impact Air 45 handpiece and 170L ta¬

pered fissure bur have been the instruments of choice to

resect the root. However, because of the size of the head
of the handpiece, visual access is often impaired, especial¬
ly in the posterior regions of the mouth. Recent advance¬
ments in electric motor design and straight handpieces
afford the clinician opportunities for direct visualization
of the root-end while performing root resection and the
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Fig 10-21 Thermoplasticized gutta-percha “walking”out of the prepara¬
tion (magnification X16).

Fig 10-20 Thermoplasticized gutta-percha spinning around a stainless
steel tip (magnification X16).

Apical preparation end cracking and can remove cracks caused by prior in¬
struments. For this reason, diamond-coated tips are sug¬
gested as the last ultrasonic tip to be used in root-end
preparation. Furthermore, clinical use of diamond tips has
shown that they are more efficient at removing gutta¬

percha than stainless steel tips.The irregular surface of the
diamond coating appears to grab and hold the gutta¬
percha, facilitating removal. When using smooth-surfaced
ultrasonic tips, the gutta-percha just spins on the smooth
surface, making removal difficult (Figs 10-20 and 10-21).

Clinicians have observed that not all ultrasonic tips
work equally well in every manufacturer’s ultrasonic
units; this observation has led to the term tip specificity.
Each individual clinician must determine which tips work
best in a given unit. For this reason, it is suggested that
the clinician use the lowest possible setting when initiat¬
ing cutting and increase the setting incrementally until
a smooth, chatter-free, efficient stroke is achieved. If the
unit is initially set at too high a power setting, the tip may
fracture prior to being placed on the beveled surface of
the root, so caution is advised.

When using ultrasonic tips, the clinician should use
gentle brushstrokes with the smallest tip possible to con¬
serve root dentin. This procedure should be observed
while using midrange magnification of the SOM. Pres¬
sure on the tip should be gentle. If resistance is met, it
is assumed that the tip is lingual verted. The operator
should then back off to low-range magnification or look
with the unaided eye to check that the tip is aligned in
the long axis of the root. If this step is not taken and a
lingual-verted path is continued, a perforation of the root

might occur (Fig 10-22).
There were no clear guidelines on how to make the

apical preparation until Gilheany et al14 studied the angle
of the bevel and the depth of the preparation from the fa-

Since the introduction of periapical ultrasonic technology
in the early 1990s by Carr, apical preparations have been
made with ultrasonic tips.12 These tips are driven by a
variety of commercially available ultrasonic units, which
are self-tuning regardless of changes in tip or load for
maximum stability during operation. A piezoelectric crys¬
tal made of quartz or ceramic located in the handpiece is
vibrated at 28,000 to 40,000 cycles per second, and the
energy is transferred to the ultrasonic tip in a single plane.
Dentin is then abraded microscopically, and gutta-percha
is thermoplasticized. Continuous irrigation along the tip
cools the cutting surface while maximizing debridement
and cleaning.

Since their initial introduction, a variety of tips and
tip configurations have been introduced to accommodate
virtually any access situation. Most ultrasonic tips are
0.25 mm in diameter and approximately 3 mm in length.
When used, they are placed in the long axis of the root

so that the walls of the preparation will be parallel and
encompass about 3 mm of the apical morphology. As the
piezoelectric crystal in the handpiece is activated, the en¬
ergy is transferred to the ultrasonic tip, which then moves
forward and backward in a single plane, and dentin is
“brush cut”away in gentle strokes. The combination of
the SOM and ultrasonic tips make previously challenging
cases routine. By combining magnification and ultrasonic
technology, apical preparation can be visualized and exe¬
cuted with a high level of confidence that was previously
unattainable.

Brent et al13 studied the incidence of intradentin and
canal cracks in apical preparations made with stainless
steel and diamond-coated ultrasonic tips.13 They found
that diamond-coated tips do not result in significant root-
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Fig 10-23 Endo Success Apical Surgery Tips.Fig 10-22 Off-axis angulation with ultrasonic tip (magnification X16).

al19 and Degerness and Bowles20 support this finding. This
is further evidence that a minimum of 3 mm of apical
root structure should be removed to eliminate the apical
delta. Additional debris and biofilm contained in the isth¬
mus and fins are addressed by retroprepping a minimum
of 3 mm coronally to further decrease the number of mi¬
croorganisms remaining in the root. Currently, we are not

able to assess whether the ultrasonic action of retrotips
adds to the mechanical removal of biofilm created by the
microabrasion of dentinal walls. Assuming that the mech¬
anism of this action is the same as orthograde ultrasonic
irrigation, one can assume that most of the bacteria will
be removed from the isthmus.21

There are clinical situations in which a post has been
placed without orthograde treatment. The untreated ca¬
nal space is usually filled with pulpal remnants, debris,
and bacterial contamination. Endo Success Apical Sur¬
gery Tips (Acteon; Fig 10-23) address this problem. The
tip lengths are 3, 6, and 9 mm. When used in progressive
sequence, up to 9 mm of canal space can be cleaned and
debrided. Longer pluggers are available to condense ret-

rofilling materials to length.

cial wall necessary to affect an adequate apical seal. They
reported that a 1-mm preparation was necessary with a
0-degree bevel, a 2.1-mm preparation was necessary with
a 30-degree bevel, and a 2.5-mm preparation was neces¬
sary with a 45-degree bevel. They further recommended
a 3.5-mm-deep preparation when measured radiograph¬
ically to account for errors in vertical angulation. This
study raised the question as to whether preparation of an
isthmus, which is so common, should be treated differ¬
ently than the preparation of the main canals.4-6 Clearly,
to satisfy the criteria set forth by Gilheany et al,14 the
clinician needs to create a 3-mm circumferential prepa¬
ration in the long axis of the root, which includes all the
anatomical ramifications of the pulp space, including the
isthmus.

The inability to adequately clean and disinfect the isth¬
mus with orthograde techniques was shown by Ricucci
and Siqueira.15 This makes the surgical treatment of the
isthmus even more critical, and detailed attention must

be used to thoroughly treat this space. This presents a co¬
nundrum for the clinician performing orthograde treat¬

ment or retreatment, as we are seldom able to instrument
and irrigate these isthmuses and ramifications. Siqueira16
proposed that all retreatment cases should be regarded
as infected and that the microorganisms reside mainly in
the isthmuses, fins, dentin debris, apical deltas, and root¬

filling voids. These microorganisms are in the form of a
biofilm as described by Nair et al.17 They suggested that
biofilms could not be eradicated by the host’s defense
system or chemotherapy but rather by mechanical dis¬
location and disruption of the biofilm. The only way to

achieve this is to surgically remove the portion of the root

containing the isthmus and to ultrasonically clean this
space. According to Teixeira et al,18 most isthmuses are
found 3 to 5 mm from the apex. Research by Mannocci et

Piezosurgery

Piezosurgery is a bone-cutting modality with rapidly in¬
creasing indications in different surgical fields, including
endodontic surgery. The main advantages of Piezosurgery
include protection of soft tissues, optimal visualization of
the surgical field, decreased blood loss, reduced vibration
and noise, increased comfort for the patient, and protec¬
tion of tooth structures. Some disadvantages of Piezosur-

include the initial financial burden associated withgery
the purchase of the device, the long duration of the sur-
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Fig 10-24 (a) Piezosurgery Touch (Mectron). (b) The control panel allows the clinician to choose the surgical procedure
(power) and irrigation types.
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Fig 10-25 Piezosurgical tips, (top) OP5 used for lesion enucle¬
ation. (middle) OT7S-3 used for root resection, (bottom) OT5 used
for osteotomy.
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that occurs exclusively in mineralized tissue.22 Piezosur¬
gical tips designed for Piezosurgery are specifically engi¬
neered and are approximately three times as powerful as
conventional ultrasonic tips like those used in root-end
preparation. Piezosurgery is particularly useful when os¬
teotomies are performed close to important soft tissues,
such as nerves, blood vessels, or the sinus membrane, or
when mechanical or thermal injury must be avoided. The
cutting characteristics of Piezosurgery depend on several
factors: (1) the degree of bone mineralization or density,
(2) the design of the cutting tip, (3) the pressure applied
to the handpiece, and (4) the speed of operation.

Piezosurgical devices provide a clear surgical site and
maintain a blood-free field during bone cutting through
the air-water cavitation effect. In piezoelectric surgery,
cavitation describes the processes of vaporization, bubble
generation, and subsequent bubble implosion into many
microscopic gas bubbles. This occurs in a flowing liquid

gical procedure, and the fact that the instruction man¬
uals of many piezoelectric units discourage use of these
devices in patients with implanted cardiac pacemakers.22
The technology was developed in 1998 by the Italian oral
surgeon Tomaso Vercellotti to overcome the limitations
of conventional bone surgery23 (Fig 10-24).

This new and innovative method of surgery uses piezo¬
electric ultrasonic vibrations to perform precise and safe
osteotomies and root resections. Piezosurgical tips (Fig
10-25) cut bone and root atraumatically using ultrason¬
ic vibrations and provide an alternative to the mechani¬
cal and electrical instruments used in conventional oral
surgery. The instrument uses a modulated and ultrasonic
frequency that permits the cutting of hard tissues. The
vibrations obtained are amplified and transferred to a
vibration tip, which when applied with slight pressure
to bone (Fig 10-26) or root tissue (Fig 10-27) results in
a cavitation phenomenon— a mechanical cutting effect
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Fig 10-28 Enucleation of the lesion using the
OP5 insert in the bony crypt of a maxillary right
first molar.

Fig 10-27 Root resection performed with the
OT7S-3 insert on the mesiobuccal root of a
maxillary right first molar.

Fig 10-26 Osteotomy performed with the OT5
insert. Note the close proximity to the mental
nerve bundle in relation to the periapical lesion
and apex of the mandibular right second pre¬
molar.

thoroughness of apical preparation. Failure to complete¬
ly remove old root canal filling material and debris from
the facial wall of the apical preparation (Fig 10-31) may
lead to facial wall leakage and eventual failure if not

cleaned before placement of an apical seal. Clearly, it is
necessary to circumferentially remove all debris from the
apical preparation to satisfy the criteria set forth by Gil-
heany et al14 and Ricucci and Siqueira.15

Debris can be removed from the facial wall by captur¬

ing the maximum cushion of thermoplasticized gutta¬
percha with a small plugger and condensing it coronally
(Fig 10-32). A variety of small pluggers ranging in diam¬
eters from 0.25 to 0.75 mm are available for this purpose.
Facial wall debris can further be addressed by removal
with a back-action ultrasonic tip. Virtually all modern-day
ultrasonic tips have some degree of back action in their
design. This angle can vary between 70 and 80 degrees.
Final inspection should be performed using a micromir¬
ror to ensure that the preparation is uniformly clean and
free of debris.

Once the apical preparation has been examined, it
should be rinsed and dried. Historically, apical prepara¬
tions were dried with paper points before placing retro-

filling materials. This allowed for thorough adaptation
of retrofilling materials against the walls of the cavity
preparation and decreased the chances of creating mate¬

rial voids. Microcontrol of air and water is now accom¬
plished by using a small blunt microtip irrigating needle
(Ultradent) mounted in a Stropko Irrigator (Kerr End¬
odontics). The irrigator fits over a triflow syringe and al¬
lows for the directional microcontrol of air and water

(Fig 10-33). Now the beveled root surface and the apical
preparation can be completely rinsed and dried before
inspection with micromirrors. Anatomical complexities,
isthmuses, and tissue remnants are more easily seen when
the cut surfaces are thoroughly rinsed and then desiccat¬
ed (Fig 10-34).

as a result of oscillations in pressure caused by ultrason¬
ic vibrations.24 Walmsley et al25 evaluated the cavitation
process and concluded that cavitation fragments bacteri¬
al cell walls and therefore has an antibacterial function.

One additional advantage and application of Piezo¬
surgery is the ability to completely enucleate radicular
cysts, which facilitates the pathologic examination of the
entire lesion (Fig 10-28). Most lesions can be removed in
their entirety with very little disruption to the adjacent
bone and soft tissue.

Apical preparation evaluation and
drying the apical preparation

Another development in apical microsurgery has been
the introduction of the surgical micromirror. Among the
early pioneers of micromirrors was Dr Carlo Zinni, an
otorhinolaryngologist from Parma, Italy (Zinni C, per¬
sonal communication, 1997). Being an early user of the
microscope, Zinni recognized the need to indirectly view
the pharynx and larynx for proper diagnosis. Zinni craft¬
ed the first polished stainless steel mirrors from which
the early endodontic micromirrors were developed (Fig
10-29).

Micromirrors come in a variety of shapes and sizes
and have diameters ranging from 1 to 5 mm. Many sur¬
face materials have been used on micromirrors, including
polished stainless steel, polished tungsten carbide, and
diamond-like coating. Recently introduced micromirrors
utilize a rhodium coating (JEDMED; Fig 10-30). Rhodi¬
um is extremely hard and durable and is unsurpassed in
reflectivity, clarity, and brightness. They are front-surface
scratch resistant and autoclavable. Using the SOM and
micromirrors, it is now possible to look up into the apical
preparation to check for completeness of tissue removal.
Before using micromirrors, it was impossible to assess the
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Fig 10-30 Rhodium micromirror view of the beveled surface of the root
(magnification X13).

Fig 10-29 Zinni ENT micromirrors.
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Fig 10-32 Condensing thermoplasticized gutta-percha away from the
facial wail and compressing it coronally (magnification X16).

Fig 10-31 Micromirror view of gutta-percha and debris on the facial wall
of the apical preparation (magnification X16).
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Fig 10-34 Blue Micro Tip (Ultradent) drying the apical preparation (mag¬
nification X13). Note the chalky, dry beveled surface.

Fig 10-33 Stropko Irrigator with an attached blunt irrigating needle.
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Hemostasis in a biologic environment, and they chemically bond to
dentin. ProRoot MTA, BioAggregate, EndoSequence Root
Repair Material, and Grey MTA Plus all fit this definition.

The question as to whether SuperEBA has different
outcomes than ProRoot MTA was studied by Song et

al and reported as a prospective randomized controlled
study.29 They reported that there was no significant dif¬
ference in the clinical outcomes of endodontic microsur¬
gery when SuperEBA and ProRoot MTA were used as
root-end filling materials. The surgical technique may
then have a greater bearing on the clinical result than the
specific root-end filling material. For a more detailed dis¬
cussion of root-end filling materials, see chapter 11.

Prior to selecting and placing retrofilling materials, it is
essential to have established good hemostasis. Hemosta¬
sis begins by obtaining and reviewing the patient’s health
questionnaire. In addition to the many anticoagulants
that patients are prescribed, herbal supplements and a
variety of vitamins can complicate hemostasis. Most pa¬
tients are not aware of the potential surgical complica¬
tions that are possible from dietary supplements they may
be taking. It is critical to evaluate the various pharmaceu¬
tical cocktails that patients may be consuming. Patients
must be off of daily 81 mg aspirin or fish oil supplements
for 7 days in order to reestablish normal platelet func¬
tion. Consultation with the patient’s physician may be
necessary. Anesthesia must be profound with adequate
vasoconstrictor. In most cases, intraoperative hemostasis
is not necessary. Should this not be the case, a variety of
materials are available, including ferric sulfate, aluminum
chloride, collagen, hemostatic gauze, racemic epineph¬
rine, or electrocautery. When selecting hemostatic agents,

one should consider their effect on hard and soft tissue
and whether their use could compromise healing. For a
complete discussion of local anesthesia and hemostasis,
see chapter 8.

Mixing, placing, condensing, carving,
and finishing retrofilling materials
The clinician should select instruments and carriers that
allow for direct observation of placement so that he or
she can see how the materials perform as they are placed
into the apical preparation. Cement-consistency retrofill¬
ing materials such as SuperEBA and desiccated IRM are
mixed to a putty consistency and carried to the apical
preparation in small truncated cones 1 to 2 mm in size on
a #12 spoon excavator (Fig 10-35). The cross-sectional
diameter of this instrument is 1 mm and therefore does
not block the visual access to the apical preparation. The
tip of the cone reaches the base of the preparation as the
sides of the cone contact the walls. Between each aliquot
of material, a small plugger (JEDMED) that will fit inside
the apical preparation is used to condense the SuperEBA
(Fig 10-36).Additional aliquots of material are added and
condensed until there is a slight excess mound of material
on the beveled surface of the root. Final compaction is
accomplished with a ball burnisher. When the cement has
set, a finishing bur or smooth diamond is used to finish
the retrofilling. After the SuperEBA has been finished, a
CX-1 explorer is used under high magnification to check
for marginal integrity and adaptation. Final examination
of the retrofilling is performed after the surface has been
dried with a Stropko Irrigator, because it is more accurate

to check the margins of the preparation when the bev¬
eled surface of the root is dry (Fig 10-37). EndoSequence
Root Repair Material putty can also be delivered in this
fashion. However, finishing EndoSequence Root Repair
Material putty is merely done by wiping across the bev¬
eled surface of the root with a slightly moistened cotton

pellet. The EndoSequence Root Repair Material is also
available in syringeable form, which can be injected into
the apical preparation, condensed if necessary, and wiped
across the beveled surface of the root to finish. The only
difference between the putty and syringeable material is

the viscosity.

Selecting retrofilling materials

After the apical preparation is rinsed and dried and he¬
mostasis is established, retrofilling materials are selected
and placed. Historically, amalgam was first suggested for
retrofillings by Farrar and reported in Dental Cosmos in
1884.26 This remained the standard until 1959, when
Omnell found a cytotoxic precipitate of zinc carbonate,
and hence zinc-free amalgam became the retrofilling ma¬
terial of choice.27 In 1978, Oynick and Oynick observed
collagen fibers from the periodontal ligament abutting
SuperEBA retrofill cement (Southern Anesthesia & Surgi¬
cal) and possibly extending into the SuperEBA matrix;
they suggested that SuperEBA may promote healing.28
Based on this single observation, zinc oxide eugenol-
based cements such as SuperEBA and desiccated IRM be¬
came the materials of choice and were the first modern
apical retrofilling materials. Bioceramics such as ProRoot
MTA (Dentsply), BioAggregate (Innovative Bioceramix),
EndoSequence Root Repair Material (Brasseler USA), Grey
MTA Plus (Avalon Biomed), and Biodentine (Septodont
USA) were soon to follow.The class of bioceramics includes
alumina and zirconia, bioactive glass, glass-ceramics,
coatings and composites, calcium silicates, hydroxyapa¬
tite, resorbable calcium phosphates, and radiotherapy
glasses. The general class is used for joint and tissue re¬
placement and for coating metal implants to improve bio¬
compatibility. They are chemically and physically stable
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Fig 10-36 Plugging SuperEBA into the apical preparation with
plugger (magnification X16).

Fig 10-35 Placing
excavator (magnification X16).

SuperEBA into the apical preparation with a #12 spoon a small
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Fig 10-37 Checking for marginal integrity with a CX-1 explorer (magnifi¬
cation x20).

Fig 10-38 Micro Apical Placement System.

Materials such as ProRoot MTA are best delivered to

the apical preparation with a carrier-based system. The
problems with carriers in the past were that the diameters
were too large to fit into the apical preparation, bends
were inadequate, and they plugged easily. The Micro Api¬
cal Placement (MAP) System (Roydent) addresses these
problems (Fig 10-38). This system consists of several de¬
livery tips with cross-sectional diameters ranging from
0.9 mm for small preparations to 1.5 mm for use in large
preparations and immature roots. The plungers are made
of a poly(ether ether ketone) (PEEK) material, which has
a coating similar to Teflon, and therefore retrofilling ma¬
terials will not stick to the surface. The PEEK plunger
can easily navigate a triple-bended carrier. When in use,
the carriers should not be packed too tightly, and gen¬
tle pressure should be used to express the material. The
carriers should be disassembled and cleaned immediately
after use; otherwise, mixed materials may set up inside of
the tip, and the tip may have to be replaced.

When placing ProRoot MTA, select a carrier that will
fit into the apical preparation (Fig 10-39). This will avoid
spilling material into the bony crypt.This is mostly a cos¬
metic issue, because ProRoot MTA is a tricalcium com¬
pound. Once it dissolves in tissue fluids, it combines with
phosphate ions and produces CaP04, which is osteocon-
ductive. ProRoot MTA is then condensed with small plug-
gers that will fit inside the apical preparation to ensure
thorough compaction and less chance of leakage. Because
ProRoot MTA is cohesive to itself but only slightly adhe¬
sive to the walls of the preparation, care must be taken
to avoid pulling the material out of the preparation (Fig
10-40). Gentle teasing and drying with a Stropko Irriga¬
tor, if necessary, and recapturing and recondensing the
material along the walls of the preparation will ensure its
complete placement. The recently introduced Grey MTA
Plus has a smaller particle size than ProRoot MTA, and
as such the mixing and handling properties make it an
easy material to use.
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Fig 10-40 ProRoot MTA being pulled out of the apical preparation (mag¬
nification X16).

Fig 10-39 MAP carrier placed inside the apical preparation (magnification
X16).

Fig 10-41 Comparison of micro (left) and macro (right) pluggers.

apical preparation in a manner similar to SuperEBA. The
main drawback to this material is that it is not very radi¬
opaque and therefore not easily seen on radiograph.

ProRoot MTA and Grey MTA Plus retrofillings are
finished by wiping the beveled surface of the root with a
moist cotton pellet. Visual inspection at midrange magni¬
fication is used to check for any remaining cotton fibrils
and also to check for marginal integrity.

When apical surgery involves immature roots, using
small-diameter pluggers to condense retrofilling materials
can be inefficient and a waste of time. JEDMED recently
introduced three new pluggers. These pluggers incorpo¬
rate 60- and 90-degree angles, cross-sectional diameters
of 1.5 and 2 mm, and a 1-mm ball that address these
needs (Fig 10-41). The combination of using a large,
1.5-mm-diameter MAP carrier and a large-diameter
plugger provide for efficient retrofilling and condensing
of apical preparations made in immature roots or those
requiring larger preparations.

Biodentine is a bioactive dentin substitute that has me¬
chanical properties similar to dentin, is highly biocompat¬
ible, and has been suggested for use as a retrofilling ma¬
terial. The powder contains tricalcium silicate and, when
mixed in an amalgamator for 30 seconds with aqueous
calcium chloride, gives the clinician about 12 minutes
working time until it sets. The material is carried to the

Placing bone grafts and membranes

A frequently asked question is whether a bone graft
should be placed in the bony crypt or a membrane placed
over the surgical site as a matter of routine. According to
a 2011 web-based survey of practicing endodontists by
Naylor et al,30 40% of the respondents are using guid¬
ed tissue regeneration (GTR) techniques in conjunction
with their root-end surgeries, and a majority of those
who did not use GTR indicated that they would consider
using these techniques with better evidence and available
training. According to the review paper by Lin et al,31
biologically a clot is a better space filler than all bone
grafting materials because it contains the host’s own bio¬
logic product to provide an excellent scaffold for wound
healing. They also concluded that the use of membrane
barriers in periapical surgery has not been shown to have
a clear benefit in regenerating tissues and that long-term
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studies designed to provide a high level of evidence are

required to provide a better understanding of the use of
membrane barriers and bone grafts in periapical surgery.

The best application of membrane barriers in periapical
surgery appears to be in combined endodontic-periodontal
lesions or large periapical lesions communicating with
the alveolar crest. They also concluded that there is no

conclusive evidence to demonstrate that the application
of membrane barriers in large or through-and-through
bony lesions has a better long-term outcome than a con¬

trol group in periapical surgery. While this is true, the
cosmetic result from a mature periapical scar can be
somewhat disturbing and does present the possibility of a
future surgical procedure if the concept of healed by scar
is not fully understood.31

Molven et al32 followed 34 cases that were healed by
scar at 1 year for 8 to 12 years. Twenty-two remained the
same, one healed, and one failed. They concluded that
cases that were healed by scar at 1 year could be consid¬
ered successful in the absence of signs and symptoms.32
Dahlin et al33 showed that complete osseous healing of
experimentally induced bone defects in rat jaws occurred
after 6 weeks when polytetrafluoroethylene (PTFE) mem¬
branes were placed on both sides of the defect. Pecora et

al34 repeated the Dahlin study with calcium sulfate as a
barrier and found the same results.

If necessary, bone fillers such as DynaBlast paste (Key¬
stone Dental) can be used to graft the bony crypt. This
composite graft contains human demineralized bone
matrix (DBM) and mineralized cancellous bone from
the same donor. The DBM contains bone morphogenetic
proteins, which are osteoinductive. The cancellous bone
provides the scaffold or matrix. Because this material has
a maximum bone chip size of 0.5 mm, it can also be used
in periodontal defects. DynaBlast paste is syringeable and
can easily be injected into the bony crypt or periodon¬
tal defect. DynaBlast putty (Keystone Dental) is a more
dense graft material and can be used in larger bony de¬
fects, but because the maximum particle size is 1 mm, it
cannot be used to treat periodontal defects.

When indicated, membranes such as DynaMatrix
membrane (Keystone Dental), harvested from porcine
small intestine submucosa, can be used. This material
retains its natural composition of collagen plus active
tissue proteins, which signal the body to facilitate tissue
ingrowth and angiogenesis. When healing is complete,
the membrane remodels into the patient’s natural tissue
and is undetectable. This usually takes 2 to 4 months.
DynaMatrix membrane is used for both GTR and guided
bone regeneration, is easy to handle, and can be left ex¬
posed with no clinical consequences. For further discus¬
sion of grafting procedures, see the section on grafting in
chapter 15.

Flap closure
The final stage of apical microsurgery is flap closure.
Care must be taken to reapproximate the flap in order to

promote healing by primary intention. The flap is repo¬
sitioned by using an Adson tissue forceps. These forceps
not only assist in repositioning the flap but also can be
used to secure the flap while suturing. Once the flap has
been repositioned, a moist sterile 2X2 gauze sponge is
placed over the flap, and firm finger pressure is applied to

restore elasticity to the tissue prior to suturing.
Suturing is a critical part of flap closure. When select¬

ing a suture material, one needs to consider several fac¬
tors. In addition to securing the flaps closely together, it
must be easy to handle, produce little to no inflammation
or bacterial contamination, and not dissolve before initial
healing is complete. Historically, silk has been the suture

of choice for many clinicians due to its excellent handling
properties. However, it is a multifilament material, which
produces considerable wicking and increased bacteri¬
al contamination. Parirokh et al35 showed significantly
more bacterial contamination and physical debris with
silk sutures than with polyvinylidene fluoride (PVDF),
a monofilament suture, at 3, 5, and 7 days post place¬
ment. However, PVDF is difficult to handle and needs to

be pulled several times to erase the stiff memory. In ad¬
dition, patients often complain that the tag ends of the
suture are stiff and irritating to the oral mucosa. Tevdek
(Teleflex Medical) is a PTFE-coated multifilament suture

that acts like a monofilament.This material produces less
inflammation and contamination than silk and has the
added benefit of having handling properties similar to

silk. Because Tevdek is such a soft material, it is suggested
that the clinician place an additional throw when tying
the surgical knot to maintain its integrity.

While the selection of suture material is important, it is
also necessary to consider needle design. Manufacturers
have suggested various needle configurations to help the
clinician reapproximate the flap and cause as little tissue
trauma as possible. Among the choices are reverse cutting
needles and tubular side-cutting needles. Reverse cutting
needles are more traumatic than tubular side-cutting nee¬
dles. Because they are sturdier than tubular side-cutting
needles, they can withstand occasional contact with inter-
proximal bone if resistance is met while redirecting the
needle. On the other hand, the more delicate tubular
side-cutting needles may bend if contact is made with
bone. Tevdek suture material offers the choice of a double-
needled 3/8-inch circle. The KT-1 needle has an arc length
of 12.1 mm, making it ideal for reapproximating a verti¬
cal incision and for suturing attached gingival flaps. The
KT-2 needle has an arc length of 17.8 mm, making it ide¬
al for interproximal suturing. Both of these needles are
tubular and site cutting.
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Fig 10-44 Barricaid placed over the surgical
wound.

Fig 10-42 Corn Forceps. Fig 10-43 Baraquer needle holder/scissors with
suture material engaged in the scissors,

terial is muscle molded. The dressing is then light cured
for 40 to 60 seconds. If necessary, material can be add¬
ed. The dressing is removed gently with an explorer, with
care not to pull the sutures away from the healing site. If
the sutures are stuck to the dressing, they should be cut

before the dressing is lifted away. For further discussion
of suturing and postoperative instructions, see chapter 13.

While the Adson tissue forceps can hold the flap firmly
while suturing, newer instruments such as the Corn For¬
ceps (Laschal Surgical) are designed for precision needle
placement (Fig 10-42). The forceps grasp the tissue, and
the needle enters the tissue through an opening in the
ends of the forceps.

There are a variety of needle holders available for the
clinician. Historically, needle holders were designed to be
held like a pair of scissors. Newer designs such as the
Mathieu and Castroviejo allow the clinician to place his
or her hand closer to the working end of the instrument
and allow for more control of the needle. The recently
introduced Baraquer needle holder (Laschal Surgical; Fig
10-43) has an additional advantage in that it contains a
small scissors that can also cut the suture. Once the knot
is tied, the longer portion of the suture material and the
tag end of the suture are slid down into the scissors until
the needle holder is placed against the knot. Because the
needle holder is 2 mm wide, once the scissors is engaged
and the suture cut, all tag ends will be the same length.
Now the clinician can suture and cut knots with the same
instrument.

Once the sutures are placed, the flap should be com¬
pressed with a saline-soaked gauze and firm finger pres¬
sure for a minimum of 3 minutes. If this is not performed
properly, there is a possibility that bleeding may occur
under the flap, a hematoma may form, and impaired heal¬
ing may occur.

If necessary, a periodontal dressing can be placed to

protect the surgical site. Historically, zinc oxide eugenol
dressings were used for this purpose. However, they were
quite messy to mix and difficult to work with. Surgical
wound dressings such as Barricaid (Dentsply; Fig 10-44)
are much easier to use and are better accepted by the pa¬
tient. Barricaid is a urethane dimethacrylate resin, which
is light cured. The surfaces of the teeth to be covered are
dried, and the resin is directly dispensed over the teeth
and surgical wound. Using a soapy gloved finger, the ma-

Suture removal
The key to suture removal is in the healing of the epi¬
thelium. Harrison and Jurosky36 reported that a thin ep¬
ithelial seal was established in the horizontal incisional
wound at 24 hours and that a multilayered epithelial seal
was established in the vertical incisional wound between
24 and 48 hours. While some clinicians might infer from
this study that sutures could be removed at 48 hours, one
must understand that it does not take into account per¬
sonal habits of patients and their willingness to comply
with postoperative directions. Therefore, most clinicians
would agree that sutures could be left in place for up to

7 days without causing significant soft tissue irritation.
The SOM can be used to facilitate suture removal at low-
range magnification. For further discussion on surgical
wound healing, see chapter 14.

Microsurgical scissors and tweezers should be used to

cut and remove the sutures. The smaller the sutures, the
greater the need for microsurgical scissors so as not to

damage the flap. Recently introduced for suture removal
is the Scissors/Forceps Combination instrument (Laschal
Surgical; Fig 10-45).Sutures can now be cut and removed
with one hand. The hooked end of the scissors always
engages the suture on the right side of the knot, so the
forceps side of the instrument faces the knot (Fig 10-46a).

If it is engaged on the left side of the knot, you will pull
the knot through the flap. On closure, a spring element
engages the edge of the scissors and traps the segment of
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Fig 10-45 Scissors/Forceps Combination
suture removal instrument.
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Fig 10-46 (a) The hooked end of the Scissors/Forceps Combination suture removal instrument engaging the right side of the knot, (b) The spring element
engaging the edge of the scissors and trapping the knot, (c) Completing the shear, cutting the suture, and lifting it away.

W’

Fig 10-47 Safety-ended suture scissors.

Does Apical Microsurgery Really
Make a Difference?

the suture still attached to the knot (Fig 10-46b). Further
closure causes the spring element to flex, exposing the
sharp blade, completing the shear, and cutting the suture

(Fig 10-46c).
If the patient has delayed the time for suture removal

and the soft tissue has grown over the knot, suture re¬

moval can become problematic. Safety-ended suture scis¬
sors (Laschal Surgical; Fig 10-47) have been designed to

remove sutures that are buried in edematous or hypertro¬
phic tissue. The blunt rounded blades in the closed posi¬
tion probe to the base of the suture and are then opened
to separate the swollen tissue. The scissors are then gently
readvanced and the blades closed to cut the suture. The
scissors always cut at the very tip of the blades, so the
suture is completely severed without shredding.

The SOM was originally introduced as a surgical tool. Al¬
most immediately after its introduction, many clinicians
realized its benefit in conventional treatment and nonsur-
gical retreatment. Consequently, many instruments and
devices were developed for use in disassembly, post re¬
moval, and removal of separated instruments.

Gorni and Gagliani37 reported the outcome of 452
nonsurgical retreatment cases 2 years after treatment.The
range of magnification used during treatment of the cases
was X3.5 to X5.5. They reported a success rate of 47%
when the root canal morphology had been altered and
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these cases after 6 years was 93.3%.56 Von Arx et al57
demonstrated similar results in a 5-year longitudinal as¬
sessment of the prognosis of apical microsurgery as 8%
poorer than assessed at 1 year.

Assuming that the surgery has been performed proper¬
ly, it is important to understand the reasons for regression
of healing. Some of the reasons for regression have been
reported as fracture, periodontal disease, lateral canals,
and leaky restorations.44,56 These are not endodontic in
origin and may skew statistics.

Setzer et al41 showed in a meta-analysis of tradition¬
al root-end surgery and endodontic apical microsurgery
that the success rate of traditional surgery was 59% and
that of apical microsurgery was 94%. The difference was

statistically significant, and the relative risk ratio showed
that the probability for success for apical microsurgery
was 1.58 times the probability of success for tradition¬
al surgery.41 For further discussion on outcomes of end¬
odontic surgery, see chapter 17.

a success rate of 86.8% when the root canal morpholo¬
gy was respected. The overall success rate reported was
69%.37 The difficult question to answer when considering
a nonsurgical versus a surgical approach is whether the
clinician can readdress the original biology of the case.
This question may be impossible to answer without actu¬

ally re-entering the case and possibly rendering the tooth
nonrestorable after disassembly. Considering this possi¬
ble outcome, apical microsurgery may have been a better
and more conservative approach. As discussed at the be¬
ginning of this chapter, a CBCT study can also assist the
clinician in treatment-planning decisions.

Frank et al38 reported that success rates in apical sur¬
geries sealed with amalgam, which had been considered
successful, dropped to 57.7% after 10 years. Friedman
et al39 reported successful treatment results as 44.1% in
136 premolar and molar roots that were observed over
a period of 6 months to 8 years. Kvist and Reit40 in a
randomized study compared results of surgically and
nonsurgically treated cases. They could find no systemat¬
ic difference in the outcome of treatment, which ranged
in success from 56% to 60%. These studies all used a
conventional surgical protocol without the benefit of an
SOM and microsurgical armamentarium.

Setzer et al41,42 in a meta-analysis of the literature
compared endodontic microsurgical techniques with and
without the use of higher magnification. Weighted pooled
success rates calculated from extracted raw data showed
an 88% positive outcome for traditional root-end surgery
and a 94% positive outcome for apical microsurgery. The
difference in probability was statistically significant for
molars.

Rubinstein and Kim43,44 reported the short-term and
long-term success rates for apical surgery using the SOM
and SuperEBA as the retrofilling material as 96.8% and
91.5%, respectively. The rate of healing independent of
lesion size was 7.2 months. Unlike most early conven¬
tional surgical studies, which reported the pooled results
of multiple clinicians and consisted mostly of anterior
teeth, 60% of the cases reported by Rubinstein and Kim
consisted of premolar and molar teeth.

Several studies have demonstrated a favorable outcome

of apical surgery performed with ultrasonic technology
similar to that used by Rubinstein and Kim.43,44,52-55 How¬
ever, none of these studies used the SOM. Furthermore,
the follow-up periods in these studies were considerably
shorter, and it must be emphasized that due to variations
in treatment and evaluation methods, direct comparisons
to the cited studies cannot be made.

More recently, Song et al56 reported on the long-term
outcome of apical microsurgery cases classified as suc¬
cessful when further followed from a previous short-term
study. The success rates from the 5-year short-term study
were 91.5%. The healed population was then followed
for a period of 6 to 10 years. The long-term success for
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Apical surgery is indicated to overcome certain factors
that may cause endodontic failure. Short- and long-term
evidence-based investigations have shown that placement
of a root-end filling improves the outcome of apical sur¬
gery.1,2 A root-end filling material should seal the root-
end cavity in order to prevent penetration of microorgan¬
isms or their byproducts from the root canal space into
the periradicular tissues.3

should have reasonable working and setting times, and it
should promote cementogenesis.3,4 Numerous studies have
evaluated various dental materials as root-end fillings.
These include gutta-percha, polycarboxylate cements, sil¬
ver cones, amalgam, Cavit (3M ESPE), zinc phosphate
cement, gold foil, titanium screws, zinc oxide-eugenol
(ZOE) cements (intermediate restorative material [IRM]
and SuperEBA [Southern Anesthesia & Surgical]),
glass-ionomer cement (GIC), Diaket (3M ESPE), compos¬
ite resins (Retroplast [Retroplast Trading]), resin-glass
ionomer hybrids (Geristore [DenMat]), and mineral tri¬
oxide aggregate (ProRoot MTA [Dentsply]). Recently,
other bioactive endodontic (BAE) cements have also been
evaluated.3,5 Chemical compositions of currently used
materials are listed in Tables 11-1 and 11-2. This chapter
highlights results from previous investigations on sealing
ability, biocompatibility, and clinical properties of these
materials.

Characteristics of an Ideal
Root-End Filling Material

An ideal root-end filling material should be biocompati¬
ble, dimensionally stable, nonresorbable, nonmutagenic,
easy to handle, insoluble in periradicular tissues, and
radiopaque; it should not cause tooth discoloration, it
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Chemical composition of newly introduced bioactive endodontic cementsTable 11-1

Regions approved and available

for clinical use*
Material

(manufacturer) Composition

Gray mineral trioxide aggregate Tricalcium silicate, dicalcium silicate, bismuth oxide, tricalcium
aluminate, calcium sulfate dihydrate (gypsum), and calcium

aluminoferrite; liquid: distilled water

Tricalcium silicate, dicalcium silicate, bismuth oxide, tricalcium
aluminate, calcium sulfate dihydrate or gypsum;

liquid: distilled water

Tricalcium silicate, dicalcium silicate, bismuth oxide, tricalcium

aluminate, calcium oxide, aluminum oxide, silicon dioxide;

liquid: distilled water

FDA, around the world

(Dentsply)

FDA, around the worldWhite mineral trioxide

aggregate (Dentsply)

FDA 51OK clearance; CE Certificate;

Health Canada License; JPAL Japanese

Certificate; registered in several other

countries in Latin America and Asia

FDA 51OK clearance

Angelus MTA
(Angelus)

Tricalcium silicate, dicaicium silicate, calcium phosphate mono¬
basic, amorphous silicon oxide and tantalum pentoxides;

liquid: deionized water

Tricalcium silicate, dicalcium silicate, calcium carbonate, zirco¬

nium oxide, calcium oxide, iron oxide; liquid: calcium chloride, a
hydrosoluble polymer, and water

Calcium oxide, silicon dioxide, aluminum oxide, magnesium

oxide, sulfur trioxide, phosphorus pentoxide, sodium oxide, and

chlorine; liquid: water-based solution

Aluminum oxide and calcium oxide

Calcium oxide, aluminum oxide, silicon dioxide, magnesium

oxide, iron oxide, sulfur trioxide, titanium dioxide, water/carbon
dioxide, and bismuth oxide

Calcium oxide, silicon dioxide, aluminum oxide, magnesium

oxide, ferrous oxide, zirconium oxide

Zirconium oxide, calcium silicates, tantalum oxide, calcium phos¬

phate monobasic, and filling and thickening agents

Tricalcium silicate, dicalcium silicate, tricalcium aluminate, bis¬

muth oxide, calcium sulfate dehydrate, and magnesium oxide

Portland cement and bismuth oxide

Tricalcium silicate, dicalcium silicate, bismuth oxide, tricalcium

aluminate, and calcium sulfate

Tricalcium silicate, dicalcium silicate, bismuth oxide, tricalcium

aluminate, calcium sulfate, and calcium aluminoferrite

Tricalcium silicate, dicalcium silicate, tantalite, calcium sulfate,

and silica

Tricalcium silicate, dicalcium silicate, tricalcium aluminate, tetra-
calcium aluminoferrite, free calcium oxide, and bismuth oxide

Monocalcium aluminate powder that contains bismuth oxide (as

a radiopacifier) and hydroxyapatite

Calcium carbonate, silicon oxide, aluminum oxide, and hydraulic

calcium zirconia complex; liquid: water

Zirconium oxide, calcium silicates, tantalum oxide, calcium phos¬

phate monobasic, and filler and thickening agents

Mixture of white CEM, calcium sulfate, calcium chloride, bismuth

oxide, and montmorillonite

BioAggregate

(Innovative BioCeramix)

FDA 51OK clearanceBiodentine

(Septodont)

Iran Ministry of HealthCalcium enriched mixture

(CEM) cement (BioniqueDent)

NAEndoBinder (Binderware)

Endocem MTA
(Maruchi)

CE (Europe), FDA (USA), JET (Japan),

TGA (Australia), KFDA (South Korea)

CE (Europe), FDA (USA), TGA (Australia),

KFDA (South Korea)
Endocem Zr
(Maruchi)

EndoSequence RRM, RRP
(Brasseler USA)

Micro-Mega MTA

(Micro-Mega)

MTA Bio (Angelus)

White MTA Plus

(Avalon Biomed)

Gray MTA Plus

(Avalon Biomed)

Neo MTA Plus
(Avalon Biomed)

OrthoMTA

(BioMTA)

Quick-Set (Avalon Biomed;

patent pending)

RetroMTA
(BioMTA)

iRoot BP
(Innovative BioCeramix)

Tech Biosealer RootEnd
(Isasan)

NR

NR

NR

Not clear

Not clear

Not clear

FDA 51OK clearance

NR

FDA 51OK clearance

FDA 51OK clearance

CE

*An email was sent to all manufacturers regarding regulatory approval for their products as root-end filling materials, NR indicates no response, and NA indicates that

no email address was available.
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Chemical composition of other currently used root-end filling materialsTable 11-2

| CompositionMaterial

Zinc oxide-eugenol cements

Powder; zinc oxide, polymethacrylate; liquid: eugenol and 1% acetic acid

Powder; zinc oxide, aluminum oxide, natural resins; liquid: eugenol,

o-methoxybenzoic acid

Powder: calcium aluminosilicate; liquid: polyacrylic acid

Powder: zinc oxide, bismuth phosphate; liquid: 2.2-dihydroxy-5.5 dichlorodi-
phenylmethane, propionylacetophenone, triethanolamine, caproic acid

copolymers of vinyl acetate, and vinyl chloride vinyl isobutylether

Paste A: Bis-GMA/TEGDMA 1:1, benzoyl peroxide N,N-di-(2-hyydroxyethyl)-p-

toluidine, and butylated hydroxytoluene (BHT)

Paste B: Resin ytterbium trifluoride aerosil ferric oxide; dentin bonding agent:

Gluma (Heraeus Kulzer)

IRM

SuperEBA

Glass-ionomer cement

Diaket

Composite resin (Retroplast)

Resin-ionomer hybrids

Geristore (DenMat)

Dyract (Dentsply)

Light cure hydrophilic Bis-GMA (resin-based fluoro alumina silica glass)

Radiopaque fluorosilicate glass in matrix of acidic polymerizable monomers
and other light-curing polymers

ly used dyes in leakage studies, and its coloring can be
impacted by calcium hydroxide (CH). Therefore, methy¬
lene blue should not be used to study leakage of materials
such as MTA and some BAE cements, which produce CH
during hydration.

Another factor that may impact the reliability of dye
penetration studies is the effect of tooth storage condi¬
tions on future investigations. For example, formalin may
influence leakage results. The pH of a dye may also af¬
fect leakage results. In contrast to GIC, the porosity and
marginal leakage of WMTA may not be affected when
immersed in an acidic dye such as rhodamine B.6

Despite these shortcomings, a general conclusion from
dye penetration studies is that some BAE cements are
resistant to dyes when used as root-end filling materials.

Sealing Ability
Several methods of testing have been used to evaluate the
sealing ability of root-end filling materials.These methods
include dye penetration, fluid filtration, protein leakage,
glucose concentration test, bacteria and their byproduct
penetration tests, and marginal adaptation.6 All of these
methods have certain limitations; nevertheless, they pro¬
vide some information regarding the ability of the materi¬
als to provide an apical seal following root-end resection
and preparation.

Dye penetration test
The sealing ability of several root-end filling materials
has been evaluated using dye penetration tests.7,8 Most of
these studies have reported that mineral trioxide aggre¬
gate (MTA) is more resistant to dye leakage in compari¬
son with SuperEBA, amalgam, or IRM.6 Composite resin
did not show a significant difference in dye leakage com¬
pared with GIC.9 Furthermore, no significant difference
in dye leakage was found between white MTA (WMTA)
and gray MTA (GMTA) when they were used as root-end
filling materials.10,11 BioAggregate materials (BA) showed
significantly lower dye leakage compared with WMTA,
IRM, amalgam, and softened gutta-percha.12

Dye leakage tests may present significant shortcomings
for indicating the sealing ability of a root-end filling ma¬
terial. For instance, methylene blue is one of the common-

Fluid filtration test
Fluid filtration tests have been used to test root-end filling
materials and their ability to achieve a good seal. In one
study, MTA demonstrated better resistance to fluid pene¬
tration than amalgam and SuperEBA.6 This method has
also been used to determine potential improvements in
the sealing ability of certain materials depending on the
liquid used for hydration. While substitution of 2% chlor-
hexidine for the normally provided liquid did not sig¬
nificantly improve the sealing ability of Biodentine (BD;
Septodont),13 Calcium Enriched Mixture (CEM) cement

(BioniqueDent) showed significantly higher sealing abili-
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ty when placed in phosphate buffer saline compared with
distilled water.14

The results obtained with fluid filtration tests have not

been consistent with other leakage tests. For instance,
when fluid filtration was used to evaluate leakage of
WMTA, Fuji IX (GC America), and IRM, Fuji IX showed
significantly lower leakage than WMTA and IRM at the
6-month evaluation period; however, when the same re¬
searchers employed flow porometry, results showed that
IRM and WMTA leak significantly less than Fuji IX.

The type of teeth used (ie, human or bovine) and the
size of the cavity preparation may also influence study
results when fluid filtration is employed.6

In another study, both fluid filtration and bacterial
leakage tests showed no significant difference between
CEM cement and MTA when used as root-end fillings.23

Bacterial nutrient leakage test
MTA and EndoSequence Putty (Brasseler USA) showed
no significant difference in their sealing ability when a
bacterial nutrient leakage test was used to examine their
effectiveness.24

Factors that may influence sealing
ability of root-end filling materials

Environment
Glucose concentration test
The glucose concentration test has also been used as a
method to determine the sealing ability of root-end fill¬
ing materials. Studies using this methodology have shown
that WMTA exhibits no significant difference in leakage
compared with BA or iRoot BP Plus (Innovative BioCera-
mix) when used as a root-end filling material.15,16

BAE cements may interact with their surrounding envi¬
ronment.4,6 For instance, MTA demonstrated significantly
better resistance to bacterial penetration when stored in
synthetic tissue fluid compared with samples kept in dis¬
tilled water.25 On the other hand, saliva contamination
adversely affected the resistance of WMTA to bacterial
penetration.6 In the same study, acidic pH had an adverse
effect on the sealing ability of MTA against dye leakage.6
Interestingly, CEM cement showed significantly lower
dye leakage when placed in an environment contaminat¬
ed with saliva than did MTA.

Dry and blood-contaminated MTA and CEM cement

samples showed no significant difference when used as
root-end filling materials.26 CEM cement also showed en¬
hanced sealing ability when placed in phosphate-buffered
saline (PBS) compared with distilled water.14 In another
study, blood contamination did not affect the marginal
adaptation of MTA, CEM cement, BD, or BA when these
materials were placed in root-end cavities.27

Bacterial and endotoxin penetration

tests
A large number of studies have used bacterial penetration
as a means to evaluate the sealing ability of root-end fill¬
ing materials.6,17 Various species of microorganisms have
been used. Earlier studies compared traditional root-end
filling materials such as amalgam with newly developed
root-end filling materials6; however, once MTA was es¬
tablished as a superior material, it soon replaced amal¬
gam as the gold standard for studying and comparing
newer root-end filling materials.

The available data comparing SuperEBA and MTA
with regard to resistance to bacterial penetration is incon¬
sistent. Some investigations have reported significantly
higher resistance to bacterial and endotoxin penetration
for MTA, while others have found no significant differ¬
ence between the two materials. On the other hand, com¬
pared with IRM, MTA is significantly more resistant to

bacterial penetration,6 while no significant difference has
been found between MTA and Resilon, hydroxyapatite,
Geristore, composite, or amalgam with ProBond dentin
bonding (Dentsply).6,21

In one study, results obtained from dye and bacteri¬
al penetration did not match when testing BAE cements

used as root-end filling materials. While gray MTA
showed significantly higher resistance to bacterial pene¬
tration compared with CEM cement, no significant dif¬
ference was found in dye penetration between the same
materials.22

17-20

Thickness of material

Some studies have reported that the thickness of root-end
filling materials may have some impact on their sealing
ability. Protein leakage studies have shown that root-end
filling materials (ie, MTA) placed at less than 4 mm thick
with an acidic pH adversely affect sealing ability.6 In con¬
trast, in other studies, MTA and CEM cement showed
no significant difference in dye leakage when 1-, 2-, and
3-mm thicknesses of the materials were tested as root-end
fillings.28,29

Rinsing root-end cavities with chelating agents

Rinsing root-end cavities prior to placement of root-

end filling materials may have an adverse effect on their
sealing ability. BA, MTA, and Portland cement (PC) all
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Root-end resection, cavity preparation method,
and root-end conditioning

In addition to the type of material employed, other fac¬
tors have been investigated for their potential effects on
the sealing properties of root-end filling materials. These
include the angle of root-end resection, the device used
for root-end preparation, power setting, the type of root-
end preparation tip, preconditioning of the root-end cav¬
ities, and using finishing burs after placement of the root-
end filling.
has been reported between ultrasonic and conventional
bur preparation.39

GMTA showed significantly less dye leakage than
zinc-free silver amalgam when the root end was resected
with different bevel angles.40 When MTA is used as the
root-end filling material, the resection angle (45 or 90 de¬
grees) is not a factor as long as the material thickness is
3 mm or more.41

The device used for root-end preparation may have
an impact on the quality of root-end cavity and sealing
ability of the materials. While ultrasonic devices may be a
better choice for root-end preparation than certain lasers
(ie, Waterlase [Biolase]),42 the erbium-doped yttrium alu¬
minum garnet (Er:YAG) laser resulted in improved albeit
not significantly better resistance to dye leakage around
MTA than ultrasonic preparation.43 When the Er:YAG la¬
ser was compared with ultrasonic root-end cavity prepa¬
ration, cavities filled with MTA resulted in significantly
better seal compared with IRM and SuperEBA.6

In a more recent investigation, root-end cavities pre¬
pared with the Er:YAG laser and filled with BD provided
significantly higher resistance to dye leakage than cavi¬
ties filled with MTA and prepared with the Er:YAG laser
or ultrasonics.44 These results were somewhat refuted by
another study that demonstrated significantly higher re¬
sistance to dye leakage in root-end cavities prepared with
ultrasonic tips and filled with MTA compared with BD.39

Lasers can be used either for root-end cavity prepara¬
tion or for pretreating root-end cavities. One study com¬
pared MTA and iRoot BP after pretreatment with EDTA
or the erbium, chromium-doped yttrium, scandium, gal¬
lium and garnet (Er,Cr:YSGG) laser. Scanning electron
microscope (SEM) evaluation showed that while no sig¬
nificant difference in marginal adaptation was found
between the two pretreatment protocols for each mate¬

rial, in both conditions MTA provided superior marginal
adaptation to iRoot BP.45

The presence of cracks originating from the root canal
can adversely affect the seal of root-end fillings. Although
MTA and GIC show no difference in sealing ability, when
cracks are present, MTA provides a better seal.6

Type of ultrasonic tip and power setting of the device
may also influence leakage following root-end prepara-

performed worse in fluid filtration studies when the root-

end cavities were rinsed with either MTAD (BioPure,
Dentsply) or ethylenediaminetetraacetic acid (EDTA) pri¬
or to the material placement; however, rinsing the cavi¬
ties with either chlorhexidine or distilled water prior to

material placement resulted in the lowest amount of api¬
cal leakage.30,31 In contrast, the dye leakage of BD was
significantly decreased when the root-end cavities were
washed with MTAD prior to placement of the material.32
More studies are required to determine whether rinsing
the root-end cavity preparation prior to placement of the
filling material is appropriate.

19-49 No significant difference in dye leakage

Placement method

No significant difference in fluid filtration, dye leakage, or
bacterial penetration was noted when MTA,WMTA, and
CEM cement were placed in an orthograde fashion fol¬
lowed by apical root resection compared with root-end
resection and retrograde placement of the materials.6,33,34

Nevertheless, at least a 3-mm thickness of the material
should remain in the root following root resection to pro¬
vide an optimal seal.6 Also, sonic vibration during MTA
condensation may decrease dye penetration when the ma¬
terial is used as a root-end filling.35 A recent investigation
reported that indirect ultrasonic condensation of MTA
can provide a significantly denser root-end filling than
placement of the material by manual condensation.36

Time

An important issue is the effect of time on the sealing
ability of root-end filling materials. BAE cements may
interact with the surrounding environment, resulting in
formation of crystals on their surface (eg, after immer¬
sion in a synthetic tissue fluid).10,25 Over time, the seal¬
ing ability of materials may change. In one study, while
Resilon seemed initially more resistant to fluid filtration
than WMTA, over time WMTA showed improved sealing
ability while Resilon samples showed increased leakage.
Therefore, the time elapsed after placement of a particu¬
lar material should be considered when evaluating data
from various studies.

37

Mixing method

The effect of mixing method on sealing ability of root-

end filling materials may depend on the type of material
employed. For instance, hand mixing BD induced higher
dye leakage when compared with trituration of the mate¬

rial with an amalgamator.38 In contrast, no significant dif¬
ference was found among three methods of MTA mixing
(ie, trituration with an amalgamator, ultrasonic vibration,
and conventional mixing).18
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MTA, CEM cement, BD, and BA showed no signifi¬
cant difference in marginal adaptation in the presence of
blood.27 Similarly, no significant difference has been ob¬
served in the marginal adaptation of WMTA, OrthoMTA
(BioMTA), and RetroMTA (BioMTA) in the presence of
PBS.59 Both MTA and IRM have shown significantly bet¬
ter marginal adaptation than BD.60

The type of SEM and the condition of preparing the
samples can influence the results of marginal adaptation
of root-end filling materials.6 In addition, evaluating
transversal or longitudinal sections may provide different
results.61 In one study, WMTA and two forms of Endo-
Sequence RRM (putty and paste; Brasseler USA) showed
similar marginal adaptation in transverse sections; how¬
ever, WMTA and EndoSequence Putty showed signifi¬
cantly better results than EndoSequence Paste in longitu¬
dinal sections.61

tion. A glucose leakage investigation showed that when
SuperEBA was used for root-end filling, preparation of
the root-end cavity with a diamond-coated retro tip with

a high power setting provided significantly lower leakage
than zirconium nitride-coated and stainless steel ultra¬
sonic retro tips with either low or high power settings.46

While acid etching root-end cavity walls prior to MTA
placement may improve the marginal adaptation of the
material,47 it did not have a significant influence on the
sealing ability of WMTA when used as a root-end filling
material.47

While some clinicians recommend the use of finishing
burs in order to improve marginal adaptation of root-end
filling materials, SEM evaluation showed that using fin¬
ishing burs does not improve the seal of root-end fillings
when root-end cavities were filled with MTA; however,
SuperEBA and IRM showed significantly better adap¬
tation following the use of finishing burs.48 In another
study, dye penetration was not reduced after using finish¬
ing burs on IRM and SuperEBA when used as root-end
filling materials.49

Confocal laser scanning microscope

The confocal laser scanning microscope is a very useful
device to evaluate the marginal adaptation of root-end
filling materials.52 Several investigations have used con¬
focal microscopy to evaluate leakage and marginal adap¬
tation of root-end filling materials. These studies showed
excellent marginal adaptation when MTA was used as a
root-end filling.39’43-44-63-64 BD showed significantly better
marginal adaptation than white MTA or GIC.64

In conclusion, MTA and some BAE cements have
shown reasonable marginal adaptation.

Marginal Adaptation

One of the main reasons for failure following periapical
surgery is inadequate root-end filling or gap formation
between the root-end filling materials and the dentin.
Both SEM and confocal microscope investigations have
been used to evaluate marginal adaptation of root-end
filling materials.MU' 1

BiocompatibilitySEM
Numerous investigations have evaluated the marginal ad¬
aptation of root-end filling materials. SEM studies have
shown imperfect root-end filling adaptation in the major¬
ity of failed cases.51 Good marginal adaptation has been
demonstrated for WMTA by some investigators.6 Most
studies have reported that MTA has a better marginal ad¬
aptation than IRM, SuperEBA,6-48 amalgam,6-53 and GIC.6
Nevertheless, one study reported no significant difference
in marginal adaptation among MTA, IRM, SuperEBA,
and Resilon.54 Additionally, no significant difference has
been found between the marginal adaptation of GMTA
and WMTA.55-56 In other studies, MTA and cold ceramic
had similar marginal adaptation62 while WMTA showed
significantly better marginal adaptation than Sealer 26
(Dentsply).57 It is important to note that MTA is an inter¬
active material, and thus the marginal adaptation of the
material may be impacted in certain media (eg, synthetic
tissue fluid), which could cause formation of apatite crys¬
tals at the material interface.25-58

The biocompatibility of dental materials is evaluated by
in vitro and in vivo tests. Cell viability and genotoxicity of
dental materials are evaluated by in vitro studies, where¬
as in vivo tests, including subcutaneous and intraosseous
implantation, evaluate the connective tissue response to

dental materials.6-65-66
Bioactivity of dental materials can be evaluated by in

vitro and in vivo tests.67-68 In recent years, in vitro bio¬
compatibility investigations of biomaterials, particularly
BAE cements, have attracted more attention because of
their ability to promote cell growth, differentiation, and
adhesion.69'71

Genotoxicity

Determination of genotoxicity is necessary in order to

evaluate possible risks of a dental material on human
genetic components.72 Most investigations have reported
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Fig 11-1 (a) Precipitation of hydroxyapatite over GMTA when placed as a root-end filling material. The precipitate can also be seen between the
material and root canal walls (arrow), (b) Precipitation of apatite crystals over MTA when placed as a root-end filling (arrows).

Endocem MTA (Maruchi), Endocem Zr (Maruchi), BA,
EndoSequence Putty, CEM cement, and BD have demon¬
strated bioactivity.94,9

The level of bioactivity is not similar in all BAE ce¬
ments. For instance, MTA releases significantly higher lev¬
els of calcium and provides a higher calcium-phosphorus
ratio in the precipitate compared with Endocem Zr.98,99

Apatite layer formation between BAE cements and the
tooth structure is also considered a sign of bioactivity.
One study showed that the thickness of the interface lay¬
er in MTA-treated teeth is significantly higher than that
found in teeth treated with BD.98 The amount of calcium
and silicate ions incorporated into the dentinal walls may
be one of the signs of bioactivity of dental materials. BD
and WMTA have demonstrated significantly higher calci¬
um ion release than EndoSequence BC sealer.101

The calcium-silicon ratio and the composition of pre¬
cipitate are not similar when various BAE cements are
immersed in PBS.97,99

Bioactivity is one of the most important properties of
BAE cements, and it is one of reasons that these mate¬

rials have received more attention in biomedical tissue
engineering.67 The bioactivity of a material also refers to

its ability to interact with cells to promote a specific re¬
sponse. These properties can be studied in cell cultures,
where biomineralization is assessed through alkaline
phosphatase (ALP) activity, and in in vivo studies through
the formation of hard tissues.68,

Some BAE cements increase ALP activity, while others
have either no effect or diminish the activity (Table 11-3).

For instance, an osteoblast-like cell culture was used to

evaluate the effect of MTA and EndoSequence RRM on

genotoxicity with regard to GIC, amalgam, and compos¬
ite resins.73-78 The degree of genotoxicity is not similar in
different types of GICs and composite resins.

SuperEBA, IRM, MTA, CEM cement, MTA, BD, and
EndoSequence BC sealer (Brasseler USA) have demon¬
strated acceptable biocompatibility in terms of genotox¬

icity.
apex (Angelus) has shown genotoxicity.72

In conclusion, the genotoxicities of various types of
BAE cements, composite resins, and GICs are not iden¬
tical. In addition to the composition of a material, the
concentration of any given material may also influence
its genotoxicity. Most new BAE cements have not been
evaluated for genotoxicity.

79-83 7-100

84-93 Among BAE cements, currently only MTA Fill-

Bioactivity

Bioactivity refers to the interaction of materials with the
surrounding environment, which is evaluated when the
material is immersed in a synthetic tissue fluid.94 ISO
23317 (in vitro evaluation for apatite-forming ability of
implant materials) is used for evaluating bioactivity of a
material when immersed in a synthetic tissue fluid (Fig
11-1).

Bioactivity may enhance the sealing ability of root-end
filling materials by providing a chemical bond between
the material and the surrounding tissues.4,25,95 Some of the
materials used as root-end filling materials, such as amal¬
gam, are not bioactive.96 In contrast, most BAE cements

cause formation of an apatite layer between the material
and the surrounding dentinal wall (see Fig 11-la). MTA,

102
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Changes in the gene expression of various signaling molecules and markers following the
presence of BAE cements or their extracts_Table 11-3
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— , no significant change in the marker or it has not been investigated yet; T, upregulated; 4, downregulated; <->, scarce results (some studies showed upregulation, some
downregulation, and some no significant difference to the control); ALP, alkaline phosphatase; TGF-p, transforming growth factor beta; Col 1 , collagen 1; OPN, osteopontin;
OCN, osteocalcin; OX, Osterix; OSN, osteonectin; RUNX2, Runt-related transcription factor 2; BMP, bone morphogenetic protein; DSP, dentin sialophosphoprotein;
BSP, bone sialophosphoprotein; C0X2, cyclooxygenase 2; PGE2, prostaglandin E2; MEP, matrix extracellular phosphoglycoprotein; NO, nitrous oxide; DMP-1, dentin
matrix protein-1 ; IL-1 p, interleukin 1 beta; IL-6, interleukin 6; IL-8, interleukin 8; VEGF, vascular endothelial growth factor; TNF-a, tumor necrosis factor alpha; MMP, matrix
metalloproteinase; ROS, reactive oxygen species; AMTA, Angelus MTA; MM MTA, Micro-Mega MTA; TBE, Tech BioSealer Endo (Isasan).

Biologic Mechanism of Action
of BAE Cements

cellular bioactivity and ALP activity; it showed that En¬
doSequence RRM significantly lowers bioactivity as well
as ALP activity in all time periods, whereas MTA has no
effect on these activities.103

The long-term benefits of bioactivity may lie in the
ability of bioactive materials to induce formation of
hard tissues (ie, cementum) over the entire root end. This
coverage would provide a double seal layer that would
include a biologic seal, further reducing the chance of
microleakage of irritants into the periapical tissues. Fur¬
thermore, this biologic seal would allow regeneration of
the periodontal apparatus surrounding the root structure.

MTA can induce cell differentiation, angiogenesis, and
mineralization. Several mechanisms have been proposed
for these effects.Mitogen-activated protein kinase (MAPK),
extracellular signal-regulated kinase (ERK), and c-Jun
N-terminal kinase (JNK), as well as nuclear factor kappa
B (NFKB), p38, and bone morphogenetic protein (BMP)/
Smad signaling pathways are all involved in cell differen¬
tiation and the mineralization activity of MTA. Calcium
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Mega), and BA.125,126 MTA has also shown significantly
better cell viability than amalgam.53 Incorporation of
MTA with GIC decreased the cytotoxicity of the GIC.127
Comparison of EndoBinder (EB; Binderware) with Ange-
lus MTA (AMTA) and WAMTA has shown similar cell
viability for all test materials with no significant differ¬
ence compared with the control group.128’129 Both WAMTA
and MTA-Bio (Angelus) have shown low toxicity with no
significant difference from controls. However, MTA-Bio
has shown to have an irregular surface with more poros¬
ity than WAMTA.

and silica ion release is recognized as one of the main
reasons for MTA activity.10

It should be noted that various biomaterials conduct
their activity via various pathways. For instance, inhib¬
iting MAPK and calcium-calmodulin-dependent protein
kinase II downregulate the mineralization effect of BD.
While p38 MAPK inhibitors have no effect on the miner¬
alization induction of BD, the MAPK inhibitor for ERK
1/2 (U0126) and JNK (SP600125) significantly decrease
the mineralization effect of the material in cell culture.109

The exact mechanism of action and sequence of gene
expression in response to various BAE cements as well as

the impact of the chemical composition of these materials
on their inherent properties are not completely under¬
stood. It is well recognized that the pH and the ability to

promote release of ions play important roles in various
properties of BAE cements. Calcium and silicate have
been shown to have an important influence on cell prolif¬
eration, differentiation, and function. Studies on BAE ce¬
ments including MTA, BD, and BA have shown that these
materials can activate osteogenic/odontogenic properties
of dental pulp cells via proliferation, angiogenesis, and
mineralization. Various systems are responsible for these
events, including ERK 1/2, nuclear factor E2-related fac¬
tor 2, p38, JNK, MAPK, p42/p44 mitogen-activated pro¬
tein kinase, NFKB, and fibroblast growth factor receptor
pathways.

4-108

130

Gene expression of signaling
molecules and markers
Numerous investigations have evaluated signaling mole¬
cule expression or release when BAE cements or their ex¬
tracts have been exposed to various cell cultures.69,114,123’
i26-i28,i3i-i5i BAE cements may either upregulate or down¬
regulate signaling molecules; however, some investiga¬
tions have reported inconsistent results.Table 11-3 shows
a wide range of signaling molecules that may be present

or expressed when either the material or its extracts are
placed in cell cultures. Some studies have shown that BAE
cements increase certain signaling molecules, while others
have shown that they have no effect or even downregu¬
late the molecules. The variability in published findings
may be a result of the duration of the study and differenc¬
es in the cell lines that were used.

Reactive oxygen species (ROS) are naturally produced
during oxygen metabolism, which may have an import¬
ant effect in maintaining cell health, multiplication, and
signaling. Upregulation of ROS results in cell damage.
GMTA may have an influence on ROS because the mate¬

rial significantly downregulates ROS in rat odontoblast¬
like cells (MPDC-23).127

The impact of biomaterials on specific gene expression
is an important issue in endodontics. In fact, the mate¬

rials’properties in cell differentiation, migration, min¬
eralization, and inflammation can be evaluated by their
gene expression in cell cultures. Numerous studies have
investigated gene expression of various cell lines, includ¬
ing human dental pulp cells, dental pulp stem cells, and
murine dental papilla-derived odontoblast-like cell lines
(MDPC-23). Some studies evaluated thousands of genes
to detect any change on them following exposure to the
biomaterials, whereas others have focused on specific
genes that have been implicated in various biologic pro¬
cesses (ie, mineralization, differentiation, inflammation,
and migration). These studies have shown that MTA, BD,
BA, a-tricalcium phosphate (a-TCP), Quick-Set, iRoot
BP, iRoot BP Plus, and CEM cement upregulate or down¬
regulate genes involved in differentiation, migration, min¬
eralization, and inflammation.116,140,150,152-158

67

Cell viability

The data regarding cytotoxicity of Geristore is sparse. In
a human fibroblast cell culture study, Geristore showed
superior cell viability, morphology, adhesion, and attach¬
ment compared with MTA and GIC.110 However, in an¬
other study using L929 mouse fibroblast cells to compare
Geristore with WMTA, investigators showed no significant
difference between the materials up to the 3-week obser¬
vation period.111 One may conclude that the cell line may

have some impact on the results of cell viability tests.6
Several investigations on various cell lines have shown

no significant difference between MTA and CEM cement

cell viability.91,1
cell viability results. Two investigations reported higher
cell toxicity in CEM cement than in MTA in early time
periods, whereas data from later time periods showed
no significant difference between the two materials.
Most cell viability studies have found no significant differ¬
ence between EndoSequence RRM and WMTA, GMTA,
white Angelus MTA (WAMTA), and BD in various cell
culture models (dermal fibroblast, L929 fibroblast, gin¬
gival human fibroblast, periodontal ligament fibroblast,
osteoblast [MG63], and dental cell cultures).

IRM has demonstrated significantly higher cytotoxici¬
ty than Quick-Set (Avalon Biomed), MM MTA (Micro-

The study length may also influence.12-116

117,118

119-124
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used MG-63 cells to evaluate BAE cements,123’136’155’164-166
because MTA and BAE cements could have an impact
on genes, the selection of cell types may be important.
For example, the use of human osteosarcoma cells (MG-
63 and Saos-2) is not suitable for BAE cements because
chromosomal alterations of these cell types may induce
abnormal functions in both cellular and molecular levels.
Thus, the use of malignant cell lines to assess materials’
biologic properties may be unreasonable.167

Another important point is the difference in the meth¬
od of evaluation. In one study, enzyme-linked immuno¬
sorbent assay showed higher COL1 and BSP expression
on day 6 in response to iRoot SP compared with AH Plus

Gene expression in response to MTA and other BAE
cements mostly points to specific genes and their chang¬
es in cell cultures. These gene products include collagen
type 1 (COL1A1), ALP, Runt-related transcription fac¬
tor 2 (RUNX2), osteocalcin (OCN), dexamethasone so¬
dium phosphate (DSP), BMP, osteonectin (OSN), bone
sialoprotein (BSP), osteopontin (OPN), dentin sialophos-
phoprotein (DSPP), heme oxygenase 1 (HO-1), vascular
endothelial growth factor (VEGF), receptor activator of
nuclear factor kappa-B (RANK), TRAF6, NFKB, and
NFATC1.11«.140,1J2-159

Investigation of gene expression and signaling mole¬
cules in most studies have been focused on the following
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used MG-63 cells to evaluate BAE cements,123’136’155’164-166
because MTA and BAE cements could have an impact
on genes, the selection of cell types may be important.
For example, the use of human osteosarcoma cells (MG-
63 and Saos-2) is not suitable for BAE cements because
chromosomal alterations of these cell types may induce
abnormal functions in both cellular and molecular levels.
Thus, the use of malignant cell lines to assess materials’
biologic properties may be unreasonable.167

Another important point is the difference in the meth¬
od of evaluation. In one study, enzyme-linked immuno¬
sorbent assay showed higher COL1 and BSP expression
on day 6 in response to iRoot SP compared with AH Plus
(Dentsply), whereas real-time polymerase chain reac¬
tion (PCR) showed no significant difference between the
groups in the same period of time.

Certain markers have been identified as early (ALP
and OSN), middle (OPN), or late (OCN) differentiation
markers.169 Studies on gene expression of some BAE ce¬
ments (PC, BD, AMTA, OrthoMTA, Micro-Mega MTA,
Endocem) have demonstrated that there is no significant
difference in the amount of gene expression among these
materials. In contrast, other root-end filling materials
(iRoot BP Plus, BA, and CEM cement) have illustrated
significantly higher gene expression than MTA; however,
MTA provided significantly higher transforming growth
factor beta-1 (TGF-pl) than CEM cement.67

Differences observed in the amount of secretion of
certain cytokines, signaling molecules, and markers in
response to biomaterials may vary depending on the
statistical analysis method used. In a study on MG-63
osteoblasts, analysis of variance showed no significant
difference between MTA and EndoSequence RRM, while
a t-test showed a significant difference between the ma¬
terials.123

In conclusion, BAE cements certainly have an impact
on the expression of genes and signaling molecules and
markers that are involved in cell differentiation, migra¬
tion, inflammation, and mineralization. Nevertheless, it
should be kept in mind that detection of gene expres¬
sion and signaling molecules following exposure to the
cements may depend on various parameters such as the
duration of the study period, concentration of the test
material(s), time of assessment, number of genes that are
to be detected, type of cell culture, and method of statis¬
tical analysis used.123’157

Gene expression in response to MTA and other BAE
cements mostly points to specific genes and their chang¬
es in cell cultures. These gene products include collagen
type 1 (COL1A1), ALP, Runt-related transcription fac¬
tor 2 (RUNX2), osteocalcin (OCN), dexamethasone so¬
dium phosphate (DSP), BMP, osteonectin (OSN), bone
sialoprotein (BSP), osteopontin (OPN), dentin sialophos-
phoprotein (DSPP), heme oxygenase 1 (HO-1), vascular
endothelial growth factor (VEGF), receptor activator of
nuclear factor kappa-B (RANK), TRAF6, NFKB, and
NFATC1.11«.140,1J2-159

Investigation of gene expression and signaling mole¬
cules in most studies have been focused on the following
genes:

168•Osteogenic gene products: OCN, BSP, and ALP
•Odontogenic gene expression: BMP, OSN, BSP, OPN,

DSPP, COL1, and HO-1

•Proinflammatory mediators: nitrous oxide (NO), pros¬
taglandin E2 (PGE2), cyclooxygenase 2 (COX-2), inter¬
leukin 1 alpha (IL-la), interleukin 6 (IL-6), and inter¬
leukin 8 (IL-8)

Biomaterials may not induce their effects via similar
genes. They may induce their effects by increasing or
decreasing expression of different genes.150,157’159 MTA,
BA, and BD upregulate some genes while downregulat¬
ing others.154,158’160 For instance, both MTA and BA have
shown a significant increase in osteogenic genes in terms

of OCN, BSP, and ALP activity compared with controls;
however, BD has no significant effect on expression of
these genes compared with controls.161

In a three-dimensional human stem cell dental pulp cell
culture study, BD was compared with MTA to evaluate
expression of mineralization-associated genes (COL1A1,
ALP, DSPP, and RUNX2) for up to 14 days. Both MTA
and BD had similar expression patterns of mineralization-
associated genes.150 Significantly higher expression levels
of COL1A1 and OSN genes were observed for BD, MTA,
and MM MTA compared with the control.162

In a 3D Balb/c 3T3 fibroblast cell culture model,
WAMTA and BD showed similar cell viability to the
control after a 24-hour exposure time. No significant dif¬
ference was found between the two materials regarding
the level of tumor necrosis factor alpha (TNF-a) when
compared with the control group; however, IL-la was
significantly upregulated compared with the control for
both materials. The limitation of this study was the short
evaluation time.163

There is some discussion regarding the cell types that
should be used for evaluating cytotoxicity and signaling
molecules when testing dental materials. Many cell lines
have similar responses to dental materials. For instance,
MG-63 osteosarcoma cells may produce similar cytokine
responses to osteoblasts.163 Although many studies have

Subcutaneous implantation

Most investigations on MTA have reported moderate to

severe tissue reactions at early time intervals following
subcutaneous implantation that eventually subside in
later evaluation periods6,1
have observed a trend in reduction of tissue response

70-1 2 (Fig 11-2). Most studies
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Fig 11-2 (a) Polymorphonuclear infiltration and necrosis at an early time period after subcutaneous MTA
implantation, (b) Moderate infiltration of inflammatory cells and tissue hemorrhage 7 days after subcuta¬
neous MTA implantation, (c and d) Formation of calcified structures in the soft tissue (arrow) 30 days after
subcutaneous MTA implantation (magnification X10 [c], x40 [d, inset of cj). (e and f) No inflammation and
capsule formation at 60 days following subcutaneous implantation of MTA (magnification X10 [e], X40 [f,
inset ofe]).

WMTA, and BA in terms of subcutaneous reaction to the
materials.178,179

When comparing BA and MTA, the subcutaneous re¬

sponse may be dependent on the type of MTA used in a
given study. One study reported higher biocompatibility
for BA compared with GMTA,180 whereas WMTA was
significantly more biocompatible than BA in another

to MTA as well as presence of von Kossa positive struc¬

tures following subcutaneous implantation of the mate-

rial.6’65’171’173-176 Resin composites and resin-ionomer hy¬
brids such as Retroplast and Geristore have shown tissue
irritation.177,178 Geristore may induce significantly more
inflammation than WAMTA, WMTA, and BA.178 No
significant difference has been found between WAMTA,
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BA and iRoot SP have been shown to be bio- tion. While they did not find significant differences be¬
tween the two in terms of the quantity of cementum for¬
mation or osseous healing, they did report a significantly
higher frequency of cementum coverage over the freshly
placed MTA.186 This finding may suggest a potential in¬
ductive effect in the early stages of setting of MTA when
placed in vivo after mixing.

Subcutaneous implantation of dentin tubes filled with
AMTA, MTA-Bio, and PC showed significantly higher
biomineralization adjacent to MTA-Bio and AMTA com¬
pared with PC.68 In addition, formation of the dentin-
cement interface and intratubular mineralization was
significantly quicker for MTA-Bio and AMTA than for
PC. Surprisingly, the addition of CaCl2 to PC to reduce its
setting time187’188 also reduced its bioactivity.68

The use of PC as a root-end filling material has been a
matter of controversy among researchers. Several inves¬
tigators have reported no significant difference between
PC and MTA in terms of biocompatibility.171,172 Some
investigators believe that because PC is a main compo¬
nent of MTA, it can be used for the same clinical indica¬
tions; however, others have refuted its utility for clinical
use because of the presence of noxious elements in its
composition.6,189 The presence of arsenic in MTA-based
materials is a matter of concern among some researchers.
Based on ISO standards (ISO 9917-1), the total content

of arsenic in a dental material should not exceed 2 mg/
kg. Nevertheless, atomic absorption spectrophotometry
has shown arsenic levels in GAMTA as high as 5.01 mg/
kg and in two types of gray PC (GPC) as high as 10.73
and 18.46 mg/kg. Subcutaneous implantation of GPC, a
white PC (WPC) with low arsenic content, and GAMTA
showed that one of the PCs that had higher arsenic con¬
tent induced a significantly higher inflammatory reaction
at 60 days. Despite lower amounts of arsenic in WPC, the
inflammatory reaction to the material is not as good as
with GAMTA.190

178report.
compatible following subcutaneous implantation.180’181

BD has demonstrated significantly higher inflammatory
and tissue reaction than AMTA and controlsresponse

in the early observation period following implantation
(7 days); however, at longer evaluation periods (14 and
30 days), no significant difference was found among the
groups. On the other hand, BD and AMTA showed sig¬
nificantly lower tissue reaction than ZOE cement.182

CEM cement was compared with WMTA and GMTA
in a subcutaneous investigation. Results showed that
CEM cement, unlike both GMTA and WMTA, resulted
in no tissue necrosis during the study period. The au¬
thors stated that all test materials were tolerated well and
demonstrated osseoinductive characteristics based on the
presence of a calcified precipitate.65

EndoBinder has demonstrated a lower inflammato¬
ry tissue reaction than gray AMTA (GAMTA).183 Both
GMTA and EndoSequence RRM can induce a significant¬
ly greater inflammatory reaction than controls; however,
this reaction (degranulation of mast cells and deposition
of amyloid protein) is significantly higher with GMTA
than with EndoSequence. By the final observation peri¬
od (30 days), the inflammatory reaction decreased sig¬
nificantly more in the EndoSequence group than in the
GMTA group. Specifically, GMTA caused necrosis and
abscess formation that were not present adjacent to En¬
doSequence. The authors attributed this reaction to the
exothermic peak of MTA that may increase tissue tem¬

perature during setting, causing abscess formation. This
conclusion may not be justified because of the likely cool¬
ing effect of blood during the implantation process. Fur¬
thermore, most of the previous investigations have not

reported similar abscess formation.184
It is important to note that various types of apatite do

not necessarily have the same effect on mineralization in
vivo. To compare set and freshly mixed WMTA, apatite
formed by WMTA in the laboratory and synthetic hydroxy¬
apatite were evaluated following subcutaneous implanta¬
tion over a 60-day period. Results showed that both set

and fresh MTA as well as synthetic hydroxyapatite in¬
duced mineralization. The mineralization activity of the
apatite induced by WMTA in laboratory conditions was
different than either the synthetic hydroxyapatite or the
apatite formed in vivo. Similar to the previous studies ref¬
erenced, the observed inflammatory reaction subsided
over time. No significant difference was found among the
groups in terms of the intensity of the inflammatory re¬
sponse observed. Furthermore, while no significant differ¬
ence in induction of calcification was reported between
set and freshly mixed WMTA, set WMTA showed signifi¬
cantly higher frequency of dystrophic calcification than
the freshly mixed material.185 Apaydin et al186 compared
freshly placed MTA as a root-end filling with set MTA
placed in an orthograde fashion followed by root resec-

Systemic Effect of Some BAE
Cements

To evaluate systemic effects, WAMTA and BA were im¬
planted in subcutaneous tissues of rats. Blood samples
were obtained, and histologic evaluation of the kidneys
and livers were conducted. In this study, animals with im¬
planted MTA demonstrated inflammatory changes as well
as higher function (ie, urea and creatinine levels in the
kidneys and serum alanine aminotransferase and aspar¬
tate aminotransferase levels in the livers) in the liver and
kidney compared with controls throughout the study.191
On the other hand, despite early negative findings in the
BA group, longer evaluation periods demonstrated a de¬
crease in the inflammatory response and high function
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of the implanted material would manifest itself in later
observation times. Therefore, a material would be con¬
sidered biocompatible if it provides a moderate to severe
reaction in early periods after implantation followed by
a significant reduction in tissue response over time. Con¬
trol samples obtained from tissues that have undergone
identical surgical procedures are necessary to compare
with implanted test materials.65 In subcutaneous im¬
plantation procedures, similar to experiments involving
placement of MTA in synthetic tissue fluid, calcium ions
are produced. The resultant CH serves as an irritant to
the surrounding tissues that may persist long after MTA
implantation.183 In response to long-standing irritation, a
fibrous capsule may form around the implanted material.
Capsule thickness is one of the criteria that is evaluated
in subcutaneous implantation studies. Some researchers
postulate that thickness of the fibrous capsule may be an
indication of inflammation and thus may have an inverse
relation to the biocompatibility of a material.184 In con¬
trast, others believe that presence of a capsule, particular¬
ly at early time periods following implantation, illustrates
tissue tolerance to a dental material.195

Another important point to note is that few studies
have evaluated biomaterials for adequate time peri¬
ods.68’170’196’197 In fact, ISO 7405 standards require evalua¬
tion periods of no less than 84 days to allow proper com¬
parison of the early tissue reaction to a given material’s
long-term response.

of these organs. However, the investigators reported no

permanent damage to these organs.
In conclusion, results of biocompatibility tests such as

cytotoxic evaluation in cell cultures and subcutaneous
implantation may be similar or different.6’192 A potential
explanation for variations reported in subcutaneous im¬
plantation studies may be differences in the methods used
for evaluating the specimens by various pathologists.
There are two popular methods for evaluating subcuta¬
neous implantation of dental materials. These include the
Federation Dentaire International (FDI) recommenda¬
tion193 and recommendations made by Cox et al.194 The
FDI recommendation determines the inflammatory reac¬
tion by counting inflammatory cells in various areas of
microscopic sections. The method introduced by Cox et

al determines the inflammatory reactions by identifying
several variables such as density of inflammatory cells,
tissue reactions (eg, fibrosis), vascular responses (eg, con¬
gestion), and fibrin extravasation. In a study conducted
to evaluate the same specimens with these two method¬
ologies, Vosoughhosseini et al192 concluded that the FDI
method is significantly more reliable than the Cox meth¬
od for evaluating inflammation following subcutaneous
implantation of materials.

Time of evaluation may also be an important factor.
For example, during early time intervals MTA induces
intense tissue response that decreases with time.173

183

Biomineralization of Root-End
Filling Materials Subcutaneous Implantation and

Signaling Molecules
Biomineralization induced by BAE cements has been
confirmed by von Kossa positive structures observed
after subcutaneous implantation of MTA sealer, PC,
WAMTA, GMTA, AMTA, Endo CPM (EGEO SRL), and
BA.171’174,175’179 OPN is a known glycoprotein that is pres¬
ent in mineralized as well as pathologic calcifications of
tissues. There is some evidence that OPN mediates bone
cell adhesion, migration, and differentiation as well as
initial bone matrix formation and mineralization. Ex¬
pression of OPN was observed in the cytoplasm of fibro¬
blasts in the capsule adjacent to implanted materials 14
days following implantation. Presence of von Kossa pos¬
itive structures was confirmed starting 7 days following
implantation of MTA sealer, PC, and WAMTA.171

One of the reasons that MTA is known as a bioactive
material is the presence of calcium ions, which are re¬
leased from the material after mixture with distilled wa¬
ter and when the material comes in direct contact with
interstitial fluids. Another reason is its high pH.4

It is important to note that the early tissue response to

implanted materials can be a result of the surgical proce¬
dure, including dissection of living tissues. True irritation

WMTA upregulates proinflammatory cytokines in a
time-dependent manner. On the first day following im¬
plantation, the expression of myeloperoxidase, NFKB, ac¬
tivating protein-1, COX-2, inducible nitric oxide synthase
(iNOS), and VEGF is upregulated as detected by immu-
nohistochemical analysis. SEM observation has shown
the formation of apatite-like crystals with the passage
of time and the resultant formation of a dense layer of
apatite over dentin tubes containing WMTA. Therefore,
it seems that after WMTA implantation, both proinflam¬
matory and healing markers are present simultaneously
during the first week following the procedure.

Another subcutaneous implantation study using
WMTA and CH showed that during the first 3 days fol¬
lowing implantation, several cytokines (TNF-a, IL-1(3,
and IL-10) expressed significantly increased levels com¬
pared with controls. One difference between the WMTA
and CH groups was higher levels of TNF-a in the WMTA
group. In addition, WMTA led to significantly higher ex¬
pression levels of NFKB (a factor that modulates COX-2
expression), COX-2, VEGF, and iNOS compared with
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showed that control samples had a significantly lower
inflammatory response than either material. The test
materials showed no significant difference to each other
in terms of inflammatory response. The lack of a differ¬
ence between control samples and the test materials at 7
days illustrates the potential impact of trauma induced by
the surgery itself. The authors attributed the presence of a
thick capsule around the implanted tubes to the factors
released from leukocytes. These factors may be cytokines
involved in collagen synthesis, including IL-1 and IL-4, as
well as growth factors such as platelet-derived growth
factor and TGF-(3.

the control group. The detected genes may be classified
as proinflammatory (IL-lp, VEGF, and TNF-a), anti¬
inflammatory (IL-10), pro-wound healing (IL-ip and
VEGF), and anti-wound healing (TNF-a and IL-10).

Different peak levels of each cytokine at various time

intervals indicate various functions for each in temporal
fashion. For instance, peak levels of TNF-a observed at

12 hours following implantation showed a proinflamma¬
tory effect during this time period, whereas reduced ex¬

pression of TNF-a and significant elevation in the expres¬
sion of IL-ip exhibited proinflammatory and pro-wound
healing effects of the latter cytokine. IL-10 expression
decreases over time because IL-10 exerts an anti-inflam¬
matory/anti-wound healing effect.TNL-a may initiate an
inflammatory cascade followed by increased expression
of IL-ip, which stimulates inflammatory cells as well as
fibroblasts. At the same time, production of IL-10 further
suppresses the activity of inflammatory cells, causing a
shift from acute phase to chronic phase. It is important to

note that due to the extensive coagulation necrosis that is
caused by CH, the repair process is delayed in compari¬
son to that observed with MTA.'99

In one study, WMTA and Life (a hard-setting CH-based
material; Kerr) were subcutaneously implanted for 14
days. The harvested specimens were immunostained for
macrophages (CD68), M2 macrophages (CD163), and
CD34 (a marker for vascularization and wound healing).
Real-time PCR was used for mannose receptor C type 1
(an M2 macrophage marker), CD34, and CD163 mes¬
senger RNA (mRNA). Results showed that WMTA sig¬
nificantly increases CD34, CD163, and CD68 markers at

the site of implantation compared with Life and control
specimens. The authors concluded that WMTA promotes
healing by upregulating M2 macrophages and neovascu¬
larization by CD34-expressing cells. Several reasons have
been described for the upregulation of M2 macrophages
at the site of implantation. These include calcium ion re¬
lease, a higher pH level than that of Life (12 vs 8), and the
presence of silica.200

In another study, subcutaneously implanted EB+20%
wt ZnO as a radiopacifier was compared with WAMTA
and a hard-setting CH for up to 90 days. Throughout the
study, all tested materials showed a similar inflammato¬
ry reaction. Gene expression of the following mediators
were evaluated: IL-ip, TNF-a, IL-4, IL-10, and prosta¬
glandin E synthase 2 (PTGES2). Only PTGES2 and IL-10
gene expression were detected in the specimens. At 7 days
post implantation, EB led to significantly higher mRNA
expression for PTGES2 (the gene encoding COX-2) and
IL-10 (a cytokine expressed during chronic inflammato¬
ry reactions) compared with WAMTA. At 30 days, both
materials resulted in downregulation of both mediators,
particularly EB, which was statistically significant.

Another investigation compared subcutaneously im¬
planted MTA with WPC for up to 30 days. Results
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Intraosseous Implantation

Several studies have illustrated the biocompatibility of
AMTA following intraosseous implantation.197'201,202 Two
investigations with different time intervals evaluated
AMTA after tooth extraction and after placement of the
material in fresh extraction sockets. Mineralization and
new bone formation were seen starting at the 7th day fol¬
lowing implantation until the final day of the experiment.
Dystrophic calcification was also observed in AMTA
samples.201'202 Another study showed that irrigation of
rat mandibular bone defects with a solution containing
CH prior to AMTA placement would improve osseous
healing.

Light-cured MTA elicited similar bone reaction to that
observed with AMTA when it was placed in fresh ex¬
traction sockets in rats; however, dystrophic calcification
was not observed in light-cured MTA specimens.201'202

In another study, CEM cement and MTA were placed
in cavities prepared in the femoral bone of rats.All control
and test materials caused downregulation of inflammato¬
ry cells and upregulation of bone formation throughout
the study, with no significant differences among the var¬
ious groups.

EB, AMTA, and CH were placed in cavities prepared
in rat tibias. Tissues were evaluated histologically for up
to 90 days following surgery. All groups showed new
bone formation throughout the study. Bone formation
was significantly higher at the 60- and 90-day intervals in
the AMTA and EB groups compared with the control.
MTA showed significantly better bone response than
light-cured composite and ZOE.206

To evaluate bone formation, WMTA and an experi¬
mental nano-WMTA were implanted in the mandibles of
rabbits for up to 40 days.207 Both materials were used
with and without tricalcium aluminate. The authors used
dual-energy x-ray absorptiometry to analyze bone mass
with respect to bone mineral content (BMC) and bone
mineral density (BMD). Both BMC and BMD were sig¬
nificantly higher in the experimental groups than in the
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control group. Nano-WMTA resulted in significantly
higher BMD and BMC compared with the commercial
form of WMTA. Moreover, the addition of tricalcium
aluminate significantly enhanced BMD and BMC levels.
While in this study histologic responses were not eval¬
uated, a recent investigation showed that nano-WMTA
and WMTA result in similar tissue response when bone
repair is evaluated up to 60 days following implantation
in rabbit mandibles.208

To investigate the impact of certain materials on bone
in response to irritation, BA and MTA were implanted
in mice calvaria for up to 7 days prior to being chal¬
lenged with lipopolysaccharide (LPS).
significantly downregulated osteoclast proliferation and
bone resorption. Both materials decreased expression of
cathepsin K, nuclear factor of activated T cell cytoplasmic
1, and c-Fos in LPS-induced mouse calvaria.

Another animal study evaluated the combination of
laser phototherapy with BMPs, AMTA, and guided bone
regeneration in rat tibia bone defects.210 Results showed
that the combination of AMTA as a graft material in
bone defects with laser phototherapy provided signifi¬
cantly better results in terms of new bone formation and
maturation compared with the other therapeutic combi¬
nations.

nerves to freshly mixed or set forms of Roth Root seal¬
er (Pearson Dental), AH Plus, EndoSequence BC sealer,
or RealSeal SE (SybronEndo).214 Results showed that all
concentrations of freshly mixed Roth Root sealer and
higher concentrations of the set material caused signif¬
icant upregulation of calcitonin gene-related peptide
(CGRP). AH Plus upregulated CGRP levels only in the
freshly mixed samples and in a lower concentration. In
contrast, set and freshly mixed EndoSequence BC sealer
and RealSeal significantly downregulated CGRP levels. It
is important to note that the exposure times to the sealers
in this study were short.

Evaluation of neural cell excitability and electrical
properties on FI nerve cells demonstrated that neural cell
exposure to WMTA induces changes in resting potential
to hyperpolarization conditions.215 Moreover, CEM ce¬

ment and WMTA alter the duration and potency of action
potentials. Both materials cause significant upregulation
in the hyperpolarization amplitude and area; however,
the impact of WMTA is higher than that of CEM cement.

The authors attributed these effects to the induced out¬

ward flow of K+ across the cell membrane.

V" BA and MTA

Vascular effect
MTA does not have adverse effects on microcirculation
and blood vessel contraction based on dose-dependent
studies.216-217

Skin test
Both observational and histologic examinations following
subcutaneous implantation of CEM cement and WMTA
showed significantly lower erythematous reaction and in¬
flammatory cell infiltration to the former material during
the 72-hour observation period.211,212

In vivo studies
Variables that may influence the outcome of periapical
surgeries may include the quality of coronal restoration,
tooth type, location of the tooth, type of root-end fill¬
ing material, size of the periapical lesion, and presence
or absence of root canal retreatment prior to the surgical
treatment. For many years, amalgam was the material
of choice for root-end filling. Several reasons have led to

the need to introduce new materials to replace amalgam.
These include leakage of the material, high corrosion of
amalgam that can result in the displacement of the ma¬
terial into the periradicular tissues, unsatisfactory long¬
term outcomes218 (Fig 11-3), as well as some concerns
regarding the material’s systemic safety.219

In clinical practice, IRM, SuperEBA, and MTA are
among the materials that have received more attention
among practitioners in recent years. Because of the supe¬
riority of MTA in laboratory and clinical research stud¬
ies, in recently published papers, MTA has been used as
the gold standard to be compared with newly developed
root-end filling materials.220

Analgesic effect
In an entirely different model evaluating another aspect of
these materials, a group of investigators injected WMTA,
eugenol, and ketoprofen in the lips of rats. In some of
the samples, 2.5% formalin was subsequently injected
in the lips 20 minutes later.213 The authors evaluated the
nociceptive response of the animals based on behavioral
observation. Results showed that injection of WMTA did
not elicit a nociceptive response; however, similar to ke¬
toprofen, the material did have some analgesic effects on
pain produced by formalin.

Effect on nerve activity

In order to evaluate the effect of root canal sealers on
nerve activity, an in vitro study exposed rat trigeminal
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~ I Fig 11-3 (,a and b) Displacement of amalgam when
placed as a root-end filling, potentially causing peri-

BB apical leakage and failure of periapical surgery.
'

: !

1

Animal studies following the use of MTA and some other BAE cements,
including PC, AMTA, BD, Tech Biosealer (Isasan), and
CEM cement, as root-end filling materials during periapi¬
cal surgery or intentional replantation and transplanta¬
tion234"256 (Figs 11-4 to 11-6).

Some studies have indicated that the type of root-end
filling material may be an important prognostic factor
for periapical surgeries.256-263 Nevertheless, there are few
studies that have specifically evaluated the impact of the
type of root-end filling material on the final outcome of
periapical surgery. For instance, reports comparing IRM
and MTA as root-end fillings is sparse. Some have report¬
ed no significant difference between the two.264,265 One
study with a 5-year follow-up period reported significant¬
ly better outcomes with MTA than SuperEBA,266 whereas
another study reported no significant difference in suc¬
cess rates between the materials in a 4-year follow-up
period.267

Anatomical variations may also affect the healing
outcome when comparing certain types of root-end fill¬
ing materials used following apical microsurgery. For
instance, teeth treated with MTA do not show different
outcomes depending on specific anatomical location;
however, Retroplast results in higher failure in mandibu¬
lar premolar and molar teeth. In addition, the percentage
of cases with doubtful prognosis may be dependent on
the type of root-end filling material.268 In the Retroplast
group, the number of cases with doubtful healing condi¬
tion during the follow-up period after periapical surgery
was much higher than that in the MTA group.268 The use
of MTA as a root-end filling material also provides sig¬
nificantly better short-term and long-term outcomes com¬
pared with burnished gutta-percha with a heated instru¬
ment.1,2 No significant difference was reported between
MTA and EndoSequence when used as root-end filling
materials.269

In animal studies, MTA has demonstrated similar or bet¬
ter outcomes than SuperEBA, amalgam, IRM, ZOE, and
thermoplasticized gutta-percha in terms of bone healing
and regeneration of periodontal ligaments.
the other materials listed, MTA promotes deposition of
cementum over the material.4,226,227 Some other materials
that may promote cementum formation include Diaket,
CEM cement, EndoSequence RRM, and Quick-Set.

In addition to cementum formation, tissue response is
an important factor to consider when using a material
for root-end filling. MTA and CEM cement have shown
similar tissue responses following their use as root-end
filling materials.231 In contrast, Quick-Set has been shown
to result in significantly higher inflammation compared
with MTA.232

Other materials such as EndoSequence RRM have
shown promising results as root-end fillers in terms of
histopathology as well as cone beam computed tomogra¬
phy (CBCT) and microCT image analyses.233

In general, more recent animal studies have focused
primarily on BAE cements. Unfortunately, many of these
animal studies have had several shortcomings such as
short evaluation time, lack of controls, performing the
procedure in intact teeth with no previous history of in¬
fection, and placing the materials as root-end fillings in
teeth without prior root canal therapy. The number of
animal studies on BAE cements is very limited.

: i-::- Unlike

230-233

Human investigations

Most of the published papers regarding recently intro¬
duced root-end filling materials are case reports and case
series. These studies have illustrated favorable outcomes
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Fig 11-4 (a) Post placement and compromised
root canal obturation resulting in a periapical
lesion, (b) Follow-up 6 months after placement
of MTA as a root-end filling, (c) Follow-up at 2
years, (d) Follow-up at 4 years. (Courtesy of Dr
Named Manochehrifar, Kerman, Iran.) * A
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Fig 11-5 (a) Post placement and incomplete root canal obturation resulting in formation of a symptomatic periapical lesion, (b) Immediately after placing
MTA as a root-end filling during intentional implantation, (c) Follow-up at 18 months. (Courtesy of Dr Hamed Manochehrifar, Kerman, Iran.)
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Fig 11-6 (a) Mandibular left first molar prior
to root canal treatment, (b) Failure of root canal
treatment 11 years posttreatment, (c) Placement
of CEM cement as a root-end filling during inten¬
tional replantation, (d) Periapical healing 4 years
after treatment.

__
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In conclusion, studies evaluating the type of root-end
filling material as a prognostic factor in apical surgery are
limited. Most of these studies have had several important
shortcomings, including being retrospective, having small
sample sizes, presenting no interexaminer and intraexam¬
iner reliability and validity data, lacking kappa score pre¬
sentation, as well as having short-term follow-up periods
and low recall rates. Therefore, the risk of case selection
bias, incomplete recording, and postoperative examiner
bias could be high in their results.278

Based on current literature and data, MTA has been
supported by investigations with higher levels of evi¬
dence as the material of choice for root-end filling. A
survey among active diplomates of the American Board
of Endodontics in the United States showed that MTA
is the most popular root-end filling material (61.4%),
followed by SuperEBA (34.3%), amalgam (3.4%), and
GIC (0.8%).279 Despite certain drawbacks of the mate¬

rial (long setting time, high cost, discoloration potential,
and handling difficulties), MTA is currently the material
of choice for root-end filling. Future studies should focus
on comparing newly introduced materials with MTA by
designing rigorous randomized clinical trials and cohorts.

One retrospective study focused on the impact of mod¬
ern technologic tools (eg, use of the surgical microscope,
GMTA as a root-end filling material, and piezoelectric
devices for osteotomy and root-end resection) on the final
outcome of periapical surgery. This relatively large study
(938 teeth) showed that use of modern endodontic tools
results in a fivefold increase in success compared with the
traditional technique for periapical surgery.

Some investigators have employed certain adjuncts in

armamentaria in efforts to improve the outcomes of peri¬
apical surgery and the impact on overall quality of life.
One example is the use of diode laser irradiation prior
to placement of MTA root-end fillings. While no controls
were included, this study reported reduction of the lesion
size following the treatment.271

With regard to clinical symptoms, one study report¬

ed no significant difference in pain following periapical
surgery when MTA or IRM was used as a root-end fill¬
ing material.272 Another study found that placement of
plasma-rich growth factors over root ends filled with
MTA, within the surgical bone defect, and over the su¬
tures during periapical surgery resulted in a reduction in
pain, swelling, and analgesic consumption. Furthermore,
patients reported an improvement in daily life activities
such as mouth opening, chewing, speaking, sleeping,
working, and other daily routines.273 A lower frequency
of swelling has also been reported in patients following
placement of MTA as a root-end filling material when
compared with cold-burnished gutta-percha following
apical surgery.1

Several systematic reviews and meta-analyses have
evaluated the effect of root-end filling materials on the
final outcome of periapical surgery.
these studies are inconsistent. One systematic review and
meta-analysis reported that the type of root-end filling
material (MTA, IRM, SuperEBA) has no significant influ¬
ence on the outcome of periapical surgeries274; however,
other systematic reviews and meta-analyses have reported
that the type of root-end filling material may have some
impact on the final outcome of periapical surgeries.
Two systematic reviews and meta-analyses reported a sig¬
nificantly better outcome when IRM or MTA was used as

a root-end filling material compared with amalgam, GIC,
or gutta-percha,275,276 whereas another systematic review
and meta-analysis found that only MTA has a significant
positive influence on the final outcome of periapical sur¬
gery.277

Based on studies published between 1980 and 2007, a
higher percentage of teeth that received MTA as a root-

end filling healed compared with teeth filled with oth¬
er root-end filling materials.275 The difference in results
among old and recently published systematic reviews and
meta-analyses may be due to more recent studies includ¬
ing higher sample sizes.
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Surgical Endodontics
and the Maxillary
Sinus

Roderick W. Tataryn

The close proximity of the maxillary posterior root api¬
ces to the maxillary sinus predisposes many surgical end¬
odontic procedures to maxillary sinus communication
and thus requires careful consideration when performing
periapical surgery in this region. A thorough knowledge
of the anatomy and physiology of the sinuses, both in
healthy and diseased states, as well as an understanding
of the effects of periradicular inflammation on the sinus
tissues are requisite for the endodontic surgeon. Exper¬
tise in modern surgical techniques, an appreciation for
complex maxillary posterior canal morphology, and an
understanding of appropriate management and the se¬
quelae of sinus involvement are critical. Proficiency in ra¬
diographic interpretation of both two-dimensional (2D)
and three-dimensional (3D) imaging is also essential for
diagnosis, presurgical planning, and postsurgical healing
evaluation.

paranasal sinuses: the maxillary, frontal, ethmoid, and
sphenoid (Fig 12-1). The primary purpose of the sinuses
is immune defense via the production of mucus to filter
inspired air. The sinuses also warm and humidify inhaled
air, reduce the weight of the skull and protect it from
trauma, and act as resonance chambers to amplify the
voice and give it unique tonal quality.1

The maxillary sinus, also called the antrum, is located
within the body of the maxilla and is the largest of the
paranasal sinuses. The size of the adult maxillary sinus is
widely variable; the capacity ranges from 9.5 to 20 mL,
and the average capacity is 14.75 mL.2 In children, the
sinus floor lies at or above the level of the floor of the
nasal cavity, whereas in the adult the sinus floor may be
5 to 10 mm below that of the nasal fossa. Growth and
development of the maxillary sinus includes a period of
rapid expansion between ages 7 and 18 years, with much
of the growth related to invasion of the alveolar process
following eruption of the related permanent dentition.1
A computed tomographic (CT) study found that growth
of the maxillary sinus continues until the third decade in
males and the second decade in females.3 The shape of
the maxillary sinus in an adult is generally described as a

four-sided pyramid, with the base of the pyramid forming

the lateral nasal wall and its rounded apex extending into

The Maxillary Sinus:
Anatomy and Physiology

The paranasal sinuses are hollow air spaces in the skull
surrounding the nasal cavity. There are four pairs of
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Fig 12-2 (a) Cadaver dissection of a highly pneumatized maxillary sinus revealing the intimate proximity of the posterior maxillary root apices to the lateral
antral wall and floor, (b) The sinus extends interiorly between the molar roots, and there is a lack of bony partition between the molar palatal root apices and
the antrum.

nine (Fig 12-2). The maxillary sinus communicates with
the nasal cavity through a main opening in the upper and
anterior third of the medial sinus wall called the ostium.
The ostium enters the middle meatus of the nasal cavity
and typically ranges from 1 to 4 mm in diameter. In 10%
to 30% of sinuses, an additional opening or accessory
ostium is present.

The inner surface of the sinus is lined by the mucoperi-
osteum, consisting of mucosa, also known as the sinus
membrane, and the underlying periosteum. The mucosa

the zygoma. The roof of the sinus forms the floor of the
orbit, the concave anterior sinus wall forms the canine
fossa, and the posterior wall is adjacent to the infratem¬
poral and pterygopalatine fossae. The floor of the maxil¬
lary sinus is composed of the maxillary alveolar process
and the palatine process.2 In larger, more highly pneuma¬
tized sinuses, the sinus floor may expand inferiorly deep
into the maxillary alveolar process, extending between
the individual roots of the maxillary posterior teeth and
occasionally extending as far anterior as the maxillary ca-

I
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Fig 12-3 Illustration of the cellular layers and
structures that compose the mucoperiosteum
of the sinus wall. Direction of mucociliary flow
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beats per second, in a coordinated, rhythmic, wavelike
pattern that moves the mucus in a spiraling direction up¬
ward toward the sinus ostium and into the nasal cavity.
From there the mucus is moved to the back of the throat
by the ciliated cells lining the nasal cavity, where it is ul¬
timately swallowed and dissolved by digestive acids.7 A
new mucinous blanket is formed approximately every 20
to 30 minutes, and the average adult will produce be¬
tween 1 and 2 liters of mucus per day. The healthy max¬

illary sinus is aseptic, containing neither bacteria nor any

foreign material.8 The cilia and associated mucinous flow
are typically only able to transport and remove small for¬
eign bodies and other small particulate matter found in

inspired air. Larger particles such as surgical debris, tooth
roots, and root filling materials are usually too large to be
removed via the cilia and ostial pathway.9

The maxillary sinus has an extensive vascular network
from both endosseous and periosteal supplies. Endosse¬
ous vessels run along the buccal antral wall supplied by
an anastomosis of the posterior superior and infraorbital
arteries. Periosteal vessels are supplied by the posterior
superior, infraorbital, and palatine arteries. Maxillary si¬

nus venous drainage occurs via the facial vein, the sphe¬
nopalatine vein, and the pterygoid plexus.9 The vascular
drainage joins typical pathways in the maxilla to the jug¬

ular veins, but it can also drain upward into the ethmoid
and frontal sinuses and eventually reach the cavernous
sinus in the floor of the brain, posing a serious compli¬

cation to the potential spread of maxillary sinus infec¬
tions.10

of the paranasal sinuses is continuous with but is thinner
and less vascular than the nasal mucosa. A healthy sinus
mucosa generally ranges between 0.13 and 0.5 mm in
thickness4 but will become significantly thicker when in¬
flamed from sinus disease, allergic phenomena, or dental
pathosis.5 The mucosa is made up of a surface layer of
pseudostratified, ciliated, and nonciliated columnar epi¬
thelial cells, basal cells, an underlying basal membrane,
and the lamina propria (Fig 12-3). The lamina propria
attaches directly to the periosteum of the underlying cor¬
tical bone. The lamina propria provides support and nu¬

trition to the epithelium. It consists of loose connective
tissue, a significant vascular network, and a varied popu¬
lation of immune cells including fibroblasts, lymphocytes,
plasma cells, macrophages, eosinophilic leukocytes, and
mast cells, making it capable of significant expansion and
a key location for immune responses to occur.6 The sinus
epithelium is interspersed with mucus-producing goblet
cells as well as serous and mucinous glands located below
the basement membrane and within the lamina propria
that continuously produce and excrete mucinous fluid
to the surface of the membrane. The mucinous fluid is
composed of 96% water but also contains immune cells,
antibodies, and antibacterial proteins, making it an im¬
portant part of the immune defense by trapping and fil¬
tering particles such as inspired dust, spores, viruses, and
bacteria. The viscosity of the mucus varies in response to

the signals from the autonomic nervous system and in
response to inflammation.7

Functional cilia are essential to sinus health. The cilia
of the epithelial cells beat rapidly, at an average of 16
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Fig 12-4 Nerve supply to the maxillary sinus.
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terchangeably in the medical literature; however, the term

rhinosinusitis is often considered more appropriate be¬
cause sinus inflammation rarely occurs without concom¬
itant inflammation of the contiguous nasal mucosa.11,14

Sensory innervation of the maxillary sinus mucosal
tissues originates directly from the maxillary division of
the trigeminal nerve (Fig 12-4). The posterior and middle
superior alveolar branches travel along the inner wall of
the sinus below the mucous membrane and innervate the
posterior antral wall together with the molar and pre¬
molar teeth. The anterior superior alveolar nerve travels
along the anterior sinus wall innervating the anterior si¬
nus along with the maxillary anterior teeth. Innervation
to the orbital wall of the maxillary sinus is via the infra¬
orbital nerve, which travels along a groove in the central
portion of the roof of the sinus. Branches of the ptery¬
gopalatine ganglion and sphenopalatine ganglion also
innervate the sinus mucosa.1,9

Pathophysiology

The pathophysiology of rhinosinusitis is multifactorial.15
The primary etiologies are due to obstruction of the si¬
nus ostium and pathophysiologic changes in the muco¬
ciliary transport mechanism.16 It is also well established
that odontogenic infections, including periradicular ab¬
scesses and periodontal infections, are etiologic factors
in a significant percentage of rhinosinusitis cases.17,18

Trauma and other iatrogenic factors such as sinus wall
fractures, endodontic procedures, and extractions may
also induce maxillary sinusitis by damaging the integri¬
ty of the sinus wall and membrane.19 The primary cause
of ostial obstruction is inflammatory edema of the sinus
mucosa, typically in response to a viral infection, an al¬
lergen, or bacteria. The sinus ostia are generally small,
and even a minimal amount of mucosal swelling can lead
to obstruction and prevention of normal sinus drainage.
Edema of the sinus mucosa occurs as a result of vaso¬
dilation of vessels within the lamina propria; the infil¬
tration of polymorphic neutrophils (PMNs), mast cells,
and lymphocytes; and the subsequent release of chemi¬
cal mediators such as histamines and prostaglandins into
the mucosal tissue.20 The ostia can also be obstructed by

Rhinosinusitis

Epidemiology

Rhinosinusitis is defined as inflammation of the mucous
membrane lining the paranasal sinuses and nasal cavi¬
ty.11 Rhinosinusitis is one of the most prevalent chronic
illnesses in the United States, affecting 14% of the popu¬
lation and accounting for an estimated 30 million physi¬
cian visits per year with a direct treatment cost of up to

$11 billion annually.12 More than 20% of all antibiotics
prescribed to adults are for the treatment of rhinosinus¬
itis.13 The terms rhinosinusitis and sinusitis are used in-
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Fig 12-5 Rhinosinusitis. (a) Mucosal edema constricts the sinus ostium and prevents normal mucociliary clearance, causing an accumulation of secretions
within the sinus, (b) Coronal CT image showing mucosal edema and mucous accumulation in the left maxillary sinus (arrow).

other factors including polyps, septal deviation, foreign
bodies, or tumors of the nasal cavity. Once obstructed,
mucous secretions begin to accumulate within the sinus
(Fig 12-5). The lack of sinus ventilation results in a low¬
er oxygen tension and a lower pH, creating a favorable
environment for bacterial pathogens to colonize within
the sinus. As the condition progresses, the mucus thickens
and stagnates, causing ciliary function to be reduced and
eventually halted. With time, the epithelial tissue becomes
damaged, making a long-standing chronic condition far
more difficult to resolve, and an even more opportune en¬
vironment develops for further bacterial colonization.15

majority of cases within 10 to 14 days with no medical or
surgical intervention. Clinical studies have confirmed that
roughly 60% of presumed acute bacterial rhinosinusitis
cases resolve spontaneously, yet recent data indicate that
antibiotics are prescribed in 81% to 92% of ARS cases.14

The bacterial flora of chronic rhinosinusitis is typically
a mixed infection, with Staphylococcus aureus and an¬
aerobes including Prevotella sp, Porphyromonas sp, Fu-
sobacterium nucleatum, and Peptostreptococcus sp being
the more frequent isolates.21 Symptoms of CRS can be
more difficult to recognize as they are often milder and
more variable in presentation.They include potential ma¬
jor symptoms of mucopurulent drainage, nasal obstruc¬
tion, facial pain and pressure (though rarely severe), and
a decreased sense of smell. Minor symptoms can include
halitosis, dental pain, cough, fever, and fatigue.11

The role of fungal involvement in CRS continues to be
a focus of research and debate. Fungal balls or myceto¬

mas are isolated fungal infections typically occurring in a
single sinus cavity and are mostly found in the maxillary
sinus. Aspergillus is the most commonly found fungus in
fungal sinusitis. Certain fungal infections can be either al¬
lergic in nature or invasive and more serious, particularly
in patients who are immunocompromised or in patients
with poorly controlled diabetes.22,23

Acute and chronic rhinosinusitis

Rhinosinusitis is typically classified based on the dura¬
tion of patient symptoms: A condition lasting less than
4 weeks is considered acute rhinosinusitis (ARS), while
a condition lasting more than 12 weeks is considered
chronic rhinosinusitis (CRS).11 Symptoms of sinusitis
lasting between 4 and 12 weeks fall under the category

subacute rhinosinusitis, but this condition is rarely dis¬
tinguished in clinical practice guidelines other than to

represent a transition from ARS to CRS.13 The primary
symptoms associated with ARS are nasal congestion,
obstruction, and facial pain or pressure, and as such,
ARS can generally be diagnosed adequately on the basis
of clinical findings alone. Rhinosinusitis may be further
classified by etiology into bacterial or viral rhinosinus¬
itis. The predominant florae isolated in acute bacterial
rhinosinusitis are Streptococcus pneumoniae, Moraxella
catarrhalis, and Haemophilus influenzae. ARS is most

commonly viral in origin and usually disappears in the

Diagnosis

A definitive diagnosis of rhinosinusitis or other condi¬
tions involving diseases of the maxillary sinus falls within
the scope of an otorhinolaryngologist, or ear, nose, and
throat (ENT) physician. Most sinus infections are initially

diagnosed based on patient history and clinical examina-
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of odontogenic sinusitis is unknown, likely because di¬
agnostic methods, definitions of disease, and terms used
vary widely among investigators; however, several re¬
searchers estimate the incidence to be higher than the
often-repeated figure of 10% to 12%.17,18,31,34,35,39 In a
study by Melen et al34 including 198 patients with 244
cases of chronic bacterial maxillary sinusitis, a dental eti¬
ology was found in 40.6% of the cases. Lindahl et al31
found a 47% incidence of dental infections after careful
ENT and oral examination of 62 patients with chronic
maxillary sinusitis. Maillet et al35 reviewed 82 cone beam
CT (CBCT) scans with 135 instances of maxillary sinus¬
itis and found that 98 occurrences (73%) were tooth as¬
sociated, with the maxillary first and second molars 11
times more likely to be involved than premolars. Failure
to recognize or adequately treat the odontogenic source
allows sinusitis to persist and in many cases leads to the
failure of medical and surgical sinusitis therapy.17’18,37,46

Odontogenic sinus infections may be asymptomatic or
produce only mild symptoms for months or even years,
inducing only a minimal local reaction in the antral mu¬
cosa.37 A pathologically altered mucosa is presumably
less resistant than an intact one to infection and is a
pathogenic factor in rhinosinusitis.31 Depending on the
degree of dental infection, the extent of mucosal edema,
and ostial patency, sinus obstruction may occur, leading
to more serious infections such as severe rhinosinusitis or
pansinusitis and, in rare cases, orbital cellulitis, blindness,
meningitis, subdural empyema, brain abscess, or cav¬
ernous sinus thrombosis.47"57 These infections can occur
along several possible pathways. Infection may spread
from the maxillary sinus through bone erosion of the
orbit, via infraorbital canals, or through the ethmoid si¬
nus. Infection may also spread into the infratemporal and
pterygopalatine fossa and then into the orbit through the
inferior orbital fissure.Thirdly, infection can spread along
the facial vein and the ophthalmic vein by hematogenous
regurgitation because the veins of the face, eyes, nasal
cavity, and sinus are all connected without valves.53

Despite the abundant literature, high incidence, and
serious potential complications of odontogenic sinusitis,
this condition frequently goes unrecognized by radiolo¬
gists, otolaryngologists, and dentists alike. In two sepa¬
rate case series evaluating odontogenic sinusitis, approx¬
imately two-thirds of the identifiable dental pathology
went unreported by radiologists on sinus CT scans.17,39 It
was also found that routine general dental examination
using periapical radiographs failed to diagnose odonto¬
genic maxillary sinusitis in 86% of the cases.17 CBCT
imaging has been shown to significantly improve the
ability to detect odontogenic sources for sinusitis.58,59 The
radiographic appearances of the effects of periradicular
inflammation on the sinus periosteum and respiratory
mucosal tissues are distinctly different than that of end¬
odontic disease found in strictly osseous tissues and can

tion. In chronic cases, further tests such as nasal endos¬
copy, needle aspiration, culture and sensitivity tests, and
CT imaging may also be performed.11 CT sinus imaging
can reveal ostial blockage, mucosal edema, and the level
of retained fluid within the sinus that may indicate sinus
disease and its possible cause (see Fig 12-5b). Although
CT imaging has a high sensitivity, it has a low specific¬
ity for demonstrating rhinosinusitis. Havas et al24 have
found that sinus abnormalities were found on sinus CT in
42.5% of patients with no symptoms or clinical suspicion
of sinus disease. It is also important to note that sinus
inflammation and symptoms can occur in the absence of
significant CT findings. Fungal sinus infections are usu¬
ally diagnosed by fungal culture and microscopic iden¬
tification and can also show characteristic radiopaque
findings on CT imaging due to the presence of calcium
and traces of metallic elements within the fungal ball.25

Treatment

Because obstruction of the ostium is the focal point of
maxillary sinus disease, the re-establishment of ostial
patency and sinus aeration via a reduction in mucosal
edema is the primary goal in the treatment of rhinosinus¬
itis.13,20 Successful management of most cases of ARS
requires only conservative therapy and oral antibiotics for
specific bacterial cases. In cases of CRS, with the longer
progression of sinus disease and the bacterial flora be¬
coming more anaerobic, treatment includes the adminis¬
tration of broad-spectrum antibiotics such as amoxicillin-
clavulanate, clindamycin, or a combination of penicillin
and metronidazole.21 Adjunctive treatments include the use
of steroid nasal sprays, decongestants, and saline rinses. If
antibiotic therapy and adjunctive treatments are ineffec¬
tive, then endoscopic sinus surgery is often indicated to

surgically enlarge the natural ostium and re-establish
drainage by removing any ostial blockage.15,20 Fungal rhi¬
nosinusitis is an absolute indication for sinus surgery.20,22,26

Maxillary sinusitis of dental origin

The pathologic extension of dental disease into the max¬
illary sinus is well established and widely reported in
both the dental and medical literatures.10,17"19,27"45 The
literature reports that between 60% and 87.8% of peri¬
radicular infections of the maxillary posterior teeth will
induce some level of maxillary sinus pathology.40"44 There
are also numerous case reports in the literature showing
the full resolution of varying degrees of sinus disease fol¬
lowing endodontic treatment or extraction of the source
tooth.10,17,30,32,37,39,45 A commonly quoted incidence for
odontogenic sinusitis is 10% to 12% of cases of maxillary
sinusitis; however, the source document provides no epi¬
demiologic support for this figure.28 The actual incidence
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Fig 12-7 Periapical mucositis. Sagittal CBCT image of a fail¬
ing root canal treatment of the maxillary left second molar.
Apical periodontitis has perforated the antral cortex and as¬
sociated periosteum, causing a localized inflammatory edema
of the adjacent sinus mucosa (arrows). Note the lack of any
evident osseous changes in the alveolar bone or sinus floor.

Fig 12-6 Periapical osteoperiostitis (“halo” lesion). Sagittal CBCT
image of a failing root canal treatment and distal periodontal defect of
the maxillary left first molar. Periradicular periodontitis has displaced
the periosteum into the floor of the maxillary sinus, and new cortical
bone has formed on the periphery of the disease process as a result
of the periosteal reaction to the inflammatory stimulus (arrows).

Periapical mucositismimic sinogenic lesions that do not have a dental etiol¬
ogy. It is imperative that the endodontic surgeon has a
comprehensive understanding of the various radiograph¬
ic and clinical manifestations of odontogenic sinusitis in
order to accurately diagnose and treat this condition.

Infected roots that are in direct contact with antral mu¬
cosa, or periapical inflammation that has perforated the
periosteum, can produce a localized tissue edema in the
mucosa without causing osseous damage. This localized
odontogenic edema of the sinus mucosal tissue has been
termed periapical mucositis and is often seen on periapi¬
cal radiographs and CT imaging as a mucosal thickening
or soft tissue expansion in the floor of the sinus directly
adjacent to the infected root apex60 (Fig 12-7). Periradic¬
ular inflammation from dental roots not directly adjacent
to the sinus mucosa can also cause periapical mucositis
without any evident inflammatory bone resorption via
extension of inflammatory mediators through bone mar¬
row, blood vessels, and lymphatics.27 Without evident os¬
seous damage, odontogenic infections involving only the
sinus mucosa are more difficult to recognize radiographi¬
cally than those causing obvious alveolar bone changes or
osteoperiostitis lesions. Mucosal edema on the sinus floor
and particularly dome-shaped mucosal swellings directly
over dental root apices should raise the suspicion of a
dental etiology, even in the absence of osseous changes.

Periapical osteoperiostitis

The presence of apical periodontitis adjacent to the max¬
illary sinus cortical floor will often expand the sinus
periosteum, displace it upward into the sinus, and sub¬
sequently induce a periosteal reaction that continues to

deposit a thin layer of new bone on the inner periphery
of the disease process as it expands. The periosteum is a
dense connective tissue membrane consisting of an outer

fibrous layer and an inner cellular layer called the cambi¬
um. The cambium contains progenitor cells that develop
into osteoblasts and begin to produce new bone when
irritated by inflammatory stimuli. This thin, hard tissue
dome on the sinus floor has been termed periapical osteo¬
periostitis and presents on radiographs and CT images
as a radiopaque “halo”appearance60 (Fig 12-6). If the in¬
flammatory process continues, the bone deposits can be¬
come thicker and expand deeper into the maxillary sinus.
Periapical osteoperiostitis lesions may be accompanied
by varying degrees of adjacent mucosal edema and sinus
fluid levels, particularly if a break or perforation occurs
in the periosteum and osseous halo or dome.

Differential diagnosis

It is important to note that sinogenic mucosal thickening,
mucous retention cysts, and antral polyps are common
findings that can mimic periapical mucositis; therefore,
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careful clinical endodontic examination is indicated to

distinguish a routine mucosal abnormality from periapi¬
cal mucositis. Mucous retention cysts are benign, dome¬
shaped lesions caused by either a blocked seromucinous
gland duct or invagination of sinus epithelium.61They are
routinely seen on sinus imaging and are considered in¬
cidental findings, normally not requiring intervention.62
Sinogenic mucosal thickening is also routinely seen on CT
imaging and is common in the general population.24,63,64
Several studies, however, show a strong positive correla¬
tion between apical periodontitis and sinus mucosal
thickening.43,63,
sinuses, found that the prevalence of maxillary sinus mu¬
cosal thickening was 41.5% in patients without apical
periodontitis, more than 70% in patients with mild and
moderate apical periodontitis, and 100% for those with
severe apical periodontitis. Shanbhag et al,67 reviewing
485 sinuses with CBCT, found that posterior maxillary
teeth with periapical lesions were 9.75 times more likely to

be associated with mucosal thickening than those without.
Bomeli et al,65 in a CT review of 202 maxillary sinuses,
found that increases in mucosal thickening and sinus flu¬
id levels were more likely to have an identifiable dental
source. If sinus mucosal hyperplasia is seen radiographi¬
cally, particularly on the sinus floor or adjacent to a spe¬
cific dental root, it should raise the suspicion for a poten¬

tial dental etiology; however, it is not conclusive in the
absence of appropriate clinical endodontic examination.

mm and 0%. Many more current studies using CT report

similar findings and confirm that the root apices of the
maxillary second molar are generally the closest to the
sinus floor and have the highest percentage of protrusion
into the sinus, followed by the maxillary first molar, sec¬
ond premolar, and lastly the first premolar.70"75 In agree¬
ment with these findings, other studies have investigated
the maxillary sinus volume and concluded that the lowest
point of the sinus floor, or area of maximum pneumati-
zation, was related to the second molar in 93% of the
cases.38,76 Minor dimensional differences reported be¬
tween measurement studies are likely due to factors such
as group selection, race, and age.73 Tian et al77 assessed
root proximity according to age and found that patients
over the age of 40 years showed a decreased likelihood
of root protrusion into the sinus floor, which is in agree¬
ment with other studies reporting that the maxillary sinus
reaches maximum volume at approximately age 20 years
and then begins decreasing with age.3,78"80

Another important anatomical consideration in peri¬
apical surgery is the thickness of the buccal and palatal
bone to the root apices. This is important in terms of
reaching instruments to the surgical site as well as se¬
curing the surgical field. A study by Kang et al81 found
that although the apices of the mesiobuccal roots of the
second molars had the shortest mean vertical distance
to the maxillary sinus floor, they also had the thickest
mean horizontal distance to the buccal cortical plate. Jin
et al78 reported that the average distance from the mesio¬
buccal root of the second molar to the buccal plate was
4.63 mm, the average distances from the palatal apex of
the maxillary first and second molars to the buccal bone
plate were 10.69 and 10.17 mm, respectively, while, from
the palatal bone plate, average distances of 3.15 and 3.08
mm were measured. Other studies confirm these findings
with similar reported measurements.70,71,82,83

Spatial relationships between the roots of the poste¬
rior maxillary teeth and the maxillary sinus may be as
crucial to presurgical planning as specific dimensional
measurements. Several investigators have devised classi¬
fication systems for these various relationships.71,81,82,84,85
Jung and Cho71 examined 332 maxillary molars with
CBCT imaging and proposed four types of vertical rela¬
tionships between the roots of maxillary molars and the
sinus floor with the incidence of each: In Type 0, the root

is separate from the sinus floor (25%); in Type 1, the root

is in contact with the sinus floor (19%); in Type 2, the
root is projecting laterally along the sinus cavity (21.4%);
and in Type 3, the root is projecting into the sinus cav¬
ity (34.6%) (Fig 12-8). Understanding the case-specific
anatomical relationship of the tooth and sinus prior to

surgical intervention is imperative in the prevention, min¬
imization, and management of sinus involvement during
endodontic surgical treatment.

Lu et al,43 in a CBCT study of 50865 68

Relationship of the Maxillary
Teeth to the Maxillary Sinus

In order to understand the pathologic connection between
endodontic disease and sinusitis, as well as for precise
planning and execution of periapical surgery, it is crucial
to understand the anatomical relationships of the roots,
sinus, and neighboring anatomical structures. As men¬
tioned previously, the dimensions of the maxillary sinus
vary widely in the population, with highly pneumatized
sinuses expanding inferiorly deep into the maxillary al¬
veolar process extending to, around, and in between the
individual roots of the maxillary posterior teeth, often
leaving only the respiratory mucosa separating the sinus
cavity from the dental roots.This unique anatomical rela¬
tionship has been carefully studied by many investigators
for nearly a century. According to a paper by Killey and
Kay,69 a Danish study in 1925 by Von Bonsdorff exam¬
ined 84 human skulls and measured the distance of vari¬
ous root apices from the sinus floor and the frequency of
their root apices being within 0.5 mm of the sinus floor.
He found that the second molar averaged 1.3 mm and
45.5%, the first molar 2.6 mm and 30.4%, the second
premolar 2.9 mm and 19.7%, and the first premolar 7.6
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Fig 12-8 Coronal CBCT image
types of vertical relationships des
Cho.71

is showing the four
scribed by Jung and

(a) Type 0: The root is separate from the sinus
floor, (b) Type 1: The root is in contact with the sinus
floor, (c) Type 2: The root is projecting laterally along
the sinus cavity wall but is outside the sinus borders.
(d) Type 3: The root is projecting into the sinus cavity.
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Anatomical complexity of the
maxillary molars

buccal root systems, along with accessory canals, apical
deltas, and loops, with many variations falling outside of
established classification systems

It is also known that a significant percentage of max¬
illary posterior teeth have fused roots. In reviews of eight
studies including 1,714 first molars and seven studies in¬
cluding 1,960 second molars, the incidence of root fusion
in maxillary first molars was 6.2%, and the incidence
of root fusion in maxillary second molars was 25.8%.92
Root fusion can exist in any or all of the molar roots,
and in various configurations, and the incidence of fused
roots may differ between ethnic populations.93’94 It can
be expected that teeth with fused roots have an isthmus
or weblike connection that must be cleaned, shaped, and
filled as any other canal system.

struments, irrigating solutions, and root filling materials
to penetrate into the isthmus region can lead to endodon¬
tic failure. In these cases, accurate surgical management

of this isthmus anatomy may be indicated and necessary
for periapical healing86 (Fig 12-10). Failure to properly
manage isthmus anatomy, either in the multicanal mesio-

buccal root or in fused maxillary roots, could allow for
persistent periapical inflammation and associated odon-

87-91 (Fig 12-9).

Effective surgical as well as nonsurgical endodontic ther¬
apy depends on a comprehensive understanding of root

morphology and the complex anatomy found in root ca¬
nal systems. In the endodontic literature, the mesiobuc-
cal root of the maxillary first molar has generated more
research and clinical investigation than any other root.85
Considering the close proximity of this highly complex
root canal system to the maxillary sinus, and the poten¬

tial need for surgical intervention to adequately treat it, a
thorough understanding of its morphology is crucial for
the endodontic surgeon. A literature review of the canal
morphology of the maxillary first molar, including 8,399
teeth from 34 studies, indicated that the incidence of two

canals in the mesiobuccal root was 56.8%.85 Hsu and
Kim86 noted that at the 3-mm level from the apex, 90%
of the mesiobuccal roots of maxillary first molars have
an isthmus. Studies of serial sections as well as microCT
analysis indicate that when two canals are present, anas¬
tomoses and an isthmus are present in virtually all mesio-

95-97 The inability of in-
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Fig 12-9 Cleared specimens of maxillary first molar mesiobuccal roots showing the complex canal anatomy and endodontic treatment task. The apices of
these complex systems are often in close proximity or direct contact with the sinus mucosa, facilitating potential sinus infection in the event of endodontic
failure and increasing the difficulty of endodontic surgical procedures, (a) Maxillary right first molar mesiobuccal root system, (b) Maxillary left first molar
mesiobuccal root system. (Courtesy of Dr Craig Barrington, Waxahachie, Texas.)

sions and root morphology. Also, periapical radiographs
are subject to geometric distortion, causing elongation
and foreshortening errors, and in the posterior maxilla
the irradiation geometry often cannot be made optimal
due to a low palatal vault." Conventional periapical ra¬
diographs do not consistently reveal mucosal soft tissue
changes, periapical osteoperiostitis, or air-fluid levels in
the sinus, which can be of great diagnostic value in cases
of odontogenic sinusitis. Finally, periapical radiographs
cannot be used as predictors for potential perforations
of the maxillary sinus,8 as the positional relationships of
the dental roots to the maxillary sinus cannot be reliably
assessed.100

Current literature has demonstrated the many benefits
of CBCT for presurgical planning of periapical surgery in
the posterior maxilla.98-108 In a study by Low et al101 com¬
paring periapical radiography and CBCT for preoperative
diagnosis in 74 posterior maxillary teeth consecutively
referred for apical surgery, CBCT revealed 34% more le¬
sions than periapical radiography as well as significantly
more expansion of lesions into the maxillary sinus, sinus
membrane thickening, and missed canals. The authors

togenic sinusitis. Considering the intimate relationship
between these complex maxillary posterior molar roots

and the floor of the maxillary sinus, it is incumbent on
the endodontic surgeon to have a clear understanding of
the various complex root morphologies in the maxillary
posterior dentition and be skilled in their proper surgical
management in order to prevent or bring about healing
of persistent secondary sinus disease.

Diagnostic imaging in the posterior

maxilla
Periapical radiographs are the most widely used imaging
modality in endodontics, yet their many limitations can
lead clinicians to radiographic misinterpretation, misdiag¬
nosis, and potential mistreatment.98 The posterior maxil¬
la presents significant and unique interpretation challeng¬
es when using conventional 2D imaging. The zygomatic
and palatal processes, maxillary sinus cortical floor, and
buccal cortical plate are often superimposed onto the
dental roots, obscuring or concealing periradicular le-
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Fig 12-10 Endodontic surgical management of maxillary molar isthmus anatomy, (a) Periapical radiograph of a persistent periapical infection of the max¬
illary left first molar despite two orthograde endodontic treatments, (b) Axial CBCT image of the fused distobuccal-paiatal (DB-P) root and associated isth¬
mus canal system (arrows), (c) Coronal CBCT image of the fused DB-P root system and evident periapical osteoperiostitis lesion, (d) Periapical radiograph
following surgical retrofilling of the isthmus in the fused DB-P root system, as well as the mesiobuccal 1-mesiobuccal 2 system. Histopathologic evaluation
revealed the presence of Actinomyces in the periapical lesion, (e) Periapical radiograph at the 1-year postsurgical follow-up. (f) Coronal CBCT image at the
2-year postsurgical follow-up showing full resolution of the buccal osteotomy, cortical sinus floor, osteoperiostitis lesion, and sinus mucosal edema.

when using 2D imaging techniques, while CT imaging al¬
lows an accurate interpretation of the true relationships
of the teeth roots to the sinus.8,71,75,82,85 A study by Sharan
and Madjar,107 comparing panoramic radiography with
CT imaging, found that only 39% of the teeth roots that
projected on the sinus cavity in panoramic radiographs
showed protrusion into the sinus with CT. CBCT also
allows precise measurement of cortical bone thickness78,81

and accurate presurgical assessment of root morpholo¬
gy, including mesiobuccal root complexities, root fusions,
and detection of potential ithmi.93,94 Considering the
importance of precise preoperative planning and execu¬
tion of endodontic surgery, CT imaging is an indispens¬
able tool for anatomical assessment and case selection,
particularly in the posterior maxilla. It offers the ability
to accurately view root morphology and sinus relation¬
ships and precisely measure distances in multiple planes,
without superimposition of adjacent roots or anatomical
structures such as the zygoma or palatal process.

concluded that CBCT offers great advantage compared
with conventional radiographs for presurgical treatment

planning in the posterior maxilla. Lofthag-Hansen et al"
compared CBCT and intraoral radiography for the diag¬
nosis of periapical pathology, and all observers agreed that
in 70% of the cases CBCT provided clinically relevant in¬
formation not found in the periapical radiographs. They
concluded that when endodontic surgery is planned for
multirooted teeth, additional radiographic examination
using a 3D technique should be considered. Shahbazian
et al,102 examining 145 dental records, found that peri¬
apical radiography could only spot approximately 40%
of apical periodontitis on posterior maxillary teeth and
3% of all apical infections extending into the sinus that
were seen on CBCT. They also concluded that periapical
radiographs are not adequate in observing the anatomi¬
cal relationship between maxillary molars and the sinus
floor. Comparison studies conclude that clinicians cannot

accurately determine whether dental roots are protrud¬
ing into the sinus, or are merely superimposed over them,

108
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findings from 200 periapical surgeries of maxillary first
molars, with sinus perforations in half of the cases, 42%
had acute or subacute sinus infections when they were op¬
erated on. In one of the cases, 15 mL of purulent exudate
was drained from the sinus. All but two cases responded
with no postoperative signs of sinusitis, one of these cases
being an undiagnosed root fracture. Antibiotics were not

routinely prescribed before or after treatment.

Surgical communication into the maxillary sinus does
not appear to result in permanent alteration of either
the sinus membrane or its physiologic function, nor a
reduced prognosis for periapical healing.9,112’115-117 How¬
ever, the impact of a perforation on sinus physiology and
the exact time needed for recovery of proper function has
never been assessed.118 Benninger et al16 observed that the
mucous membrane, complete with cilia, will regenerate

in about 5 months after its total surgical removal.Watzek
et al9 reported that antral perforation caused during
endodontic surgery constitutes no risk to the sinus, even
when a transantral approach is used to treat the palatal
root. In a total of 112 sinuses with oroantral commu¬
nications, they found no increases in pathologic sinus
changes compared with the total population. They also
found no significant difference in the periapical healing
rate between patients with and without intraoperative si¬
nus exposures, reporting complete healing in 89.2% of
cases with sinus exposure compared with 85.3% of cases
without sinus exposure. These findings were consistent
with those reported by Ericson et al,119 who found no
difference in prognosis in 159 surgical cases with and
without oroantral communication, and Persson,120 who
also observed no relationship between membrane per¬
foration and surgical outcome in 18 cases reviewed. A
review article of the literature on periapical surgery by
Garcia et al121 confirms that none of the included studies
found a significant difference in the healing outcome or
the postoperative sequelae when oroantral communica¬
tion had occurred.

If the sinus cavity is exposed during periapical surgery,
it is extremely important that a meticulous technique is
used to prevent surgical debris, root tips, infected tissue,
and surgical materials such as hemostatic agents, cotton
pellets, or root-end filling materials from entering the
sinus.8,111,122,123 The introduction of bacteria associated
with surgical debris or endodontic materials into the
maxillary sinus is well known in the literature to produce
an inflammatory response in the sinus mucosa, causing
varying symptoms and possibly leading to the need for
sinus surgery.122,124-131 Certain root canal filling materials,
particularly those containing zinc oxide, have been impli¬
cated as causative agents of maxillary sinus aspergillosis,
a fungal infection.22,132-141 It is believed that these materi¬
als act as a foreign body that paralyzes the cilia and af¬
fects mucociliary clearance, creating a status of secretions
and accumulation of fungal waste that favor the growth

Periapical Surgery Involving the
Maxillary Sinus

Periradicular surgery of maxillary molars can present

unique surgical challenges to the clinician. In addition
to management of potential maxillary sinus exposure, a
low zygomatic process, a shallow palatal vault, complex
root morphology, or wide root divergences can create dif¬
ficulties in accessing root ends. Despite these challenges,
precise and safe endodontic surgical intervention can be
performed in posterior maxillary teeth provided the sur¬
geon has an accurate diagnosis, has a clear understanding
of case-specific anatomical relationships and root mor¬
phology, and uses appropriate surgical techniques.

Care should always be taken to avoid perforation of
an intact sinus membrane whenever possible, because any
oroantral communication facilitates microbial contami¬
nation of the maxillary sinus, increasing the chance of
postoperative sinusitis.109 However, risk of sinus infringe¬
ment should not be a deterrent for periapical surgery, as
there are well-tested techniques to manage it.95,110 Periapi¬
cal surgery performed on roots anatomically projecting
into the maxillary sinus or with an existing pathologic
exposure of the sinus will inevitably result in maxillary
sinus communication. In these cases, sinus perforation
is not an iatrogenic event or accident but an unavoid¬
able occurrence,8,111 and as such, the clinician should be
able to recognize and treat maxillary sinus exposures as
a routine event in surgical endodontic practice. In a ret¬

rospective study of 276 patients after periradicular sur¬
gery, Ericson et al112 reported the incidence of oroantral
communication as follows: canines 7.7%, first premolars
8.8%, second premolars 26.1%, and molars 40%. Ioan-
nades and Borstlap113 reported the incidence of oroantral
communication as 14.8% in 47 maxillary molar apicoec-
tomies. Freedman and Horowitz110 reported an incidence
of 10.4% in periapical surgeries of 472 maxillary molars
and premolars. Watzek et al9 reported that perforation
of the sinus occurred in 28% of 146 maxillary posterior
apicoectomies. Oberli et al8 recorded a perforation rate of
9.6% of 113 periapical surgeries of maxillary premolars
and molars.

Prior to periapical surgery involving the maxillary
sinus, the physiologic status of the sinus should be de¬
termined. Considering the high incidence of odontogenic
sinusitis, it is very likely that some amount of sinus in¬
flammation or mucosal edema will exist prior to most

periapical surgical procedures. The literature provides
no supported contraindications to performing periapical
surgery on patients experiencing sinusitis or even pre¬
senting with total sinus obstruction with ostial blockage.
Rud and Rud114 have reported that if secretions in the
antrum are removed at the same time as the operation of
the tooth, it speeds up the healing of the sinusitis. In their
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Fig 12-11 Sinus perforation during periapical surgery, (a) Preoperative periapical radiograph of a three-canal maxillary right second premolar with a cal¬
cified DB canal and inflammatory resorption of the palatal root apex, (b) Periapical radiograph of the orthograde root canal treatment with overextension of
root canal filling material, (c) Surgical osteotomy and buccal root resection exposes a perforation into the maxillary sinus, (d) Iodine gauze placed over the
defect to prevent surgical debris from entering the maxillary sinus, (e) Removal of the gauze following placement of bioceramic retrofillings. (f) Postoperative
periapical radiograph of the completed orthograde and surgical endodontic treatment.

difficult due to the limited access and potential for addi¬
tional trauma and inflammation.111 If a foreign object is
introduced into the sinus during periapical surgery and is
irretrievable, the patient should be informed, the object’s
location documented radiographically, and an antibiotic
prescribed, and the patient should be referred to an oral
and maxillofacial surgeon or an otorhinolaryngologist
for further evaluation and treatment.19 The patient will
most likely require surgical removal of the foreign object
through a Caldwell-Luc procedure, endoscopic sinusoto¬
my, or mucoperiosteal pedicle window.143’147-154 Displace¬
ment of surgical debris and foreign objects into the sinus
can be prevented by minimizing the size of the exposure
and placing a barrier such as a cotton pellet tied securely
with a suture or an iodine gauze strip or pad for larger de¬
fects95-111 (Fig 12-ll).Taschieri et al118 have advocated the
use of an absorbable hemostatic gelatin sponge to isolate
the sinus from debris for the added hemostatic benefit.
Saline rinsing of the maxillary sinus following surgery is
acceptable, if necessary, to flush and remove any surgical
debris that may have entered the sinus during treatment.

Postoperative oroantral fistula development is seldom
a problem following periapical surgery with sinus ex-

of Aspergillus. Of significance are sealer fragments and
the zinc contained in them, which is indispensable for As¬
pergillus growth.138-140 These studies are associated with
orthograde extrusion of obturation materials in the sinus;
however, care should be exercised during surgical treat¬

ment to prevent endodontic sealer debris from entering
the sinus, particularly when surgically treating teeth with
extruded or overfilled orthograde root canal fillings.

Displacement of surgical debris, particularly if the arti¬
facts are large and unable to be cleared by the mucociliary
mechanism, have the potential to cause maxillary sinus
obstruction and severe rhinosinusitis.142,143 In a healthy
sinus, small particles and fluids will be safely expelled by
normal sinus clearance; however, larger objects usually
remain in the sinus and can cause chronic sinus inflamma¬
tion, ostial obstruction, and possible interruption of sinus
drainage.9-142-144 There are, however, some case reports
of larger displaced foreign objects, such as gutta-percha
points, tooth roots, and even titanium implants migrat¬
ing out of the maxillary sinus and being displaced into
deeper structures such as the ethmoid and sphenoid si¬
nuses, requiring more involved endoscopic retrieval.
Attempting to retrieve displaced objects from the sinus is

144-146
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Fig 12-12 Periapical surgery from a palatal ap¬
proach. (a) Preoperative periapical radiograph of
failing root canal therapy of a maxillary right first
molar with a previous DB root amputation, (b)
Periapical radiograph showing a persistent peri¬
apical lesion of the palatal root apex 6 months
following endodontic retreatment. The patient
also had a persistent sinus tract stoma to the
palate, (c) Coronal CBCT image prior to peri¬
apical surgery suggests that a palatal approach
to the palatal root apex would be less likely to
involve the maxillary sinus, (d) Periapical radio¬
graph following surgical endodontic treatment
of the palatal root, (e) Coronal CBCT image at
the 1-year postsurgical follow-up showing full
resolution of the palatal osteotomy, cortical si¬
nus floor, periapical lesion, and sinus mucosal
edema.

m
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optimal approach for access to the palatal root, present¬

ing advantages and disadvantages for each method.
Lin et al123 have suggested that antral perforations be

avoided whenever possible and have advocated a palatal
approach to molar palatal roots (Fig 12-12). The pala¬
tal approach, however, can provide technical difficulties
that are not found with the buccal transantral approach.
The palatal tissue is much thicker and less elastic than the
buccal mucosa and has a more tenacious fibrous attach¬
ment to the palatal alveolar bone, which increases the
difficulty of flap management. Also, care must be taken
to avoid damaging the greater palatine vessels and nerve
when raising a palatal flap. In cases of a shallow palatal
vault or a limited jaw opening, the level of difficulty of
the palatal approach is increased, often requiring removal
of a significant amount of bone and resection of more of
the palatal root due to the limited access and visibility.
Although the average distance from the palatal cortical
plate to the palatal root apex is only about 3 mm com¬
pared with an average of 10 mm from the buccal cortical
plate,78,83,155,156 the palatal root often curves toward the
buccal and is usually in closer approximation to the max¬
illary sinus than the palate, making sinus perforation a
significant risk, especially in cases with limited access and
visibility.9,116

posure. Proper reapproximation of a full-thickness mu-
coperiosteal flap over the sinus perforation is all that is
required to prevent an oroantral fistula from developing.
There is no indication for membrane placement over the
defect to reduce the chance of oroantral fistula, nor is
there evidence supporting the use of prophylactic anti¬
biotics or antihistamines prior to, or postoperatively fol¬
lowing, exposure of the maxillary sinus. Postoperative
instructions are the same as for any other periapical sur¬

gery, with the added instruction to avoid nose blowing
for the first several days during flap reattachment and to

expect possible nosebleeds or nasal drainage of surgical
irrigants.

Buccal transantral versus palatal
approach for palatal root surgery
Palatal roots of maxillary molars present increased surgi¬
cal challenges due to their anatomical location.Treatment
decisions for the most effective and least invasive surgical
approaches to the palatal roots of maxillary molars must

be based on individual patient and anatomical factors as
well as a careful review of preoperative CBCT imaging.
The literature presents differing opinions regarding the

216

www.konkur.in

Telegram: @dental_k



Periapical Surgery Involving the Maxillary Sinus
-CHM

V-

i
’

Fig 12-13 Fibrous scar tissue defect in the lateral antral wall, (a) Coronal sinus CT image showing lack of osseous healing in the lateral sinus
wall following a failed periapical surgery of the maxillary left second molar 5 years prior. The tooth has been extracted, but the lateral wall scar
tissue defect remains (arrow), (b) Axial CBCT image showing the same osseous defect 8 years postsurgery (arrow).

Approaching the palatal root from the buccal or ves¬
tibular aspect will frequently involve exposure of the
maxillary sinus due to the sinus floor extending between
the individual roots of the molar teeth in approximate¬
ly 50% of adults.115 The transantral approach has the
advantage of using a single flap and cortical access win¬
dow to treat all of the roots. This approach also poses no
danger to major neural or vascular structures, although
it does involve smaller branches of the superior alveolar
nerves that travel in the sinus wall innervating the relat¬
ed teeth.116 Although a subperiosteal method has been
presented in the literature,157,158 the primary concerns
with a buccal transantral approach to the palatal root

are the necessarily large size of the antral osteotomy, the
increased potential for sinus membrane perforation, and
the potential introduction of foreign bodies and bacteria
into the sinus. Careful management of surgical debris, re¬
sected root tips, and dental materials must be exercised to

minimize postoperative sinus inflammation.
The degree of osseous regeneration of the sinus wall

following surgical endodontic antral perforations has
been questioned. Ericson et al119 demonstrated that while
periapical radiographs interpreted complete bone regen¬
eration following oroantral communication during api¬
cal surgery, 15% of the cases showed no bony partition
between the apical area and the maxillary sinus when
viewed with CT. Ericson et al112 further showed that oro¬
antral communications often lead to permanent bone de¬
fects in the alveolar process and in the cortical margin of
the maxillary sinus, adding that the defects probably con¬
sist of fibrous scar tissue possibly caused by loss of con¬

tinuity of the periosteum during closure. Tataryn et al,159
in a study on dogs, found that experimentally induced
sinus wall exposures appeared to show osseous healing
radiographically, but histologic specimens displayed only
partial osseous regeneration interspersed with multiple
areas of fibrous connective tissue that were approximate¬
ly one-tenth the thickness of the presurgical sinus wall.
Resorbable collagen membranes did not improve osseous
repair. These findings are consistent with investigations
of post Caldwell-Luc defects, indicating that fibrous scar
tissue grows across the antral wall osteotomies in 100%
of cases.160,161 Sinus wall fibrous scar defects following
transantral palatal root approaches may be of significant
concern if the tooth requires future extraction and a sub¬
sequent sinus elevation surgery becomes necessary (Fig
12-13).

In many cases, maxillary posterior teeth requiring peri¬
apical surgery have significant osteoperiostitis lesions that
expand the sinus periosteum superiorly and essentially
lift the sinus floor and associated mucosa away from the
root end.162 In these cases that exhibit evident periapi¬
cal osteoperiostitis, periapical surgery performed below
the level of the expanded periosteum will not necessarily
involve the maxillary sinus, even when treating the pala¬
tal root from a vestibular access. Surgical procedures in
these patients present little to no risk of displacing surgi¬
cal debris into the sinus and have the expectation of full
regeneration of the buccal cortical plate, alveolar bone,

and sinus cortical floor without fibrous scarring, provid¬
ed that the surgical osteotomy is made below the level of
the periosteum (Fig 12-14). Careful CBCT assessment of
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Fig 12-14 Periapical surgery of an odontogenic rhinosinusitis with a periapical osteoperiostitis lesion, (a) Sinus CT
image of a fully obstructed right maxillary sinus and involvement of the right ethmoid sinuses. Medical therapies had
failed, and endoscopic sinus surgery was planned. Note the osteoperiostitis lesion in the floor of the right maxillary sinus
suggestive of an odontogenic source, (b) Periapical radiograph of a failing endodontic treatment despite the apparently
well-filled canal system, (c) Coronal CBCT image of the osteoperiostitis lesion in the floor of the right maxillary sinus, (d)
Postoperative periapical radiograph of the endodontic surgery, (e) One-year recall radiograph following periapical surgery
shows evident healing, (f) Coronal CBCT image at the 1-year postsurgical follow-up showing full resolution of the buccal
osteotomy, cortical sinus floor, periapical osteoperiostitis lesion, and odontogenic rhinosinusitis. The patient's rhinosi¬
nusitis symptoms resolved completely, and the planned sinus surgery was not performed.
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osteoperiostitis lesions should be made prior to periapical
surgical procedures in the posterior maxilla, with a care¬
ful effort made to perform the osteotomy and surgical
procedure below the periosteum whenever possible.
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techniques and imaging combined with requisite surgi¬
cal skills have been shown to provide a decisive option
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Suturing and
Postoperative
Instructions

Erik Sabi, Bonnie Retamozo

The final steps of a surgical treatment are closure of the
surgical site or wound and management of the patient
during the early postsurgical period when critical wound
healing events are occurring. Following surgery, postsur¬
gical examinations are necessary to ensure a successful
outcome. Wound closure is critical to that outcome and,
if not properly managed, can result in delayed healing of
the wound. Postsurgical patient management is impera¬
tive because it not only informs the patient of expected
outcomes but can also provide essential elements that
promote rapid healing of the wound and minimize the
risk for undesirable postsurgical sequelae.

to reapproximation than limited mucoperiosteal flaps.
In addition, the ease of reapproximation influences the
number of sutures required for stabilization.

Prior to and immediately following the placement of
sutures, compression of the tissue with a moistened gauze
is advised. This enhances clotting in the severed blood
vessels and prevents clot formation between the flap and
alveolar bone. Ideal suturing techniques will enable he¬
mostasis, aiding healing of the wound by primary inten¬
tion and reducing the patient’s postoperative discomfort
and morbidity. A radiograph should also be taken before
the flap is secured to allow for detection of foreign objects
adhering to the internal surface of the flap or the crypt.

Wound Closure
Selection of Suture Materials

After the completion of apical microsurgery, the final
step is to position and secure the surgical flap. The tis¬
sue should be replaced as close as possible to the original
position and secured. The type of flap design may impact
the ease with which reapproximation is accomplished. A
full mucoperiosteal flap generally provides less resistance

There are numerous suture materials and sizes available
on the market. Each material and size of suture has in¬

herent characteristics that not only alter the handling

properties but also affect the healing process as well as

the tissue response associated with the suture. The ide-
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al suture should be biocompatible, have the appropriate
tensile strength for its purpose, be easy to handle surgi¬
cally, and prevent premature untying or loosening of the
surgical knot. A suture size of 5-0 is commonly used for
apical surgery, but some clinicians may prefer a slightly
larger size (4-0) or smaller size (6-0). It should be noted
that suture sizes smaller then 6-0 have the tendency to

“cut”through the fragile oral tissue when tension is ap¬
plied to tie the suture.

The tensile strength of the suture selected is dependent
on the surgical procedure and amount of time the suture
needs to remain in place. For larger or more complex sur¬
gical procedures where tissue healing time is increased,
a slower-absorbing suture is recommended. The conven¬
tional polyglycolic acid sutures are more durable, having
the ability to be retained for roughly 14 days and there¬
after resorbing in 3 to 4 weeks, and are therefore recom¬
mended for long-term use. Surgical gut sutures, on the
other hand, are digested by intraoral enzymes, are rapidly
resorbed, and lose their strength in 1 to 2 days, which is
the same rate at which the tissue increases its strength.
Gut sutures can also be coated with a chromic salt com¬
pound that decreases the absorption rate to 7 to 10 days.
In patients with acidic intraoral conditions due to system¬
ic medical conditions, the resorption rate of these sutures
is also increased.

Another method for wound closure is the use of tissue
adhesives, such as cyanoacrylate and fibrin glues. How¬
ever, currently available research is too limited to provide
a recommendation for routine replacement of traditional
suture materials with these adhesives.1,2

terial is resistant to tissue adherence, so removal can be
facilitated with a simple pull-out technique. Alternatively,
this material has a higher likelihood of knot loosening,
resulting in a recommendation for numerous knots when
tying.

ePTFE
Commercially known as GORE-TEX (Gore Medical),
ePTFE is expanded polytetrafluoroethylene.This polymer
cannot be dissolved, and its unique chemical properties
make it an extremely biologically inert substance. Being
a monofilament material, ePTFE is resistant to plaque ac¬
cumulation. An additional benefit of this material is that
it allows the clinician to tie knots on top of the original
knot and further cinch the knot to enhance flap immobi¬
lization as well as knot stability.

Catgut

This material is composed of collagen and will be readily
absorbed within a matter of days in vascular tissue. Be¬
cause of its absorbability properties, a major indication
for the use of gut sutures is to eliminate the need for su¬
ture removal. However, this property can be unpredict¬
able, and resorption rates can vary significantly between
manufacturers. Gut suture is significantly more difficult
to work with intraorally than other suture materials, re¬
sulting in curling and difficulty in maneuverability. This
property can be improved by simply soaking the material
in sterile water for 5 minutes prior to use to displace the
alcohol remnants from packaging. If a longer absorption
rate is desired, gut suture is available with a coating of a
chromic salt compound, resulting in an extension of ten¬
sile strength for up to 7 days.

The surgeon needs to understand the benefits and lim¬
itations of each material as well as the goal of the proce¬
dure prior to determining which material to select.

Silk

Silk sutures are comprised of a braided fiber affixed to
a sericin fiber. Because of its braided nature, as with all
braided types of suture material, it will attract and ac¬
cumulate plaque and bacteria within the braids. Topical
mouthrinses along with excellent oral hygiene practic¬
es can minimize this effect on the overall healing of the
surgical wound. Additionally, extra care should be given
when removing silk sutures. Cleansing and disinfecting
the site prior to removal can reduce the introduction of
plaque under the wound margin, which could potentially
lead to a prolonged healing response.

Knots

There are two main types of surgical knots used in su¬
turing after surgical procedures: the slip surgical knot
and the surgeon’s knot. The type of surgical knot to be
used by the surgeon is dependent on the type of suture
material used. The slip surgical knot (Fig 13-la) should
be performed when using suturing materials such as silk,
ePTFE, chromic gut, and plain gut. The surgeon’s knot
(Fig 13-lb) is appropriate when suturing with synthetic
materials so as to prevent untying.

Polypropylene

Polypropylene is a monofilament, extruded nylon materi¬
al. Polypropylene is nonabsorbable and elicits a minimal
inflammatory effect on living tissues. As a monofilament
(nonbraided material), this type of suture is resistant to
plaque adherence and bacterial infiltration. Also, this ma-

224

www.konkur.in

Telegram: @dental_k



Needles

Fig 13-1 (a) Slip surgical knot, (b) Triple-loop
surgeon’s knot.
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Fig 13-2 Suture needle anatomy.

the posterior areas where the interproximal contacts are
broader. The most commonly used suture needles to ac¬
complish this are the Vs and Vi circle needles.3

Needles normally consist of three main parts: the
needle point, body, and swaged end (Fig 13-2). Designs
for the body include reverse cutting edge, tapered point,
tapered cut, or conventional cut. The most commonly
used type is the reverse cutting edge, because it usually
results in less tissue tearing as the needle point passes
through the tissue. The swaged end is press fitted around
the suture line to allow smooth passage through the tis¬

sue. To avoid needle damage and allow maximum
trol over the needle, needle holders should grasp the

Needles
In addition to careful selection of a suture material, needle
selection is crucial. Selection is based on a combination of
factors including the suture technique employed, the ten¬

sile strength of the tissue, the width of attached gingiva,
the size and shape of the interdental embrasure, and the
flap design. The arc of the needle should be based on the
curvature needed to penetrate the tissues on both sides
of the incision. The radius of the needle arc should allow
the clinician to pass from the buccal surface to the lingual
surface in one motion by simply rotating the needle on
a central axis. This is beneficial when placing sutures in

con-
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r

Fig 13-3 (a and b) Needle handling.

suturing will cause multiple needle entries to the flap
margins and may compromise the flap integrity and
blood supply.

•Select appropriate starting and ending points: When¬
ever possible, suturing should be done from movable
to nonmovable tissues. This will enable proper flap ap¬
proximation and accommodate more predictable tissue
management.

needle approximately two-thirds the length of the needle
from the needle point, approximately 3 mm from the tip
of the needle holder (Fig 13-3).

Suturing Techniques

A few concepts should be considered when suturing oral
mucosa: The following sections describe common suturing

techniques.5

•Avoid excessive tension on sutures/tissues: This concept

is clinically demonstrated in the form of tissue blanch¬
ing on the wound margins, which occurs when the vas¬
cular flow to the margins is decreased, subsequently
resulting in tissue necrosis (Fig 13-4). Developing small
tissue cuts known as tracks is another complication
when clinicians attempt primary closure without suffi¬
cient flap release.

•Position knots away from the wound edges: Knots are
considered the weakest part of sutures. Therefore, plac¬
ing them at the wound margin might compromise the
closure as subsequent swelling may cause pressure on
this link and jeopardize the closure achieved by open¬
ing the knots. Furthermore, knots are common areas
that have a high tendency for plaque accumulation.
Such problems will cause the bacterial plaque to be po¬
sitioned at the flap margins and compromise the granu¬
lation process required for maintaining primary closure
and optimal tissue healing.

•Use the least amount of sutures possible to achieve
proper wound stabilization: Excessive and unnecessary

Simple interrupted (simple loop)

The simple interrupted suture is the most commonly used
suturing technique to close vertical and horizontal inci¬
sions for tissue stabilization.

Step-by-step technique

1. Pierce the outer surface of the buccal flap with the
suture needle (Fig 13-5a).

2. Thread the needle under the interproximal contact,

and pierce the inner aspect of the lingual tissue with
the suture needle (Fig 13-5b).

3. Pass the suture needle under the interproximal con¬
tact toward the buccal aspect (Fig 13-5c).

4. Tie off the free ends of the suture. Cut off the suture,

leaving 2 to 3 mm of suture material (tail) (Fig 13-5d
and Video 13-1).
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Fig 13-4 Flap necrosis due to excessive tension.
{Reprinted from Griffin et al4 with permission.)
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Fig 13-5 (a to d) Simple interrupted suture.

Interrupted figure-eight Step-by-step technique

The interrupted figure-eight suture is the second most

commonly used suturing technique. The main advantage
gained from using this technique is the ease of access be¬
tween teeth. On the other hand, the main disadvantage
is the interposition of suture material between the flaps,
resulting in less-than-ideal tissue approximation.

1. Pierce the outer surface of the buccal flap with the
suture needle (Fig 13-6a).

2. Thread the needle under the interproximal contact,

and pierce the outer aspect of the lingual tissue with
the suture needle (Figs 13-6b and 13-6c).

3. Pass the suture needle through the interproximal
contact, and tie and cut off the remaining suture,

leaving 2 to 3 mm as a tail (Figs 13-6d and 13-6e
and Video 13-2).
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Fig 13-6 (a to e) Interrupted figure-eight suture.
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2. Wrap the suture around the lingual aspect of the
tooth, and pass the needle through the distal inter-
proximal contact (Fig 13-7c).

3. Pierce the inner aspect of the buccal flap, with the
needle emerging on the buccal (Fig 13-7d).

4. Thread the suture needle back through the distal in-
terproximal contact, and wrap the suture around the
tooth, going mesially (Figs 13-7e and 13-7f).

5. Pass the suture needle back through the mesial inter-
proximal contact, and tie and cut the suture, leaving
2 to 3 mm of suture material as a tail (Fig 13-7g and
Video 13-3).

Interrupted single sling suture
The interrupted single sling suture is advised when plan¬
ning for coronal flap repositioning.This is usually achieved
by gaining anchorage from lingual contours of the teeth.

Step-by-step technique

1. Pierce the outer aspect of the flap at its mesial end,
and pass the needle under the interproximal contact
(Figs 13-7a and 13-7b).
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Continuous independent sling suture Step-by-step technique

The continuous independent sling suture uses continu¬
ous sutures to attach two surgical flap edges or to secure
multiple interproximal papillae of one flap independently
of the other flap. This technique offers the advantage of
fewer individual suture ties; however, there are significant
disadvantages associated with this technique. If one knot
or loop breaks, the integrity of the entire surgical site will
be compromised. For this reason, more control can be
gained using individually placed interrupted, sling, criss¬
cross, or mattress sutures in lieu of placing one large con¬
tinuous suture.4 The advantage of using this technique is
that it minimizes the number of knots needed, thereby
shortening the time required for achieving the closure
needed. At the same time, however, this brings the disad¬
vantage of relying on one knot for flap closure.

Enter the outer aspect of the buccal flap from the
mesial aspect, and leave a free end (Fig 13-8a).
Pass the needle through the contact area, first pierc¬
ing the opposite-side tissue from the inner aspect
and then returning the needle to the buccal aspect,
and then tie off the remaining free end. The papillae
should be anchored by piercing 2 to 3 mm from the
flap margins (Fig 13-8b).
Continue the sling around the lingual aspect, and
pierce the buccal flap from the outer aspect (Fig 13-8c).
Return the needle to the buccal aspect, and then
wrap around the tooth to enter the contact area of
the next distal tooth (Fig 13-8d).
Return through the contact area, where a sling is
formed distally and then the inner aspect of the buc-

1.

2.

3.

4.

5.
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Fig 13-9 (a to e) Horizontal mattress suture.
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cal flap is engaged. Continue distally by anchoring suture reduces flap tension, resulting in a more predict-
the flaps between the buccal and lingual sides until able primary closure and less tissue or flap necrosis.
the entire span is secured. Once the initial point of
entry is reached, pass the needle under the contact

and secure (Fig 13-8e and Video 13-4).
Step-by-step technique

1. Pierce the external side of the buccal flap 3 to 4 mm
from the flap margin (Fig 13-9a).

2. Pierce the internal side of the lingual tissue 3 to 4 mm
from the lingual flap margin (Fig 13-9b).

3. Penetrate the external side of the lingual tissue 5 mm
laterally from the second piercing (Fig 13-9c).

4. Pass the needle through the internal side of the buccal
flap, and tie the free ends (Figs 13-9d and 13-9e and
Video 13-5).

Horizontal mattress suture
This suturing technique is preferred when muscular pull
and subsequent flap contraction are expected. Therefore,
it is highly advised for guided bone regeneration proce¬
dures such as ridge augmentation, for edentulous areas,
as well for around teeth or implants. This is because the
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Fig 13-10 (a to d) Coronally advanced vertical mattress suture.

3. Thread the needle through the interproximal con¬
tact, and tie and cut the suture on the buccal side,
leaving 2 to 3 mm of suture material as a tail (Figs
13-lOc and 13-10d).

Coronally advanced vertical mattress
suture

This suturing technique is commonly preferred for its
ability to achieve precise flap and papilla positioning. It is
commonly used in regenerative periodontal surgeries and
guided tissue regeneration procedures.

Conclusion
Sutures play a significant role in the success or failure of
the surgical procedure. Hence, proper material selection
should be part of that success or failure. Several material
properties are to be evaluated before proceeding with any
suture, including resistance to traction, the least memo¬
ry possible, knot safety, and decreased wicking that can
compromise the wound healing process and interfere with
proper flap adhesion. Several studies have been conduct¬
ed to evaluate the bacterial response to suture materials.
Studies show that significantly less bacterial colonization
occurred around resorbable sutures removed at up to 21
days compared with nonresorbable suture material.6"9

Step-by-step technique

1. Pierce the buccal flap just above the mucogingival
junction, anchoring the flap to the underlying peri¬
osteum. The needle should emerge from the center

of the papilla 2 to 3 mm from the flap edge (Fig
13-10a).

2. Pass the needle through the contact area, and anchor
the lingual tissue the same way, starting from the
center of the lingual papilla 2 to 3 mm from the flap
edges (Fig 13-10b).
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Postsurgical Patient
Management

petechiae (< 2 mm in diameter), purpura (2 to 10 mm in
diameter), and ecchymosis (> 10 mm in diameter).8 The
location of the bruising is mainly controlled by the
tomical site, but gravity can further explain bruising at
distant locations (Fig 13-12).

The incidence of hemorrhagic occurrences could be
lowered by properly designing the surgery, starting with
an extensive review and update of the medical health his¬
tory and anatomy, followed by proper flap elevation and
limiting the extent of vertical incisions when possible.
Flealing of these occurrences usually goes through certain
predictable color patterns. In the first 48 hours, soft tissue
colors usually change from black to blue. By day 6, the
tissues turn to a greenish color as a result of biliverdin. By
day 9, yellowish-brownish discoloration usually devel¬
ops, confirming the presence of subcutaneous bilirubin.
In a typical situation, it takes about 2 to 3 weeks for the
discoloration to subside completely.

ana-

Postsurgical management of the patient is just as import¬
ant as the surgical procedure. It is imperative that the
surgeon expresses to the patient a level of concern and
reassurance regarding the patient’s experience. In addi¬
tion, verbal communication as well as detailed home care
instructions should be provided to the patient about what
is expected and what is considered normal postoperative
sequelae. Patient instructions and expectations are de¬
tailed in the following sections.

Verbal communication
The possible intra- and postoperative complications that
could arise as a result of the surgery should be discussed
at the presurgical visit. These complications could include
bleeding, swelling, infection, bruising, and altered nerve
sensation.

i

Swelling

Postoperative swelling can be intraoperatively controlled
by proper flap suturing with adequate tension. Further¬
more, 5 minutes of continuous pressure applied to the
flap can establish proper hemostasis and reduce any
blood collection below the flaps that could initiate hema¬
toma formation and flap dehiscence.

Applying an ice pack in an extraoral manner can re¬
duce the extraoral swelling and possible bruise formation
as well as the patient’s discomfort. Application of moist
heat over the surgical site is recommended, as it will pro¬
mote blood flow and increase the healing, but it should
not be applied in the first 24 hours following surgery.

Written consent and postoperative

instructions
Obtaining written consent for all possible complications
is of great importance. Consent forms should be unique
for each patient as the amount of intra- and postopera¬
tive bleeding can differ significantly according to the local
anatomy, type of flap reflection, dissection type, and any
systemic conditions of the patient. Furthermore, a copy of
this written consent should be sent home with the patient
and kept by the front desk staff to help eliminate any
future miscommunication.

Along with the consent forms, written postoperative
instructions are essential to send home with the patient,
especially if the patient has been sedated (Fig 13-11).

Paresthesia
A solid understanding of local anatomy is of great im¬
portance to prevent any accidental damage to vital sen¬
sory structures. When such loss of feeling occurs, patients
should be assured that it may be the result of hematoma
formation with local pressure to adjacent nerve struc¬

tures. Proper follow-up and documentation should be
done to monitor the degree of altered sensation and its
subsequent resolution.Such assessment can be carried out

using the nerve assessment tool found in Box 13-1.10,12

Follow-up phone call

Patients should be followed the night of surgery with a
courtesy phone call, as early postoperative complications
such as uncontrolled pain, bleeding, and hematoma for¬
mation could be detected quickly.

Bleeding (ecchymosis, petechiae, and
hematoma)

Oral rinses

Postoperative instructions include refraining temporarily
from brushing the area of the surgical site and substitut¬
ing with oral rinses. One of the popular mouthrinses is

chlorhexidine gluconate 0.12% mouthwash. Care must

When bleeding complications occur, it is very important
to use the proper terminology in chart entries, as this will
facilitate accurate follow-up and proper documentation:
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Postoperative Instructions and Information for Endodontic Surgery

•Take your medication(s) exactly as prescribed by your surgeon.

•Rinse with chlorhexidine in the morning and evening for 1 minute each and spit out. Do not use for more than 2 weeks

because it may stain your teeth.

•A surgical dressing may be placed on the area to prevent food impaction and other trauma to the wound site. If it should

break up or come off, do not panic. Should you swallow some of it, do not worry, it will not harm you.

•Swelling may occur. To minimize swelling, gently place an ice pack to the outside of your face for 15 minutes. Then remove

it for 15 minutes. Repeat this routine for 2 hours.

•Oozing of blood from the surgical site will appear to be greatly exaggerated when it dissolves in the saliva. If there is bleeding

and you cannot determine its origin, gently rinse your mouth with iced tea or ice water for 1/2 hour.

•Do not use a straw, as the suction effect may break up your blood clot.

•Sleep on two pillows or with your head slightly raised on the night of the surgical procedure.

•On the day after surgery and for the following week, rinse your mouth three or four times a day with room-temperature water

to promote healing and to help keep the area clean.

•You may rinse with warm salt water several times a day using no more than V2 teaspoon of salt in a tall glass of body-

temperature water.

•Do not spit; gently expel liquids from your mouth after rinsing/brushing.

•You may eat any food of your choice following surgery. However, you will be more comfortable if you avoid hard foods, chew

in nonsurgical areas, and eat a generally semisoft diet. Drink plenty of liquids, especially juices and water. A high-protein diet

is desirable (milk, eggs, cottage cheese, yogurt, and ground beef). A high-protein supplement can be used, such as Instant

Breakfast or Ensure.

•Plan for minimal activity for the first 24 hours following surgery. Try to rest as much as possible during the day and get plenty

of sleep the night after the surgery. This will minimize pain and swelling.

•Smoking: The less you smoke, the faster you will heal. Avoid smoking as much as you possibly can.

Cautions

•Avoid chewing on the side where the surgery was performed.

•Avoid brushing the surgical area.

•Avoid applying tongue or cheek pressure to the surgical site.

•Avoid eating very spicy or salty foods, drinking alcoholic beverages, drinking thermally hot liquids, or eating thermally hot foods.

•Do not be alarmed if one of the following occurs:
a. Slight bleeding or swelling

b. Discomfort in the surgical area

c. You develop a “taste”or odor in the area

d. The dressing breaks up or falls off

e. There is tooth tenderness

f. You see or feel threads in the surgical area; it is the suture material

•Do not hesitate to call your dentist or visit the hospital emergency room if you experience any of the following:

a. Excessive bleeding

b. Discomfort not controlled by the prescribed medication

c. Any unfavorable reactions to the medication

d. Fever, excessive swelling, or difficulty breathing

Fig 13-11 Sample postoperative instructions to send home with the patient.
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Box 13-1 Tests to determine the extent of
nerve injury

.

1. Light touch test: A soft brush is applied to the lip,
and the patient is asked in which direction the
stimulus was applied.

2. Pain test: A 27-gauge needle can be used to deter¬
mine whether the patient perceives pain.

3. Two-point discrimination test: Calipers are opened
progressively at 2-mm increments until the patient
is able to discriminate the caliper ends as two sep¬
arate points of contact.

4. Ice or a heated mirror handle (430) can be used to

determine whether the patient is able to discrimi¬
nate between hot and cold.

1
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Fig 13-12 Ecchymosis extending to the pectoralis muscle after removal
of a maxillary bone cyst. (Reprinted from Greenstein et al10with permission.)

when rest and application of ice are necessary. Patients
can return to work the day after surgery if their job does
not require strenuous activity. Any activity that signifi¬
cantly raises the blood pressure, such as running or any
strenuous form of exercise, should be avoided for 2 to 3
days after surgery. This is to prevent dislodgment of clots
in the severed microvessels due to increased hydrostatic
pressure. A progressive return to normal activities can oc¬

cur 1 week following surgery.

be taken to inform the patients about the temporary al¬
tered taste sensation associated with this product.The ex¬
trinsic staining of teeth should be addressed with the pos¬
sible need for supragingival debridement and removal of
stain. Additionally, early wound healing may be affected
by this product due to the inhibitory effect of fibroblasts,
so its use should be limited.

Pain management

Suture removalIntraoperative pain control starts with proper selection of
long- or short-acting local anesthesia. This could also be
accompanied with the use of oral or intravenous sedation
medications. For postoperative pain control and medica¬
tions used to manage postoperative pain, see chapter 16.

The clinician may use his or her discretion as to when to

remove the sutures. However, it should be realized that
when the sutures are loose, they do not serve any addi¬
tional purpose and become a source for plaque collection.
The majority of sutures should be removed when local
tissue edema subsides and sutures become loose. When
removing sutures, a transient bacteremia can be expected.
For this reason, the use of an oral disinfecting agent such
as a chlorhexidine gluconate mouthrinse should be used
or can be applied to the gingival tissue at the site of each
suture entering the tissue.13 The clinician should take care
to cut the suture material at the tissue level, thus prevent¬

ing contaminated material from being pulled through the
soft tissue (Videos 13-6 and 13-7).

If the patient has questionable healing at the time of
suture removal, a re-evaluation of the wound should be
done in 7 to 10 days. However, if healing is within normal
limits, the patient can be scheduled for a recall at 3 to 12
months.

Postsurgical antibiotics
There are two indications for the use of antibiotics: to

treat an active infection or to prevent an infection. The
treatment approach is different for each indication. For
use of antibiotics in surgical endodontics, see chapter 16.

Supportive therapy

Supportive therapy includes a proper diet (eg, soups and
soft foods), plenty of fluid intake, and a restriction of nor¬
mal activities following the surgical procedure. In addi¬
tion, it is necessary for all patients to restrict their activity
during the 6 to 8 hours immediately following surgery,
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Wound Healing
Kathryn A.Jurosky

Phase I: Hemostasis and inflammationWound healing is a complex series of overlapping and
interrelated events essential for repairing injured tissues
in the oral environment and elsewhere in the body. There
is an overarching impression that oral wounds heal more
rapidly and with less scarring than similar wounds in
skin. Understanding why this perception of rapid oral
healing is accurate begins with a foundational knowledge
of general wound healing in the dermis and a recogni¬
tion of the circumstances that negatively affect overall
healing. Appreciating the phenotypic differences of the
reparative cell— the fibroblast— and its crucial role in re¬
solving inflammation quickly is key to understanding the
accelerated healing seen in the mouth. The specifics of
wound healing following endodontic surgery rest upon
an understanding of these concepts. The purpose of this
chapter is to review general wound healing concepts in
skin prior to an in-depth exploration of wound healing
following periradicular surgery.

Healing in skin begins as soon as tissue injury and bleed¬
ing occur. The body’s first reaction is to stem the flow of
blood at the site of injury through hemostasis, beginning
with an initial short-lived vasoconstriction followed by
clot formation. Fibrin clot formation results as both the
intrinsic and extrinsic clotting cascades produce intravas¬
cular and extravascular clotting. The intrinsic cascade is
initiated when blood contacts exposed collagen, while
the extrinsic cascade is initiated by the release of throm¬
boplastin during tissue injury.2 The clots that form serve
as reservoirs of chemoattractants, including cytokines
and growth factors, and provide a scaffolding for cell
migration.3 Examples of factors released by the clot in¬
clude platelet-derived growth factor (PDGF), transform¬
ing growth factor beta (TGF-p), fibroblast growth factor
(FGF), and epidermal growth factor (EGF).1,2

Complicating the understanding of the inflammatory
process is the fact that individual cytokines and growth
factors can have multiple influences on cell recruitment.
For instance, the cytokine interleukin-6 (IL-6) is made by
endothelial cells during acute inflammation and causes
the chemoattraction of polymorphonuclear leukocytes
(PMNs). Once the PMNs arrive, they produce a soluble
IL-6 receptor, which causes the endothelial cells to switch
their signaling to attract monocytes and T lymphocytes
to clear PMNs initially attracted by IL-6 from the area
through apoptosis.4

Many growth factors have multiple functions. For ex¬

ample, PDGF is chemotactic for fibroblasts and affects

General Wound Healing in Skin

For ease of description, the wound healing events in skin
are discussed in phases, although there are truly no dis¬
crete phases.1’2 A normal sequence of wound healing be¬
gins with phase I: hemostasis and inflammation, which
is then followed by phase II: proliferation, and phase III:
maturation and remodeling. It is important to keep in
mind that there are many factors, both local and system¬
ic, that may negatively affect the healing process.
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tion and connective tissue healing is clearly demonstrated
in the proliferative phase. Re-epithelialization takes place
as epithelial cells migrate from the wound edges across
the existing fibrin scaffolding. Once contact of epitheli¬
al cells is established, the initial tentative wound seal is
formed, and connective tissue healing can begin. Early
epithelial cell migration is seen within 24 hours, and a
thin epithelial bridge across the wound is evident within
48 to 72 hours.2’6

Once the epithelial seal forms, fibroblasts and endo¬
thelial cells in the connective tissue proliferate, creating
the environment for angiogenesis and collagen produc¬
tion. Within 5 to 7 days, fibroblasts are depositing Type
III and Type I collagen.2 Fibroblasts also produce gly-
cosaminoglycans and proteoglycans, components of the

fibroblast mitosis,2 and FGF affects both re-epithelialization
and angiogenesis.2’3 TGF-(3 is key to numerous healing
events, facilitating PMN and macrophage migration, fi¬
broblast mitosis, and extracellular matrix synthesis.2’3,5

As hemostasis is established, the inflammatory pro¬
cess ensues. PMNs are the first inflammatory cells to mi¬

grate to the injury in response to the release of cytokines
and growth factors from the fibrin clot, usually arriving
within 6 to 8 hours.1,2,6 PMNs have the important task of
cleansing the wound site by phagocytizing bacteria and
tissue debris, thereby preventing infection. PMNs are the
predominant cell in the wound site between 24 and 48
hours.2 As bacterial contamination and tissue debris are
removed, the number of PMNs drops precipitously by 72
hours.

ffl Wound Healing

fibroblast mitosis,2 and FGF affects both re-epithelialization
and angiogenesis.2’3 TGF-(3 is key to numerous healing
events, facilitating PMN and macrophage migration, fi¬
broblast mitosis, and extracellular matrix synthesis.2-3’5

As hemostasis is established, the inflammatory pro¬
cess ensues. PMNs are the first inflammatory cells to mi¬
grate to the injury in response to the release of cytokines
and growth factors from the fibrin clot, usually arriving
within 6 to 8 hours.1,2,6 PMNs have the important task of
cleansing the wound site by phagocytizing bacteria and
tissue debris, thereby preventing infection. PMNs are the
predominant cell in the wound site between 24 and 48
hours.2 As bacterial contamination and tissue debris are
removed, the number of PMNs drops precipitously by 72
hours.

As the need for PMNs drops in the wound site, the
number of macrophages grows, and inflammation tran¬

sitions to its late phase, with macrophages becoming the
dominant cell between days 3 and 4.2,6 These macro¬
phages are primarily derived from circulating monocytes,
which differentiate after leaving the blood vessels.2,5 Mac¬
rophages are efficient at phagocytizing PMNs and other
cells, continuing to clean up the wound while also pro¬
ducing growth factors.1,2,6 Once the dead and dying cells
are removed, the late inflammatory phase winds down,
and the macrophage differentiates into the reparative cell
responsible for directing most of the proliferative phase
of healing, including fibroblast proliferation, smooth
muscle formation, and angiogenesis.6 Factors produced
by the macrophage affecting wound healing include:
TGF, cytokines, IL-1, tumor necrosis factor, and PDGF,
among others.2,6 The importance of the macrophage in
this process cannot be overestimated.

Lymphocytes also migrate to the injury site, though
the exact functions of T lymphocytes involved in wound
healing are not completely understood.1 Some T cells are
thought to impair wound healing (T-suppressor-cytotoxic
cells), while other T cells are thought to have positive ef¬
fects (T-helper cells).7,8 An interesting T-cell group shown
to have an effect on wound healing is the dendritic epi¬
dermal T cell (DETC), which helps maintain normal tis¬
sue healing and repair through immunoregulation. DETCs
produce various growth factors, chemokines, and cyto¬
kines that defend against pathogens and regulate inflam¬
mation.1 A lack of skin DETCs in mice has been shown
to cause delay in wound closure.1,9

tion and connective tissue healing is clearly demonstrated
in the proliferative phase. Re-epithelialization takes place
as epithelial cells migrate from the wound edges across
the existing fibrin scaffolding. Once contact of epitheli¬
al cells is established, the initial tentative wound seal is
formed, and connective tissue healing can begin. Early
epithelial cell migration is seen within 24 hours, and a
thin epithelial bridge across the wound is evident within
48 to 72 hours.2,6

Once the epithelial seal forms, fibroblasts and endo¬
thelial cells in the connective tissue proliferate, creating
the environment for angiogenesis and collagen produc¬
tion. Within 5 to 7 days, fibroblasts are depositing Type
III and Type I collagen.2 Fibroblasts also produce gly-
cosaminoglycans and proteoglycans, components of the
extracellular matrix. Angiogenesis requires extracellular
matrix to induce the migration and mitosis of endothelial
cells. FGF and vascular endothelial growth factor help
regulate angiogenesis.2 The interdependence between fi¬
broplasia (collagen production) and angiogenesis contin¬
ues through the proliferative phase.

Phase III: Maturation and remodeling

Remodeling of the newly formed tissues involves con¬
tinuous reorganization of collagen, beginning approx¬
imately 3 weeks after injury when collagen production
reaches its peak, and may continue for years.2 During the
remodeling process, the overall collagen volume remains
approximately the same, as fibers and bundles degrade
and re-form in equilibrium, reorienting themselves to
be similar to those of the surrounding tissues.6 Collagen
degradation occurs by specific metalloproteinases (inter¬
stitial collagenases, gelatinases, and stromelysins) that
are activated and inhibited in carefully regulated ways.6
The abundant neovascularization produced during the
proliferative phase also reduces and reorganizes. Myofi¬
broblasts, a variation of the fibroblast, cause the overall
wound to contract.1,2 In the epidermis and dermis, max¬
imum wound tensile strength is achieved approximately
3 months after injury, reaching 80% of the original tissue
strength.2

Local and Systemic Factors
Affecting Wound Healing

Phase II: Proliferation
In the normal course of healing, multiple checks and bal¬
ances exist to limit untoward outcomes. However, it is
important to keep in mind that numerous factors impact
overall wound healing in a negative way. The following
review is not exhaustive but addresses commonly en¬
countered influences that adversely affect healing.1,6 Lo-

The proliferative phase of healing commonly overlaps
with the late inflammatory phase and may last up to 4
weeks.2,6 During proliferation, fibroblasts migrate, col¬
lagen and extracellular matrix form, and angiogenesis
occurs. The important relationship between epithelializa-
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Local and Systemic Factors Affecting Wound Healing

cal factors include tissue hypoxia and infection. Systemic
factors include age, sex, diseases, obesity, medications,
alcoholism, smoking, and malnutrition.

cell function as well as angiogenesis are compromised.12
MMPs show increased activity favoring tissue destruction
in diabetic patients.16 The most important factor affect¬
ing healing in diabetic patients is maintenance of normal

glucose levels.17 Surgical procedures on diabetic patients
require close follow-up for untoward complications.

Obesity is on the rise, and in 2013 the American Med¬
ical Association made a controversial decision to classify
it as a disease.18 Because adipose tissue secretes bioactive
adipokines that impact the immune and inflammatory re¬
sponses, researchers consider adipose tissue an endocrine

Impaired peripheral blood mononuclear cell

Local factors
Hypoxia initially stimulates repair in the early wound;
however, prolonged hypoxia delays healing.10 Oxygen is
required to fuel cell metabolism and adenosine triphos¬
phate (ATP) energy production. The formation of reac¬
tive oxygen species, such as superoxide ions and hydro¬
gen peroxide, used by phagocytes in oxidative killing
depends on adequate oxygen tension levels.10,11 Oxygen is
also necessary in the hydroxylation of lysine and proline
during collagen synthesis, so the overall rate and stability
of collagen production is inhibited by hypoxia.12

Infection delays wound healing.6 Low levels of bacteri¬
al contamination and tissue debris in the early wound site
help attract phagocytic leukocytes; however, prolonged
infection and endotoxin production elevates proinflam-
matory cytokine levels, resulting in chronic infection.1
When inflammation persists, matrix metalloproteinases
(MMPs), the family of enzymes active in normal tissue
turnover, degrade the extracellular matrix at a higher rate,
damaging the tissue.1,13 It has also been shown that long¬
standing biofilms shield bacteria from phagocytosis and
may explain why antibiotics are sometimes ineffective.13

19-21organ.
function, decreased lymphocyte proliferation, and altered
peripheral cytokine levels are seen with obesity.1 Weight
loss has been shown to resolve these immune system

changes.21 Conversely, patients who are cachectic and
thin often have poor oxygenation and nutritional status,
which also compromises healing.6

Medications can alter wound repair.6 Antiresorptive
agents as well as radiation treatment can cause adverse
responses to surgical procedures, including osteonecrosis
of the jaw. Bisphosphonates and other bone-strengthening
drugs used to treat osteoporosis and some malignancies
occasionally produce a rare and dangerous reaction in the
maxilla and mandible called bispbosphonate-associated
osteonecrosis of the jaw (BONJ). Patients on intravenous
(IV) antiresorptive therapies for greater than 2 years, es¬
pecially those on formulations containing nitrogen, are at

the greatest risk for developing BONJ.22 Patients on oral
bisphosphonates have a significantly lower risk. The ex¬
act mechanism for this osteonecrosis is still unknown butSystemic factors
may be related to the fact that bisphosphonates inhibit
angiogenesis and osteoclast function.22 Endodontic surgi¬
cal procedures present an increased risk for the develop¬
ment of BONJ in patients with a history of IV bisphos-
phonate use, and these procedures should be avoided.22

Chemotherapeutic agents and other immunosuppres¬
sive drugs can negatively impact wound healing.6 Fi¬
broblasts are profoundly affected by chemotherapeutic
drugs.15 Immunosuppressant drugs such as systemic ste¬

roids inhibit many of the pathways necessary for wound
healing. Systemic glucocorticoids suppress fibroblast
proliferation and collagen synthesis, resulting in incom¬
plete granulation tissue formation and reduced wound
contraction.15 Steroids are known to increase the risk of
infection.

The short-term use of systemic nonsteroidal anti¬
inflammatory drugs (NSAIDs) has little effect on wound
healing. However, some animal studies have shown that
the long-term use of ibuprofen delays early epitheliali-
zation, decreases fibroblast production, reduces wound
contraction, and inhibits angiogenesis.23-26 Most patients
planning surgical procedures cease or reduce their NSAID
use prior to their procedures, reducing this concern.

Aging is considered a risk factor for delayed healing.1,5,6
Age-related changes are evident in nearly every aspect

of healing, including hindered inflammatory respons¬
es, altered macrophage phagocytic capability, delayed
re-epithelialization, and reduced collagen synthesis and
angiogenesis.1,7 Exercise has been shown to improve
age-related delays in wound healing in skin by reducing
proinflammatory cytokines.14

An individual’s sex plays a role in both oral mucosal
wound healing and dermal wound healing in different
ways. Testosterone found in the saliva is a potent anti¬
inflammatory agent and explains the faster healing ob¬
served in mucosal wounds in men compared with women.5
In skin, wounds heal more quickly in women than in
men.5

Diseases that impair vascular flow and tissue perfusion
predispose a wound site to inadequate oxygenation and
delayed healing.6,10'12 Diabetes in particular compromis¬
es healing in a multitude of ways, resulting in an overall
decreased host immune response and tissue hypoxia.10
Hyperglycemia creates free radicals that damage tissues
and reduces the chemotaxis of leukocytes, explaining de¬
lays in early wound healing.12,15 Fibroblast and epidermal
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the papillary layer of the lamina propria versus those in
the reticular layer.32 Oral and dermal fibroblasts are of
different phenotypes, secreting different growth factors
and extracellular matrix, and have been shown to respond
differently to the same growth factors.32,33

The various phases of wound healing are also associat¬
ed with different fibroblast phenotypes. The fibroblast of
the inflammatory phase is derived from circulating mono¬
cytes, whereas the fibroblast of the proliferative phase is
derived from the wound bed.32 During the maturation
phase of wound healing, fibroblasts are under mechan¬
ical stress and are influenced by PDGF, causing them to
differentiate into myofibroblasts.32

Alcohol consumption (acute, moderate, chronic, and
excessive) impairs host defenses.27 Alcohol induces specif¬
ic changes in immune cell functions, causing a higher inci¬

dence of infection and prolonged healing.27 Acute alcohol
consumption has been shown to cause significant impair¬

ment by reducing early wound angiogenesis up to 61%.28

Smoking causes obvious health risks and chronic dis¬
eases including vascular disease, heart disease, lung dis¬
ease, and various cancers. The components in cigarettes
and their smoke create many deleterious effects, with tis¬
sue hypoxia considered the major mechanism impairing
wound healing.29 Nicotine induces vasoconstriction and
tissue ischemia. Carbon monoxide fumes contribute to

tissue hypoxia because of the molecules’higher binding
affinity to hemoglobin than oxygen.29 Because tobacco
smoke impairs white blood cell migration, suppresses
lymphocyte function, and reduces fibroblast migration/
synthesis, it results in an increase in acute and chronic
infections following surgical procedures.29 Impaired heal¬
ing has been reported with implant placement in patients
who smoke.30 Surgical treatment planning decisions
should be carefully considered in these patients.

Malnutrition hinders the immune system, resulting
in lower resistance to infection and compromised heal¬
ing.1,15,17 Protein, carbohydrates, and fats provide the
necessary energy for healing to take place. All stages of
wound healing require protein to help form collagen, the
most abundant protein in the body.6,30 Protein is essen¬
tial for fibroblast proliferation, angiogenesis, and tissue
remodeling.6,15,17 Protein-calorie insufficiency, the most

common form of malnutrition, affects healing by decreas¬
ing wound tensile strength, T-cell function, and phago¬
cytic activity.17 Complement and antibody levels are also
reduced with inadequate protein intake.17

Supplements of arginine and glutamine have been shown
to have beneficial effects on healing in some studies.1,17

Deficiencies in vitamins A and C as well as reduced zinc
and iron levels can impair healing.15 Improved nutritional
status in adults preoperatively and following surgery has
been shown to correlate with enhanced wound healing.17,31

Oral Fibroblasts and Healing

Rapid, nearly scarless healing occurs in the oral muco¬
sa compared with equivalent wounds in skin. This is
attributed in great part to the phenotypic differences in
oral fibroblasts and the speed with which inflammation
in oral wounds resolves. Interestingly, the oral mucosal
fibroblast phenotype is most similar to the fibroblast iso¬
lated from fetal dermis, which heals without inflamma-

Wound healing in the oral mucosa34-36tion and scarring.
proceeds quickly, with faster clearance of inflammation,
resulting in less scar formation compared with adult
skin.32-36 This has been demonstrated both clinically and
histologically.35,36

Rapid resolution of inflammation has a profound ef¬
fect on reducing scar formation. TGF-(31 and TGF-(32 are
key factors causing scarring and are primarily produced
by inflammatory cells. Because inflammation clears more
quickly in oral wounds than in skin, the presence of
TGF-|3 was fleeting in oral wounds and elevated in skin
wounds for up to 60 days in the pig model, resulting in
scarless oral healing.35 The overall inflammatory response
in the oral mucosa is less severe than in skin, in part due
to the cytokines, growth factors, and peptides in saliva that
promote earlier epithelialization of the wound, especially
EGF and salivary histatin.33,36,37 In addition to the signifi¬
cant effect of early resolution of inflammation, Wong et

al36 have shown the prolonged accumulation of tenascin
C (TN-C) in oral wounds. TN-C is a molecule expressed
in scarless fetal healing, which modulates cell adhesion to

the extracellular matrix, suppressing scar formation.36
Enoch et al34 evaluated oral mucosal fibroblasts and

Fibroblast Phenotypes

The fibroblast is a connective tissue cell found throughout
the body that is responsible for the formation of proteins
(including collagen) and ground substance necessary for
connective tissue production. The fibroblast is capable of
differentiating into other cell types and plays an import¬
ant role in wound healing.

The oversimplified term fibroblast encompasses a com¬
plex group of cells with varied phenotypes. Phenotypes
may differ based on anatomical location. Even within the
same tissue, there are distinctions between fibroblasts in

skin-matched fibroblasts in tissue cultures from the same
patients and found that oral fibroblasts demonstrated the
ability to migrate and repopulate the wound space fast¬
er than skin. This faster cell migration was the result of
the oral fibroblasts’ability to reorganize the extracellular
matrix more rapidly by producing more mixed MMP-2
and fewer MMP inhibitors.34

240

www.konkur.in

Telegram: @dental_k



Endodontic Surgical Wound Healing

Endodontic Surgical
Wound Healing

The endodontist who has working knowledge of the
various tissues involved in periradicular surgery and their
individual responses to wounding can create the most
predictable surgical outcomes. The tissues involved in
periradicular surgery are the mucoperiosteal tissues (gin¬
giva, alveolar mucosa, palatal mucosa, and underlying
periosteum), the periradicular tissues (bone, gingival lig¬
ament, and periodontal ligament [PDL]), and the radicu¬
lar tissues (cementum and dentin). Each of these tissues
responds differently to the wounds it sustains. For an in-
depth review of these tissues, please refer to chapter 2.

The most common type of endodontic surgery in clini¬
cal practice today is periradicular surgery, involving full
mucoperiosteal flap reflection to gain access to radicu¬
lar tissues to eliminate etiologies of endodontic origin.
For many years, endodontists relied on literature from
other specialties such as oral surgery and periodontics to

guide endodontic surgical practices. Most oral surgical
and periodontal surgical procedures in the early 1990s
involved the removal of diseased soft and osseous tissues
and relied on healing by secondary intention. By compar¬
ison, endodontic surgeons endeavored to gain access to

radicular tissues while maintaining the existing healthy
tissues, striving for healing by primary intention. Though
the endodontist’s surgical repertoire has continued to

evolve, the fundamental concepts involved in periradicu¬
lar surgical access remain relevant.38

As a response to this void in the endodontic literature,
a series of wound healing studies focusing on endodontic
surgical access procedures was conducted at Baylor Col¬
lege of Dentistry.39_Jtl These studies sought to clarify the
early wound healing events in the periodontium to the
incisional, dissectional, and excisional wounds of perira¬
dicular surgery. These investigations involved the incision
and reflection of full mucoperiosteal flaps and the cre¬
ation of excisional osseous defects in the maxillae and
mandibles of mature rhesus monkeys. The surgical sites
were irrigated frequently with sterile, physiologic saline.
Flaps were reapproximated after 15 minutes and secured
with interrupted sutures. Following wound closure, the
tissues were compressed for 3 minutes by applying firm
finger pressure against saline-soaked gauze over the sur¬
gical site. Responses to the surgical procedures were eval¬
uated at 1, 2, 3, 4, 14, and 28 days. Block sections of the
surgical sites were fixed, demineralized, and prepared for
histologic examination. The results provided a chrono¬
logic sequence of tissue responses to periradicular sur¬
gery. These studies did not involve root-end resection but
rather focused on surgical access techniques. Evidence-
based best practices for endodontic surgical access to

periradicular tissues were established through these in¬
vestigations.

Types of wounds

Gaining access to radicular tissues for endodontic surgi¬
cal procedures results in the creation of different types
of intentional surgical wounds: (1) the incisional wound,
forming the perimeter of the flap using a scalpel; (2) the
more imprecise blunt dissectional wound, where the mu¬
coperiosteal tissues are separated from the cortical bone
during flap reflection with the periosteal elevator; and
(3) the osseous excisional wound, prepared with a high¬
speed handpiece and a rotary bur, removing periradicular
and radicular tissues. Understanding these wounds and
their responses leads to better surgical planning.

Types of healing

Wounds heal by primary intention or by secondary in¬
tention. Primary intention healing occurs when wound
edges are closely reapproximated and there is minimal
intervening clot or coagulum. Healing by primary in¬
tention results in the restoration of the normal architec¬
ture, microanatomy, and function of the wounded tissue,
known as regeneration,43,44 Incisional wound edges, when
well approximated, usually heal rapidly by primary in¬
tention. Secondary intention healing occurs when wound
edges are not closely approximated following surgery, as
in the excisional wound, and a thick clot or coagulum is
present, resulting in the formation of large amounts of
granulation tissue. In this case, healing is delayed and re¬
pair ensues.43,44 During the biologic process of repair, the
architecture, microanatomy, and function of the injured
tissues are not fully restored. Scar formation may also
occur.45

Types of tissues wounded

TerminologyA simple but profound definition of a wound is “an inju¬
ry which causes disruption of the anatomical continuity
and/or function of living tissues resulting in cell injury
and death.”42 Following injury, healing depends on the
type of tissue wounded as well as the type of wound the
tissue receives.43,44

Reattachment refers to the reunion of viable retained ep¬
ithelial and/or connective tissue from respective wound
edges. Reattachment results in earlier wound healing

than new attachment.46ÿ18 New attachment occurs when
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reparative cells.52,54 When hemostasis is not established
quickly and a large coagulum forms in the wound site,
healing is delayed. Disorganized fibrin strands entangled
with excess serum and formed blood elements (erythro¬
cytes, leukocytes, and platelets) act as a barrier and must
be resorbed before healing can progress.44,55 A thin clot
greatly enhances the healing process (Fig 14-1).

Inflammation is defined as “the response of all living
tissues to all forms of injury, which involves vascular, hu¬
moral,and cellular reactionsat the injurysite and prepares
the site for healing.”56 This seemingly simple statement
belies the complex, interrelated systems with feedback
mechanisms involved, including the amine, kinin, com¬
plement, fibrinolytic, arachidonic acid, lysosomal, lym¬
phatic, and mononuclear phagocytic systems, among oth-

All tissues respond to injury with inflammation;
however, the scale of the inflammatory response varies
based on the severity of the injury. Thankfully, the checks
and balances between these systems usually result in a
self-limiting process.42,57,58

In the early wound, inflammatory mediators cause
hemodynamic changes, including vasodilation, increased
blood volume (engorgement), decreased rate of blood
flow, and leakage of the microvasculature along with the
aggregation of erythrocytes.42 The vasoactive amines, his¬
tamine (contained in mast cells and basophils), and se¬
rotonin (5-hydroxytryptamine found in platelets) cause
contraction of the endothelial cells, affecting the per¬
meability of the microvasculature. In the postcapillary
venules, this produces an outflow of exudate.42 As en¬
gorgement occurs, the leukocytes move to the periphery
(margination),6 and the red blood cells cluster centrally
(sludging), clinging together in a rouleaux.The leukocytes
begin adhering to the endothelial cells (pavementing) as
they prepare to pass through the vascular walls between
the cell junctions (emigration), migrating to the wound
site by amoeboid action (diapedesis).6,56,57 This process
follows chemotactic gradients. PMNs, macrophages, ba¬
sophils, and plasma membranes are some of the endoge¬
nous chemoattractants that drive this process. Exogenous
chemoattractants include microorganisms.56,57

Overall, inflammation clears more quickly in oral
wounds and is less severe than in the dermis, as discussed
earlier. Rapid resolution of inflammation creates an envi¬
ronment for healing by clearing the way for the ingress
of reparative cells. PMNs respond early and are seen in
the wound site within hours of injury.6 They are respon¬
sible for phagocytizing microorganisms and tissue de¬
bris, keeping infection at bay.42,57 These neutrophils have
a short life span in the extravascular environment and
are unable to replicate.57 Their numbers usually decline
between 24 and 48 hours.42,59 Although PMNs are the
initial scavengers, they do not affect the qualitative or
temporal course of healing of the wound.60

one wound edge contributes to the initial attachment, as

when flapped tissues create attachment with the denuded
surface of the root or cortical bone.42

Granulomatous tissue is a connective tissue dominated
by inflammatory cells and inflammatory infiltrate, where¬
as granulation tissue contains predominantly fibroblasts
and is highly vascular. The transition from a granuloma¬
tous tissue to granulation tissue signals the successful
progression of connective tissue healing.42

Sharpey fibers are collagen fibers embedded in bone or
cementum.49,50 They include fibers of the mucosal lamina
propria and gingiva that are embedded into cortical bone,
as well as fibers from the PDL inserted into cementum

and alveolar bone proper.42

57-59

Phases of wound healing

Endodontic wound healing, much like general wound
healing, is a complex series of overlapping events and for
descriptive purposes is explained as follows:

•Phase I: Hemostasis and inflammation
•Phase II: Epithelial healing
•Phase III: Connective tissue healing
•Phase IV: Maturation and remodeling

Given the importance of epithelialization and its im¬
pact on connective tissue healing, the proliferative phase
described in general wound healing has been broken
down into separate epithelial and connective tissue de¬
scriptions. The incisional wound heals most rapidly and
embodies most of the wound healing concepts, so the fol¬
lowing discussion begins with the incisional wound. This
provides the basis for additional comments regarding the
dissectional and excisional wounds.

The Incisional Wound

Phase I: Hemostasis and inflammation
When initiating the incision with a scalpel, damage to the
microvasculature of the mucoperiosteal tissues occurs. As
a result of this damage, clotting cascades are activated to

effect hemostasis. Both intrinsic and extrinsic pathways
are responsible for the conversion of fibrinogen into fi¬
brin, facilitating the formation of intravascular and ex¬
travascular clots.43,51,52

Within hours of the formation of a thin clot, the fibrin
strands contract and are oriented parallel to the plane of
the wound.43,53 These thin strands establish the first frag¬
ile attachment of the wound edges and provide the initial
migratory pathways for inflammatory cells and later for
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Fig 14-1 A thin clot enhances healing, (a) A thin fibrin dot 24 hours after flap reflection in the dissectional wound. Fibrin strands (F) are oriented parallel
to the plane of the wound, providing migratory pathways for inflammatory and reparative cells (hematoxylin-eosin [h&e] stain; magnification x66). (b) Thick
coagulum 24 hours after flap reflection in a vertical incision. Haphazardly spaced fibrin strands (F) delay wound healing (h&e stain; magnification X66).

The late inflammatory response is dominated by the
macrophage, which is seen earlier in oral wounds than
in skin. Macrophages in the oral wound site are derived
from circulating plasma monocytes and are the predomi¬
nant cell within 12 hours.61,62 In contrast to the PMN, the
life span of the macrophage can be months or longer, and
it is capable of replicating.57 This highly effective scav¬
enger is responsible for phagocytizing neutrophils and
is more effective at phagocytosis than the PMN.57 The
macrophage has been called the “supervisor of the recon¬
struction of damaged tissues.”42 Because the macrophage
triggers humoral and cell-mediated immune responses
and controls the extent of the inflammatory response, it
creates an environment conducive to connective tissue
healing.42 In this environment, the macrophage stimulates
undifferentiated ectomesenchymal cells and fibroblasts to

migrate and synthesize collagen and ground substance,
resulting in revascularization of the wound site.56 The
macrophage is essential to the qualitative and temporal
healing of the wound.60

two distinct consequences of tissue injury— a deficiency
of tissue and damage to cells— and both stimulate mito¬
sis.63 As the desmosomal attachments loosen between the
basal cells and the suprabasal prickle cells in the epithelial
layer, these cells dedifferentiate, gaining amoeboid move¬
ment and phagocytic capabilities.43,44,52,53,62 Mitosis oc¬
curs in the stationary cells of the wound margin and not

the advancing edges.63 This monolayer of advancing cells
begins migrating by contact guidance, following the pre¬
determined routes of the fibrin strands, moving toward
the center of the wound and dissecting between the fibrin
clot and the surface coagulum.42 The cells stop migrating
when contact inhibition occurs, and there is cell-to-cell
contact on all sides.42 Interestingly, streaming begins with
the unflapped wound edge rather than the flapped wound
edge.39 Ruben et al52 reported that oral epithelial mono-
layers were capable of migrating 0.5 to 1 mm in 24 hours
in alveolar mucosa. The Baylor study evaluating incision¬
al wound healing supports this finding, showing epithe¬
lial streaming from the unflapped wound edge within 24
hours.39 Epithelial streaming occurred more rapidly from
the unflapped edge in all incisions except the intrasulcu-
lar incision, where the rate of streaming was about the
same from both wound edges.39 In some incision samples
in the Baylor studies, the epithelium was seen migrating
to different depths along the wound edges into the con¬
nective tissue, similar to descriptions by Ordman and
Gillman.39,63

An epithelial seal is established when epithelial cells
from both wound edges come in contact with each other.
Once the epithelial seal becomes a few cell layers thick,
it is called an epithelial bridge, and its cells begin to dif¬
ferentiate again, undergoing rapid mitosis to re-form
the layers of the epithelium.42 The Baylor study showed

Phase II: Epithelial healing

“The key to rapid wound healing is early epithelialization
of the incisional wound surface.”56 This statement sum¬
marizes the foundational concept that epithelial healing
is essential for connective tissue healing.63 Establishment of
an epithelial seal enhances connective tissue healing, which
in turn enhances epithelial maturation. The key event of
epithelialization occurs early in oral wounds in part due
to cytokines and growth factors present in saliva.33,36

This process of epithelialization begins with epitheli¬
al streaming. Mobilization of epithelial cells is caused by
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Fig 14-2 Epithelial healing, fa,) Epithelial streaming (arrow) from the unflapped wound edge in the vertical incision 2 days after surgery. Remnants of the
surface coagulum (SC) are seen above the epithelium (h&e stain; magnification x66). (b) A multilayer epithelial seal (arrow) in the vertical incision 2 days after
surgery. Surface coagulum (SC) is evident above the seal, and the fibrin clot (FC) is seen below (h&e stain; magnification X66). (c) Epithelial bridging across
the vertical incision 3days after surgery. Epithelial cell downgrowth into the incision has occurred, but identifiable layers of the epithelium have not yet formed
(h&e stain; magnification X33). (d) Epithelial barrier (EB) formation in the vertical incision 3 days after surgery. Identifiable layers of the stratified squamous
epithelium are evident. Note the epithelial invagination in the incision path (arrow) (h&e stain; magnification X33).

ducted at Baylor, the epithelial barrier occurred within 48
to 72 hours39 (Fig 14-2). Mittleman et al59 showed epi¬
thelial barrier formation in oral mucoperiosteal tissues of
human volunteers as early as 36 hours after wounding.

the epithelial seal present as early as 24 to 48 hours and
epithelial bridging as early as 48 hours.39 Mittleman et

al59 showed epithelial seal formation between 21 and 28
hours in human volunteers. As discussed earlier, the PMN
was the prominent inflammatory cell at 24 hours and
was significantly reduced by 48 hours. This reduction in
PMNs was facilitated in part by the formation of the epi¬
thelial seal/bridge, which decreased the access of bacteria
from the oral environment to the wound site, reducing
the inflammatory mediators attracting PMNs to the area.

The epithelial barrier develops as epithelial cells ma¬
ture into identifiable layers of stratified squamous epithe¬
lium. A well-established, multilayered epithelial barrier
prevents the entry of oral irritants, inhibits fluid and nu¬

trient loss, and increases wound strength.52,55,56 Once this
barrier is formed, connective tissue healing progresses
quickly. There is significant interplay between epithelial
healing and connective tissue healing. In the studies con-

Phase III: Connective tissue healing

As mentioned earlier, the progression of connective tissue
healing is directly related to the formation of the epithe¬
lial seal and the maturation of the epithelial barrier.39,63

With protection from the epithelial barrier, microorgan¬
isms are kept at bay, and the tissues remain hydrated
and the nutrients contained. In this environment, macro¬
phages release factors that mobilize fibroblasts from un¬
differentiated ectomesenchymal cells in the perivascular
tissues around the wound site44,62,64 (Fig 14-3).
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Fig 14-3 Connective tissue healing, (a) Viable root-attached tissues (RA; epithelium and connective tis¬
sue) in the intrasulcular incision 4 days after surgery. An epithelial barrier (EB) has formed. The arrow shows
the incision path (h&e stain; magnification X13). (b) There is no evidence of apical epithelial migration along
the root surface. Both wound edges— root-attached tissues (RA) and flapped tissues (F)— contributed to
the formation of the epithelial barrier (EB). Note the slight artefactual separation from the root. CB, crestal
bone (h&e stain; magnification X33). (Reprinted from Harrison56 with permission.)

Fibroplasia and angiogenesis As macrophages decline and fibroblasts become the
dominant cell in the wound site, the transition from a
granulomatous tissue (of inflammatory cells and infiltrate)
to a granulation tissue (of fibroblasts and high vascular¬
ity) has occurred.54 This progression indicates successful
connective tissue healing.42 As the granulation tissue or¬
ganizes and collagen aggregates, it becomes more fibrous.
Concurrently, the ground substance is also undergoing a
process of gelation.52 At this point the wound site con¬
tains a high number of fibroblasts and less dense collagen
fibers compared with the surrounding tissues.42

Fibroblasts and undifferentiated ectomesenchymal cells
synthesize ground substance (glycosaminoglycans and
glycoproteins) and thin, delicate, first-formed Type III col¬
lagen (reticulin). The Baylor study showed reticular fiber
formation 2 days following surgery and within 24 hours
of epithelial seal/bridge formation.39 This is remarkable,
and given the limits of the light microscope, it is likely
that collagen is produced even earlier than was visible.39
As fibroblasts generate extracellular Type I collagen, mac¬
rophages are stimulated to produce angiogenesis factors.
These factors induce endothelial cells and smooth muscle
cells to migrate to the area.43,54 The early neovasculariza¬
tion that results is haphazardly organized and is found
on the periphery of the wound site.52 The transition to
revascularization depends on the maturation of the en¬
dothelial cells, which in turn depends on the production
of collagen by fibroblasts.52,56 This interdependent rela¬
tionship between angiogenesis, fibroplasia (production
of collagen), and revascularization proceeds from the pe¬
riphery of the wound site toward the center, determining
the qualitative and temporal progression of connective
tissue healing60,65 (Fig 14-4).

Phase IV: Maturation and remodeling

The beginning of the maturation and remodeling phase is
signaled by the decreasing numbers of fibroblasts and a
reduction in vascularity in the connective tissue.42 During
this phase, more collagen synthesis than degradation is
occurring as the granulation tissue transitions to fibrous
connective tissue. The overall volume of collagen in the
wound site stays about the same during this transition.66
The highly soluble
deaggregate (depolymerize) and reaggregate (repolymer-

collagen fibers simultaneouslynewer
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Fig 14-4 Fibroplasia and angiogenesis, (a) Early Type III (reticular) collagen
visible 2 days after surgery. Type III collagen (arrows) forms prior to Type
I collagen (reticulin stain; magnification X132). (Reprinted from Harrison56
with permission.) (b) As fibroblasts and undifferentiated ectomesenchymal
cells enter the coagulum, granulomatous tissue transitions to granulation
tissue (h&e stain; magnification X132). (c) As the clot organizes and col¬
lagen molecules are released extracellularly, angiogenesis proceeds from
the periphery toward the center of the wound. Note the neovascularization
(arrows) present at 2 days (h&e stain; magnification x132).
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Fig 14-5 Maturation and remodeling of epithelium and connective tissue, (a) Incision 2 days after surgery showing a newly formed epithelial seal (h&e stain;

magnification X33). (b) Incision 28 days after surgery with excellent healing of epithelium and connective tissue (h&e stain; magnification X33).

ize), changing in orientation from parallel to the plane
of the wound to more like that of the surrounding tis¬
sues.62,66 There is a progression toward greater fiber
strength through the crosslinking, along with an increase
in fiber size and decrease in fiber solubility.53,62 This pro¬

cess slows to the normal remodeling rate in the lamina
propria as the tissue architecture and number of fibro¬
blasts approaches that of the surrounding tissue56 (Fig
14-5).
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Fig 14-6 The periosteum does not survive flap reflection, (a) The periosteum is destroyed within 24 hours of flap elevation as seen in this dissectional
wound. A thin fibrin ciot (FC) separates the base (B) of the flap with its depolymerized collagen from the cortical bone (CB). Depoiymerized cortical retained
periosteal tissues (CP) remain on the bone surface (h&e stain; magnification x33), (b) A closer view of the CP with depolymerized collagen and intact
Sharpey fiber attachments (arrows) to vital CB. Surface lamellae under CP contain vital osteocytes (h&e stain; magnification X66). (c) The base of the flap 2
days after surgery showing that the periosteum did not survive. Cells of the osteogenic layer of the periosteum were destroyed, and collagen of the fibrous
layer (F) became depolymerized (h&e stain; magnification x66).

Oral wounds scar less frequently than skin wounds.
However, when wound edges are not well approximated,
an intraoral scar may form. The exact cause of scar for¬
mation is unclear, but it has been postulated that low ox¬
ygen tension in a larger collagen mass may induce a high¬
er collagen polymerization rate than normal.67 Another
theory is that mature scar collagen binds less water, mak¬
ing it resistant to degradation and depolymerization.68

denuded cortical bone.69 During flap reflection, mechani¬
cal forces are applied in an imprecise way, creating dam¬
age to both the flap and the cortical bone.

The periosteum does not survive the forces of flap
reflection.40 The cells of the osteogenic layer (cambium
layer) no longer exist after flap reflection, and the fibrous
layer remains microscopically identifiable as a mass of de¬
polymerized collagen. The Baylor study showed that the
periosteum on the base of the flap was destroyed within
24 hours of flap elevation.40 Other researchers have noted
this lack of periosteum following flap reflection.70-73 The
Baylor study also showed the periosteum re-forming by
day 14; by day 28, the periosteum appeared normal with
osteogenic and fibrous layers40’70,71 (Fig 14-6).

The imprecise blunt dissection of the flap leaves unpre¬
dictable amounts of tissue remnants on the cortical plate.
The cells of the osteogenic layer do not survive in these
cortical retained periosteal tissues, and the collagen be¬
comes depolymerized, though it remains attached to the
cortical bone associated with Sharpey fibers.40

The presence of opposing depolymerized collagen
masses (the base of the reflected flap and cortical retained
periosteal tissues), is thought to contribute to the rapid

The Dissectional Wound

The dissectional wound is created using a periosteal el¬
evator to separate the full mucoperiosteal flap from the
cortical bone to gain access to the periradicular tissues.
The healing of the dissectional wound is rapid, but it is
slower than that of the incisional wound. Unlike the in¬
cisional wound, which has two wound edges of similar
tissues contributing to healing, the dissectional wound
edges are of dissimilar tissues, with one wound edge— the
lamina propria of the base of the flap— contributing to

healing without help from the second wound edge, the
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Fig 14-7 Protective role of cortical retained periosteal tissues, (a) Cortical bone (CB) below cortical retained periosteal tissues (CP) contains vital osteo-
cytes. In areas where CP are absent, lacunae lack osteocytes (arrows) (Masson trichrome stain; magnification x66). (Reprinted from Harrison56 with permis¬
sion). (b) CB with CP 14 days after surgery. Collagen in the wound site (WS) is repolymerizing with collagen of the CP associated with Sharpey fibers (arrows)
(Masson trichrome stain; magnification x33).
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Fig 14-8 Re-formation of the periosteum, (a) Granulation tissue (G) in the wound site organizes. CB, cortical bone, (b) The osteogenic (cellular) layer of the
periosteum (arrows) re-establishes itself adjacent to the CB and may be several cell layers thick. The outer fibrous layer (F) matures, (c) Osteoclastic activity
(arrows) removes necrotic surface lamellae, exposing collagen for new attachment. Osteoblastic activity may follow osteoclastic activity in some areas, (d)
Collagen of the fibrous layer (F) matures, and the cellularity of the osteogenic layer (arrows) decreases. (All parts 28-day dissectional wound stained with
Masson trichrome stain; magnification x66.)
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The Excisional Wound

ing by day 14 and remodeling and maturation continuing
through day 28.40’70’71

reattachment of flapped tissues to bone rather than new
attachment, in areas where these retained fibers occur.40
Researchers Klein and Weiss66 showed that under appro¬
priate conditions, collagen may depolymerize into sub¬
units, remain in the wound site, and then rapidly reag¬
gregate to form new collagen.48 This likely explains the
rapid reattachment of the base of the flap to existing
Sharpey fibers without the intervening osteoclastic and
osteoblastic activity required to establish new attachment
(Fig 14-7).

Interestingly, cortical retained periosteal tissues pro¬
vide some sort of a protective role against osteoclastic ac¬
tivity and surface bone necrosis. Osteocytes are noted in
the surface lamellae underneath cortical retained perios¬
teal tissues.40 In areas without cortical retained periosteal
tissues, essentially a denuded cortical plate, the lacunae
were empty, suggesting surface lamellar necrosis.40

Osteoclastic and osteoblastic activity along the peri¬
osteal surface of the cortical plate was not observed until
14 days following surgery.40 When observed, this activity
was limited, irregular, and delayed and was never seen
where cortical retained periosteal tissues existed.40 It is
postulated that the delay in osteoclastic and osteoblastic
activity resulted because the cells of the osteogenic layer
of the periosteum were completely disrupted with flap el¬
evation and required time to re-form. Also, the clot under
the base of the flap required time to transition to granu¬
lation tissue before osteoclastic and osteoblastic activity
was seen.40 Given the minimal amount of resorption and
repair evident on the cortical plate, it is likely that the
purpose of this activity is to access collagen for new at¬

tachment.56 In support of the Baylor studies, Craig and
Harrison70 and Creel71 also showed limited osteoclastic
activity at 14 days (Fig 14-8).

Evidence of Type III collagen formation in the dissec-
tional wound at 2 days is significant.40 The matrix pro¬
vided by Type III collagen helps in the formation of Type
I collagen. As previously discussed, extracellular collagen
produced ahead of microvessel formation triggers mac¬
rophages to produce angiogenesis factors, which in turn

stimulates smooth muscle cells and endothelial cells to

migrate, resulting in angiogenesis.69 The interplay be¬
tween collagen production and revascularization clearly
contributes to early wound healing. The Baylor studies
showed advanced healing in the dissectional wound by
the fourth postsurgical day,40 with nearly complete heal-

The Excisional Wound

In the third Baylor study,41 the excisional bony defect
was examined as a separate entity, and root structures
were not involved. This allowed concentration on osse¬
ous wound healing without introducing other variables.
Postsurgical observation periods of 1 to 4 days, 14 days,
and 28 days proved fruitful for evaluating the soft tissue
incisional and dissectional wounds; however, key biologic
events in osseous wound healing occurred between days
4 and 14 and were not evaluated in this study.39,40’41

When an excisional defect is created using a rotary in¬
strument in a high-speed handpiece, wound edges cannot

be reapproximated because the tissues have been inten¬
tionally removed. As a result, the wound heals by sec¬
ondary intention. A disorganized coagulum with widely
spaced fibrin strands fills the defect. This haphazard ac¬
cumulation of fibrin strands, erythrocytes, tissue debris,
and scattered inflammatory cells provides an initial bar¬
rier to healing rather than migratory pathways for the
inflammatory and reparative cells.41 Within 2 to 4 days of
the initial wounding, granulation tissue emanating from
the exposed endosteal tissues (and also from the PDL
when root-end resection is involved) occurs.56 By day 3,
inflammatory cells (PMNs and macrophages) and repar¬
ative cells (undifferentiated ectomesenchymal cells, fibro¬
blasts, and fibroblast-like cells) are seen migrating into
the coagulum from the deeper internal periphery endos¬
teal tissues. Occasionally, cells are contributed from the
overlying mucoperiosteal tissues. Cortical and trabecular
(cancellous) bone of the wound edges appeared devital¬
ized and without osteocytes in the peripheral lacunae.41
Endosteal tissues continue proliferating into the coagu¬
lum on day 4 from the deeper, internal intertrabecular
spaces. Inflammatory and reparative cells precede the
proliferating endosteal tissues with additional inflamma¬
tory and reparative cells entering from the overlying mu¬
coperiosteal tissues. Healing proceeds from the periphery
of the defect centrally and from the deeper internal sur¬
face toward the external location of the previous cortical
plate41 (Fig 14-9).
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.'V Fig 14-9 Early osseous excisional wound healing, (a) Coagulum (C) in the
excisional osseous defect 3 days after surgery contains disorganized fibrin
strands, entrapped cells, and tissue debris. Empty lacunae (white arrows)
and a hyperchromatic zone (black arrow) indicate bone devitalization along
the osseous wound edge (B) (h&e stain; magnification X13). (b) Proliferation
of endosteal tissues (E) into the coagulum (C) of the excisional defect 4 days
after surgery (h&e stain; magnification X33). (c) Healing front entering the
coagulum (C) of the bone hole from endosteal (E) tissues 4 days after sur¬
gery. Note the developing neovasculature (h&e stain; magnification X132).
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By day 28, the woven bone trabeculae were more ma¬
ture and coalescing, occupying slightly more area than
the endosteal tissues. The re-forming periosteum plays an
active role in repair of the cortical plate, with cells similar
to the osteogenic layer of the periosteum depositing os¬
teoid on the outer periosteal surface of the trabeculae.41
This was interpreted as the beginning of the re-formation
of the cortical plate.41’73 Within 16 to 20 weeks, matura¬

tion and remodeling of bone in the excisional defect was
complete56 (Fig 14-11).

By day 14, multiple woven bone trabeculae filled near¬
ly four-fifths of the excisional defect. Woven bone was
seen forming by direct appositional growth onto the de¬
vitalized cortical and trabecular bone of the wound edge
in all 14- and 28-day specimens.41 Spatz similarly noticed
this lack of resorption prior to apposition of new bone
on excisional defects in the mandibles of dogs.74 Super¬
ficial new woven bone trabeculae were in contact with
a dense band of cellular connective tissue separating the
excisional wound from the mucoperiosteal tissues. This
connective tissue band is referred to as the delimiting
membrane,41 This has been identified as the early re¬
forming periosteum by other investigators70,73 (Fig 14-10).
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Fig 14-10 Osseous excisional wound healing at 14 days, (a)
Coagulum has been replaced by endosteal tissue and new bone
14 days after surgery. Woven bone trabeculae (black arrows) are
seen within the endosteal tissue. Appositional bone growth (white
arrows) is seen on devitalized cortical bone of the wound edge.
LP, lamina propria of the alveolar mucosa (h&e stain; magnification
x13). (b) The surface trabeculae (ST) are in contact with connec¬
tive tissue (CT) of the re-forming periosteum. The arrows indicate
appositional bone growth (h&e stain; magnification X33). (c) Large
osteocytes (white arrow) occupy lacunae, and active osteoblasts
(red arrow) surround the new trabeculae. BS, bone sliver (h&e stain;
magnification x66).
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Fig 14-11 Osseous excisional wound healing at 28 days, (a) Wo¬
ven bone trabeculae are coarser, fill more of the defect, and are
bordered by fewer active osteoblasts than at 14 days (h&e stain;
magnification x13). (b) The surface trabeculae (ST) have coalesced
and are in contact with the fibrous connective tissue (CT) of the
re-forming periosteum. Cells are depositing osteoid on the outer
periosteal surface (white arrows) of the trabeculae and on the inner
endosteal surface (black arrows) (h&e stain; magnification X66). (cj
Maturing woven bone attached to devitalized bone (DB) at 28 days.
Note the absence of osteocytes in the lacunae of devitalized bone
(h&e stain; magnification X33).
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Research Observations and
Their Clinical Implications

Dentoalveolar Healing

A discussion of wound healing would not be complete
without including details of apical dentoalveolar healing.
Additional studies at Baylor and elsewhere have helped
to illuminate this process.70,75,76

The pluripotent cells of the PDL and the endosteum
contribute to healing in the area of the resected root
end.70,75 Alveolar healing primarily results from endosteal-
derived tissues.70,75 The re-establishment of apical attach¬
ment apparatus or dentoalveolar healing results from
PDL-derived tissues.70

Craig and Harrison resected root ends in the dog mod¬
el, demonstrating the formation of granulation tissue
originating from the PDL by 4 days and encapsulating
the root end by 8 days.70 Cementum deposition on resect¬
ed root ends in the control group was seen at 16 days,
though functional apical attachment apparatus had not

re-formed at 45 days.70 In this study, the experimental
group, with resected root ends demineralized with citric
acid, showed significantly earlier cementogenesis by 12
days, with more than 50% of the resected surface cov¬
ered with cementum by 16 days, and overall earlier den¬
toalveolar healing completed by 45 days.70 This is likely
explained by the removal of the smear layer on the resect¬

ed root ends with citric acid, exposing cementogenesis-
inducing collagen in the dentin and cementum.70 This
supports the demineralization of resected root ends with
citric acid during periradicular surgery.70

The process of re-establishing the PDL begins as wo¬
ven bone trabeculae form near the encapsulating gran¬
ulation tissue of the resected root end. Osteoblasts de¬
posit osteoid on the side of the trabeculae closest to the
granulation tissue between 30 and 45 days after root-end
resection.70 This induces the osteogenic activity of the
functioning PDL.70

As alveolar healing progresses in these excisional sites,
new woven bone is deposited directly on devitalized tra¬

becular and cortical bone on the periphery of the defect
without osteoclastic activity, similar to that seen in the
earlier Baylor studies.40,41 Woven bone trabeculae fill
the excisional site beginning deep and internal to the
defect, progressing externally toward the level of the
preexisting cortical plate.40,41,70 Re-establishment of the
functional periosteum occurred with contact of the newly
formed woven bone trabeculae to the delimiting mem¬
brane. Between 30 and 45 days, the cortical plate forms
and remodels.70 Other studies in monkeys have demon¬
strated nearly complete regeneration of the cortical plate
and repair of the apical periodontium by 16 weeks.75,76

Incisional wound39

•Healing responses of the mucoperiosteal tissues to incisional
wounding in periradicular tissues are remarkably fast.

•The intrasulcular incision leaves a thin layer of vital
tissues attached to the supracrestal root surfaces. This
root-attached connective tissue and epithelium are of¬
ten not clinically visible.

•With close flap reapproximation and the formation of a
thin fibrin clot in the wound site, apical epithelial down-
growth along the root surface does not occur if the vi¬
tality of the root-attached tissues is maintained during
periradicular surgery. Loss of soft tissue attachment lev¬
els following periradicular surgery is preventable.

•In the presence of root-attached tissues, the temporal
and qualitative wound healing in the intrasulcular in¬
cision is essentially the same as that of other incisional
wounds evaluated in the study.

•Vitality of root-attached tissues can be predictably main¬
tained by (1) initiating the flap in the vertical incision in
the attached gingiva using an undermining elevation to

reflect the flap; (2) avoiding curettage of the supracrest¬
al root surfaces; and (3) preventing dehydration of these
tissues with frequent irrigation.

•Preservation of root-attached epithelium promotes rapid
epithelial seal formation. Preservation of root-attached
connective tissue enhances connective tissue reattach¬
ment rather than new attachment.

•In the vertical incisions of full mucoperiosteal flaps,
epithelial closure occurs rapidly, with a multilayer ep¬
ithelial seal established at 24 to 48 hours and epithelial
barrier formation occurring between 48 and 72 hours.

Dissectional wound40
•The elevated periosteum is destroyed by the reflective

forces of dissectional wounding. The cells of the osteo¬

genic (cambium) layer do not survive flap reflection, and
the collagen of the fibrous layer becomes depolymerized
but remains a microscopically identifiable structure at

the base of the flapped tissues during the early phases of
wound healing (Fig 14-12).

•Cortical retained periosteal tissues remain on the cor¬
tical surface in unpredictable amounts after flap re¬
flection. Periosteal cells of the osteogenic layer do not

survive in the cortical retained tissues, and the collagen
becomes depolymerized but remains attached to the
cortical bone associated with Sharpey fibers.
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Fig 14-13 Bone sliver (BS) 14 days after surgery. Bone slivers dis¬
lodged from the cortical surface by the periosteal elevator during
flap elevation are well tolerated in the flap. LP, lamina propria; CT,
newly forming periosteum (h&e stain; magnification X66).

Fig 14-12 The periosteum does not survive flap reflection but re¬
mains a microscopically discernable band of depolymerized col¬
lagen (DC) at the base of the flap. CB, cortical bone (h&e stain;
magnification X33).
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Fig 14-14 Importance of compression, (a) A well-compressed, thin fibrin clot with parallel fibrin strands provides migratory pathways for
inflammatory and reparative cells (Masson trichrome stain; magnification x66). (b) A thick clot or coagulum with widely spaced, haphazard
fibrin strands delays wound healing (Masson trichrome stain; magnification X33).

•Within the osseous defect, new bone is deposited on
devitalized bone without evidence of preceding osteo¬

clastic activity.

•Fourteen days postsurgery, woven bone trabeculae occu¬
py most of the defect with the more superficial trabecu¬
lae in direct contact with the thick band of dense fibrous
connective tissue, the early re-forming periosteum.

•At 28 days, woven bone trabeculae are more mature,

and a functioning periosteum is now active in repairing
the cortical plate.

•The periosteum does not function in cortical bone re¬
pair until the excisional wound is nearly filled with wo¬
ven bone trabeculae.

•Cortical retained periosteal tissues apparently exert some
protective influence, which prevents necrosis of surface
lamellae in underlying cortical bone.

•Crestal bone osteoclastic activity occurs following reflec¬
tion of full mucoperiosteal flaps. However, osteoblastic
repair occurs, and crestal bone height is not altered.

•Reflective forces exerted with a periosteal elevator cause
dislodgement of bony slivers from the surface of corti¬
cal bone that may become embedded in the base of the
flapped tissue.When this occurs, these bony slivers seem
well tolerated (Fig 14-13).

Osseous excisional wound41

•Coagulum filling the bony defects is replaced by granu¬
lation tissue originating from endosteal tissues.

•Cortical and trabecular bone forming the wound edges
of the excisional defect is devitalized and without os-
teocytes in the lacunae. This peripheral devitalization is
likely the result of penetrating the interdental cortical
plate with a #10 round bur.

Clinical Applications

•Compression of the flap following suture placement
helps create a thin fibrin clot, which enhances early

wound healing (Fig 14-14).
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Fig 14-15 Importance of the preservation of attached tissues, (a) Root-attached epithelium and connective tissues (RA) and
flapped tissues (F) of the intrasulcuiar incision 1 day following surgery. Artefactual separation along the incisional line permits clear
visualization of these two wound edges, both of which contribute to healing (h&e stain; magnification X13). (Courtesy of Dr D. C.
Loth, Fort Worth, Texas.) (b) Cortical retained periosteal tissues (CP) in the dissectional wound 2 days after surgery. Two wound edg¬
es— the CP and the base of the flap (B)— contribute to reattachment, resulting in earlier wound healing (Masson trichrome stain;
magnification X33).
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Fig 14-16 inflammatory cells and tissue break¬
down in the marginal gingiva (arrows) 2 days fol¬
lowing surgery. This damage was produced by an
improper reflection technique in the fragile margin¬
al gingiva (h&e stain; magnification X13).

Fig 14-17 Inflammatory ceils and general tissue breakdown 2 days fol¬
lowing surgery. A Minnesota retractor impinged on the alveolar mucosa,
resulting in this tissue damage (h&e stain; magnification X33).
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Fig 14-18 Suture tract showing inflammation, (a) Inflammation (arrows) on the apical side of the suture tract 1 day following surgery. Suture (S) material
acts as aforeign body until removed (h&e stain; magnification X13). (b) A closer view of inflammation associated with a suture (h&e stain; magnification X33).

•Preservation of root-attached epithelium and connec¬
tive tissue and cortical retained periosteal tissues aids
in early reattachment. Bleeding “tissue tags”should not

be curetted away. These retained fibers can be preserved
with frequent hydration using sterile physiologic saline
during surgical procedures (Fig 14-15).

•Avoid reflective damage to fragile marginal gingiva by
initiating flap reflection in the attached gingiva of the
vertical incision, using the undermining elevation tech¬
nique for flap reflection (Fig 14-16).

•Avoid retraction force damage to tissues by ensuring
that retractors do not impinge on alveolar mucosa or
other tissues during surgical procedures (Fig 14-17).

•When creating the excisional wound, damage to osseous
tissues from frictional heat can be minimized by using
round burs at high speed with water or saline coolant,
while performing a superficial shaving or brush stroke
technique with minimal hand pressure.41

•Consider early suture removal at 5 days.The gingival sul¬
cus and the interdental gingiva (col) were highly inflamed
in many tissue samples.
foreign body to an already inflamed area (Fig 14-18).

endodontic surgical procedures. Regenerative techniques
will benefit both surgical as well as nonsurgical endodon¬
tic procedures. Successful regenerative therapy requires
three components: (1) a source of precursor stem cells
(PDL stem cells, dental papilla stem cells, pulpal stem

cells, etc), (2) the presence of biologic mediators, and (3)
appropriate scaffolding/matrices (collagen, dentin, syn¬
thetic materials like mineral trioxide aggregate [MTA],
hydrogel, bone replacement grafts, etc).77"79 Manipulating
these variables to regenerate tissues of the periodontium
is a reality in dentistry today and an active area of re¬
search.

Although there are numerous biologic mediators with
various influences on regenerative healing, this review
discusses two well-studied, long-standing, safe-to-use
classifications of biologic mediators: enamel matrix de¬
rivatives (EMDs) and PDGF. These products are com¬
mercially available as Emdogain Gel (Straumann) and
Gem-21 (Osteohealth), respectively. Clinicians should be
aware that these mediators have short half-lives and that
the regenerative events they induce occur after they are
gone.78 Bone morphogenetic proteins have demonstrat¬
ed mixed results, including healing with ankylosis and
root resorption, and are not discussed here.80 Platelet-rich
plasma requires centrifugation of a patient’s own blood,
resulting in a high concentration of biologic growth fac¬
tors and cytokines that likely enhances wound healing.81
However, both promising and contradictory results indi¬
cate that its use requires further study, so it is not dis¬
cussed here.

Matrices and scaffolding including bone replacement
grafts and barrier membranes have been thoroughly dis-

Sutures add an additional39-4 1

Future Healing: Tissue
Engineering and Regenerative
Therapy

Concepts and techniques used in periodontal regenerative
therapy offer possibilities for enhancing and advancing
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combination of PDGF and insulinlike growth factor.92’93
PDGF is a potent mitogenic and chemotactic factor for
mesenchymal cells78 and stimulates the periodontal re¬
generation of bone, cementum, and PDL.78,82,92-96 PGDF-
BB is the best of the PDGF isomers in promoting colla¬
gen synthesis.96 PDGF-BB alone or in combination with
other growth factors is a strong mitogenic and chemo¬
tactic agent for cells of the PDL and alveolar bone.92,94’96

The safety and efficacy of recombinant human PDGF-BB
(rhPDGF-BB) has been well established.95

A plethora of studies in the periodontal literature
support the many regenerative capacities of EMD and
PDGF-BB. Long-term clinical improvements for patients
have been seen with both of these biologic mediators
when combined with periodontal surgical procedures to
treat intrabony defects, supra-alveolar defects, and reces¬
sion. There is also interest in combining these mediators
with other therapies for addressing peri-implantitis.

cussed in the periodontal literature by Kao et al78 and
nicely summarized in an endodontic review article by
Bashutski and Wang.82 The reader is referred to these
works for more information. Biologically active matrices

and graft materials can interplay with biologic media¬
tors, furthering the complexity of tissue engineering. An
interesting recent case report details the first 3D-printed
bioresorbable polymer scaffold used to treat a case of ag¬
gressive periodontitis.83 Though the 3D matrix failed at

14 months, it highlights the ingenuity being applied to

regenerative periodontal therapies.

Enamel matrix derivatives
EMDs have garnered much attention since the original
works published by Lars Hammarstrom84’85 demon¬
strated true histologic regeneration of periodontal tissues
with their use.86’87 The major component of EMD,
harvested from developing porcine teeth, is the protein
amelogenin,84,86 which is secreted by Hertwig epithelial
root sheath during tooth development.78,84,85’88’89 Amelo-
genin was originally thought to be enamel specific, but it
is now known to have a broader spectrum. Amelogenin
is responsible for the differentiation of periodontal tis¬
sues, including cementum, PDL, and alveolar bone, as
well as an increase in PDL cell activity.84,85 EMD stimu¬
lates the differentiation of mesenchymal cells, including
osteoblasts.78,89 Lesser components in EMD include other
enamel matrix proteins, such as enamelins, tuftelin, amelin,
and ameloblastin.88 Emdogain Gel, containing amelo¬
genin as the primary active component,90 has been used
safely for over 20 years.87,91

Two outstanding review articles in the periodontal
literature on EMDs summarize the actions, physiology,
and uses of EMD.86,87 EMDs mitigate the inflammatory
response by reducing the production of interleukins and
by increasing the ability of PMNs to clear bacteria and
tissue debris from the wound site.86 EMDs have also been
shown to promote wound healing by stimulating fibro¬
plasia, extracellular matrix production, and angiogene¬
sis.86 A recent in vivo study showed that EMD promotes
postsurgical healing of the mucosal incisional wound
during the proliferative phase of healing.90 EMDs dimin¬
ish osteoclast activity and promote osteoblast growth,
favoring new bone formation over resorption.86

Periodontal uses
The combination of EMDs and bone grafting materials
has been effective in treating intrabony defects.87,97 A new
liquid EMD carrier system, Osteogain (Straumann), has
been developed specifically for use with bone grafting
materials in an effort to improve the adsorption of EMD
to various available grafting materials.87 Studies are cur¬
rently underway with this system. Similarly, intrabony
defects and class II furcation defects have been success¬
fully regenerated with the combination of rhPDGF-BB
and a bone allograft.94

When treating supra-alveolar periodontal defects, bet¬
ter regenerative results occur if EMD is used with flap
techniques.87,98 Gingival recession defects are improved
when either EMDs or rhPDGF-BBs are combined with
coronally advanced flap and/or connective tissue graft
procedures.85,95 Soft tissue height, thickness, and keratini-
zation are all enhanced with their use.85,95,99

In a clinical study of 51 cases with peri-implantitis and
recession around implants, EMD was used in combina¬
tion with PDGF, bone grafting materials, and connective
tissue grafts with successful results.100,101 Further con¬
trolled studies are needed87 to clarify the effects of EMD
on peri-implantitis.87 PDGF combined with insulinlike
growth factor accelerated and enhanced osseointegration
of titanium implants, demonstrating its potential for im¬
plant site development.102 A case report of a large defect
successfully grafted with bone allograft and PDGF after
an extraction of a tooth in preparation for implant place¬
ment supports the use of PDGF in implant site prepara¬
tion.81,103

Platelet-derived growth factor
PDGF has also been extensively investigated since the
first study more than 25 years ago demonstrated peri¬
odontal regeneration in both hard and soft tissues using a
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DedicationEndodontic uses
A special debt of gratitude goes to John W. Harrison, DMD, MS,
to whom I am ever grateful for the countless hours we shared over
a teaching microscope.

In the endodontic literature, regenerative procedures us¬
ing EMDs and PDGFs are taking shape through research
and case reports. Creating treatment protocols that strive
for the “triad of tissue engineering,”77 including the avail¬
ability of pluripotent cells, specific growth factors, and
scaffolding, will enhance regenerative outcomes.

EMDs have been used in vital pulp therapy as pulp
capping agents,104 with particular success in combination
with MTA,105 inducing hard tissue formation where ap¬
plied.104 Laboratory-produced recombinant amelogenin
has been used as an apexification agent in necrotic teeth,
demonstrating pulpal regeneration.106 rhPDGF-BB has
also been successfully used to promote continued root

maturation in a necrotic immature molar.107 In cases
where regenerative therapy of this type is indicated, pro¬
cedures should be developed that move away from large¬
ly disinfection-based protocols to those that will support

regeneration.77,108
Given the regenerative abilities demonstrated by EMDs

and PDGFs, it is interesting to think about how biologic
mediators might improve endodontic surgical outcomes.

Earlier establishment of new cementum, a functional
PDL, and new alveolar bone following root-end resection
might improve surgical success rates. An in vitro study
of root-end filling materials showed substantial amounts

of EMD adhering to dentin and composite resin but not

to amalgam or intermediate restorative material.109 Fur¬
ther studies exploring the adherence of EMD or PDGF to

MTA root-end fillings would be of interest.
Iatrogenic repairs following perforation, stripping,

or apical transportation errors might be enhanced by
the use of EMD or PDGF-BB. Difficult-to-heal lesions
of endodontic origin might benefit from the use of these
mediators in combination with scaffolding materials and
membranes. Developmental anomalies such as deep pala-
togingival grooves on maxillary lateral incisors have been
treated successfully through combined surgical therapy
with EMD.110 Placement of EMD under full mucoperi-
osteal flaps prior to wound closure has been shown to

accelerate healing and might prove helpful in compro¬
mised patients.90 It is interesting to note that EMD has
been used successfully to treat other non-oral, hard-to-
heal wounds such as venous leg ulcers, diabetic foot ul¬
cers, and other skin lesions under the proprietary name
Xelma (Molnlycke Health Care).86 In the same manner,
PDGF-BB is also used for the treatment of cutaneous ul¬
cers in the legs of diabetic patients.94 EMDs and PDGFs
deserve more investigation and attention in the endodon¬
tic literature in terms of surgical applications and other
nonsurgical endodontic uses.
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Adjunctive
Procedures

Mahmoud Torahinejad, Tord Lundgren,
Dimitris N. Tatakis, Mohamed I. Fayad

Management of Perforations

Crown perforation

Adjunctive surgical procedures are those that are required
to repair defects that occur in root or furcation areas as
a result of either procedural accidents or pathologic pro¬
cesses. As discussed in chapter 5, performing root canal
treatment can result in mishaps and accidents. The pro¬
cedural accidents include ledge formation, root perfora¬
tion, separated instruments, and underfilled or overfilled
canals. Most of these accidents can be corrected nonsur-
gically. However, when nonsurgical correction of these
accidents is not feasible or practical, periapical surgery is
indicated. Surgical management of some of these mishaps
is discussed in chapter 5.

Traumatic injuries that result in horizontal fractures
may require a surgical approach to retain the remaining
root of a tooth. Pathologic processes may also cause root

defects that may need surgical intervention.These include
caries, periodontal lesions, external resorption, and per¬
forating internal resorption.

The purpose of this chapter is to discuss the etiology,
treatment, and prognosis of perforations and resorptions
and describe root resection, hemisection, tooth replanta¬
tion, and transplantation. In addition, crown lengthening
and graft materials used for some of these procedures are
discussed.

Regardless of tooth type, the pulp chamber is usually
located in the center of the anatomical crown. Lack of
attention to the degree of axial inclination of a tooth in
relation to adjacent teeth and to alveolar bone during ac¬
cess preparation can result in either gouging or perfora¬
tion of the crown or the root at various levels (Fig 15-1).

The location and size of the perforation during access are
important factors in the treatment of crown perforations.
If the defect is located at or above the height of the crestal
bone, it can be easily repaired with restorative materials
such as amalgam, glass ionomer, or composite (Fig 15-2).

The prognosis for this type of perforation is favorable.1,2

When the defect is close to the crestal bone, it should
be externalized by either orthodontic root extrusion or
crown lengthening procedures. Orthodontic root extru¬

sion is generally the procedure of choice for teeth in the
esthetic zone.3-5 Surgical crown lengthening is considered
when esthetics are not an issue or when adjacent teeth
require surgical periodontal therapy. After externalizing
the defect, a full-coverage crown extending apical to the
defect can be constructed.

261

www.konkur.in

Telegram: @dental_k



HH Adjunctive Procedures

RW

b

!»/ I
TIN ;

I

Fig 15-1 Lack of attention to the degree of ax¬
ial inclination of a mandibular second premolar
in relation to the alveolar bone during access
preparation has resulted in a perforation of the
crown at the cementoenamel junction.

Fig 15-2 (a) Preoperative radiograph of a mandibular premolar with coronal root perforation, (b) Ra¬
diograph taken after removal of a silver point from the perforation site and locating of the root canal, (c)
Postoperative radiograph after completion of root canal
repair of the coronal perforation with amalgam.

treatment, (d) Postoperative radiograph after

Root perforationsFurcation perforation

Root perforations usually start with a ledge formation.
The major causes of ledge formation include inadequate
straight-line access into the canal, inadequate irrigation
or lubrication, excessive enlargement of a curved canal
with files, and packing debris in the apical portion of the
canal. Once created, ledged canals are difficult to manage.
If the ledge cannot be negotiated, cleaning and shaping of
the existing canal space is completed at the new working
length, and the canal is obturated to the new length. The
prognosis for a root canal-treated tooth with a ledge de¬
pends on the amount of debris left in the uninstrument¬
ed and unfilled portion of the canal. Many ledges can be
corrected nonsurgically. However, there are situations in
which the ledge can only be corrected through a surgi¬
cal approach. The surgery consists of raising a soft tissue
flap, performing an osteotomy, removing the root apical
to the ledge formation, and sealing the apical portion of
the remaining root (Fig 15-5).

Root perforation can occur at different levels during
cleaning and shaping of the root canal systems. Root per¬
foration can be apical, midroot, or coronal.

Maxillary and mandibular molar teeth with calcified
pulp chambers have the greatest potential for furcation
perforations. When a perforation occurs in these teeth,
the defect should be repaired internally with a nonsurgi-
cal approach (Fig 15-3). Surgical procedures are reserved
for instances when nonsurgical repair is not a treatment

option or the attempted nonsurgical repair has been
unsuccessful. When surgery is indicated, after raising a
buccal mucoperiosteal flap, the furcation is curetted com¬
pletely and the defect is repaired. It is critical to preserve
the coronal bone during the surgery to avoid develop¬
ment of a periodontal defect (Fig 15-4). In cases where
the coronal bone is removed or absent, placement of a
resorbable membrane will help prevent development of a
periodontal defect. In an animal study, Dean et al6 report¬

ed excellent healing when the perforation was repaired
surgically and the defect site was filled with decalcified
freeze-dried bone or blood covered with a periodontal
membrane. Poor results were reported when only the
perforation was repaired and the other two procedures
were not performed. If the perforation is not repairable
or accessible by a surgical approach, hemisection, bicus-
pidization, root amputation, or tooth replantation should
be considered. The prognosis for surgically treated teeth
is guarded because of the increased technical difficulty as¬
sociated with restorative procedures and demanding oral
hygiene requirements. The remaining roots are prone to
caries, periodontal disease, and vertical root fracture.

Apical root perforation

Instrumentation of the canal beyond the apical constric¬
tion results in apical root perforation. Establishing a new
working length,creating an apical seal,and obturating the
apical portion of the canal with MTA to its new working
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Fig 15-3 (a) Preoperative radiograph of a man¬
dibular molar with a furcation perforation and a
large furcal lesion, (b) Postoperative radiograph
of the tooth after root canal treatment, (c) Post¬
operative radiograph of the tooth after repair of
the perforation with mineral trioxide aggregate
(MTA). (d) Postoperative radiograph 9 months
after treatment showing excellent healing. The
tooth had no clinical symptoms and no abnor¬
mal periodontal pockets.
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Fig 15-4 (a) Preoperative radiograph of a
maxillary first moiar with a furcation perforation
and a large amount of gutta-percha extruded
in the furcation, (b) Postoperative radiograph of
the tooth after raising a buccal mucoperiosteal
flap, preserving the coronal bone, curetting the
furcation, and repairing the defect with MTA. (c)
Postoperative radiograph of the tooth after 1
year, (d) Postoperative radiograph of the tooth
after 3 years.
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Fig 15-5 (a) Preoperative radiograph of a max¬
illary first molar with inadequate root canal treat¬
ment in the distobuccal root and ledge forma¬
tion in the mesiobuccal root, (b) Postoperative
radiograph after surgery to correct these inad¬
equacies.
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Fig 15-6 (a) Preoperative radiograph of a max¬
illary second premolar with an overfill into the
maxillary sinus, (b) Postoperative radiograph af¬
ter surgery to remove the overfill and placement
of MTA as a root-end filling material.
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Fig 15-7 (a) Preoperative radiograph of a mandibular premolar with midroot post perforation, (b) Postoperative radiograph after root canal treatment,
placement of a post in the canal, and repair of the perforation with MTA. (c) Postoperative radiograph 3 years later showing resolution of the lateral lesion.
The tooth had no clinical symptoms. (Courtesy of Dr Noah Chivian, West Orange, New Jersey.)
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Fig 15-8 (a) Preoperative radiograph
of a maxillary lateral incisor with coro¬
nal post perforation, (b) Postoperative
radiograph after rotation of the tooth in
its socket and repair of the mesiolingual
perforation with MTA. (c) Postoperative
radiograph 5 years after treatment show¬
ing complete healing. The tooth had no
clinical symptoms and was an abutment
for a partial denture.

w
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segment of the canal, establishing a new working length
confined to the root. Like ledge formation, the prognosis
of lateral perforation depends mainly on the amount of
remaining undebrided and unfilled canal. When nonsur-
gical treatment of midroot perforations is not possible or
fails, surgical treatment should be attempted. Corrective
surgery consists of raising a soft tissue flap, performing
an osteotomy, and sealing the midroot perforation.

length usually results in good outcomes. If unsuccessful,
sealing of the apex by surgical approach should be con¬
sidered. The surgery consists of raising a soft tissue flap,
performing an osteotomy, and sealing the apical portion
of the root (Fig 15-6).

Midroot perforation

The inability to maintain canal curvature is the major
cause of lateral root perforation. The treatment of lateral
root perforation consists of negotiating the original canal
anatomy and obturation of the entire root canal system
(Fig 15-7). If unsuccessful, the operator should concen¬
trate on cleaning, shaping, and obturating the coronal

Coronal root perforations

Coronal root perforations occur during access preparation
when the operator tries to locate canal orifices, or during
coronal flaring when the operator uses rotary instruments
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Fig 15-9 (a) Preoperative radiograph of a central incisor
with coronal external root resorption, (b) Cone beam com¬
puted tomography (CBCT) image showing the extent of the
resorption, (c) Clinical photograph of the resorption, (d) The
extent of the defect after raising a soft tissue flap and clean¬
ing the defect, (e) Postoperative radiograph after repair of
the defect with Geristore (DenMat). (f) Clinical photograph of
the anterior teeth 7 years later, (g) Postoperative radiograph
7 years after the surgery. (Courtesy of Dr Hung Yuan-Lung,
Chino, California.)
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external root resorption defect does not penetrate into
the pulp canal space, it can be cleaned and repaired after
raising a soft tissue flap and locating the defect (Fig 15-9).

The type of restorative material used to repair these de¬
fects depends on their location in relationship with the
crestal bone. If the defect communicates with the oral
cavity and presents a cosmetic concern for the patient, a

composite resin or glass-ionomer material can be used to

repair the defect (Fig 15-10). The use of MTA in these
cases is contraindicated. MTA is the material of choice if
the defect is in an area where esthetics are not an issue
and the defect is below the crestal bone, which prevents
any communication with the oral cavity (Fig 15-11).

When the resorptive defects are approached surgically, a

such as Gates-Glidden drills or Peeso reamers. They can

also occur during post space preparation (Fig 15-8).

Management of Resorptive
Defects

Resorptive root defects are either internal or external. In¬
ternal resorptive defects are usually treated nonsurgically.
Depending on the etiology, location, and extent of exter¬

nal root resorption, different treatment options are avail¬
able. The location and the extent of the defect in relation¬
ship to the canal space determine the treatment. If the
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Fig 15-10 (a) Preoperative radiograph of a central incisor with coronal root resorption and inadequate root canal treatment, (b)
Radiograph after retreatment, (c) Postoperative radiograph after repair of the perforation with Geristore.

f |PsV \

Wmm
x WL

w&L
pm i
1

.

db

Ari

i .* ’’ Ti .**
itl

;
T .

j

Trl
i .

ri-&
ji§VIS

K' *I.f g

Fig 15-11 (a) Preoperative radiograph of a mandibular canine with midroot external resorption. (b) CBCT image showing the extent of the resorption
(arrow). (c) Another CBCT image showing the buccal resorption (arrow), (d) Postoperative radiograph after root canal treatment, (e) The extent of the defect
(arrow) after raising a soft tissue flap and cleaning the defect, (f) Postoperative CBCT image after repair of the defect (arrow), (g) Postoperative CBCT image

18 months after surgery.
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Tooth Replantation

Fig 15-12 (a) Preoperative radiograph of a
mandibular first molar with completed root ca¬
nal treatment. CBCT examinations showed the
presence of two separate distal roots and two
mesial roots that joined at the apex, (b) Photo¬
graph of the extracted tooth after root-end re¬
section, root-end preparation, and placement
of MTA as a root-end filling material, (c) Imme¬
diate postoperative radiograph after tooth re¬
plantation. (d) Postoperative radiograph 1 year
later showing complete healing. A crown has
been placed as a permanent restoration, and
the tooth had no clinical symptoms at this time.
(Courtesy of Dr Tory Silvestrin, Loma Linda, Cal¬
ifornia.)
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and root canal treatment can be performed after raising a
soft tissue flap; locating the defect; completing the clean¬
ing, drying, and obturation of the canal space; and finally
repairing the defect with the appropriate material.

full-thickness flap is reflected, the defect site is enlarged
for visualization, and the defect is curetted and prepared
for placement of MTA. If there is no bone covering the
root surface coronal to the defect, a periodontal regener¬
ative procedure may also be performed in conjunction
with the corrective surgical procedure. Periodontal pock¬
eting caused by external resorptive defects can be treated
by crown lengthening or orthodontic root extrusion.

The location of the defect on the surface of the root is
another factor that affects treatment. Lesions located on
the buccal aspect of the root are easier to treat. However,
if the lesion is located on the distal or lingual aspect of
the root, it is difficult to visualize and get the proper ac¬
cess needed for correction by surgical approach. In these
situations, internal repair with MTA, tooth replantation,
root resection, or hemisection can be treatment options
to retain the tooth (Video 15-1).

When an external root resorptive defect communicates
with the root canal system or an internal resorptive de¬
fect has perforated to the external root surface, both non-
surgical and surgical treatment modalities are required.
In these situations, root canal treatment should be per¬
formed first, and in a subsequent visit the external por¬
tion of the perforation defect can be repaired surgically.
As with situations in which the external root resorption
defect does not communicate with the root canal space,
the repair material is selected based on whether the defect
communicates with the oral cavity or is located below
the crestal bone. When the defect communicates with the
oral cavity, the use of MTA is contraindicated. MTA is
the material of choice if the defect is in an area where es¬
thetics are not an issue and the defect is below the crestal
bone. When it is difficult to adequately clean, dry, and
obturate the root canal system, a combination of surgery

Tooth Replantation

Tooth replantation is the reinsertion of a tooth into its
own alveolus after the tooth has been extracted for the
purpose of performing root-end surgery or repairing a
root defect in the hand out of the socket.7 Tooth replan¬
tation is indicated when there is no other treatment al¬
ternative to maintain a tooth. This procedure is mainly
indicated when an apical surgery is contraindicated due
to patient medical conditions, the proximity of critical
anatomical structures such as the mental foramen or
mandibular canal to the surgical site, and/or the presence
of thick cortical bone.8 Intentional replantation is con¬
traindicated for teeth that are badly broken down, have
inadequate bony support, and are difficult to extract. Af¬
ter obtaining anesthesia and without raising a flap, the
tooth is extracted atraumatically with minimal damage to

the periodontium. The deficiencies are corrected outside
of the mouth, and then the tooth is reinserted into its
original socket. The tooth should be kept in moist gauze
during the operation out of the bony socket (Video 15-2).

Tooth replantation has a long history in dentistry.8
When properly planned and executed, intentional replan¬
tation has been shown to be quite successful in providing
patients with additional years of service (Fig 15-12). In a

systematic review and meta-analysis, Torabinejad et al8
compared the survival of intentionally replanted teeth
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Fig 15-13 (a) Preoperative radiograph of a
nonrestorable mandibular first molar with in¬
complete root canal treatment. Radiographic
and clinical examinations showed the presence
of an intact third molar suitable for transplanta¬
tion. (b) Postoperative radiograph after comple¬
tion of root canal treatment on the third molar, (c)
Immediate postoperative radiograph after tooth
transplantation, (d) Postoperative radiograph 9
years later showing the excellent condition of
this tooth. The tooth had no clinical symptoms
at this time.
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with that of implant-supported single crowns. Meta¬
analysis of current data revealed a weighted mean sur¬
vival of 88% (95% confidence interval, 81%— 94% ) for
intentionally replanted teeth, with a root resorption rate

of 11% for these cases.

gauze to prevent dehydration and necrosis of the peri¬
odontal ligament (PDL). When appropriately indicated
and performed, transplanted teeth have a good progno¬
sis11 (Video 15-3). Ankylosis and resorption are the most

common problems for this procedure.

Management of Periodontal
Defects

Transplantation

Transplantation or autotransplantation is defined by
extraction of an erupted, embedded, or impacted tooth
from one part of the mouth into an extraction site or
surgically prepared recipient site within the same indi¬
vidual.7 Transplantation of a tooth has long been an ac¬
ceptable treatment and is indicated for either a nonsal-
vageable or missing tooth.
transplanted tooth is badly broken down, has inadequate
bony support, is difficult to extract, or does not fit the
recipient site. Ideally, root canal treatment should be per¬
formed on the tooth that is going to be transplanted. Af¬
ter extracting the unsalvageable tooth and preparing the
socket for transplantation of a new tooth, the new tooth
is extracted atraumatically with minimal damage to the
periodontium. Its roots are resected, and Class I root-end
cavity preparations are prepared and filled with a root-

end filling material outside of the mouth. The tooth is
then replanted into its new socket (Fig 15-13). During
tooth transplantation, the tooth must be kept in moist

Root resection

Root resection is the complete or partial removal of one
or more roots from a multirooted tooth, before or after
endodontic therapy. It is usually performed in maxillary
molars but can also be performed in mandibular molars.12

9-11 It is contraindicated if the

Indications

The indications for root resection include the presence of
severe bone loss in a periodontally involved root; severe
furcation involvement not amenable to other surgical
treatment options; root proximity unfavorable for other
periodontal treatment options; unbeatable roots with a
separated instrument, perforations, caries, resorption, or
vertical root fracture; and calcified canals in a multiroot¬
ed tooth.
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Fig 15-14 faj Preoperative radiograph of a maxillary first molar with severe periodontal pockets around its distal root, (b) Postoperative radiograph following
root canal treatment on the mesial and palatal roots and placement of amalgam in the orifice of the distal root, (c) Postoperative radiograph after distobuccal
root amputation.
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Fig 15-15 (a) Preoperative radiograph of a mandibular first molar with cracked mesial roots and a distal root with root canal treatment and a post, (b)
Immediate postoperative radiograph after hemisection. (c) Postoperative radiograph 1 year later showing the distal root being used as a partial denture
abutment. No radiographic pathosis is noted.

Contraindications Hemisection
The contraindications for root resection are insufficient
bony support for the remaining root or roots, the pres¬
ence of fused roots, a long root trunk (apical furcation
location), the inability to establish a favorable postopera¬
tive restorative margin, and poor patient home care.

Hemisection is the surgical division of a multirooted tooth
into two segments. It is usually performed in mandibular
molars and in rare occasions in maxillary molars. The in¬
dications and contraindications for hemisection are simi¬
lar to those for root resection.13-17

Procedures Procedures

After raising a flap, root resection is performed by mak¬
ing a horizontal cut to separate the root from the crown.
The crown remains intact, and the remaining stump is
gradually resected to the buccal aspect of the root, re¬
sulting in good anatomical contour and access for good
hygiene maintenance by the patient (Fig 15-14 and Video
15-4). The prognosis for root resection has been reported
as good by some but only fair by others.12

After raising a flap, hemisection is usually carried out by
making a vertical cut through the crown into the furca¬
tion. In mandibular molars, the tooth is sectioned buc-
colingually through the bifurcation. In maxillary molars,
the tooth is sectioned mesiodistally through the furca¬
tion. This action results in complete division of the tooth
into two segments. The initial cut should be made close
to the unsalvageable root. The unsalvageable root and
its coronal segment are then removed. The anatomical
crown of the remaining root(s) should then be carefully
prepared to provide good, smooth margins for the pros¬
thetic crown and adequate access for good hygiene by the
patient, without any ledges left on the retained root (Fig
15-15 and Video 15-5).
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val margin.34 Therefore, the clinician must determine the
location of the osseous crest and the dentogingival at¬
tachment dimension for each tooth treatment-planned to
receive subgingival restoration margins in order to assess
the available distance from the anticipated restoration
margin. Knowing where the planned restorative margin
will be placed, and having obtained the aforementioned
anatomical measurements, the clinician can determine
the possible need for crown lengthening.

Crown lengthening surgery (CLS) is a procedure that
may include resection of soft, hard (bone), or both tissues
to create a longer clinical crown and to reestablish the
proper biologic width dimensions around the tooth of
interest. The reestablishment of the dentogingival junc¬
tion at a more apical root level accommodates the junc¬
tional epithelium and the connective tissue attachment,
thus helping to maintain healthy long-term periodontal
conditions.35-38

In certain cases, an alternative to the surgical tech¬
nique might be orthodontic extrusion (see below), which
oftentimes will also require subsequent CLS.39,40

Prognosis

The prognosis of teeth that have had root amputation

or hemisection varies, with most studies reporting excel¬
lent long-term outcomes with failure rates under 15%,
while some studies report failure rates of approximately
30%.14,15 Major factors affecting the long-term success of
these procedures include case selection and the patient’s
oral hygiene. In terms of case selection, increased failure
rates have been reported for molars that have less than
50% bony support on the roots remaining after the pro¬
cedure17 and molars that are the lone terminal abutment
for a fixed prosthesis.16 Proper case selection and thor¬
ough maintenance protocols are critical in achieving a
high long-term success rate.14,17

Crown lengthening

Periodontal health is essential for the long-term success
of any dental treatment. However, proper periodontal
assessment and management is critical in cases of multi¬
disciplinary treatment, such as when periodontal-
restorative interactions are present. A typical example of
a periodontal-restorative interaction is the determination
of where the margins of the restoration should be placed
relative to the position of soft and hard periodontal tis¬
sues. Although clinicians often prefer supragingival mar¬
gin placement because it facilitates preparation work,
impression making, cleansing, detection of secondary car¬
ies, and maintenance of a healthy periodontium,
many instances (eg, subgingival caries, tooth fracture,
root perforation, short clinical crown, tooth hypersensi¬
tivity, or esthetic demands) may dictate subgingival resto¬

ration margin placement. Restorations with subgingival
margins may have destructive effects on the periodon¬
tium supporting not only the restored tooth itself but also
the adjacent teeth; these negative consequences can in¬
clude persistent gingival inflammation, increased attach¬
ment loss, greater bone loss, and in some cases gingival
enlargement.

The term biologic width was coined by Cohen32 (1962)
based on an investigation by Gargiulo et al,33 who report¬
ed on the proportional relationship between the alveolar
bone crest, connective tissue attachment (1.07 mm), ep¬
ithelial attachment (0.97 mm), and gingival sulcus (0.69
mm). A significant finding of this study was the high vari¬
ability of the junctional epithelium length and the rela¬
tive stability of the connective tissue attachment length.
Others have confirmed these findings.27 This dimensional
stability implies that the biologic width must be respected
and preserved when restorations are placed subgingivally.

Regarding restorative margin location, evidence sug¬
gests that its position relative to the alveolar bone crest

is more critical than its position relative to the free gingi-

Indications

The indications for CLS stem from the need to have ad¬
equate exposure of the clinical crown, access for restor¬

ative margin preparation, and proper restoration margin
placement relative to the alveolar crest. Therefore, CLS
may be indicated for teeth with a short clinical crown
(eg, because of altered passive eruption), teeth with a
shortened crown (eg, due to fracture or extensive caries,
resorption, or iatrogenic perforation), and teeth with car¬
ies or fractures that extend subgingivally.41,42 More spe¬
cifically, in cases where restorative treatment is planned,
CLS is typically indicated whenever it is anticipated that
the final restorative margin will be located less than 3 mm
from the alveolar bone crest.

1 8-24

Contraindications

CLS is contraindicated for patients in whom periodon¬
tal surgery is contraindicated for medical reasons. In ad¬
dition, it is contraindicated for teeth that have short or
compromised roots, because the postsurgical crown-to-

root ratio will be unfavorable, and for teeth with inad¬
equate periodontal support. If the desired crown length
increase could result in exposure of a tooth furcation, or
if the anticipated alveolar bone reduction could result in
close proximity to vital anatomical structures (eg, mental
nerve, maxillary sinus, ascending ramus), CLS is contra¬
indicated. Furthermore, CLS is contraindicated for single
teeth in the esthetic zone, because significant apical dis¬
placement of the gingival margin of only one tooth will
create esthetic complications.42

19-31

270

www.konkur.in

Telegram: @dental_k



Management of Periodontal Defects

•j. "g
'

:

}
!

1 b

11
Fig 15-16 (a) Clinical appearance of a tooth requiring CLS. (b) A radiograph of the same tooth showing the presence of adequate root canal treatment.
(c) A full-thickness flap is elevated after a submarginal incision is performed, (d) Soft (gingivectomy) and hard (ostectomy) tissues are removed, (e) Flaps are
sutured. Note the increase in supragingival tooth structure compared with a. (f) Provisional restoration in place 2 months after surgery.

Thorough consideration of the parameters listed
above will allow the clinician to correctly choose the
most appropriate surgical technique and execute the
needed CLS adequately. In terms of postsurgical supra-
crestal tooth structure, approximately 7 to 9 mm are needed
for re-establishment of the epithelial and connective tis¬
sue attachment and for allowance of sufficient tooth
structure for adequate support of the planned resto¬

ration (Fig 15-17). In this context, it is important to con¬
sider biologic width differences between individuals and
between teeth within the same patient.26’43’44

When periodontal surgical treatment is considered,
baseline healthy tissue conditions are important. There¬
fore, it is often necessary to review with the patient oral
hygiene instructions and to complete any needed nonsur-
gical periodontal therapy prior to performing CLS. Suc¬
cessful CLS is facilitated by preparative interdisciplinary
treatment, such as root canal therapy, post preparation,
and provisional restoration (Video 15-6).

Procedures

CLS is typically accomplished by either gingivectomy or
an apically positioned flap (APF) with or without osseous
resection26 (Fig 15-16). The choice of surgical technique
is dictated by anatomical, esthetic, and restorative fac¬
tors. In preparation for CLS, the clinician should review
several aspects of the case related to both the patient and
the specific tooth, including the medical history, clinical
and radiographic periodontal examination, occlusion,
tooth root anatomy, tooth size and shape, crown-to-root
ratio, soft tissue biotype (thick vs thin), keratinized tissue
width, alveolar crest position and contour, tooth crown
and gingival display during rest, speech, and smile (rela¬
tion with lip line). Ideally, provisional restorations should
be in place prior to CLS; alternatively, a stent that identi¬
fies the anticipated or desired restoration margin location
will help the surgeon perform adequate hard and/or soft
tissue reduction to properly accommodate the definitive
restorations.
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Occlusal surface
thickness = 2 mm

Abutment height = 4-5 mm

Biologic width = 3 mm
including sulcusOsseous resection
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Fig 15-17 (a) Diagram of a tooth with an inadequate clinical crown, (b) Diagram after osseous resection and gingivectomy to allow for adequate biologic
width, abutment height, and occlusal clearance for placement of a crown.

Prognosis bined time, effort, and cost required for the various pro¬
cedures should be considered vis-a-vis the prognosis to
reach a sound decision whether it is reasonable to opt for
CLS or choose instead other treatment choices (eg, tooth
extraction and replacement by a fixed or removable par¬
tial denture or a dental implant).

According to a recent systematic review, the available
literature on CLS performed for restorative reasons in¬
cludes studies that have only limited follow-up, most only
up to 6 months’duration.43 The reported results suggest
that, within this relatively short time period, the treated
teeth are successfully restored and maintained; however,
after CLS it is possible that the soft tissue margin may
exhibit significant rebound, especially during the first 3
months after CLS.45 These findings suggest that it is best
not to place definitive restorations on CLS-treated teeth
earlier than 3 months postoperatively.45 A recent long¬
term retrospective study of 245 endodontically treated
teeth that had undergone CLS and prosthodontic treat¬

ment reported a mean tooth survival of 98%, 96%, and
83% at 3, 5, and 10 years posttreatment, respectively.
Fifty percent of the teeth lost (or deemed hopeless) during
follow-up were lost because of advanced caries or vertical
root fracture, while the remaining were lost for other rea¬
sons (eg, furcation involvement, mobility, sinus tract).46
The crown-to-root ratio and restoration margin position
relative to the gingival margin were reported as the major
determinants of tooth loss.46

CLS is often done in conjunction with other proce¬
dures (endodontic, restorative, etc) with the combined
goal of improving tooth retention while providing proper
functional, esthetic, and restorative outcomes. The com-

Root extrusion
Performing CLS is associated with several complications.
They include reduced alveolar bone for the treated tooth
as well as the adjacent teeth. Removing bone not only
reduces the alveolar support for the treated tooth, but it
also increases the crown-to-root ratio and increases the
clinical crown, which may result in esthetic issues in the
anterior region of the mouth. An alternative to CLS is
orthodontic extrusion or forced eruption. In 1973, Hei-
thersay proposed the use of orthodontic forced eruption
for teeth with horizontal cervical root fracture.47 This ac¬
tion results in movement of the root in a vertical direc¬
tion and exposes the coronal root for preparation and
restoration of the tooth. Ingber suggested forced eruption
for the treatment of isolated one- and two-wall infrabo-
ny osseous defects, nonrestorable teeth, and soft tissue
cosmetic deformities.48-50 Simon popularized the use of
orthodontic forced eruption in endodontically treated
teeth with inadequate crown structure.

46

51-54
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Fig 15-18 (a) Preoperative radiograph of a maxillary first premolar with an inadequate clinical crown for restoration, (b) Radiograph showing completed root
canal treatment on this tooth, (c) Clinical photograph of placement of the extrusion apparatus to extrude the tooth orthodontically. (d) Postoperative radio¬
graph after extrusion of this tooth, (e) Postoperative radiograph after root canal treatment, extrusion, and placement of a crown 15 months after completion
of the procedures, (f) Clinical photograph of the restored tooth showing excellent results. (Courtesy of Dr Manouchehr Pouresmail, Paso Robles, California.)

sive approach, the tooth is extruded using light extrusion
forces and anchorage from the adjacent teeth. As a result,
the entire periodontal attachment apparatus will move
coronally, along with the tooth. This procedure may take
2 to 4 weeks. After accomplishing adequate extrusion, the
tooth must be stabilized for at least 2 months before a de¬
finitive restoration is placed54 (Fig 15-18). Because of the
coronal movement of the supporting tissues, subsequent
CLS (bone removal) might still be necessary.55 Orthodon¬
tic treatment can also be performed in combination with
fiberotomy to induce rapid extrusion; in such instances,
the marginal bone level will mostly stay in the original
position.55 Gingival recession and undesired attachment
loss are possible after this treatment approach.40

The disadvantages of orthodontic root extrusion in¬
clude esthetic issues during the procedure, the time re¬
quired to accomplish ideal results, and surgical fiberot¬
omy following root extrusion. Because of these issues,
surgical extrusion (Fig 15-19) of teeth that might oth¬
erwise be considered unrestorable has been suggested as

an alternative to CLS and orthodontic extrusion.56 The
surgical extrusion concept is based on information from
the dental trauma literature regarding extrusive luxa¬
tion. This procedure does not have the disadvantages of
orthodontic root extrusion. A histologic study compared
orthodontic extrusion with surgical extrusion in a dog

model and reported transient resorption and eventual re¬

pair in both groups.57

Indications and contraindications

Root extrusion is indicated in any tooth with a cervi¬
cal root defect that involves or extends below the crest-

al bone (0 to 4 mm).54 These defects include horizontal
crown or root fractures, decay, resorption, and accidental
perforations. The contraindications for root extrusion
are short roots, insufficient space to extrude the root, and
periodontal disease.54

Procedures

The procedures involved in root extrusion depend on the
presence or absence of adequate coronal tooth structure.

When there is enough tooth structure after root canal
treatment, brackets are placed on the incisal third of the
crown of the target tooth and the adjacent teeth. Verti¬
cal force is applied to the target tooth by placing elastic
bands on the adjacent teeth and connecting them to the
endodontically treated tooth with inadequate coronal
structure. When there is not enough coronal tooth struc¬

ture after root canal treatment, a temporary post is made
from a paper clip and cemented in the coronal half to

two-thirds of the root with intermediate restorative ma¬
terial. After cementing a horizontal wire on the adjacent
teeth, vertical force is applied to the target tooth by plac¬
ing elastic bands from the paper clip in the root canal-
treated tooth to the horizontal wire. During this noninva-
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Fig 15-19 (a) Preoperative photograph of a mandibular second premolar with an inadequate clinical crown for restoration, (b) Radiograph showing that this
tooth has adequate root canal treatment, (c) Clinical photograph of this tooth after surgical extrusion, (d) Clinical photograph of this tooth being splinted to
its adjacent teeth, (e) Postoperative radiograph after extrusion and splinting of this tooth, (f) Postoperative radiograph after root canal treatment, extrusion,

and placement of a crown 18 months after completion of the procedures, (g) Clinical photograph of this tooth restored with a crown 18 months after surgical
extrusion. (Courtesy of Dr Rajiv Patel, Flower Mound, Texas.)
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Regenerative Techniques and Guided Bone Regeneration in Endodontic Surgery
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sist in predicting surgical prognosis and determining the
need for bone grafting and barrier techniques. Class A (no
lesion), class B (small periapical lesion), and class C (large
periapical lesion without periodontal communication) all
represent situations that are favorable for healing with¬
out supplemental grafting or barriers. Class D (similar
to class C with independent periodontal pocketing), class
E (endodontic-periodontal communication to the apex),
and class F (apical lesion with complete loss of buccal
bone) represent situations with a more guarded prognosis
and usually require concurrent use of bone grafting and
barrier techniques.

Apicomarginal defects and periapical lesions 15 mm
or larger have been determined to negatively impact sur¬
gical outcomes. An apicomarginal defect60 or a localized
bony defect distinguished by a total deficiency of alveolar
bone over the entire root length has a significant adverse
effect on the outcome, reducing the rate of complete heal¬
ing by approximately 20% or more when compared to

teeth with an isolated endodontic-only lesion.
15-20 illustrates the case of an apicomarginal defect re¬
lated to the maxillary right first molar that presented for
apical surgery.

The presence of a periradicular lesion 15 mm or greater
in diameter also has been linked to a poorer prognosis.61
Advanced periodontitis with deep pocket formation has
been associated with chronic periradicular inflammation
after endodontic surgery and subsequent failure of the
root-end surgery.64 The cause of failure has been identi¬
fied as ingrowth of nonosteogenic tissues into the perira¬
dicular surgical site and downgrowth of epithelial tissue
along the root surface. Successful treatment may depend
more on controlling epithelial proliferation than root-

end management. Guided tissue regeneration techniques
have been advocated for use in such cases.65,66 Video 15-7
shows an example of the utilization of endodontic sur¬
gery and GBR in a molar with a furcation perforation and
a large periodontal defect. Figure 15-21 illustrates a large
cystic lesion with sinus perforation that presented for api¬
cal surgery.

Regenerative Techniques and
Guided Bone Regeneration in
Endodontic Surgery

The main objective of periapical surgery is to create an
optimal environment for periapical tissue regeneration.
The outcome of periapical surgery can be affected by sev¬
eral factors, among which the size and location of the
periapical bone loss are thought to be the most consid¬
erable, together with bacterial factors. In large periapical
defects, lesions will often be filled with fibrous connective
tissues. The ingrowth of nonosteogenic tissues and the
downgrowth of the epithelial tissue along the root sur¬
face can result in repair. Repair is defined as the forma¬
tion of new cells and structures that differ from the orig¬
inal cells and structures instead of achieving the expected
regeneration. Regeneration is defined as the reproduction
or reconstruction of the lost tissues and restoration of
various functions of the damaged tissues and organs.
The principal functions of regenerative techniques (RTs)
in periapical surgery are (1) to improve the regenerative
healing process by excluding the undesired proliferation
of connective tissue and oral epithelium into the defect,
and (2) to maintain space below the membrane to allow
cells of the PDL and trabecular bone to regenerate.

Deng et al58 performed a meta-analysis to evaluate the
effect of RTs on periapical surgery using different pro¬
tocols for different lesion types. It was concluded that
both the isolated use of bone-replacement analogs and
the combination of membranes and bone-replacement
analogs can improve the outcome of periapical surgery.
The use of RTs for through-and-through and large lesions
was recommended.

RTs and guided bone regeneration (GBR) have been
proposed as adjuncts to periapical surgery. The amount

and location of bone adjacent to the root structures affect
the prognosis of periradicular surgery. Kim and Kratch-
man59 propose a six-category classification system to as-

61-63 Figure
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Fig 15-20 (a) Periapical radiograph of a maxillary first molar that was referred for periapical surgery. A nonsurgical retreatment attempt was performed
prior to periapical microsurgery, but the mesiobuccal canal was blocked. The black line in a corresponds to the level of the axial view in e. (b) Sagittal view
demonstrating the extent of the periapical defect, (c) Three-dimensional (3D) rendering of the periapical defect, (d) Clinical photograph demonstrating the
endodontic-periodontal communication, (e) Axial view of the mesiobuccal, distobuccal, and palatal roots. Note the fused distal and palatal roots, (f and g)

Coronal views of the mesiobuccal root and the fused distal-palatal roots, (h) 3D rendering demonstrating the periodontal defect (black arrow), (i) After
full-thickness flap reflection, the periodontal defect was determined to communicate with the periapical defect (blue arrow), (j) Root resection of the fused
distal-palatal roots prior to ultrasonic preparation, (k) MTA root-end filling of the ultrasonically prepared distal and palatal preparation. (I) Periodontal and
periapical defects grafted with Puros allograft material (Zimmer), (m) Grafted defect covered with a CopiOs membrane (Zimmer).

276

www.konkur.in

Telegram: @dental_k



Regenerative Techniques and Guided Bone Regeneration in Endodontic Surgery

fgy$
* m 9

.1iMS k"V

* **•4. Ufcu
k. 1

n

3

4
iif *VJ*v

-V §!i. rf**

J.
o

i . w
r *

f V jk
A

p

Fig 15-20 (cont) (n) Immediate postsurgical CBCT scan images. Note the buccal defect (red and yellow arrows), (o) Six-month recall CBCT scan images.
Note the initial regeneration of the defect, including the buccal cortical plate, (p) One-year recall CBCT scan images demonstrating complete remodeling of
the defect and the buccal plate (red and yellow arrows).
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Fig 15-21 (a) Coronal view of the mesiobuccal root of a maxillary right first molar that presented for periapical surgery. Note the low-density lesion causing
thinning of the lateral wall of the maxillary sinus (white arrow), (b) Clinical photograph demonstrating the porous and thin cortical plate that coincides with r
periapical cyst, (c) Clinical photograph after degranulation of the lesion demonstrating the maxillary sinus exposure. The vascularity of the sinus and bony

spicule can be noted, (d) The sinus perforation was covered with a CopiOs membrane, (e) Periapical defects grafted with Puros allograft material, (f) Grafted
defect covered with a CopiOs membrane, (g) Immediate postoperative CBCT scan, (h and i) Sagittal and coronal CBCT views at the 1-year recall, (jand k)
Sagittal and coronal CBCT views at the 2-year recall.
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Types of membranesTable 15-1

Trade name (manufacturer)Membrane type

Resorbable membranes

Collagen

Polylactic acid

Polylactic acid, polyglycolic acid, and trimethylene carbonate

Laminar bone

Nonresorbable membranes

Polytetrafluoroethylene

CopiOs Pericardium Membrane (Zimmer)

Biomend (Zimmer)

Bio-Gide (Osteohealth)

Bicon Resorbable Collagen Membrane (Bicon)

Guidor (Guidor)

Atrisorb (CollaGenex)

Resolut (WL Gore)

Lambone (Pacific Coast Tissues Bank)

Gore-Tex (WL Gore)

TefGen FD (Lifecore Biomedical)

Bicon Barrier Membrane (Bicon)

Cytoflex (Unicare Biomedical)

Principles of GBR These studies largely have reported favorable outcomes in
cases involving large periradicular lesions, through-and-
through bone defects, and repair of a surgical perforation
or loss of the buccal cortical plate adjacent to the root.

Pecora et al83 compared the healing of 20 large peri¬
radicular defects (greater than 10-mm diameter) with and
without the use of a resorbable membrane. They reported
that at 12 months after surgery, the sites in which mem¬
branes had been used had better healing and that the
quality and quantity of the regenerated bone was supe¬
rior. One study evaluated periradicular and periodontal
healing in cases involving apicomarginal defects when
GTR (Bio-Oss and Bio-Gide membrane, Osteohealth)
was performed in conjunction with periradicular surgery.
At 12 months after surgery, 86% of cases were consid¬
ered healed clinically and radiographically. It was con¬
cluded that GTR should be considered as an adjunct to

periradicular surgery in cases of apicomarginal defects.
However, when a standard apical osteotomy is performed
and the buccal bone over the remainder of the root is
intact, use of a resorbable membrane has no beneficial
effect on healing.85

Several different types of membranes are available.
They can be grouped into two broad categories: nonre¬
sorbable and resorbable (Table 15-1). Resorbable mem¬
branes are generally better suited for endodontic uses
because a second surgical procedure is not required to

remove the membrane.

The basic principle of guided tissue and bone regenera¬
tion is the different rate at which different types of cells
repopulate during healing.The soft tissue cells are consid¬
erably more motile than the hard tissue cells, and there¬
fore they tend to migrate into the wound more quickly
during healing. A barrier interposed between the gingi¬
val tissue and the exposed root surfaces and supporting
alveolar bone prevents colonization of the exposed root

surface by gingival cells. This encourages selective repop¬
ulation of the root surface by PDL cells. The use of a
resorbable barrier theoretically would allow PDT cells
and other cells with osteogenic potential to repopulate
the defect, resulting in new connective tissue attachment
and bone formation. Dahlin et al67,68 demonstrated that in
monkeys, a significant increase in osseous healing occurs
when membranes are used in through-and-through bone
defects in periradicular surgery of the maxillary lateral
incisors. The use of resorbable guided tissue regeneration
(GTR) membranes in endodontic surgery with buccal
apicomarginal-type defects also has been shown to en¬
hance regeneration of the periodontium and surround¬
ing bone in dogs.69 This type of matrix barrier promoted
greater amounts of connective tissue and alveolar bone
and minimized the formation of junctional epithelium.

Several case reports have discussed the use of GTR
techniques in conjunction with endodontic surgery.

S4

70-82
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Bone graft materialsTable 15-2

Product (manufacturer)DescriptionGraft type

From patient’s own body (chin, ramus, iliac crest)

Demineralized freeze-dried human bone or
freeze-dried human bone

NAAutogenous graft

Allograft Puros (Zimmer)

enCore (Osteogenics Biomedical)

MTF DeMin Bone (Dentsply)

Dynagraft (GenSci)

Opteform (Exactech)

Osteofil (Regeneration Technologies)

Grafton (Osteotech)

Bio-Oss (Osteohealth)

OsteoGraf (Dentsply)

PerioGlas (NovaBone)

CapSet (Lifecore Biomedical)

OsteoSet (Wright Medical Technology)

Bioplant HTR (Kerr)

Biogran (Biomet 3i)

Norian SRS (Synthes)

NovaBone-C/M (NovaBone)

Infuse (Medtronic)

PepGen P-15 (Dentsply)

Inorganic bovine bone particlesXenograft

Ceramic and synthetic grafts Bioactive glass

Calcium sulfate

Calcium phosphate/hydroxyapatite

Bioactive proteins (growth factors)

Combination graft

Bone morphogenetic proteins

Allograft, xenograft, or ceramic/synthetic grafts plus

bioactive protein

NA, not applicable.

If GTR techniques are to be used during periradicular
surgery, a resorbable membrane should be chosen and a

protocol followed (see Video 15-7).

Membranes frequently require support so that the
membrane does not collapse into the defect itself. Sup¬
port for the membrane may be provided by using either
a titanium-tented membrane or a graft material. Graft
materials have two main functions: (1) to act as a me¬
chanical substructure that supports the membrane and
the overlying soft tissues, and (2) to serve as a biolog¬
ic component that enhances bone formation. Bone graft
materials (Table 15-2) can be categorized as osteocon-

ductive or osteoinductive. An osteoconductive material
provides a framework into which bone can grow. The
pore size of the material is similar to that of normal bone,
and the material eventually is absorbed and remodeled.
An osteoinductive material stimulates the production of
new bone cells such that healing occurs more quickly. The
bone morphogenetic protein family has been investigated
extensively for use in this role. A combination of osteo¬

conductive and osteoinductive materials also can be used
for bone grafts.

Technique

1. The membrane is extended to cover 2 to 3 mm of
bone peripheral to the margins of the crypt; it should
be supported with a bone substitute graft material
so that it does not collapse into the crypt or onto

underlying tooth structures.

2. Tissue closure techniques should ensure total tissue
coverage of the membrane. The traditional post¬

operative compression is eliminated, because this
would collapse the membrane onto the underlying
structures.

Smoking is contraindicated with GTR techniques be¬
cause it has consistently been shown to adversely affect
the outcome.86-89

The use of GTR techniques raises several additional
issues that should be discussed with the patient before
surgery. These include the cost of the additional material,
the origin of the material (synthetic, animal, or human),

the need to manage the wound for a longer period, and

Indications for RTs and GBR

•Targe lesions >10 mm

•Through-and-through lesions
•Apicomarginal defects
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Pharmacology in
Surgical Endodontics

Karl Reiser

preoperative anxiety, the higher the pain level reported
by the patient after a noxious stimulus.1ÿPreoperative
anxiety not only makes the patient more difficult to man¬
age, but it can actually lead to the patient remembering
the experience as negative, even as much as 18 months
after the procedure.5 Therefore, it is essential that the
clinician do as much as practical to identify and reduce
patient anxiety. While a caring chairside manner is help¬
ful,6 sometimes pharmacologic assistance is needed, al¬
though risk management dictates that only those patients
who are truly in need of pharmacologic anxiolysis should
be considered before medications are prescribed or dis¬
pensed. Risk management also dictates that the provid¬
ing clinician be well trained in enteral conscious sedation,
that appropriate monitoring equipment be utilized, and
that reversal agents be readily available.The entire dental
team should be well coached in emergency preparedness.7

In order to identify patients in need of anxiety-reducing
medications, the clinician may consider using a simple
questionnaire, such as a version of the Modified Dental
Anxiety Scale,8 along with taking a careful dental history

at the evaluation appointment.

The drugs used as adjuncts to endodontic surgery include
anxiolytics, analgesics, antibiotics, and local anesthetics.
Chapter 8 already provided a very thorough discussion of
local anesthetics, so this chapter covers the science of pre¬
operative anxiolytics and pre- and postoperative analge¬
sics and antibiotics. The indications, pharmacodynamics
(what the drug does to the body), and pharmacokinetics
(what the body does to the drug) of each drug are re¬
viewed, along with recommended dosages, efficacy, and
toxicology.

Anxiolytics

Indications
The words root canal have long been associated with a
painful and unpleasant experience in spite of advances in
local anesthesia and endodontic technique. Add the word
surgery, and the potential exists for a very anxious pa¬
tient. It is generally accepted that the higher the level of
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Choice of drugs Caution should also be exercised in using benzodi¬
azepines in the elderly and in those patients with liver
disease due to prolonged effects. HIV-positive individuals
who are taking antiretroviral drugs including protease
inhibitors may see a doubling of plasma concentration
of triazolam and increased duration due to inhibition
of CYP3A4.18 Triazolam is contraindicated in pregnant

women due to potential teratogenicity and should be
avoided during breastfeeding, as it does cross into breast
milk and newborns are less able to metabolize benzodi¬
azepines.9

Benzodiazepines

Mechanism of action. As a class, benzodiazepines act to

decrease anxiety by binding to inhibitory neurotransmit¬
ter receptors in the central nervous system (CNS) that are
directly activated by the amino acid gamma-aminobutyric
acid (GABA). Other effects include muscle relaxation,
anterograde amnesia, and anticonvulsant activity. Respi¬
ratory depression is not typically seen with hypnotic dos¬
es in normal patients, unless they have ingested another
CNS depressant, most commonly alcohol.9

Several benzodiazepines are available for oral admin¬
istration; those most studied for use in dental procedures
are diazepam (trade name Valium [Roche]) and triazolam
(Halcion [Pharmacia]). Because of its short half-life (2.9
hours),9 triazolam is ideally suited for endodontic sur¬
gery. Compared with oral diazepam, oral triazolam was
found to provide significantly better reduction in anxiety
with fewer side effects in a randomized clinical trial of
79 nonsurgical endodontic patients.10 In an oral surgery
model (third molar extractions), oral triazolam was as
effective as intravenous diazepam, with less psychomo¬
tor impairment and better ambulatory function.11 Oral
triazolam has also been shown to have an effect on medi¬
cal patients’total pain experience, including reduction of
fear and decreased memory of the procedure as painful.12

Dosing: Triazolam. Triazolam was developed as a sop¬
orific agent for patients with insomnia, with a recom¬
mended dosage of 0.25 mg, not to exceed 0.5 mg. In a
placebo-controlled randomized clinical trial, 0.125 mg,
0.25 mg, and 0.5 mg oral triazolam were compared prior
to impacted third molar surgery. The 0.25-mg dose pro¬
vided more consistent anxiolysis than the 0.125-mg dose
and better patient cooperation than the 0.5-mg dose.11

A sublingual dose of 0.25 mg can be given 1 hour prior
to the procedure with the patient in the operatory. Con¬
tinuous monitoring of blood oxygen saturation, heart
rate, and respiratory rate should be initiated at this time.
Blood pressure should be monitored at 5-minute intervals
(this can be automated). At about 45 minutes, the patient
can be reassessed, and if further sedation is indicated,
additional triazolam can be given sublingually. To avoid
oversedation, the clinician may consider the addition of
nitrous oxide instead of extra triazolam (see below). For
an excellent review of multidose enteral sedation, see
Dionne et al.7

Pharmacokinetics. Benzodiazepines are completely ab¬
sorbed and are primarily metabolized by microsomal en¬
zymes in the liver (most notably the cytochrome P450,
CYP3A4) and excreted in the urine after glucuronidation.
Both diazepam and triazolam have active metabolites, but
the major metabolite of triazolam (a-hydroxytriazolam)
is short acting.

Benzodiazepines have high lipid-water distribution co¬
efficients, and this suggests the possibility of absorption
through oral mucous membranes. In fact, the bioavail-
ability and peak plasma concentration of triazolam have
been shown to be significantly increased by sublingual
administration, with peak plasma concentration occur¬
ring at 1.22 hours.13 This is likely due to increased ab¬
sorption and avoidance of first-pass metabolism in the
liver. In a randomized clinical trial with an oral surgery
model, sublingual triazolam provided greater anxiolysis
and less overall pain perception than oral triazolam due
to increased plasma concentrations.14

Patients should be cautioned against taking any oral
benzodiazepine with grapefruit juice. Grapefruit juice con¬
tains furanocoumarins that have been shown to inhibit
the activity of CYP3A4 and thus slow the breakdown of
these drugs.15-17 Ingesting the juice along with a benzodi¬
azepine will therefore increase systemic exposure to the
drug and prolong its effects.

Reversal agent. Released for use in 1991, flumazenil
(Romazicon [Roche]) is an imidazobenzodiazepine that
antagonizes the actions of benzodiazepines by compet¬
itively inhibiting binding at the GABA-benzodiazepine
receptor complex.9 It is available for intravenous admin¬
istration (the starting dose is 0.2 mg); it is ineffective as
an oral agent due to extensive first-pass hepatic metabo¬
lism. Administration by way of intramuscular, subcuta¬
neous, and sublingual routes was successful in reversing
respiratory depression in dogs,19 but these have not been
extensively studied in humans.

The half-life of flumazenil is approximately 1 hour,
so there is a possibility of resedation. Should this occur,
repeated doses of 0.1 mg can be given at 20-minute in¬
tervals.

Nitrous oxide

Mechanism Of action. Nitrous oxide (N20), was synthe¬
sized by Joseph Priestley in 1776; its potential as an an¬
esthetic agent was brought to the attention of the public
by the dentist Horace Wells in 1844, when he had one of
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regulations regarding the education and training
sary prior to the provision of oral sedation in the clinical
setting.The practitioner is referred to his or her respective
state board for detailed information.

It is also critically important to create a time-oriented
sedation record for each patient procedure. The require¬
ments may vary from state to state but should minimally
include:

his own teeth extracted painlessly while under the influ¬
ence of the gas.20 It is now widely known for its analgesic,
anxiolytic, and anesthetic properties. Its mechanism(s) of
action, however, remain unclear. Animal studies suggest
that the antinociceptive properties of N20 are mediated
by the release of endogenous opioids, specifically dynor-
phin and methionine-enkephalin.21 The anxiolytic effects
of N20 are thought to be related to a benzodiazepine-like
mechanism via GABA receptors.22 As an anesthetic, N20
by itself would require concentrations that would create

hypoxia; therefore, it is typically used during general an¬

esthesia to reduce the minimum alveolar concentration
of a second inhalation agent and to enhance analgesia.23

neces-

•Baseline vital signs, including height and weight
•Review of medical history with complete American

Society of Anesthesiologists Classification, airway clas¬
sification, drug allergies, and any medications that the
patient may be taking

•Attachment of the patient to monitors

•Administration of oral sedative in the dental chair; dos¬
age and time

•N20 administration, if used; include maximum dose,
duration start and stop time, and clearance with 100%
oxygen

•Local anesthesia administration
•Periodic vital signs (blood pressure, pulse, oxygen satu¬

ration, and respiratory rate); check state regulations for
required intervals

•How the patient tolerated the procedure and instruc¬
tions given

•Clinician’s name and all staff present

Pharmacokinetics. N20 has very low solubility in blood
and adipose tissues, so it equilibrates swiftly and enters

the brain quickly for a rapid onset of action. It has very
little effect on cardiovascular and respiratory function,
and its potency is increased with concomitant adminis¬
tration of other sedatives; therefore, a lower concentra¬

tion may suffice. This is especially true in the elderly.24
Almost no biotransformation of N20 occurs after in¬

halation; it is eliminated in expired gases, making it an
ideal agent in an outpatient setting. An added benefit
during triazolam sedation is the increase in blood oxygen
saturation, and it has also been shown to prevent gagging
during dental procedures.25,26

Dosing and precautions. Because of its rapid onset, pa¬
tients can be easily titrated to a desired level of anxiolysis.
Starting with 30% N2O/70% oxygen allows the patient
to begin to appreciate its effects; then, if necessary, the
concentration can be increased to 50% N2O/50% oxy¬
gen. Because it is given at high concentrations, abrupt¬
ly discontinuing N20 can lead to diffusion hypoxia, as
the expired gas dilutes available oxygen in the alveoli.
This can be prevented by providing 100% oxygen near
the end of the procedure.24 N20 should not be used in
patients with severe chronic obstructive pulmonary dis¬
eases (COPD) such as severe chronic bronchitis or severe
emphysema. If used in patients with mild to moderate
COPD, the flow rate should be reduced to 3 L/minute,
and a doubling of the induction and recovery times are
likely.27 Recent middle/inner ear surgery and retinal sur¬
gery are contraindications to the use of N20 due to the
possibility of expansion of damaging gas bubbles.24

This record should be clear to anyone who reads it as to

what was done, when it was done, and who was present
at the time.

Analgesics

Indications
Predicting which patients will experience pain following
endodontic surgery, and the intensity of that pain, can be
challenging. Several studies have attempted to quantify
the prevalence and degree of pain following endodontic
surgery and to identify predisposing factors; however,
great variation exists in the procedures, the way pain is
assessed and reported, as well as in the use of periop¬
erative medications. Isolated studies have suggested in¬
creased postoperative pain reports in females,28,29 in pa¬
tients who smoke tobacco with poor oral hygiene,30 in
patients with a previous acute apical abscess,31 and in
longer-duration surgeries on multiple teeth.32 While there
is no consensus as to predisposing factors, there is general
agreement that postoperative pain following endodontic
surgery is most likely to occur the evening following the
procedure and may persist for the first 24 to 48 hours.

Training and record keeping

As previously mentioned, it is imperative that the clini¬
cian who employs enteral conscious sedation in the prac¬
tice of endodontic surgery receive the proper training and
licensing and transfer the appropriate information to his
or her staff. The dental board of each state has specific
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Thus, it is appropriate to consider the use of analgesics in
the immediate postoperative period.

tion with acetaminophen had lower NNTs than naprox¬
en, acetaminophen, and the acetaminophen/opioid com¬
binations (Table 16-1). Additionally, the combination of
ibuprofen 400 mg and acetaminophen 1,000 mg provid¬
ed long-lasting analgesia, with a mean time to remedica¬
tion of over 8 hours. The combination of ibuprofen and
acetaminophen has also been shown to be more effective
than either drug alone in an impacted third molar mod¬
el44 as well as in the treatment of postendodontic pain.45

A recent review of clinical trials comparing fast-acting
formulations of ibuprofen with traditional formulations
not only showed more rapid absorption and faster initial
pain reduction but also suggested longer-lasting analge¬
sia, perhaps due to the prevention of central sensitiza¬
tion.46

Choice of drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs)

Mechanism of action. The anti-inflammatory, antipyret¬
ic, and analgesic actions of NSAIDs are thought to be
mediated by their ability to inhibit the action of the cy¬
clooxygenase enzymes responsible for the formation of
proinflammatory prostaglandins. Sir John Vane is credit¬
ed with this discovery,39 in part for which he received the
Nobel Prize in Medicine in 1982.

Two isoforms of cyclooxygenase are found in humans,
labeled COX-1 and COX-2. COX-1 is constitutively
expressed in most cells and catalyzes the formation of
prostaglandins that perform many homeostatic functions,
including maintenance of the stomach lining, blood flow in
the kidneys, and platelet function. COX-2 is inducible by
soluble factors such as cytokines, growth factors, and en¬
dotoxin and is found primarily at sites of inflammation.40
NSAIDs that more selectively block the action of COX-1
(such as aspirin) are more likely to cause gastrointestinal
side effects, so NSAIDs that are relatively COX-2 selective
have been developed. Unfortunately, these were associat¬
ed with negative cardiac effects, probably due to increased
platelet aggregation, and two such drugs— rofecoxib
(Vioxx [Merck]) and valdecoxib (Bextra [Pfizer])— have
been withdrawn from the market. Celecoxib (Celebrex
[Pfizer]) is a COX-2 selective NSAID that is currently
available but carries clear labeling about its cardiovascu¬
lar risk profile.

Several relatively nonselective oral NSAIDs have been
evaluated for the treatment of acute pain.41 Ibuprofen
(Motrin [Johnson & Johnson], Advil [Pfizer], and others)
and naproxen (Aleve [Bayer], Naprosyn [RPG LS], and
others) are the most commonly prescribed NSAIDs in the
United States; diclofenac (Voltaren [GlaxoSmithKline]
and others) is most commonly prescribed in the United
Kingdom.42 Because of their high COX-1 selectivity and
resultant inhibition of platelet activity and increased
bleeding, ketoprofen and aspirin are not considered here
as appropriate postsurgical analgesics.

Pharmacokinetics. In general, NSAIDs have high bio¬
availability, as they are well absorbed after oral ad¬
ministration with low hepatic clearance.47 All available
NSAIDs are highly bound to plasma proteins and should
be used with caution in patients who are taking other
medications that are protein bound.48 An example would
be warfarin (Coumadin [Bristol-Myers Squibb]). If a pa¬
tient is on warfarin and is given ibuprofen, a portion of
the warfarin will be displaced from plasma proteins, and
its available effective concentration will be increased,
leading to increased bleeding.

The half-life of ibuprofen is approximately 2 hours.42
Mean maximum plasma concentration of fast-acting for¬
mulations is reached in 31 to 48 minutes compared with
100 minutes for standard formulations.46

Adverse effects/precautions. Because they block the
formation of compounds that have a significant role in
homeostasis, NSAIDs have the potential to cause a broad
range of side effects. These include gastrointestinal com¬
plications, renal toxicity, and cardiovascular events. Be¬
cause they may cause fluid retention, there may also be
an exacerbation of hypertension.42 While these are more
likely to occur with long-term use of NSAIDs, in 2014 the
US Food and Drug Administration strengthened its warn¬
ing of potential heart attack and stroke associated with
all NSAIDs and noted that this could happen as early as
the first few weeks of use.49 They also noted an increased
risk with higher doses. Therefore, it is incumbent upon
the clinician to use the smallest effective dose with the
shortest duration.

NSAIDs should not be used during pregnancy, in pa¬
tients with known hypersensitivity reactions to NSAIDs
or aspirin, in patients with active peptic ulcer disease, or
in patients taking anticoagulants. They should be used
with caution in patients with asthma, patients with he¬
patic or renal impairment, and in women who are breast¬
feeding.50

Efficacy. A recent overview of 39 Cochrane reviews of
randomized, placebo-controlled trials of analgesic effica¬
cy in acute postoperative pain was published by Moore
et al in 2015.43 Comparisons were made using the NNT,
the number of patients needed to treat in order to see one
additional patient with at least 50% pain reduction com¬
pared with placebo. The ideal NNT is 1.0. For NSAIDs
currently available in the United States, ibuprofen alone
in a fast-acting formulation and ibuprofen in combina-
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Analgesics and analgesic combinations listed in descending order of efficacy, based on the NNTTable 16-1
Study

participants (n) NNT 95% confidence intervalDose (mg)Drug

Ibuprofen + acetaminophen 400 + 1,000

200 + 500

1,000 + 10

543 1.5 1.4-1.7

1.6 1.5-1 .8

1.6-2.2

1.9-2.3

1.9-2.4

2.3-3.3

508

Acetaminophen + oxycodone

ibuprofen fast acting

289 1.8

400 1,364 2.1

828 2.1200

Naproxen/naproxen sodium

Acetaminophen

Acetaminophen + codeine

500/550

975/1,000

600/650 + 60

784 2.7

3,232

1,413

3.6 3.2-4.1

3.3-4.73.9

NNT represents the number of patients that need to be treated with the analgesic for one patient to experience at least 50% pain reduction over 4 to 6 hours in
single-dose, randomized, placebo-controlled trials, deemed reliable by the Cochrane Collaboration. The ideal NNT is 1.0. The 95% confidence interval gives the range
within which one can be 95% certain contains the mean NNT. (Adapted from Moore et al.43)

Pharmacokinetics. Acetaminophen is widely distributed
throughout the body and undergoes very little plasma
protein binding. It has a half-life of approximately 2
hours and undergoes extensive conjugation with glucu¬
ronic and sulfuric acids (and to a lesser extent cysteine)
in the liver, followed by excretion in the urine.48 A small
portion of acetaminophen is hydroxylated by the cyto¬

chrome P450 CYP2E1 to form the hepatotoxic metab¬
olite N-acetyl-benzoquinoneimine (NAPQI). NAPQI is
normally detoxified by reaction with sulfhydryl groups
in glutathione; however, in the presence of large amounts

of NAPQI following overdosage of acetaminophen,
glutathione levels are depleted, and hepatic necrosis can
result.48

Patients who are taking daily aspirin for its cardio¬
protective effects should be advised to take the aspirin at

least 2 hours before taking ibuprofen, due to ibuprofen’s
ability to block the binding site of aspirin at the active site
of the cyclooxygenase enzyme.51

Dosing. As suggested by Table 16-1, recommended dos¬
ages are as follows:

•Ibuprofen 400 mg + acetaminophen 1,000 mg every 6
to 8 hours when increased pain is anticipated

•Ibuprofen 200 mg + acetaminophen 500 mg every 4 to

6 hours, or fast-acting ibuprofen 400 mg every 4 to 6
hours, when mild pain is anticipated

Adverse effects/precautions. Acetaminophen is gener¬
ally very well tolerated at therapeutic dosages. The most

notable adverse effect is hepatotoxicity, as previously
mentioned. Overdose of acetaminophen is the leading
cause of acute liver failure in the United States and United
Kingdom.54 Accordingly, the FDA has asked manufactur¬
ers to limit the amount of acetaminophen to 325 mg per
capsule in prescription drug combination products such
as Tylenol with codeine.55 Patients should be advised to

be aware of the acetaminophen content of other over-the-
counter medication combinations they may be taking,
such as sinus or cold preparations, so as not to exceed the
maximum recommended daily dose of 4,000 mg.

The risk of hepatotoxicity is thought to be increased
with chronic alcohol abuse due to the increased activ¬
ity of CYP2E1, which is also partly responsible for the
metabolism of ethanol.56 However; a randomized, placebo-
controlled trial of newly abstinent alcoholics showed no

elevation in serum markers of hepatic injury when taking
4,000 mg of acetaminophen for 5 days.

Acetaminophen

Mechanism of action/efficacy. Acetaminophen (Tylenol
[Johnson & Johnson]), or paracetamol, has been used in
medicine since 1893 and has fallen in and out of favor
since then. It is currently the most commonly used an¬
algesic worldwide52 and is recommended by the World
Health Organization as a first step in the treatment of
all pain conditions.53 In spite of its widespread use for
many years, the mechanism of action of acetaminophen
remains unclear. It is becoming generally accepted that it
inhibits both COX-1 and especially COX-2 (hence the
fewer gastrointestinal side effects), and interestingly, its
analgesic effects are reduced by inhibitors of serotoner¬

gic, opioid, and cannabinoid systems.54 Compared with
other NSAIDs, however, acetaminophen has weak anti¬
inflammatory activity.

As can be seen in Table 16-1, the efficacy of acetamin¬
ophen alone is not as good as typical NSAIDs (evidenced
by higher NNTs), but in combination with ibuprofen, it
outperforms even opioid combinations.43

V
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amples that may be seen in endodontic patients include
fluoxetine (Prozac [Eli Lilly], Sarafem [Eli Lilly]), par¬
oxetine (Paxil [GlaxoSmithKline]), terbinafine (Lamisil
[Novartis]), clarithromycin (Biaxin [AbbVie]), diltiazem
(Cardizem [Valeant]), fluconazole (Diflucan [Pfizer]), and
verapamil (Calan [Pfizer]).65

Acetaminophen is classified as pregnancy category B
and can be safely used in all trimesters.58 Concerns have
recently been raised about a possibly causal link be¬
tween acetaminophen use during pregnancy and autism
spectrum disorder (for review, see Andrade59); the safest
treatment plan would call for endodontic surgery after
delivery.

Dosing. Recommended dosages are as follows:
Dosing. Acetaminophen 1,000 mg every 6 hours may be
expected to provide some pain relief after oral surgery,
but results could vary. The most predictable pain relief
is obtained when 1,000 mg acetaminophen is combined
with 400 mg ibuprofen. For patients who cannot take
NSAIDs, 1,000 mg acetaminophen can be combined with
an opiate for more predictable outcomes.43

•10 mg oxycodone with 650 mg acetaminophen for se¬
vere pain

•5 to 10 mg hydrocodone with 650 mg acetaminophen
for moderate to severe pain

•60 mg codeine with 650 mg acetaminophen for mod¬
erate pain

H3 Pharmacology in Surgical Endodontics

Acetaminophen is classified as pregnancy category B
and can be safely used in all trimesters.58 Concerns have
recently been raised about a possibly causal link be¬
tween acetaminophen use during pregnancy and autism

spectrum disorder (for review, see Andrade59); the safest
treatment plan would call for endodontic surgery after
delivery.

amples that may be seen in endodontic patients include
fluoxetine (Prozac [Eli Lilly], Sarafem [Eli Lilly]), par¬
oxetine (Paxil [GlaxoSmithKline]), terbinafine (Lamisil
[Novartis]), clarithromycin (Biaxin [AbbVie]), diltiazem
(Cardizem [Valeant]), fluconazole (Diflucan [Pfizer]), and
verapamil (Calan [Pfizer]).65

Dosing. Recommended dosages are as follows:
Dosing. Acetaminophen 1,000 mg every 6 hours may be
expected to provide some pain relief after oral surgery,
but results could vary. The most predictable pain relief
is obtained when 1,000 mg acetaminophen is combined
with 400 mg ibuprofen. For patients who cannot take
NSAIDs, 1,000 mg acetaminophen can be combined with
an opiate for more predictable outcomes.43

•10 mg oxycodone with 650 mg acetaminophen for se¬
vere pain

•5 to 10 mg hydrocodone with 650 mg acetaminophen
for moderate to severe pain

•60 mg codeine with 650 mg acetaminophen for mod¬
erate pain

Adverse effects/precautions. Opiates have the poten¬
tial to produce a wide variety of untoward effects, includ¬
ing respiratory depression, nausea, itching, constipation,
dizziness, urinary retention, and hypotension.60

Because opiates are metabolized by the liver, they
should be used with caution in patients with hepatic dis¬
ease due to increased bioavailability after oral adminis¬
tration.69 Patients with renal disease may experience in¬
creased effects of codeine due to the accumulation of the
active metabolite, morphine-6-glucuronide.60 Negative
effects on respiration may be exacerbated by opiates in
patients taking other respiratory depressants and in pa¬
tients with compromised respiratory function, such as
those with emphysema.60 Opioids also produce euphoria
in many patients, providing the incentive for abuse, espe¬
cially in young adults.70

Given the host of possible adverse effects, and the
recent awareness of the efficacy of ibuprofen/acetamin-
ophen combinations, the clinician would do well to de¬
velop the routine practice of avoiding opioid analgesics
unless the patient cannot tolerate NSAIDs.

Opioid analgesics

Mechanism of action/efficacy. Opiates are a group
of over 20 natural alkaloids derived from opium and an
assortment of semisynthetic congeners.60 Unlike the anti¬
inflammatory actions of NSAIDs, opiates act to decrease
pain perception by binding to receptors for endogenous
ligands that are located on neurons involved in pain-
modulating descending pathways.61 Their value as anal¬
gesics, and in the treatment of dysentery, has been ap¬
preciated for millennia; however, their use is limited by a
variety of adverse effects and the potential for addiction.
Oral opiates typically used in the treatment of pain af¬
ter oral surgery include codeine, hydrocodone, and oxy¬
codone.43 Several studies using a third molar extraction
model have been performed to evaluate the analgesic ef¬
fects of these drugs; their efficacy in descending order is
oxycodone, hydrocodone, and codeine.43,62,63

In 2014, the Drug Enforcement Administration re¬
scheduled combination products containing hydrocodone
and oxycodone from schedule III to schedule II to combat
potential abuse of these drugs. This has resulted in a dra¬
matic increase in the prescription of codeine-containing
analgesic combinations.64 Timing of analgesic administration
Pharmacokinetics. Codeine achieves most of its analge¬
sic effects primarily through its transformation to mor¬
phine by the cytochrome P450 isozyme CYP2D6. Mor¬
phine is then further metabolized to the active compound
morphine-6-glucuronide and the inactive morphine-3-
glucuronide.65 Codeine is also metabolized to another
active form, codeine-6-glucuronide.66 Hydrocodone is a
prodrug; its analgesic activity is conferred by metabolism
via CYP2D6 to the active form, hydromorphone.67 Oxy¬
codone is primarily metabolized by CYP3A to the inac¬
tive moiety noroxycodone.68

This information can be used to predict drug-drug in¬
teractions with other drugs that are metabolized by or
inhibit the activity of these two CYP isozymes. Some ex-

The medical literature is replete with papers evaluating
the efficacy of preemptive analgesia in attenuating post¬
operative pain following surgical procedures. This con¬
cept was proposed as early as 1913,71 and advances in
neuroscience have provided the theoretical basis that
preoperative pain, the afferent barrage of input to the
CNS during surgery, and the inflammation that occurs
postoperatively all contribute to the hyperexcitability of
central components of the pain-processing pathways (for
an excellent review, see Katz et al72).

While the concept seems plausible, the reports of ef¬
ficacy vary greatly. A review of the literature by Ong et

al73 evaluated five types of preoperative analgesic inter¬
ventions: epidural anesthesia, wound infiltration with
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local anesthetics, N-methyl-D-aspartic acid (NMDA) re¬
ceptor antagonists, NSAIDs, and opioid analgesics. The
outcome measures analyzed were postoperative pain in¬
tensity, analgesic consumption, and time to first analgesic
consumption. The relevant findings were that preemptive
local anesthesia (always provided in endodontic surgery)
and preemptive NSAID administration both improved
time to first analgesic consumption and total analgesic
consumption but did not improve reported postoperative
pain. There was also variability depending on the type of
surgery provided.

A recent meta-analysis of randomized clinical trials
evaluating the effects of preemptive NSAIDs before the
surgical removal of third molars under local anesthesia
could not show a reduction in postoperative pain; how¬
ever, the authors noted that there was significant vari¬
ability in the methodologies of the included studies and
called for more careful clinical trials in this area.74

Given that the literature is equivocal, if an NSAID or
NSAID/acetaminophen analgesic is going to be recom¬
mended to the patient following endodontic surgery, hav¬
ing him or her take it 1 hour before the procedure would
do no harm and has the potential to have a positive im¬
pact on the overall pain experience.

prevention of postsurgical pain and swelling. A systemat¬

ic review by Herrera-Briones et al85 concluded that pre¬
operative administration of corticosteroids significant¬
ly reduces swelling and trismus, and to a lesser extent,
pain, following extraction of impacted third molars. In
general, parenteral administration was more effective
than oral delivery of the drugs. A randomized clinical
trial by Grossi et al86 compared no medication to 4 and
8 mg dexamethasone injected into the buccal vestibule
in patients having one impacted mandibular third molar
removed (most studies using this model have multiple ex¬
tractions per patient). This model is perhaps closer to the
trauma caused by endodontic root-end surgery. Postop¬
erative swelling was significantly reduced in both steroid
groups, with no difference between the 4-mg and 8-mg
dosages. Postoperative pain was not significantly reduced
by the dexamethasone.

In 50% of the studies regarding pain and swelling after
endodontic surgery reviewed by Garcia et al,33 swelling
was a factor in patient discomfort for the first 1 to 2 days
following the procedure. A single dose of 4 mg dexameth¬
asone injected in the buccal vestibule after administration
of local anesthesia and prior to surgery would likely help
those patients.

Adverse effects/precautionsCorticosteroids
Side effects of administered corticosteroids are diverse,
ranging from hypertension, hyperglycemia, adrenal insuf¬
ficiency, and increased risk of infections to cataracts and
osteoporosis; however, these are typically associated with
long-term use.75 Corticosteroids are contraindicated in
patients with active or incompletely resolved tuberculosis,
active viral or fungal infections, and primary glaucoma.87
Caution should be exercised and medical consultation
considered for patients with Cushing syndrome, myas¬
thenia gravis, poorly controlled hypertension or Type I
diabetes, renal insufficiency, or peptic ulcers as well as in
pregnant patients.87

Given that corticosteroids are immunosuppressants,
there is some concern that antibiotics should be given
concomitantly to avoid postoperative infection. As point¬
ed out by Hargreaves et al,88 several studies on the use
of steroids in conjunction with endodontic procedures in
teeth with necrotic pulps and apical periodontitis showed
no need for perioperative antibiotics, and there was no
association between steroid use and postoperative infec¬
tions compared with control groups. This was also noted
by Sisk and Bonnington in patients following removal of
impacted third molars.89 In the otherwise healthy patient,
there does not appear to be a need for antibiotics because
of the administration of corticosteroids.

Mechanism of action/efficacy

Corticosteroids are steroid hormones released from the
adrenal glands in response to stress. Receptors for corti¬
costeroids are found on nearly every cell type, and there¬
fore their actions are wide-ranging. Once bound to the re¬
ceptor, the steroid-receptor complex has the potential to

block several inflammatory pathways both by inducing
the transcription of anti-inflammatory proteins and by
blocking the transcription of proinflammatory proteins.75
Because they modulate the immune response, they have
been used in the treatment of a variety of inflammatory
disorders since the 1940s.76

Several studies have evaluated corticosteroids for their
potential to prevent pain after nonsurgical endodontic
treatment77-83; however, there are few randomized, con¬
trolled trials examining the possible benefits of these ste¬

roids following surgical endodontic therapy. Lin et al84
found both an NSAID (etodolac 600 mg 2 hours preop-
eratively and 1 and 2 days after surgery) and a corticoste¬
roid (dexamethasone 8 mg 2 hours preoperatively and 4
mg at days 1 and 2) to be effective at reducing pain after
root-end surgery compared with placebo; however, the
two drugs were not directly compared.

The third molar surgery model has been used in many
studies to evaluate the efficacy of corticosteroids in the
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D*« Box 16-1 Cardiac conditions for which antibiotic prophylaxis is recommended

•Prosthetic cardiac valve or cardiac valve repair with prosthetic material

•Previous infective endocarditis

•Congenital heart disease (CHD)

-Unrepaired cyanotic CHD, including palliative shunts and conduits
- Completely repaired congenital heart defect with prosthetic material or device, whether placed by surgery or

by catheter intervention, during the first 6 months after the procedure
- Repaired CHD with residual defects at the site or adjacent to the site of a prosthetic patch or prosthetic device

•Cardiac transplantation recipients who develop cardiac valvulopathy

Adapted from Wilson et al.101

Antibiotics or symptoms develop after root-end surgery, then anti¬
biotics should be prescribed. Preoperative use of antibi¬
otics in otherwise healthy patients has not been shown
to reduce postoperative infection96’97 or to enhance long¬
term healing after endodontic surgery.98’99

This discussion is limited to the otherwise healthy pa¬
tient. There are certain patient populations in which pro¬
phylactic antibiotics are indicated and patients for whom
perioperative antibiotics should be considered.

Antibiotic stewardship

Prior to considering specific indications for antibiotic
therapy before or after endodontic surgery, one must con¬
sider the potential abuse of these life-saving drugs. Pre¬
ceding the introduction of antimicrobials into clinical
practice, infectious diseases were the leading cause of
morbidity and mortality in the general population.90 A
return to those times via the development of antibiotic-
resistant microbes would be disastrous. In his Nobel lec¬
ture on December 11, 1945, Sir Alexander Fleming
sounded a warning when he noted that it is “not difficult
to make microbes resistant to penicillin.”91 Unfortunately,
along with an increase in bacterial resistance to antibiot¬
ics, there has been a concomitant decrease in the discov¬
ery of new antibiotics. In fact, from the 1980s to the early
2000s, approval of novel antibiotics decreased by 90%.92

In 2016, the World Health Organization issued a call for
the development of a global action plan to increase aware¬
ness of the devastating consequences of microbial resis¬
tance and the need for aggressive antibiotic stewardship.93

These represent global concerns; local concerns in¬
clude the possibility of adverse reactions to antibiotics,
including life-threatening anaphylaxis. Additionally, cli¬
nicians would find themselves in an indefensible position
if a patient had an adverse reaction to an antibiotic that
was not necessary.

Antibiotic prophylaxis

Infective endocarditis

Antibiotic prophylaxis is recommended by the American
Heart Association for the prevention of infective endo¬
carditis in patients who are undergoing procedures likely
to cause bacteremia and who have a defined cardiac con¬
dition. Endodontic surgery is highly likely to cause bac¬
teremia.100 Cardiac conditions recommended for prophy¬
laxis are listed in Box 16-1.101 Recommended antibiotic
regimens are shown in Box 5-1.101

Late prosthetic joint infection

The guidelines for antibiotic prophylaxis in patients un¬
dergoing dental procedures who have prosthetic joints
are less clear. In 2012, a panel of experts representing
the American Academy of Orthopedic Surgeons (AAOS)
and the American Dental Association (ADA) undertook
a systematic review of the literature and the following
year published a clinical practice guideline to address
the question of whether patients with prosthetic joints
should receive antibiotic prophylaxis prior to dental pro¬
cedures.102 With regard to the use of systemic antibiotics,

it was recommended that “The practitioner might con¬
sider discontinuing the practice of routinely prescribing
prophylactic antibiotics for patients with hip and knee
prosthetic joint implants undergoing dental procedures.”

Indications for antibiotics
True indications for the use of antibiotics in an otherwise
healthy patient are signs and symptoms of systemic in¬
volvement. These include body temperature above 101°F
or below 96.8°F, heart rate above 90 beats per minute,
respiratory rate above 20 breaths per minute, malaise,
rapidly progressive swelling, or cellulitis.94’95 If these signs
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This was updated in 2014 by a panel of experts convened
by the ADA Council on Scientific Affairs in an attempt to

clarify the previous guidelines.103 In the update, four ad¬
ditional studies were reviewed that assessed the relation¬
ship between dental procedures likely to produce bactere¬
mia (“high-risk dental procedures”) and the development
of late prosthetic joint infection (LPJI) of the knee or hip.
Three of the four studies showed no relationship between
dental procedures and LPJI; the fourth actually showed
dental procedures to have a protective effect. Based on
its updated review, the 2014 panel gave the following
clinical recommendation: “In general, for patients with
prosthetic joint implants, prophylactic antibiotics are not

recommended prior to dental procedures to prevent pros¬
thetic joint infections.”They go on to say, however, that
“the individual patient’s circumstances and preferences
should be considered when deciding whether to prescribe
prophylactic antibiotics prior to dental procedures.”This
includes a history of joint replacement with complica¬
tions, in which case consultation with the patient and
his or her orthopedic surgeon should be considered be¬
fore prescribing prophylactic antibiotics. In such cases,
the orthopedic surgeon should take responsibility for the
choice of antibiotic and dosage.

For patients who have been identified as needing anti¬
biotic prophylaxis for any reason and who are on an ex¬
isting antibiotic regimen (or who have been on antibiotics
within the past 10 days), a different antibiotic should be
prescribed for prophylaxis due to the likely presence of
newly resistant microorganisms.

Immunosuppressed patients

Reduction of a patient’s defensive capacity due to phar¬
macologic immunosuppression may require the use of
antibiotics in the pre- and postsurgical period. Examples
include chemotherapeutic agents, long-term corticoste¬
roids, and antirejection drugs following organ transplan¬
tation.110’111

Patients taking antiresorptive drugs

Patients who are taking antiresorptive drugs for the man¬
agement of metabolic and metastatic disease of the bone
are at some risk for developing antiresorptive agent-

induced osteonecrosis of the jaws (ARONJ), especially
after dental trauma.112 An executive summary of recom¬
mendations for the management of care for dental pa¬
tients receiving antiresorptive medications from the ADA
Council on Scientific Affairs advises that the same strate¬

gies be employed for patients undergoing endodontic sur¬
gical procedures as those undergoing any oral and maxil¬
lofacial surgical procedures. These include a conservative
surgical technique with primary closure, use of a chlor-
hexidine mouthrinse before and after surgery until the
site has healed, and systemic antibiotics beginning 1 day
before and continuing 3 to 7 days following surgery.113

A medical consultation is always recommended prior
to endodontic surgery in medically compromised patients
and should include consideration of the potential use of
antibiotics. If indicated, antibiotics should be given 2
hours before surgery and continued up to 5 days.114’115

mi

Antibiotic considerations for medically
compromised patients General principles of antibiotic dosing

The goal of antibiotic therapy is to assist the temporarily
overwhelmed defense mechanisms of the body in con¬
trolling pathogenic microorganisms. Because each oral
infection is a distinct interaction between the individual
host and the causative agents, it is difficult to establish
concrete unit dosages, dosing intervals, and duration for
relevant antibiotics. According to Pallasch,116 however,
the following general principles can be applied:

HIV-positive patients

In general, patients infected with HIV have not been found
to be more susceptible to post-oral surgical infection.104,105

Patients whose viral load is greater than 30,000 copies/
mL106 or whose CD4+ T-lymphocyte count is less than
200 cells/pL107 are at higher risk for infection, and periop¬
erative antibiotic therapy should be considered.

•Start with a loading dose that is higher than the main¬
tenance dose.

•Achieve blood levels of the antibiotic that are two to

eight times the minimal inhibitory concentration.

•Maintain those levels with frequent dosing intervals.
•Terminate therapy when the infection has resolved.

Patients with diabetes mellitus

The American Diabetes Association suggests that dia¬
betes may be considered well-controlled if the patient’s
glycosylated hemoglobin (A1C) is 7% or less. Such pa¬
tients are not at higher risk for postsurgical infections
and do not require antibiotic coverage.108 Diabetic pa¬
tients whose disease process is not well-controlled are
thought to be more prone to infections and may benefit
from antibiotics.109,110

Patients should be monitored daily to assess their
progress. Additionally, if a postsurgical infection occurs
with fluctuant area, it should be drained in order to allow
penetration of the antibiotic.
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tions. For patients allergic to penicillin, cephalosporins
have been proposed as an alternative for prophylaxis
against infective endocarditis.101 There is some concern
about cross-reactivity between penicillin and cephalospo¬
rins (it has been estimated at 10%), but recent findings
suggest that the likelihood is about 1%.126

Choice of antibiotic/dosing

Beta-lactams

This group shares a beta-lactam ring in their molecular
structure and includes penicillin and its derivatives and
the cephalosporin and carbapenem classes of antibiotics.
Beta-lactam antibiotics exert their bactericidal effect by
inhibiting a group of enzymes that are involved in the
cross-linking of peptidoglycan during bacterial cell wall
synthesis, resulting in cell death due to osmotic instability
or autolysis.117

Lincosamides

This class of antibiotics originates from lincomycin, a
naturally occurring antibiotic isolated from the bacteri¬
um Streptococcus lincolnensis found in a soil sample in
Lincoln, Nebraska. It includes lincomycin, clindamycin,
and pirlimycin. Of the three, clindamycin has relevance
in the treatment of odontogenic infections.

Penicillin. Discovered serendipitously in discarded cul¬
ture plates by Sir Alexander Fleming in 1928, penicillin is
a naturally occurring antibiotic synthesized by the fungus
Penicillium chrysogenum. Its congener, penicillin-VK, is
well absorbed after oral administration and widely dis¬
tributed. It is rapidly eliminated by the kidneys, with a
serum half-life of 30 minutes.118 Most of the bacteria
associated with endodontic infections are susceptible to

penicillin, and it remains an appropriate first choice for
postsurgical infections.
penicillin-VK should be administered frequently. Adult
dosage typically involves a loading dose of 1,000 mg, fol¬
lowed by 500 mg every 4 to 6 hours.118

Clindamycin. Clindamycin is almost completely absorbed
after oral administration and reaches peak plasma con¬
centrations within an hour, regardless of the presence of
food in the stomach, with a plasma half-life of approxi¬
mately 3 hours. Inactivation of clindamycin occurs by
metabolism to N-demethylclindamycin and clindamycin
sulfoxide in the liver; excretion occurs in urine and bile.127
It exerts its antibacterial activity by binding to the 50S
subunit of bacterial ribosomes and thus prevents protein
synthesis. Clindamycin has activity against many aerobic,
anaerobic, and beta-lactamase-producing bacteria and
would be a good choice for postsurgical infections.120,128,129

Adult dosage is a 600-mg loading dose followed by 300
mg every 6 hours.

A historical concern with the use of oral clindamycin
has been the overgrowth of Clostridium difficile in the
colon and the development of pseudomembranous coli¬
tis. A review of the literature shows that the antibiotic-
associated occurrence of C difficile infection is rare in
outpatient settings, and clindamycin poses no greater risk
than amoxicillin.130

Because of its short half-life,119-123

Amoxicillin. First synthesized in 1964, amoxicillin is a
semisynthetic penicillin that has a broader spectrum of
antibacterial activity than penicillin.124 It is rapidly ab¬
sorbed and reaches peak plasma concentration in about
2 hours after oral administration, with a serum half-life
of about 1 hour. It is primarily excreted in the urine in
an active form. Amoxicillin is also a valid choice for
postsurgical infections; however, like penicillin-VK, it
is susceptible to inactivation by bacteria that produce
beta-lactamase enzymes. Research aimed at finding mi¬
croorganisms that produce inhibitors of beta-lactamase
resulted in the discovery of clavulanic acid, a product of
Streptococcus clavuligerus. In 1981, the combination of
amoxicillin and clavulanic acid was brought to market in
the United Kingdom as Augmentin (GlaxoSmithKline).125
Augmentin has been shown to be effective against mi¬
crobes isolated from endodontic and dentoalveolar in¬
fections.119,120,122 Adult dosage calls for a loading dose of
1,000 mg, followed by 500 mg every 8 hours.

Macrolides

The first commercially available macrolide, erythromycin,
was isolated from Streptomyces erythrus in the 1950s.
Macrolides act by reversibly binding to the 50S ribo-
somal subunit of susceptible bacteria and preventing
protein synthesis and are primarily bacteriostatic. Because
erythromycin is not well tolerated and has poor activity

against anaerobes associated with odontogenic infection,
particularly Fusobacterium, it would not be an appropri¬
ate choice for postsurgical infections.131 The semisynthetic
derivatives azithromycin and clarithromycin have a broad¬
er spectrum of antimicrobial activity and are better toler¬
ated, but the emergence of macrolide-resistant microbes
limits the use of these agents to patients who cannot
tolerate more suitable antibiotics.

Cephalosporins. The first cephalosporins were isolated
in 1948 from the fungus Cephalosporium acremonuim
found near a sewer outlet on the coast of Sardinia.118
While third and fourth generations have activity against
gram-positive cocci and gram-negative bacilli, they are
also susceptible to beta-lactamase and offer no advantage
over the other beta-lactams and would not be considered
a drug of first choice for postendodontic surgical infec-
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Outcomes of
Endodontic Surgery
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Thomas von Arx, Shane N. White

aggregate (MTA).1,5 Apical surgery has the ability to

address extracanal bacteria. Moreover, some unhealed
NSRCT cases are not amenable to nonsurgical retreat¬

ment.Therefore, modern apical microsurgery will contin¬
ue to have an important place in endodontics and tooth
retention.

Apical surgery is the most widely used type of end¬
odontic surgery and the primary focus of the endodontic
surgical literature. However, it must be remembered that
other endodontic surgical procedures can also benefit
patients with persistent endodontic problems.1 Intention¬
al replantation remains a viable alternative to extraction.
Autotransplantation has a place, particularly in growing
patients with an appropriate donor tooth. Root amputa¬
tion can be valuable when a severe problem is localized to

a single root on an otherwise sound tooth.
The purposes of this chapter are to (1) introduce the

place of endodontic surgery, (2) describe endodontic sur¬
gical outcome measures, (3) define follow-up times for
postsurgical evaluation, (4) describe outcomes of apical
surgery, (5) describe prognostic predictors of apical sur¬

gery, and (6) concisely summarize endodontic surgical
outcomes.

Retaining teeth that have been afflicted by inflammation
or infection arising from disease of pulpal origin or trau¬

ma provides esthetics, comfort, and function for patients.
Initial nonsurgical root canal treatment (NSRCT) and
restoration aim to eliminate and permanently exclude
bacteria from the root canal system. Sometimes, despite
all best efforts, these goals may not be attained. Results
from systematic reviews of the outcomes of nonsurgical
retreatment and apical surgery, including modern apical
microsurgery, suggest that the first-line treatment option
after failure of initial NSRCT is nonsurgical retreatment.1
Nonsurgical retreatment is noninvasive and generally ef¬
fective, and it addresses intracanal bacteria throughout
the entire root canal system, shows increased healing
rates over time, and preserves root length.2 Furthermore,
apical surgery has better outcomes if it follows nonsurgi¬
cal retreatment.3

However, a small proportion of nonsurgically re-treated
cases will still not heal, likely because some bacteria were
still not eliminated or because extracanal bacteria were
present.4 These cases are best addressed by modern apical
microsurgery using microscopy, ultrasonic instruments,
and current retrofilling materials such as mineral trioxide
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Endodontic Surgical Outcome
Measures

This situation following apical surgery differs from
that following NSRCT or nonsurgical retreatment where
the apical pathology remains and must resolve itself be¬
fore it can be replaced by bone. The very nature of apical
surgery facilitates swift bone healing. Pathologic apical
tissues and inflamed or infected tissues are removed;
the crypt is small, surrounded by walls on all four sides,
and with only a conservative buccal access. A blood clot
forms, which can be quickly turned into bone, and the
overlying soft tissue is well supported and stabilized us¬
ing sutures, all creating a great scenario for healing.

Stakeholders, patients, dentists, and third-party payers
are deeply vested in surgical success, but perspectives may
vary. Patient symptoms, clinical examination, and radiog¬
raphy have formed the basis for the measurement of end¬
odontic surgical outcomes. Apical surgery principally in¬
volves three tissues: the root and its periodontal ligament,
the alveolar bone, and the soft tissues (gingiva, papillae,
and alveolar mucosa). Outcome measures should address
all of these tissues. Additionally, the impact of surgery on
patient-centered measures, including quality of life, pain,
esthetics, and cost, must also be considered.

Clearly, the persistence of pain or other symptoms in¬
dicates failure, as do clinical findings indicative of inflam¬
mation or infection, such as tenderness to percussion or
the presence of a sinus tract. Treated teeth must be with¬
out clinical signs and symptoms of reinfection. Tradition¬
ally, outcome assessment of apical surgery has been based
on two-dimensional radiographic judgment of periapical
healing with re-formation of an adequately sized peri¬
odontal ligament space at the cut root face and bone for¬
mation within the periapical bone defect. Radiographic
examination must systematically include analyses of the
periodontal ligament space, the continuity of the lamina
dura, trabecular patterns, and bone density.6

Andreasen and Rud7 related radiographic findings to

histology following endodontic surgery. They character¬
ized healing as a decrease in the extent of rarefaction and
noted that persistent scar tissue was characterized by a
decrease in the size of a lesion but without complete reso¬
lution.They also characterized persistent inflammation as
a circular or semicircular radiographic rarefaction more
than twice the width of the normal periodontal ligament
space, which blends or funnels into the ligament space.

Molven et al8 described a strategy for classifying end¬
odontic surgical cases into four categories: complete heal¬
ing, incomplete healing (scar tissue), uncertain healing,
and unsatisfactory healing (failure). Their strategy uses
reference radiographs and schematic diagrams. This clas¬
sification system has satisfactory interobserver agreement
and remains the most widely used system.

The idea has been advanced that favorable healing
may be represented by the persistence of scar tissue or
the radiographic appearance of increased width of the
periodontal ligament space.8-10 A study of 24 teeth that
were originally classified as incomplete healing at 2 to 6
years postsurgery showed that over time, the vast majori¬
ty continued to demonstrate a reduction in the size of the
rarefaction.

When to Evaluate Healing

A follow-up period of 1year has long been recommended
for assessing endodontic surgery. Halse et al11 determined
that a 1-year follow-up will provide a valid diagnosis for
the majority of cases; only a small number of uncertain
cases will need additional follow-up. This finding is con¬
sistent with that of Burstein et al,12 who determined that
the size of the apical crypt generally decreases by 80%
within 1 year. Some additional healing is expected after 1
year.13 Indeed, late healing over the following decades is
possible.14 Unfortunately, a significant proportion of ear¬
ly successes may revert to failure over time.2,5,15 Because
apical surgery only addresses the apical part of an affect¬
ed root, not the entire root canal system, it is possible that
bacteria may migrate from untreated areas back to the
root end. Therefore, a comprehensive 1-year endodontic
evaluation including patient history, clinical examination,
and radiography of teeth treated through endodontic sur¬
gery is required, but additional follow-up should be part
of every subsequent comprehensive patient examination.

Apical Surgery Outcomes

This chapter primarily focuses on apical surgery because
it is by far the most widely used procedure. Apical sur¬
gery is indicated when nonsurgical retreatment has not

successfully resolved disease of pulpal origin, or when it
is not practicable. With the introduction of microsurgical
principles and techniques in the early 1990s, apical sur¬
gery was transformed from a traditional to a modern tech¬
nique. When appraising data on apical surgery outcomes,

one must consider the scientific quality of the study, the
specific outcome measures used, and the technical proce¬
dures and materials used. Apical surgery outcome papers
have generally been low-level case series studies; very few
randomized clinical trials have been conducted.16
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Apical Surgery Outcomes

Traditional techniques using burs with amalgam and cavities prepared using
microtips with SuperEBA; their outcome may have been
influenced by the root-end filling material.

Tsesis et al22 retrospectively compared the traditional
root-end resection technique (a 45-degree bevel using a
bur) with a modern technique (resection perpendicular to
the long axis of the root using microtip preparation and
microscopy). The complete healing rate after a follow-up
period of at least 6 months was dramatically higher for
cases treated using a modern technique (91%) than a tra¬
ditional technique (44%).

Setzer et al91 performed the first meta-analysis to com¬
pare traditional root-end surgery (TRS) and endodontic
microsurgery (EMS). TRS included no or low magnifi¬
cation (up to 4x) and root-end preparation with burs;
EMS used magnification of lOx and higher and micro¬
tips for root-end preparation. A total of 12 TRS studies
(925 treated teeth) and 9 EMS studies (699 treated teeth)
were analyzed. EMS had a pooled weighted success rate

of 94%, significantly higher than the 59% success rate

for TRS.The probability of success (relative risk ratio) for
EMS was 1.6 times higher than that for TRS.

The same group published a second meta-analysis
comparing EMS with and without high magnification.92
They classified studies utilizing microinstruments but
no visualization aids (or only loupes) as contemporary
root-end surgery (CRS). In contrast, studies applying the
surgical operating microscope or endoscope were defined
as EMS. Higher magnification produced slightly higher
success rates for EMS (94%) than for CRS (88%).

Tsesis et al93 published a meta-analysis of 18 studies
using modern surgical endodontic techniques. A 1-year
success rate of 89% was reported. Success rates did not

differ between operating microscopes and endoscopes,
but both produced significantly higher success rates than
loupes. Additionally, MTA resulted in significantly higher
success rates than other retrofilling materials.

Comparison of two systematic reviews by Torabine-
jad et al2,5 provides robust insight as to the superiority
of modern endodontic surgical techniques. The 2009 sur¬
gery study of all eligible prior surgeries reported a 2- to
4-year success rate of 78% and a 4- to 6-year success rate

of 72%. However, the 2015 study, limited to microsur¬
gery, reported markedly superior 2- to 4-year and 4- to

6-year success rates of 90% and 84%, respectively. For
microsurgery, the tooth survival rates were even higher, at

94% and 88% at 2 to 4 years and 4 to 6 years, respective¬
ly, indicating that teeth treated using microsurgery may
still continue to be lost at low rates over time.

Modern surgical techniques are clearly superior to tra¬

ditional techniques, and they should be universally ad¬
opted for endodontic surgery. However, it is also clear
that even with the use of modern microsurgery, treated
teeth tend to be lost at low rates over time.

Hepworth and Friedman3 provided a literature review of
apical surgery studies published up to 1995. They dis¬
tinguished between apical surgery studies with and with¬
out simultaneous orthograde treatment. They calculated
weighted success rates of 81% for apical surgery with
simultaneous nonsurgical endodontic treatment and just
59% without simultaneous nonsurgical treatment. They
noted considerable variation in case selection, treatment

procedures, and methodology among the included stud¬
ies. They explained that many of the included studies
already had limited clinical relevance due to subsequent
improvements in surgical techniques. Therefore, this
chapter focuses on the newer literature.

Newer literature
Apical surgery studies published in English since 1996
are summarized in two distinct tables. Studies where
higher magnification (surgical microscope or endoscope)
was used are summarized in Table 17-1, and studies with¬
out higher magnification are summarized in Table 17-2.
Despite considerable variation, studies using higher mag¬
nification generally produced higher success rates. The
success rates of studies using higher magnification ranged
from 67% to 97%; only one study had a success rate

below 70% (data of teeth without root-end filling except¬
ed). In contrast, 12 of 36 studies without higher magni¬
fication had success rates below 70%, four studies had
success rates below 50%, and one study had a success
rate as low as 31%.

Tsesis et al90 performed a meta-analysis of the modern
apical surgical literature (magnification, root-end resection
with minimal or no bevel, root-end cavity preparation
with microtips, and root-end filling). The 1-year-plus suc¬
cess rate was 92%. The authors also reported that age,
sex, tooth type, type of root-end filling material, and mag¬
nification method had no significant effect on success rates.

Comparison of traditional and
modern techniques

Only a few clinical studies have compared the outcome

of apical surgery using burs with those using ultrason¬
ic microtips for root-end cavity preparation.57’60’78,85 All
of these studies were performed without higher magnifi¬
cation. Cases treated using microtips always had higher
success rates than cases treated using burs (81% to 100%
vs 65% to 91%, respectively). In three studies, the same
root-end filling material was used in both preparation
groups. However, Testori et al60 filled cavities prepared
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E3 Outcomes of Endodontic Surgery

Outcome studies on apical surgery with higher magnificationTable 17-1

Study type (years when

surgeries were done) REF materialFollow-up MagnificationAuthors (year)

Retroplast (no microtips)

SuperEBA

MSCCohort retrospective (1989-1992)

Cohort prospective (NA)

2-4 years

1 year

Rud et al17 (1997)

Rubinstein and Kim19

(1999)

MSC

MSC SuperEBARubinstein and Kim20

(2002)

Cohort prospective (NA) 5-7 years

SuperEBAESCTaschieri et al21 (2006) RCT (2001-2003) 1 year

Loupes

MSC

None (naked eye)

ESC

IRMMinimum 6 monthsTsesis et al22 (2006) Clinical retrospective comparative

study (2000-2002)

Cohort prospective (2001-2003)

Clinical prospective comparative

study (2000-2003)

IRM (no microtips)

SuperEBA

MTA (ProRoot)

Retroplast (no microtips)

SuperEBA

IRM, SuperEBA, or MTA
(ProRoot)

Taschieri et al23 (2007)

Von Arx et al24 (2007)

1 year

1 year ESC

MSCKim et al27 (2008) Cohort prospective (2001-2005) 6 months-5 years

MTA (ProRoot)MSCSaunders28 (2008) Cohort prospective (2000-2006) 4 months-6 years

(mean 18 months)

2 years ESC SuperEBATaschieri et al29 (2008) RCT (2001-2004)

MSC

MTA (ProRoot)

None (only smoothing of
existing RCF; no microtips)

Various

MSCChristiansen et al30 (2009) RCT (2005-2006) 1 year

MSCBarone et al32 (2010) Cohort prospective (1998-2003) 4-10 years

MSC and ESC MTA (ProRoot)

Retroplast (no microtips)

Von Arx et al34 (2010) Clinical prospective comparative

study (2001-2007)

1 year

MSC MTA (ProRoot) or
SuperEBA

Song etal36 (2011) Cohort prospective (2001-2009) 1 year

MTA (ProRoot)

SuperEBA

Song et al37 (2011) MSCClinical comparative study

(2004-2008)

1 year

IRM

MTA (ProRoot)

SuperEBA

IRM, SuperEBA, or MTA

(ProRoot)

Song et al38 (2012) MSCRCT (2003-2010) 1 year

MSCSong etal39 (2012) Cohort prospective (2001-2005) 6-10 years

MTA (ProRoot)

Retroplast (no microtips)

SuperEBA

Von Arx etal26 (2012) Clinical prospective comparative

study (2000-2003)

ESC5 years

using a surgical microscope or endoscope, and ultrasonic microtips for root-end preparation, unless otherwise noted.

BC RRM, bioceramic root repair material; EBA, ethoxybenzoic acid; ESC, endoscope; IRM, intermediate restorative material; MSC, microscope; NA, not available; REF,

root-end filling; RCF, root-canal filling; RCT, randomized controlled trial.

300

www.konkur.in

Telegram: @dental_k



Apical Surgery Outcomes

Drop-out

rate
N initial
(teeth)

N follow-up

(teeth) CommentsHealing criteria Success rate

Rudetal18 (1972)

Success = lamina dura

restored or healed by scar;
asymptomatic and functional

Rudetal18 (1972)

86% *N refers to roots

*N refers to roots; long-term

data presented in study

Rubinstein and Kim20 (2002)

*N refers to roots; includes only

successful 1-year cases of study

Rubinstein and Kim19 (1999)

P = .08; no molars treated

39%*909 *551

97%27%*128 *94

35% 92%*59*91

Molvenetal8'9 (1987,1996)9% 95%3943

14% 91%37 32

Rudetal18 (1972),

Molven et al8 (1987)

Molven et al9 (1996)

Rudetal18 (1972),

Molvenetal8 (1987),

Zuolo et al25 (2000)

91% P < .0001NANA 45

44%NANA 43

78% Only resurgery cases included

P > .05; long-term data

presented in study

Von Arx et al26 (2012)

3%2728

90%4%53 51

85%

76%

95% for lesions of P < .05; data not available

isolated endodontic separately for REF material

origin, 78% for lesions of

combined endodontic-

periodontal origin

89%

1%86 85

0%5555

Molvenetal89 (1987,1996)192 27%263

Halse et al6 (2002),

Flalse and Molven10 (2004)

Molvenetal89(1987,1996)

NA14%276321

18% 90% P= .150 41

92%6%63 59

Rudetal18 (1972),

Molvenetal89(1987,1996)

97% P < .001; long-term data
presented in study Kruse et al31

(2016)

4%2526

52%19%2126

Rudetal18 (1972),

Orstavik et al33 (1986)

Rudetal18 (1972),

Molvenetal8-9 (1987,1996)

72% NA45%73 40

91% P = .003; long-term data pre¬

sented in study Von Arx et al35

(2014)

All cases were resurgery cases;

data not available separately for

REF material

P = 0

3%173178

80%5%175 166

Molvenetal8'9 (1987,1996) 93%22%54 42

Molvenetal89(1987,1996) 87%NANA 214

86%NANA 111

79%NANA 102

96%Molvenetal89 (1987,1996) P= .531%130 90

93%22%130 102

93% Successful cases of study Kim

et al27 (2008); data not available
separately for REF material

Same material as in study Von

Arx et al24 (2007); 'significant

difference

Molvenetal89(1987,1996)40%172 104

*86%Rudetal18 (1972),

Molven et al8 (1987),

Zuolo et al26 (2000)

17%53 44

75%86 11%77

*67%11%55 49

(cont)
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|Q Outcomes of Endodontic Surgery

Outcome studies on apical surgery with higher magnificationTable 17-1 (cont)

Study type (years when

surgeries were done) Magnification REF materialFollow-upAuthors (year)

Cohort retrospective study (2009) 6-12 months
(mean 8 months)

1-10 years

Loupes, MSC, or ESC VariousKreisler et al40 (2013)

MSC MTA (ProRoot)

SuperEBA

Clinical prospective comparative

study (2001-2011)

Song et al41 (2013)

IRM

Cohort retrospective (2007-2010)

Cohort retrospective (1997-2003)

MSC SuperEBA

IRM or MTA (ProRoot)

Li et al42 (2014)

Lui et al43 (2014)

2 years

1-2 years MSC

Cohort retrospective (2004-2007) MSC IRM, SuperEBA, or MTA
(ProRoot)

MTA (ProRoot)

Song et al45 (2014) 1 year

4-8 years

5 years MSCTortorci et al46 (2014) Clinical retrospective comparative

study (1985-1993)

Clinical retrospective comparative

study (1993-2005)

Clinical prospective comparative

study (2001-2007)

Cohort retrospective (2009-2013)

None (naked eye) Amalgam (burs)

Von Arx et al36 (2014) MSC and ESC MTA (ProRoot)

Retroplast (no microtips)

BC RRM (endosequence)

5 years

MSCShinbori et al47 (2015) 12-33 months

Tawil et al48 (2015) Cohort prospective (2009-2010) MSC MTA (ProRoot) or
SuperEBA

1 year

3 years

Qali§kan et al49 (2016)

Kruse et al31 (2016)

Cohort prospective (2007-2013)

RCT (2005-2006)

MSC MTA (ProRoot)

MTA (ProRoot)

None (only smoothing of

existing RCF; no microtips)

2-6 years

6 years MSC

using a surgical microscope or endoscope, and ultrasonic microtips for root-end preparation, unless otherwise noted.

BC RRM, bioceramic root repair material; EBA, ethoxybenzoic acid; ESC, endoscope; IRM, intermediate restorative material; MSC, microscope; NA, not available;

REF, root-end filling; RCF, root-canal filling; RCT, randomized controlled trial.
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Apical Surgery Outcomes

Drop-out

rate
N initial
(teeth)

N follow-up

(teeth) CommentsHealing criteria Success rate

Rud et al18 (1972),

Molven et al8 (1987)

Molvenetal8'9 (1987,1996)

88% Multicenter studyNANA 281

90% P> ,05NANA 150

87%NANA 186

88%NANA 8

Molvenetal8-9 (1987,1996)

Rud etal18 (1972),

Friedman44 (2005)

Rud etal18 (1972)

93% NA13%101116

79% Data not available separately

for REF material

Data not available

separately for REF material

62%93243

91%9%105115

88%9%105115

Rud etal18 (1972),

Molven etal89(1987,1996)

96% P= ,00214322 NANA

91%NANA 217

P = .0003; same material as in
study Von Arx et al34 (2010)

All patients treated in an end¬

odontic private practice

All patients treated in an end¬

odontic private practice;

data not available separately for

REF material

Only single-rooted anterior teeth

P = .04; same material as in
study Christiansen et al30 (2009)

Rud etal18 (1972),

Molven etal89(1987,1996)

Rud etal18 (1972),

Molven etal89(1987,1996)

Rud etal18 (1972),

Molven etal89(1987,1996)

93%25%178 134

77%22%137175

92%0%113113

12% 95%87 77

97%16%87 73

Molven etal89 (1987,1996)

Rud etal18 (1972),

Molven etal89 (1987,1996)

80%17%108 90

84%27%26 19

55%23%2026
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Outcome studies on apical surgery without higher magnificationTable 17-2

Study type (years when

surgeries were done) Magnification REF materialFollow-upAuthors (year)

None (naked eye) Amalgam (no microtips)11-24 years

(mean 15 years)

Cohort retrospective

(1969-1983)
August50 (1996)

GIC (chem fill; no microtips)NA‘Cohort prospective (NA) 1 yearDanin et al51 (1996)

Retroplast (no microtips)Cohort retrospective (1984) NARud et al52 (1996) 8-9 years

Retroplast (no microtips)

SuperEBA

GIC (Ketac Silver; no
microtips)

Cohort prospective (1990-1992)

Cohort retrospective (1992-1994)

Cohort prospective (1993)

NARud etal53 (1996)

Sumietal54 (1996)

Jansson et al56 (1997)

1 year

6-36 months NA

11-16 months
(mean 13 months)

1 year

NA

NA IRMClinical prospective comparative

study (1992-1993)
Bader and Lejeune57

(1998)
IRM (and treatment of ex¬
posed dentin with C02 laser)

IRM (no microtips)

IRM (no microtips and treat¬
ment of exposed dentin with

C02 laser)

Gutta-percha (no microtips)‘Cohort prospective (1989-1992) NAKvist and Reit58 (1999) 4 years

Amalgam (no microtips)

SuperEBA

SuperEBA

NACohort retrospective (1985-1994) 1-6 years

(mean 5 years)
Testori et al60(1999)

None (naked eye)Von Arx et al61 (1998) Cohort prospective (1992-1993) 1 year

IRMCohort prospective (1992-1993) 1-4 years NAZuolo et al25 (2000)

Various (no microtips until

1993)

Retroplast (no microtips)

Cohort retrospective (1990-1995) Minimum 4 years NARahbaran et al64 (2001)

Cohort prospective (1984-1997) NARud et al65 (2001) 6 months-13 years

None (naked eye) SuperEBAVon Arx et al66 (2001) Cohort prospective (NA) 1 year

Retroplast (no microtips)

GIC (Chelon Silver;

no microtips)

MTA

Jensen et al67 (2002) NARCT (1996-1999) 1 year

NAChong et al13(2003) RCT (NA) 1 year

IRM

MTA2 years

IRM

without a surgical microscope or endoscope; microtips were used for root-end preparation unless otherwise noted.

EBA, ethoxybenzoic acid; GIC, glass-ionomer cement; IRM, intermediate restorative material; NA, not available; REF, root-end filling; RCT, randomized controlled trial.
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CHHI

N initial

(teeth)

Drop-out

rate
N follow-up

(teeth) CommentsHealing criteria Success rate

*63% ‘Refers to 26 teeth (remaining
teeth only had apicoectomy
without root-end filling)

‘Data extracted from RCT com¬
paring surgical and nonsurgical

retreatment; no molars included

‘First cases treated with

Retroplast and showing

complete healing after 1 year

*N refers to roots

220 41 81% Authors’own criteria

Rud et al18 (1972) 58%0%19 19

Rud etal18 (1972) 97%*34 33 3%

Rud etal18 (1972)

Amagasa et al65 (1989)

82%*351 37%*561

NA 92% NANA 157

Only single-rooted teeth

included

31%NA 59 NA Authors' own criteria

95% NANA NA Authors’own criteria80

90%NA NA80

NA 65%80 NA

68%80 NA NA

Reit and Grondahl59 (1983) 60% ‘Data extracted from RCT com¬
paring surgical and nonsurgical

retreatment; only incisors and

canines treated

The total evaluated teeth was
N = 181

NA NA47

NA 207 apices

95 apices

NA Rud etal18 (1972) 68%

85%NA NA

Zetterqvist et al62 (1991),

Jesslen et al63 (1995)

Molven etal8'9 (1987,1996)

43 14% 82% NA50

91% All cases treated in private

practice

Only data extracted from patients

treated in the endodontic unit

Only mandibular molars included;

cases considered healed after

6-18 months were no longer

recalled and were transferred

from early recall to final healing

Only molars included

11%114 102

37%NA 83 NA Authors’own criteria

Rud etal18 (1972) 92%520 19%639

Zetterqvist et al62 (1991),

Jesslen et al63 (1995)

Rud etal18 (1972)

88%2%56 55

73%10% P < .001 ; long-term data of cases
treated with Retroplast presented

in study Yazdi et aP(2007)

67 60

31%8%67 62

84% P > .05; initial study sample

N = 183

NA NA Molven et al8 (1987)64

NA NA 76%58

92%NA 47 NA

NA NA 87%39

(cont)
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Outcome studies on apical surgery without higher magnificationTable 17-2 (cont)

Study type (years when
surgeries were done) Magnification REF materialFollow-upAuthors (year)

SuperEBACohort prospective (NA) 3 years Loupes (X4)Maddalone and

Gagliani69 (2003)

Schwartz-Arad et al70
(2003)

Wesson and Gale71

(2003)

Sahlin Platt and

Wannfors72 (2004)

Amalgam or IRM (no microtips)Cohort prospective (1994-1999) NA6-45 months
(mean 11 months)

5 years Amalgam (no microtips)Cohort prospective (1974-1995) None (naked eye)

Compomer (Dyract AP;

no microtips)

GIC (Ketac Silver; no microtips)

Various

NAClinical prospective comparative

study (NA)

1 year

Wang et al74 (2004) Cohort prospective (NA) 4-8 years Loupes

SuperEBAGagliani et al75 (2005)

Lindeboom et al76 (2005)

Cohort prospective (1995-1996) Loupes (X4.5)5 years

RCT (NA) Loupes (X3.5) MTA (ProRoot)1 year

IRM

SuperEBATaschieri et al77 (2005) Cohort prospective (NA) Loupes (X3.4)1 year

None (naked eye)De Lange et al78 (2007) RCT (NA) IRM1 year

Penarrocha et al79 (2007) Cohort prospective (NA) NA Amalgam1-10 years

(mean 28 months)

12-19 monthsWalivaara et al81 (2007)

Yazdi et al68 (2007)

IRMCohort prospective (2002)

Cohort prospective (1996-1999)

NA

Retroplast (no microtips)NA7-9 years

(mean 8 years)

Garda et al82 (2008) Cohort prospective (1999-2004) Loupes (X2.6) Amalgam1 year

Marti et al83 (2008) Cohort prospective (1999-2004)

Cohort prospective (2004-2005)

Amalgam

Amalgam

1 year Loupes (X2.6)

Ortega Sanchez et al84
(2009)

Shearer and

McManners85 (2009)

12-19 months
(mean 14 months)

6 months

NA

Zinc oxide/eugenol cement
(Kalzinol)

RCT (NA) NA

Walivaara et al86 (2009) RCT (NA) 12-38 months
(mean 16 months)

Loupes IRM

Gutta-percha/AHpius

Walivaara et al87 (2011) RCT (2006-2008) 12-21 months

(mean 13 months)

Loupes IRM

SuperEBA

Villa-Machado et al88
(2013)

Kurt et al89 (2014)

Cohort retrospective (1995-2011) 1-16 years

(mean 5 years)

1 year

Not specified Various

RCT (NA) Loupes MTA

without a surgical microscope or endoscope; microtips were used for root-end preparation unless otherwise noted.
EBA, ethoxybenzoic acid; GIC, glass-ionomer cement; IRM, intermediate restorative material; NA, not available; REF, root-end filling; RCT, randomized controlled trial.
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OH

N initial
(teeth)

Drop-out

rate
N follow-up

(teeth) Healing criteria Success rate Comments

128 120 6% Molven et al8'9 (1987,1996) 93% NA

262 122 53% NA 56% NA

1,007 790 22% Rudetal18 (1972) 57% Only molars were included

18 18 0% Molven et al73 (1991) 89% Significant difference; only

incisors and canines included

16 16 0% 44%

155 94 39% Rudetal18 (1972),

Orstavik et al33 (1986)

Rudetal18 (1972)

Rudetal18 (1972),

Molven et al8 (1987)

74% NA

13%194 168 78% NA

50 50 0% 92% P > .05; no molars treated

50 50 0% 86%

50 8%46 Rudetal18 (1972),

Molven et al89 (1987, 1996)

Rudetal18 (1972)

91% NA

399 290 27% 81% (microtip);

71% (bur)

P = .06; randomization per

root-end preparation technique

(microtip vs bur)

NA333 NA Von Arx and Kurt80 (1999) 72% NA

56 2% Rudetal18 (1972)

Rudetal18 (1972)

55 80% NA

87 60 31% 78% Partially same material
(Retroplast cases) as in study

Jensen et al67 (2002)

Only maxillary premolars and

molars included

Only mandibular molars included

NA 106 NA Von Arx and Kurt80 (1999) 75%

NA 88 NA Von Arx and Kurt80 (1999)

Von Arx et al61 (1998)

67%

NA 30 NA 73% NA

50 6%47 Authors’own criteria 100% (microtip);

91% (bur)

Randomization per root-end

preparation technique (microtip

vs bur); only maxillary anterior

teeth included

P=.577 69 10% Rudetal18 (1972),

Molven et al8-9 (1987,1996)

85%

83 78 6% 90%

99 96 3% Rud et al18 (1972),

Molven et al89 (1987,1996)

91% P- .1

107 98 8% 82%

271 171 37% Friedman44 (2005),

Barone et al32 (2010)

Zetterqvist et al62 (1991),

Jesslen et al83 (1995)

84% NA

20 20 0% 75% with preoperative Study sample consisted only of
maxillary first molarsCBCT

20 19 5% 74% with.preoperative

conventional radiography
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term follow-up only for cases classified as successful at
the short-term follow-up, effectively ignoring or censor¬
ing early failures and thus not providing valid data de¬
scribing the inception cohort.20’39,41,45,52,53 Such studies can
be helpful in understanding the rate of additional failures
over specific time periods. However, a more useful ap¬
proach would be to provide Kaplan-Meier analyses or
life tables. Unfortunately, this approach remains absent
from the dental surgical literature. Hence, the authors
review the following literature but must appreciate the
limitations of the data.

Rubinstein and Kim20 recalled patients with cases that
had been considered to have healed within 1 year of the
surgery 5 to 7 years later. Of 59 reexamined roots, 92%
remained healed at the long-term follow-up.

Yazdi et al68 reported that a total of 95% of the roots
classified as (radiographically) completely healed at the
1-year follow-up were also judged as completely healed
at the final examination at least 5 years after apical sur¬
gery (mean long-term follow-up of 8 years). Moreover,
60% of the roots classified as uncertain healing at 1 year
demonstrated complete or incomplete healing at the final
examination, while the remaining 40% remained un¬
changed or were classified as unsatisfactory.

From 6 to 10 years after apical surgery, Song et al39
recalled 172 cases that were determined to have had suc¬
cessful outcomes at the short-term follow-up. Of 104
cases that attended the long-term follow-up, 97 cases
were included in the successful group (91 with complete
healing and 6 with incomplete healing).The overall main¬
tained success rate was 93%.

Song et al45 evaluated the change in outcome by com¬
paring 1-year results with long-term results (4 to 8 years)
after apical surgery. Cases classified as completely healed
at 1 year remained so in 93% of patients at the long¬
term follow-up. Incompletely healed and uncertain cases
at 1 year showed varied change patterns at the long-term
reexamination. All cases considered unsatisfactory at 1
year were also judged to be unsatisfactory at long-term
follow-up.

In a clinical study of two different root-end prepara¬
tion and filling techniques, von Arx et al35 compared 1- and
5-year outcomes. Most cases treated with MTA or Retro-
plast that were considered healed at 1 year remained so
after 5 years (97% and 91%, respectively). In contrast,

only 24% of Retroplast-treated teeth that had been rated
as not healed after 1 year were classified as healed after
5 years, compared with 54% of MTA-treated teeth. MTA
produced twice as much late healing as Retroplast.

Kruse et al31 reported that 80% of cases treated with
MTA and assessed as successful after 1 year remained
successful at the reexamination 6 years after apical sur¬
gery. The failed cases (n = 3) were lost because of vertical
root fractures.

Long-term studies
Few studies published from 1996 to 2016 have prospec¬
tively documented long-term outcomes (5+ years) of api¬

cal surgery through a standardized observation peri-
ocj26,3s,3i.7i.75 (see Tables 17-1 and 17-2). One of these used
a traditional technique.71 Another did not use high mag¬
nification and included many resurgery cases.75 Many
other so-called long-term studies include patients with
a vast range of follow-up times, from several months to

several years, thus representing varying healing peri-
ocJs_27,28,32,49,50,60,65,68,74,79,88

Von Arx et al,26 using a modern technique, followed
up their modern apical surgery cases at 1 and 5 years.
Success rates for all materials (including MTA, Retro¬
plast [Retroplast Trading], and SuperEBA [Bosworth])
decreased from 1 to 5 years (90%, 85%, 76% and 86%,
75%, and 67%, respectively). MTA had proportionally
fewer late failures than Retroplast or SuperEBA. Similar
trends were observed in a subsequent study with larger
samples of MTA- and Retroplast-treated teeth.35 Success
rates for MTA and Retroplast were 91% and 80% at 1
year and 93% and 77% at 5 years, respectively.

Kruse et al31 invited all patients who participated in a
1-year follow-up for a 6-year postoperative examination.
Of the 26 teeth that were treated initially with MTA, one
failed due to root fracture in less than a year.30 The other
25 cases were examined at 1 year, and 19 were examined
at 6 years, of which 16 were judged to be successful. If the
early failure is ignored, 1-year and 6-year success rates
of 100% and 84% can be calculated. If the early failure
is included, the 1-year and 6-year success rates become
96% and 80%, respectively. In either case, the confidence
intervals would have been wide because almost a quarter
of the patients were lost to follow-up and the sample size
was small. Although some cases failed over time, several
others progressed from incomplete healing (scar tissue)
to complete healing over time, both ratings being cate¬

gorized as success. The same study reported considerably
lower success rates for teeth treated using simple resec¬
tions, leaving gutta-percha in place instead of receiving
MTA retrofillings.

It can be concluded that long-term surgical results are
good, particularly when MTA retrofillings are used.

Short-term versus long-term results
Most clinicians evaluate the outcome of apical surgery
after 1 year using a clinical and radiographic reexam¬
ination. Data collected at 1 year has been generally con¬
sidered to be predictive of future trends. However, long¬
term outcomes are less favorable than those presented in
short-term studies.5,39 Some studies have reported long-
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-D-M

To summarize all of this data, a successful 1-year
follow-up diagnosis is reasonably suggestive of the long¬
term prognosis for most cases. However, caution should
be exercised when comparing short-term and long-term
success rates or when applying general findings to indi¬
vidual cases.26,35

Papillary recession

To prevent shrinkage of the interdental papilla after apical
surgery and the occurrence of “black triangles,”the papil¬
la base incision (PBI) was proposed.99’100 Using a split-
tooth experimental design, Velvart et al101 evaluated the
behavior of the papilla by using the PBI on one side of the
treated tooth and the ISI on the other side. At the 1-year
follow-up, papilla height was fully maintained at the PBI
sites but reduced by 1 mm at the ISI sites. Taschieri et

al102 reported no statistically significant shrinkage of the
papilla 6 months after apical surgery in a nonrandomized
study. They compared ISI (0.4-mm loss of mesial papilla,
0.5-mm loss of distal papilla) with PBI (0.2-mm loss of
mesial papilla, 0.1-mm loss of distal papilla).The authors
speculated that if the palatal aspect of the papilla were to

remain in situ, no long-term loss of papilla height would
occur even when using the ISI technique.102 Kreisler et

al96 also observed neither loss of papilla height nor open¬
ing of interproximal spaces 6 months after apical surgery
when comparing ISI and SMI. Similarly, von Arx et al98
found no significant changes of papillary height regard¬
less of the incision technique when visually assessing pre¬
operative and 1-year follow-up clinical photographs of
70 treated anterior maxillary teeth. In summary, papillary
recession is generally not problematic following careful
surgery.

Soft tissue healing outcomes
Apical surgery involves the incision and the elevation of
a mucoperiosteal flap to gain access to the surgical site.
Consequently, scarring of the incised tissues, gingival re¬
cession, and changes in probing depth or level of clinical
attachment may occur. However, few clinical reports have
documented the soft tissue outcome following apical sur¬
gery. In patients with high smile lines, scarring and reces¬
sion might have a considerable impact on gingival and
mucosal esthetics.

Gingival and mucosal scarring

Chindia and Valderhaug94 described more noticeable scar¬
ring for semilunar incisions within the alveolar mucosa
than for intrasulcular incisions with trapezoidal releasing
incisions, but follow-up time was just 6 months. Using a
visual scoring system, von Arx et al95 evaluated scarring
1 year after apical surgery for 72 cases. Gingiva and mu¬
cosa both showed no scarring in 33% of the cases; mild
scarring in 60% and 47% of the cases, respectively; and
severe scarring in 7% and 19% of the cases, respectively.
The much higher rate of severe scarring of the alveolar
mucosa compared with the gingiva might be explained by
alveolar mucosa being much more mobile than attached
gingiva. Although the intrasulcular incision (ISI) and the
papilla base incision never produced substantial scarring
of the gingiva, 10% of submarginal incisions (SMI) did.
Additionally, Kreisler et al96 observed more unfavorable
scar formation in SMI-treated sites than ISI-treated sites
at 6-month follow-up.

Changes in probing depth and attachment level

Jansson et al56 reported a mean loss in the clinical attach¬
ment level of 0.3 mm (SD 0.7 mm) 1year after apical sur¬
gery of anterior and premolar teeth (ISI), but periodon¬
tal pocket depth remained stable (mean change of 0.08
mm, SD 0.07 mm). Kreisler et al96 observed no significant
changes in the periodontal probing depths and clinical
attachment levels within a follow-up period of 6 months
except at buccal sites in the ISI group. Mean probing
depth significantly diminished from 3.0 mm (SD 1.2 mm)

preoperatively to 2.6 mm (SD 0.8 mm) at follow-up. A
5-year longitudinal study of 186 treated teeth revealed a
significant change of the clinical attachment level (loss of
0.2 mm) within the first year after surgery but no further
change between 1 and 5 years after surgery.103 In conclu¬
sion, changes in probing depth and attachment level are

small and appear to stabilize within a year of surgery.

Gingival recession

Von Arx et al97 reported a mean recession of 0.4 mm with
a standard deviation (SD) of 0.7 mm at buccal sites for ISI
reexamined 1 year after apical surgery. In contrast, SMI
essentially produced no change, with a tiny gain of 0.05
mm (SD 0.7 mm). Kreisler et al96 also observed slight gin¬
gival recession of 0.2 mm (SD 0.4 mm) 6 months after
apical surgery for ISI-treated teeth. This corresponded to

a decrease in probing depths at the same ISI sites. When
visually assessing the level of the midfacial gingiva in 70
anterior maxillary treated teeth, von Arx et al98 report¬

ed no significant changes between presurgical and 1-year
clinical photographs.

Quality of life and patient-centered
outcomes
The study of endodontic quality-of-life issues and end¬

odontic patient-centered outcomes is still in its infancy.

However, patients are universally concerned about cost,

appearance or esthetics, comfort, and disability, whether
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of mastication or life function, including incapacity for
work or sport. Fortunately, some helpful data on qual¬
ity of life and patient-centered outcomes of endodontic
surgery exists. Soft tissue outcomes directly influence ap¬

pearance and esthetics; these have been reviewed above.
Dentists must consider patient-based and psychosocial
impacts of apical surgery.

Kvist and Reit105 compared postoperative discomfort
in surgical and nonsurgical retreatment. In 95 patients,
the mode of retreatment was randomly assigned, and pa¬
tients were asked to record their degree of pain and swell¬
ing during the first week after treatment using a visual
analog scale (VAS). Significantly more patients reported
discomfort after apical surgery than after nonsurgical
retreatment. During the first postoperative week, 11 pa¬
tients (all from the surgical group) reported having been
absent from work at some time, mainly due to swelling
and discoloration of the skin.

Tsesis et al106 evaluated pain and swelling after apical
surgery in 82 patients who had received oral dexametha-
sone preoperatively and 2 days postoperatively. At 1 day
after surgery, 76% of the patients were completely free of
pain. Interestingly, patients with preoperative pain were
more likely to report postoperative pain. In 65% of the
patients, no swelling was observed.

Tsesis et al107 assessed patient experience after apical
surgery, comparing traditional surgical techniques with
modern microsurgical techniques. Patients were given a
questionnaire to fill out daily for 7 days postoperatively
using a five-point scale. Patients in the modern technique
group reported significantly less postoperative pain but
more difficulties in function (mouth opening, mastica¬
tion, and ability to speak) than patients in the traditional
technique group. Patients in both groups reported that
postoperative symptoms were maximal within the first 3
days after surgery.After this, symptoms generally subsided.

Payer et al108 evaluated the effect of low-level laser
therapy (LLLT) on the postoperative course of apical sur¬
gery. Surgical cases (72 in total) were randomly allocated
to LLLT-test, LLLT-placebo, and control groups. The test

and placebo groups did not differ with respect to post¬

operative pain. None of the patients suffered from more
than minor or moderate pain.The maximal postoperative
pain was experienced 1 day after surgery.The vast major¬
ity of patients (97%) suffered only from minor swelling
without postoperative bleeding, inflammation, or dehis¬
cence.

Penarrocha et al109 evaluated the postoperative course
after apical surgery in 60 patients. Patients recorded pain
and swelling using a descriptive four-point scale over a
period of 7 days. Maximum pain was noted after 2 days,
but at this point, two-thirds of the patients reported ei¬
ther no pain or only mild pain. Likewise, swelling simi¬
larly peaked on the second postoperative day, with two-
thirds of the patients presenting with moderate swelling.

Swelling correlated with the duration of surgery and the
number of treated teeth.

Garcia et al110 evaluated pain and swelling after api¬
cal surgery in 102 patients. Patients recorded scores for
pain and swelling at 2, 6, and 12 hours after surgery and
daily thereafter for 1 week. In general, low levels of pain
were experienced for the first 48 hours, after which pain
continuously subsided. Moderate swelling peaked on the
second postoperative day. Patients with poor oral hygiene
experienced more pain and swelling than patients with
good oral hygiene. Smokers reported more pain than
nonsmokers.

Iqbal et al111 reported data from a self-assessment
questionnaire completed by 199 patients after apical sur¬
gery. Data were collected during a period of 2 weeks post¬
operatively. Overall, the patients described little postsur-
gical pain; however, variability was noted. A majority of
the patients (67%) rated apical surgery as more pleasant
than expected and found it to be less painful (48%) or the
same (38%) as NSRCT.

Christiansen et al112 assessed patient discomfort after
apical surgery from 3 hours postsurgically until the day
of suture removal. Pooled VAS data from all patients
showed that pain peaked 3 hours postoperatively and
that swelling peaked 1 day after surgery. Importantly, pa¬
tients experienced little pain and only moderate swelling.
Neither pain nor swelling correlated with the duration
of the surgery. Patients’overall perception of postopera¬
tive discomfort was influenced by oral awareness (86%),
swelling (71%), compromised chewing ability (43%),
pain (36%), and difficulty with mouth opening (21%).

Del Fabbro et al113 evaluated postoperative pain, func¬
tional limitations, and other symptoms for 7 days after
apical surgery using daily questionnaires and VAS. Pain,
swelling, and impairments to chewing and phonetics
peaked in the first 2 days postoperatively. Postsurgical
bleeding was not a concern, but some patients com¬
plained about bad taste or breath. Sleeping was not af¬
fected very much, and all patients had returned to work 4
days postoperatively. All study parameters had returned
to normal (VAS 0) by 6 days postoperatively.

Georgelin-Gurgel et al114 monitored heart rate and sys¬
tolic and diastolic blood pressure during apical surgery
in 30 healthy patients. Patients scored their anxiety be¬
fore treatment and reported pain, stress, and discomfort
experienced during care. Heart rate increased and was
highest during periradicular curettage, whereas systolic
blood pressure was highest before local anesthesia. The
mean VAS scores (0 to 10 scale) were low: stress (2.5),
discomfort (1.0), and pain (0.8). The level of stress ex¬
perienced during surgery was correlated to the level of
anticipated anxiety.

Kim and Solomon115 found endodontic microsurgery

to be more cost-effective than other treatment options;
however, their findings were generally based on corn-
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parisons of short-term microsurgical success rates with
longer-term survival rates of the alternatives. It has been
suggested that patients may sometimes inappropriately
choose apical surgery over nonsurgical retreatment to

avoid the costs of restoration replacement.116 Apical sur¬
gery tends to result in larger indirect costs than nonsurgi¬
cal retreatment as well as more discomfort.105

To summarize, patient symptoms were generally minor
to moderate. Pain, swelling and other disabilities tended
to peak within a day or two of surgery and then steadily
decrease to minimal levels within a week.

es and one university clinic) of 281 patients. Treatment
outcomes were assessed 6 to 12 months postoperatively.
Patients aged between 31 and 40 years had a significantly
higher healing rate than the total study population. Sex
was a significant predictor, with females showing higher
success rates than males. Premolars demonstrated signifi¬
cantly better outcomes than molars and anterior teeth.
Other significant predictors included preoperative signs
and symptoms, lesion size, and presence or absence of
perforating lesions.

Song et al41 prospectively examined potential prog¬
nostic factors for apical surgery. A total of 584 teeth
were included, and the evaluations were performed at
least 1 year after surgery. The following preoperative
factors were positively correlated with a successful out¬

come of apical surgery: patients younger than 40 years of
age, females, anterior teeth, maxillary teeth, and simple
endodontic lesions (rather than combined endodontic-
periodontal lesions).

Von Arx et al26 prospectively assessed prognostic fac¬
tors of healing of apical surgery with a follow-up of 5
years. Two significant outcome predictors were identi¬
fied: the mesiodistal crestal bone level measured on peri¬
apical radiographs, and the type of root-end filling ma¬
terial. Teeth that presented with no or minor (< 3 mm)
interproximal bone loss both mesially and distally had a
higher proportion of healed cases (78%) than teeth with
more interproximal bone loss (53%). Furthermore, MTA
(86%) was shown to be superior to SuperEBA (67%). Al¬
though the long-term prognosis of apical surgery can be
broadly projected from short-term outcomes (see above),
the long-term outcome predictors differed from those ob¬
served at 1 year. Preoperative pain was the sole signifi¬
cant prognostic factor at 1 year after apical surgery of the
same cohort.97

Serrano-Gimenez et al118 analyzed the prognostic fac¬
tors for apical surgery in a systematic review of 23 papers.
The following factors were positively associated with
the outcome of apical surgery: patients younger than 45
years of age, absence of preoperative signs and symp¬
toms, maxillary anterior or premolar teeth, single-rooted
teeth, lesions not surpassing 10 mm in diameter, noncys-
tic lesions, lesions without involvement of the marginal
periodontium, absence of perforating lesions, teeth with
an adequate root-filling length, MTA as root-end filling
material, apical resections of at least 3 mm, teeth without
oroantral fistulae, and first-time surgery cases.

Tawil et al48 identified an interesting and previously
unreported prognostic factor. They studied the effect of
intraoperatively detected dentinal microcracks (“root den¬
tinal defects”) on the 1- and 3-year outcomes of apical sur¬
gery. Root ends were inspected after root-end resection
and cavity preparation for the presence of microcracks at

the cut root face and/or inside the root-end cavity. Inspec¬
tion was performed using a surgical microscope as well

Prognostic Factors

Knowledge of prognostic factors (predictors) would help
the clinician in treatment planning, selecting treatment

alternatives, and facilitating patient management. Most
clinical studies have not reported outcome data with re¬
gard to factors that may influence healing. From a clini¬
cal perspective, prognostic factors can be divided into the
following:

•Patient-related factors (eg, age, sex, health, medication,
smoking)

•Tooth-related factors (eg, type of tooth, preoperative
signs and symptoms, type and size of lesion, periodon¬
tal involvement, length and quality of root-canal filling,
type and quality of coronal restoration)

•Treatment-related factors (eg, type of surgery, experience
of the surgeon, use of magnification devices, surgical
technique, root-end filling material, postoperative care)

Von Arx et al117 published a meta-analysis on prognos¬
tic factors for apical surgeries with root-end fillings. Only
studies with clearly defined healing criteria were included,
and healing had to be reported for at least two categories
of a specific prognostic factor (eg, male versus female).
Data was extracted from 38 clinical studies. Patient-related
factors (age and sex) did not influence healing. Some
tooth-related factors influenced healing: Maxillary an¬
terior teeth and mandibular anterior teeth demonstrated
higher estimated healing rates than posterior teeth (85%
and 88%, respectively); mandibular molars had the low¬
est estimated healing rate (64%). Other tooth-related fac¬
tors that influenced treatment outcome included preoper¬
ative pain, preoperative signs, root canal filling density,
lesion presence, and lesion size. Several treatment-related
factors, including the type of surgery (first-time surgery
vs resurgery) and the technique of root-end cavity prepa¬
ration (ultrasonic microtips or burs) influenced healing.

Kreisler et al40 assessed the effect of patient- and
tooth-related factors on the outcome of apical surgery
in a multicenter study (four private oral surgery practic-
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Referencesas transillumination of the root end with a light-emitting
diode probe light. Rates of healed cases were significantly
higher after 1 and 3 years in teeth without microcracks
(95% and 97%) compared to teeth with microcracks
(30% and 32%).

Another study retrospectively evaluated the influence
of an isthmus on the outcome of apical surgery in mo¬

lars.119 A multivariate regression analysis demonstrated
that the presence of an isthmus in molar roots led to a
six-times higher risk of failure. Dentists must exercise
considerable care to avoid weakening the root end while
preparing or placing a retrograde filling in the isthmus.
Isthmus management remains one of the most difficult
steps in apical surgery.119

Although short- and long-term prognostic factors may
differ, a variety of prognostic factors have been identified.
Patient factors appear to have little influence on progno¬
sis, but effects attributed to patient age and sex have been
reported. Many tooth-related factors influence prognosis,
including preoperative pain, preoperative signs, root ca¬
nal filling density, the presence of radicular microcracks,
the presence of an isthmus, lesion presence, lesion size,
lesion type (simple or endo-perio or with perforation of
the cortical bone, or including an oroantral fistula, or cys¬
tic), and crestal interproximal bone height. Treatment or
technical factors may also influence prognosis, including
first-time surgery versus resurgery, the technique of root-

end cavity preparation, use of ultrasonic microtips or
burs, the length of the apical resection, and the root-end
filling material. Consideration of these factors will aid the
dentist in understanding the likely prognosis of the tooth
and in overall treatment planning.
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Summary

Apical surgical outcomes are generally measured using
clinical and radiographic findings according to established
criteria. Generally, signs of healing are evident at the
1-year follow-up, but long-term follow-up is necessary
whether initial signs are favorable or not. Long-term
outcomes are very good, but a small number of failures
continue to occur over time. Modern surgical techniques
including microscopy, ultrasonic root-end preparation,
and MTA are markedly superior to traditional techniques.
The available patient-centered outcome data are good.
Careful surgical techniques preserve gingiva and papillae
and soft tissue esthetics. Pain is generally moderate and
decreases steadily; likewise, swelling is generally minor
and also decreases rapidly. A variety of prognostic indica¬
tors have been identified; these aid in treatment planning.
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American Society of Anesthesiologists’Health

Classification System, 81
Amide anesthetics, 130-131
Ammonia, 50
Amoxicillin, 53, 292-293
Analgesics

acetaminophen, 287t, 287-288
dosing of, 287t
indications for, 285-286
nonsteroidal anti-inflammatory drugs, 286—

289, 287t
opioid, 287t, 288-289

Anatomical danger zones
greater palatine foramen, 10-11 , 11f
greater palatine nerve, 11
lingual canal, 15-16
lingual foramen, 15f, 15-16
mandibular canal. See Mandibular canal.
mandibular incisive canals, 15
maxillary incisive canals, 10, 10f
maxillary sinus. See Maxillary sinus.
mental foramen, 14f, 14-15

Anesthesia
intraosseous, 132, 1 33f
local. See Local anesthesia/local anesthetics.
for surgical endodontics, 90

Angelus MTA, 187, 192-193
Angiogenesis, 245, 246f
Angular artery, 5
Antibiotics

amoxicillin, 292-293
antiresorptive drugs and, 291
beta-lactams, 292
cephalosporins, 292
clindamycin, 292
corticosteroids and, 289
in diabetes mellitus patients, 291
dosing of, 291-293
in HIV-positive patients, 291
in immunosuppressed patients, 291
indications for, 290
lincosamides, 292
macrolides, 292
in medically compromised patients, 291
nitroimidazoles, 293
penicillin, 292

postsurgical, 235
prophylaxis using

in congenital heart disease, 290t
infective endocarditis, 290, 292
late prosthetic joint infections, 290-291
in valvular heart disease, 81-82, 82b

stewardship for, 289
Anticoagulants, 135, 171
Antiresorptive agents

description of, 239, 291
osteonecrosis of the jaws induced by, 291

Antrum, maxillary. See Maxillary sinus.
Anxiolytics, 283-285
Apexification, for irreversible pulpitis, 77, 78f
Apical constriction, 26
Apical foramen, 26, 27f
Apical microsurgery

access to infection during, 127
apical preparation

drying of, 169, 170f
evaluation of, 169, 170f
facial wall of, 169, 170f
technique for, 166-167, 166f-167f

apical resection, 164-165, 165f
apicomarginal defects treated with, 275,

276f-277f
assistants for, 126f, 126-127
bone graft placement, 173-174
case selection for, 155-156, 156f— 161f
chlorhexidine rinse before, 161
curettage, 164
cystic lesion with sinus perforation treated

with, 275, 278f
description of, 297
flaps. See also Flap(s).

closure of, 174-175, 175f
design of, 128, 161-163, 162f
reflection of, 161-163, 163f
retraction of, 161-163, 163f
suturing of, 128, 174-176
wound dressings on, 175, 175f

healing assessment of, 108
hemostasis in, 171
history of, 113-114
illumination for. See Illumination,

indications for, 155, 179
instrumentation used in, 161-169,

162f—170f
isthmus, 167

A
AAE. See American Association of Endodontists.
AA0MR. See American Academy of Oral and

Maxillofacial Radiology.
Abscess, periapical. See Periapical abscess.
Absorbable collagen, 137, 137f
Accommodation, 121
Acellular extrinsic fiber cementum, 26
Acetaminophen, 287t, 287-288
Acute periapical abscess, 52-53, 53f
Acute rhinosinusitis, 207-208
Adenomatoid odontogenic tumor, 61
Adenosine triphosphate, 239
Adjunctive surgical procedures

autotransplantation, 268
crown lengthening surgery. See Crown

lengthening surgery.
definition of, 261
hemisection, 269f, 269-270
periapical, 92-93
regenerative techniques, 255-256, 275, 280
resorptive root defects treated with, 265-267,

265f-267f
root extrusion, 272-273, 273f-274f
root perforations treated with. See Root

perforations.
root resection, 268-269, 269f
in surgical endodontics, 94
tooth replantation, 267f, 267-268
transplantation, 268

Adson tissue forceps, 174-175
Alcohol consumption, 240
Alkaline phosphatase, 185
Allergies, 134
Alveolar bone, 24-26, 25f
Alveolar bone proper, 25, 25f
Alveolar mucosa, 22, 144
Alveolar process, 2, 25
Alveolar ridge, 2
Alveolus, 23-25
Amalgam, 193, 194f
Ameloblastoma, 60-61 , 61f
Amelogenin, 256
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B Bone metabolism, 39f, 39-40
Bone modeling, 35-37, 36f, 41
Bone remodeling

after traumatic or surgical wounding, 37
bone modeling versus, 35
control of, 37, 41
cortical bone, 32f, 33-34, 37, 45-46
definition of, 33
homeostatic nature of, 34
principles of, 30f
stochastic, 35
targeted, 35
trabecular bone, 33-34, 33f-34f, 45-46

Bone resorption
description of, 36, 36f
osteoclasts in, 44-45

Bone turnover, 32f
Bone wax, 136
Bone-implant interface, 35
BONJ. See Bisphosphonates, osteonecrosis of the

jaw associated with.
Breast cancer, 40
Buccal artery, 6
Buccal nerve

anesthetic block of, 131
description of, 7

Bundle bone, 25, 32f, 33

magnification for. See Magnification.
membrane barrier placement in, 173-174
operating position for, 127
oroantral communications during, 217
osteotomy, 163-164, 164f
outcomes of

description of, 176-177, 298
long-term, 308
magnification-related, 299, 300t-307t
patient-centered, 309-311
quality-of-life, 309-311
short-term, 308-309
soft tissue healing, 309
traditional techniques, 299

patient discomfort after, 310
Piezosurgery, 167-169, 168f— 169f
prognostic factors for, 311-312
purpose of, 114
retrofilling materials. See also Root-end filling

materials.
mixing, placing, condensing, carving, and

finishing of, 171-173, 172f-173f
ProRootMTA, 171-173, 173f
selection of, 171

root-end surgery versus, 177
stages of, 161-176
success rates for, 176-177
surgical operating microscope application to,

Backscatter emission, 39
Bacteria

description of, 49-50
nutrient leakage test, 182
penetration tests, 182
periapical abscess caused by, 52
in wound, 239

Bacterial rhinosinusitis, 207
Bacteroldes, 293
Barraquer needle holder, 175, 175f
Barricaid, 175, 175f
Basal lamina, 22
Base images, 98
Beam splitter, 122f, 1 23
Benzocaine, 130
Benzodiazepines, 132, 284
Beta-lactams, 292
Bioactive endodontic cements

bioactivity of, 185-186, 186t
biologic mechanism of action, 186-190
chemical composition of, 180t
environment and, interactions between, 183
gene expression of signaling molecules or

markers affected by, 187-188
sealing ability of, 181-184
storage of, 182
subcutaneous implantation of, 188-191, 189f Bupivacaine hydrochloride, 130-131
systemic effect of, 190-191

Bioactivity, of root-end filling materials, 184-186,
177 Burs, 165

tissues involved in, 298
traditional techniques of, 299
treatment planning for, 155-156, 156f— 161f
ultrasonic tips, 166

Apical periodontitis
asymptomatic, 51
cone beam computed tomography of, 156,

157f—158f, 159
maxillary sinus involvement in, 209
sinus mucosal thickening associated with,

186t cBioaggregate materials, 181,189-191
Bioceramics, 171
Biodentine, 173
Biologic width, 142, 270
Birbeck granules, 63
Bisphosphonates

description of, 41
osteonecrosis of the jaw associated with, 239

“Black triangles,”309
Bleeding, 135, 138, 233
Bone

Calcified cystic odontogenic tumor, 60
Calcified odontogenic cyst, 60
Calcium

bone storage of, 39
conservation of, 40
deprivation of, 35
homeostasis of, 39
metabolism of, 39f
serum, 39-40

Calcium enriched mixture cement
cell viability of, 187
description of, 180t, 182
illustration of, 195f
subcutaneous implantation of, 190

Calcium hydroxide, 80
Calcium sulfate, 136
Cambium, 209
Canalis sinosus, 59
Cancellous compaction, 33
Canine eminence, 2, 3f
Carbon monoxide, 240
Cardiovascular disease, 134
Catgut sutures, 224
Cautery, 136
Cavitation, in Piezosurgery, 168-169
CBCT. See Cone beam computed tomography.
CBVT. See Cone beam volumetric tomography.
CD14, 50
Cell kinetics, 38-39, 43, 44f
Cellular intrinsic fiber cementum, 26
CEM cement. See Calcium enriched mixture

cement.

210
Apical resection, 164-165, 165f
Apical retrofillings. See also Root-end filling

materials.
buccal, 158f
cone beam computed tomography of,

156f—158f
mixing, placing, condensing, carving, and

finishing of, 171-173, 172f-173f
selection of, 171

Apical root perforation, 262, 264, 264f
Apically positioned flap, 271
Apicomarginal defects, 275, 276f-277f
Arginine, 240
Articaine hydrochloride, 131
Aspergillosis, 214
Aspergillus, 207
Asymptomatic apical periodontitis, 51
Attached gingiva, 22, 83, 85, 143f, 145
Augmentin, 292
Autoradiography, 38
Autotransplantation, 268, 297
Azithromycin, 292

adaptation by, 38-39
alveolar, 24-26, 25f
bundle, 32f, 33
calcium storage in, 39
classification of, 31-33, 32f-33f
composite, 33, 33f
cortical. See Cortical bone.
estrogen’s effects on, 40
lamellar, 31-33, 32f, 41
loading of, 41-43, 42f
mechanical loading of, 41-43, 42f
morphology of, 41-43, 42f
trabecular, 30, 37
woven, 31 , 32f, 45-46, 46f, 250, 252

Bone fillers, 174
Bone grafts

materials for, 280t
placement of, in apical microsurgery,

173-174
Bone healing. See also Wound healing.

after periradicular surgery, 45-46, 46f
quantification methods for, 38-39
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DCementifying ossifying fibroma, 67
Cementoblasts, 26
Cementocytes, 26
Cemento-osseous dysplasia, 67f, 67-68
Cementum

description of, 26, 26f, 29
in root repair, 43

Central giant cell granuloma, 62-63, 63f
Cephalosporins, 292
Cephalosporium acremonium, 292
Cerebellopontine angle, 116
CGCG. See Central giant cell granuloma.
Chemotherapeutic agents, 239
Chief complaint, 80
Chitosan, 138
Chlorhexidine rinse

software packages used with, 105, 108
spiral computed tomography versus, 144
surgical outcome evaluation using, 108-111

109f—110f
treatment-planning applications

apical microsurgery, 156, 156f-161f
overview of, 100-101
periapical lesions, 105, 108
posterior maxilla, 212-213
roots in close proximity to maxillary sinus,

101-102, 105,105f-107f
roots in close proximity to mental bundle

and inferior alveolar nerve, 101 ,

102f— 1 04f
2D planar view with, 159, 159f— 160f
volume, 98-99, 108

Cone beam volumetric tomography, 98
Confocal laser scanning microscope, 184
Congenital heart disease, 290t
Connective tissue

gingival, 143
remodeling of, 246f
in wound healing, 244-245, 245f-246f

Conscious sedation, 132, 285
Consent, 86-87, 233, 234f
Contact guidance, 243
Contact inhibition, 243
Continuous independent sling suture, 230f,

230-231

Dedicated cone beam computed tomography
scanners, 98

Delimiting membrane, 250
Demineralized bone matrix, 174
Dendritic cells, 142
Dendritic epidermal T cell, 238
Dental treatment, in metabolic bone disease

patients, 40-41
Dentin-pulp interface, 29
DentiScope, 117f , 117-118
Dentoalveolar fibers, 24, 24f
Dentoalveolar healing, 252
Dentogingival junction, 22
Dentoperiosteal fibers, 24
Depth perception, 127
Descending palatine artery, 2
Diabetes mellitus, 239, 291
Diagnosis

postoperative use of, 233, 235
preoperative use of, 161

Chronic obstructive pulmonary disease, 285
Chronic periapical abscess, 53-54, 55f
Chronic rhinosinusitis, 207-208
Circumvallate papillae, 21 , 21 f
Clarithromycin, 292
Clavulanic acid, 292
Clindamycin, 53, 292
Clinical attachment level, 309
Clostridium difficile, 292
Codeine, 287t, 288
Col, 23
CollaCote, 136
Collagen fibers

classification of, 143
in lamina propria, 20, 21f
in periodontal ligament, 23, 24f, 26
in wound remodeling, 245

Composite bone, 33, 33f
Composite resins, 1811
Computed tomography

cone beam. See Cone beam computed
tomography.

rhinosinusitis diagnosed using, 208
Condylar process, 6
Cone beam computed tomography

AAE/AAOMR position statement on, 111
advantages of, 100, 144
apical view of, 156, 158f— 159f

chief complaint, 80
clinical tests used in, 84-86, 85f
dental history in, 82
extraoral examination in, 83, 83f
hard tissue examination in, 83, 84f
health history in, 81-82
intraoral examination in, 83, 84f
medical history in, 81-82
mobility testing for, 86
of nonhealing after root canal treatment,

80-87Corn Forceps, 175, 175f
Coronal restoration, 145, 145f
Coronally advanced vertical mattress suture, 232,

palpation for, 85, 85f
percussion for, 84, 85f
periodontal probing for, 85, 85f
radiographic examination in, 86, 86f
soft tissue examination in, 83, 84f
steps involved in, 80
tentative, 82-83

Diapedesis, 242
DICOM, 108
1,25-Dihydroxycholecalciferol, 40
Direct bone apposition, 46
Dissectional wound, 241, 247-249, 248f,

252-253, 253f
Drug interactions, 134
Dye penetration test, 181
DynaBlast paste, 174
DynaMatrix membrane, 174

232f
Coronoid process, 5
Cortical bone

growth of, 37-38
maturation of, 37-38
metabolic fraction of, 38, 38f
microdamage in, 45
remodeling of, 32f, 33-34, 37, 45-46
structural fraction of, 38, 38f

Corticosteroids, 289
Coupling factors, 36
COX-1,286-287
COX-2, 286-287
Cribriform plate, 25

applications of, 97, 99, 155-156, 1 56f— 161f Crown lengthening surgery
artifacts with, 99
coronal view of, 156, 157f
definition of, 97
description of, 86
development of, 97-98
hardware for, 98
image acquisition with, 98
mandibular canal imaging using, 13
maxillary sinus imaging using, 7f-9f
multiplanar reconstruction, 99
odontogenic sinusitis diagnosis using, 208, 209f Curettage, 164
periapical surgery outcomes evaluated using, Curettes, 164

108-111,109f-110f
radiation dose with, 99, 111
sagittal view of, 156, 157f
scanners, 98-99
slice thickness, 99

apically positioned flap in, 271
complications of, 272
contraindications for, 270
crown perforation treated with, 261
definition of, 270
gingivectomy in, 271 , 271f
indications for, 270
procedures, 271 , 271f-272f
prognosis for, 272

Crown perforations, 261 , 262f

E
Ecchymosis, 138, 233, 235f
EGF. See Epidermal growth factor.
Electric pulp testing, 85
EMD. See Enamel matrix derivatives.
Emigration, of leukocytes, 242
Enamel, 29
Enamel matrix derivatives, 256-257
Endo Success Apical Surgery Tips, 167, 167f
EndoBinder, 187, 190
Endodontic infections, 49-50
Endodontic surgery

in anticoagulant therapy patients, 135
apical. See Apical microsurgery.
bleeding after, 138

Cutting/filling cones, 34, 34f, 37
CX-1 explorer, 165, 171
CYP2E1 , 287
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Fibro-osseous lesions, 67
Fibroplasia, 245, 246f
Filiform papillae, 20, 21f
Finishing, of retrofillings, 173
Finite element modeling, 39
Fistula, oroantral, 215-216,312
Fixed partial denture, 75-76, 77f
Flap(s)

Gingival fibers, 24, 24f
Gingivectomy, 271, 271f
Glass-ionomer cements, 185
Glucose concentration test, 182
Glutamine, 240
Gow-Gates block, 131
Gram-negative bacteria, 50
Granulation tissue, 245
Granulomatous tissue, 242, 245
Gray Portland cement, 190
Greater palatine artery, 10
Greater palatine foramen, 10-11 , 11f
Greater palatine nerve, 11
Greenough optics, 116
Grey MTA Plus, 172-173
Ground substance, 245
Growth factors, 54, 237-238
GTR. See Guided tissue regeneration.
Guided bone regeneration, 275, 279-281
Guided tissue regeneration, 101 , 105, 173
Gum boil, 53-54
Gut sutures, 224
Gutta-percha

micromirror view of, 170f
in sinus tract, 83, 84f
thermoplasticized, 166f

case classification for, 298
cost-effectiveness of, 310-311
ecchymosis for, 138
follow-up period for, 298
guided tissue regeneration in, 279

Endoscopy, 118-121, 119f-120f
EndoSequence, 194
Endosteum, 25, 25f
Endotoxin penetration tests, 182
Environment, sealing ability affected by, 182
Eosinophilic granuloma, 63
Epidermal growth factor, 237-238
Epidermis, 19-20, 20f
Epinephrine, 130-132, 136
Epi-teknoscope, 116
Epithelial adenomatoid hamartoma, 68
Epithelial barrier, 244
Epithelial bridge, 243-245
Epithelial cells, 142-143
Epithelial healing phase, of wound healing,

243-244, 244f
Epithelial seal, 243-245
Epithelial streaming, 243, 244f
Epithelialization, 243
Epithelium

junctional, 22-23, 142
stratified superficial, 19, 20f
sulcular, 22, 142
in vermilion zone, 22

ePTFE, 224
Ergonomics, 126-127
Er:YAG laser, 183
Erythromycin, 292
Ester anesthetics, 130
Estrogen, 40
Estrogen replacement therapy, 40
Ethylenediaminetetraacetic acid, 183
Excisional wound, 249-251 , 250f— 251f, 253, 255 Fusobacterium, 292
Expanded polytetrafluoroethylene. See ePTFE,

Exploratory surgery, 93, 93f
External root resorption defects, 265, 265f-266f G
Extraoral examination, 83, 83f

apically positioned, 271
closure of, 174-175, 175f
design of, 128, 146-149, 161-163
elevation/mobilization of, 151 , 151f, 233
free gingival margin, 161-162
microscalpels for creation of, 161-162, 162f
necrosis of, from excessive suture tension,

226, 227f
papilla base, 148-149, 149f
rectangular, 146-148, 147f
reflection of, 161-163, 163f, 247
retraction of, 161-163, 163f
semilunar, 146
submarginal, 148, 148f
suturing of, 128, 174-176
triangular, 146, 146f

Flap shrinkage, 149
Flap surgery, 135
Flat-panel displays, 98
Fluid filtration test, 181-182
Flumazenil, 284
Folate papillae, 21, 21f
Follow-up, 298
Forced eruption, 272
Foreign objects, in maxillary sinus, 215
Free gingival margin flaps, 161-162
Frenulum, 6
Fungiform papillae, 20-21
Furcation perforations, 262, 263f

H
Hageman factor, 50
"Halo”lesion, 209, 209f
Hamulus, 4, 4f
Hans Schuller Christian disease, 63
Hard palate, 2-4, 3f
Hard tissue examination, 83, 84f
Healing. See Bone healing; Wound healing.
Health history, 81-82
Hematoma, 233
Hemidesmosomes, 22
"Hemi-osteonal”surface bone remodeling, 34
Hemisection, 269f, 269-270
Hemostasis

absorbable collagen for, 137, 137f
anticoagulants for, 135, 171
in apical microsurgery, 171
bone wax for, 136
calcium sulfate for, 136
cautery for, 136
chitosan products for, 138
description of, 129
ferric sulfate for, 137, 137f
Gelfoam for, 137
in intraoperative phase, 136-138
local agents for, 135-138
in preoperative phase, 135-136
Surgicel for, 137-138
thrombin for, 137
vasoconstrictors, 134-136
in wound healing, 237-238, 242-243

Histamine, 242
Hodgkin lymphoma, 63, 66
Horizontal mattress suture, 231 , 231f
Hydrocodone, 288
Hydroxyapatite, 31

Galilean optics, 116, 1 23
Gamma-aminobutyric acid, 132
GBR. See Guided bone regeneration.
Gelfoam, 137
Gene expression, 187-188
Genial tubercles, 15, 15f
Genotoxicity, of root-end filling materials, 184-185
Geristore, 187
Gingiva

F
Facial artery, 5, 6
Fear of pain, 129
Feather Microsurgical Blades, 162, 162f
Federation Dentaire International, 191
Feldkamp algorithm, 98
Ferric sulfate, 137, 137f
FGF. See Fibroblast growth factor.
Fibrin clot, 237, 242, 243, 244f, 253, 253f, 298
Fibroblast(s)

definition of, 240
description of, 143
ibuprofen effects on, 239
in lamina propria, 23
oral, 23
in periodontal ligament, 24
phenotypes of, 240
smoking effects on, 240
in wound healing, 239-240, 244-245

Fibroblast growth factor, 237-238

anatomy of, 142, 143f
attached, 22, 83, 85, 143f, 145
biotype of, 83, 84f, 145
blood supply to, 144
connective tissue of, 143
epithelium of, 22—23, 142
histology of, 20, 21f
inflammation-related changes of, 143-144
interdental, 23. See also Interdental papilla.
marginal, 83, 254f, 255
papilla of, 142
recession of, 145, 145f, 149, 256, 309
scarring of, 309
types of, 142, 1 43f
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Hyperglycemia, 239
Hypoglossal nerve, 6
Hypoxia, 239

Intracortical secondary osteonal bone remodeling, duration of action, 130
ester anesthetics, 130
failure of, 132-133
intraosseous anesthesia, 132, 133f
in mandibular arch, 131
in maxillary arch, 131-132
mechanism of action, 129-130
nitrous oxide/oxygen sedation, 132
oral conscious sedation, 132
potency of, 130
in pregnancy, 133-134
time of onset, 130
types of, 130-131
vasoconstrictors, 131,134-136

Long-term outcomes, 308
Loupes, 118, 119f, 121
Low-level laser therapy, 310
LTA. See Lipoteichoic acid.
Ludwig’s angina, 52
Lymphocytes, 23, 238
Lymphoma, 63-65, 65f

33
Intradentin cracks, 166
Intraosseous anesthesia, 132, 133f
Intraosseous malignant salivary tumors, 63
Intrasulcular incision, 309
Irreversible pulpitis, 76f, 76-77, 78f
Isthmus, 167, 312

I
Ibuprofen, 239, 286
Illumination

in dentistry, 117-123
in medicine, 116-117
misconceptions about, 1 27
surgical operating microscope for, 1 21f,

122-123

J
Jaw

lymphomas of, 63
osteogenic sarcoma of, 68
osteonecrosis of, 41 , 239, 291

JEDMED Medicapture system, 119, 120f
JEDMED retractors, 163, 1 63f
Junctional epithelium, 22-23, 142

visual acuity affected by, 118
Image intensifier screens, 98
Immunosuppressants, 239
Immunosuppressed patients, antibiotic prophylaxis

in, 291
Impact Air 45, 163-164, 164f
Implants

Kindications for, 76, 77f
periodontal disease treated with, 76, 77f

Incision and drainage, 89-90, 90f
Incisional wound, 242-247, 243f-246f, 252
Incisive fossa, 2, 3f
Infection

Kidney, in calcium conservation, 40
Knots, suturing, 224-226, 225f
KT-1 needle, 174
KT-2 needle, 174

M
Macrolides, 292
Macrophages

description of, 23
growth factors produced by, 54
in periapical abscess, 52
in wound healing, 238, 243

Magnification
in dentistry, 117-123
endoscopy for, 118-121,119f-120f
history of, 115-116
loupes, 118, 119f
in medicine, 116-117
misconceptions about, 127
orascopy/orascope for, 119f, 119-120
outcome studies of, 299, 300t-307t
surgical operating microscope for, 121-122,

121f— 122f, 124

odontogenic sinus, 208, 214
periapical, 68
periradicular, 208
wound healing affected by, 239

Infective endocarditis, 290, 292
Inferior alveolar artery, 5-6, 13
Inferior alveolar nerve

L
Lacrimal nerve, 5
Lactobacillus spp, 49
Lamellar bone, 31-33, 32f, 41
Lamina dura, 25
Lamina propria, 19-20, 20f, 22-23, 23f, 205
Langerhans cell histiocytosis, 63, 64f
Langerhans cells, 142
Late prosthetic joint infections, 290-291
Lateral pterygoid muscle, 4
Lateral radicular cyst, 57
LCH. See Langerhans cell histiocytosis.
Ledge formation, 262, 263f
Lesser palatine foramen, 2, 3f, 10, 11 f
Letterer-Siwe disease, 63
Leukocytes, 242
Leukotrienes, 52
Lidocaine hydrochloride, 130, 134-135
Life, 192
Lincosamides, 292
Lingual artery, 6
Lingual canal, 15-16
Lingual foramen, 15f, 15-16
Lingual nerve, 7
Lingual tori, 31f
Lingula, 6
Lining mucosa, 20, 21f
Lipopolysaccharides, 50, 52
Lipoteichoic acid, 50
Lips, 22
Loading of bone, 41-43, 42f
Local anesthesia/local anesthetics

adjunctive therapy, 132
allergies, 134
amide anesthetics, 130-131
in cardiovascular disease patients, 134
drug interactions, 134

anatomy of, 12—13, 1 4f
anesthetic block of, 131
roots in close proximity to, surgical treatment

planning for, 101,102f— 104f
Inflammation

clinical tests for, 84-85, 85f
definition of, 242
gingival changes during, 143
in junctional epithelium, 22
leukocytes in, 242
mediators of, 242
in wound healing, 237-238, 242-243, 243f

Informed consent, 86-87. See also Consent.
Infraorbital foramen, 2
Infraorbital nerve, 2
Instrumentation, for apical microsurgery, 161-169,

162f— 170f
Interdental gingiva, 23
Interdental papilla

anatomy of, 144
preservation/protection of, 149-151,

150f— 151f
lnterleukin-6, 237
lnterleukin-8, 54
Interleukin-12, 54
Interleukin-17, 53-54
Intermaxillary suture, 2, 3f
Internal root resorption defects, 265
Interrupted figure-eight suture, 227, 228f
Interrupted single sling suture, 228, 229f
Intrabony defects, 256

Malnutrition, 240
Mandible

anatomy of, 5f-6f, 5-7
blood supply to, 6
mastication-induced stress on, 31f
nerve supply to, 7
neurovascular supply to, 6-7
osteology of, 29-30, 30f-31f

Mandibular canal
anatomy of, 11f— 12f , 11-13
cone beam computed tomography of, 13
inferior alveolar nerve and, 1 2-13, 14f
molar roots and, 12f, 12-13
narrowing of, 13
premolar roots and, 13
teeth adjacent to, surgical treatment planning

for, 101
vertical position of, 11-12

Mandibular foramen, 6
Mandibular incisive canals, 15
Mandibular molars

furcation perforations in, 262, 263f
root canal treatment in, 267f
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respiratory mucosa of, 2, 3f
roof of, 204
roots in close proximity to, surgical treatment

planning for, 101-102, 105, 105f-107f Mini-Molts, 162, 163f
septa of, 2f, 9, 9f, 105, 105f
size of, 203
vascular network of, 205

Maxillary sinus disorders
periapical mucositis, 209f, 209-210
periapical osteoperiostitis, 209, 209f
rhinosinusitis. See Rhinosinusitis.

Maxillary sinusitis of dental origin, 208-209
Maxillary teeth

maxillary sinus and, relationship between, 7,
8f, 210-213, 211f— 21 3f

molars, See Maxillary molars.
posterior. See Maxillary posterior teeth.

Mechanical loading of bone, 41-43, 42f
Mechanostat theory, 41 , 42f
Medial pterygoid muscle, 4, 6, 6f
Medial pterygoid plate, 4, 4f
Median palatine mucosal raphe, 2
Medical history, 81-82
Melanocytes, 20
Membrane barriers, 173-174, 279t, 280
Mental artery, 6
Mental foramen, 5, 14f, 14-15, 159, 160f
Mental nerve, 14-15
Mental tubercles, 5
Mepivacaine hydrochloride, 130, 134
Mesiobuccal canal, 159, 160f
Metabolic bone disease, 40-41
Metastatic carcinoma, 63
Metronidazole, 293
Micro-Apical Placement System, 172, 172f
Microbiota, 50
Microcomputed tomography, 39
Microcracks, 311-312
Microdentistry, 117
Microindentation testing, 39
Micromirrors, 169, 170f
Microradiography, 38
Microscalpels, 161-162, 162f
Microscope. See Surgical operating microscope,
Microsurgical scissors, 175, 176f
Microtips, 299
Midroot perforations, 265, 265f-266f
Mineral trioxide aggregate

animal studies of, 194
biocompatibility of, 185
biomineralization of, 191
cell differentiation and mineralization activity

of, 186
cell viability of, 186
drawbacks of, 196
dye penetration test of, 181
external root resorption defects restored

using, 265, 267
gene expression of signaling molecules or

markers affected by, 187-188
in vivo studies of, 193
long-term results of, 309
outcomes affected by, 194

subcutaneous implantation of, 188-190,
189f , 192

SuperEBA and, comparisons between, 182

Mandibular nerve, 7
Mandibular notch, 6
Mandibular tori, 31f
Marginal gingiva, 83, 254f, 255
Margination, 242
Masseter muscle, 6
Mast cell, 23
Mastication, mandibular stress patterns during, 31f
Masticatory mucosa, 20, See also Gingiva,
Matrix metalloproteinases, 49, 239, 240
Maturation and remodeling phase, of wound

healing, 238, 245-247, 246f

Minnesota retractor, 163
Mitogen-activated protein kinase, 186-187
Mobility testing, 86
Modified Dental Anxiety Scale, 283
Molars

apical surgery in, 100
mandibular. See Mandibular molars,

maxillary. See Maxillary molars.
roots of, 12f , 1 2-13

MoraVision 3D system, 1 25-126, 1 26f
MTA. See Mineral trioxide aggregate.
Mucocutaneous junction, 22
Mucogingival junction, 2, 22, 142
Mucoperiosteal flap, 223
Mucosa

Maxilla
alveolar mucosa of, 2
anatomy of, 1-5, 2f-4f
blood supply to, 5
nerve supply to, 5
neurovascular supply to, 5
osteology of, 29-30, 30f
posterior, diagnostic imaging in, 212-213

Maxillary arch, local anesthesia of, 131-132
Maxillary artery, 1-2, 5-6
Maxillary incisive canals, 10, 10f
Maxillary molars. See also Maxillary posterior teeth.

anatomical complexity of, 211-212,
212f— 213f

first, 211, 21 2f, 263f
furcation perforations in, 262, 263f
isthmus of, 211, 213f
maxillary sinus and, relationship between,

210-212, 211f— 212f
palatal roots of, 216f, 216-219
periapical surgery of, 214

Maxillary nerve, 2
Maxillary posterior teeth. See also Maxillary molars.

osteoperiostitis lesions of, 217, 218f
periradicular infections of, 208
roots of

fused, 211
maxillary sinus and, relationship between,

7, 8f, 101, 210, 211f

alveolar, 22
definition of, 19
lining, 20, 21f
masticatory, 20
oral. See Oral mucosa.
palatal, 22
specialized, 20

Mucosal junctions, 22
Mucous retention cysts, 210
Mucus, 19
Multifunction cone beam computed tomography

scanners, 98
Multiplanar reconstruction, 99
Mycetomas, 207
Mylohyoid groove, 6
Myofascial pain, 4

N
N-acetyl-benzoquinoneimine, 287
Nasal cavity, 1
Nasopalatine duct cysts, 61-62, 62f
Needle holders, 175, 226
Needles, suturing, 225-226, 225f-226f
Nerve injury, postsurgical, 233, 235
Neurosurgery, 116
Neutrophils, 23, 52
New attachment, 241-242
Nicotine, 240
Nitroimidazoies, 293
Nitrous oxide, 285-286
Nitrous oxide/oxygen analgesia, 132

N20. See Nitrous oxide.
Nodes of Ranvier, 129
Non-Hodgkin lymphoma, 63, 66
Nonsteroidal anti-inflammatory drugs, 239,

286-289, 287t
Nonsurgical root canal treatment

contraindications for, 79
failing, 91
inadequate, 83f
indications for, 79
irreversible pulpitis treated with, 77, 78f
nonhealing after

causes of, 80

Maxillary sinus
anatomy of, 1-2, 2f-3f, 203, 204f
apical periodontitis involvement of, 209
cilia of, 205
cone beam computed tomography of, 7f-9f
development of, 7
fibrous scar defects of, 217, 21 7f
floor of, 7, 9, 9f, 204, 209
foreign objects in, 215
growth of, 203
innervation of, 206, 206f
maxillary teeth and, relationship between

molars, 210-212, 211f-212f
roots, 7, 8f, 101, 210, 211f
vertical relationships, 210, 211f

membrane of
description of, 2, 3f, 9, 9f, 204-205
perforation of, 214, 215f

mucosa of, 204-205, 207, 207f
ostium of, 204, 204f
perforation of, 107f, 21 4
periapical surgery involving, 214-219,

215f— 218f
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Osteotomy, 136f, 163-164, 164f
Ostium

neutrophil extravasation in, 52
pathogenesis of, 52
radiographs of, 53f, 55f, 66f

Periapical cysts. See Radicular cysts.
Periapical diseases, 76-77, 77f-79f
Periapical granuloma, 51 , 55-56, 56f, 108
Periapical infection, 68
Periapical lesions

classification of, 50-51
cone beam computed tomography for surgical

treatment planning for teeth with, 105,

diagnosis, See Diagnosis.
retreatment for, 87-88, 88f, 92, 92f, 297
surgical endodontics for, 88-94, 89f— 93f.

See also Surgical endodontics.
treatment options for, 87-94, 88f-94f

objectives of, 77
outcomes of, 79-80
reinfection of root canal after, 80

Novel oral anticoagulants, 135
NSAIDs, See Nonsteroidal anti-inflammatory drugs.
NSRCT, See Nonsurgical root canal treatment.
Nuclear volume morphometry, 38

description of, 204, 204f
rhinosinusitis caused by obstruction of, 206

Outcomes
classification of, 298
long-term, 308
of magnification use, 299, 300t-307t
measures for, 298
patient-centered, 309-311
quality of life, 309-311
soft tissue healing, 309

Oxycodone, 287t, 288
108

mental bundle and, 1 02f
outcomes affected by, 275
root canal obturation as cause of, 1 95f

Periapical mucositis, 209f, 209-210
Periapical osteoperiostitis, 209, 209f
Periapical pathosis

bone pathology presenting as, 67-68
classification of, 50-51
events leading to, 51f
as metastatic disease, 63
mimickers of, 59-68
pathogenesis of, 51f
periapical abscess. See Periapical abscess.
periapical granuloma, 51 , 55-56, 56f
periapical scar, 58-59, 59f
radicular cysts, 55-58, 57f-58f

Periapical radiolucencies, 58-59
Periapical scar, 51 , 58-59, 59f
Periapical surgery

cone beam computed tomography for
outcome assessment of, 108-111 , 110f

description of, 90-94, 91f-94f
maxillary sinus involvement in, 214-219,

215f— 218f
membrane barriers in, 173-174
objectives of, 275
oroantral fistula after, 215-216
palatal root surgery approaches, 21 6f— 218f,

216-219
in posterior maxilla, 21 2-213
regenerative techniques' effect on, 275
rhinosinusitis treated with, 218f

Pericytes, 45, 46f
Peri-implantitis, 257
Periodontal disease

tooth extractions for, 76, 77f
treatment of, 75f-77f, 75-76

Periodontal ligament
anatomy of, 23-24, 24f
percussion tests of, 84, 85f
pluripotent cells of, 252
resorption of, 44

Periodontal pocket, 22, 144-145
Periodontal probing, 85, 85f, 144-145
Periodontal tissue. See Soft tissue.
Periodontitis

apical. See Apical periodontitis.
cone beam computed tomography of, 156,

157f— 158f
surgical treatment of, 141

Periodontium, 142
Periosteal elevator, 151f

o pObesity, 239
Oblique mylohyoid line, 6
Occlusal prematurities, 43
Ochsenbein-Luebke flap, 148
Odontogenic keratocyst, 60, 60f
Odontogenic sinus infections, 208, 214
Opioid analgesics, 287t, 288-289
Opton ear microscope, 116
Oral conscious sedation, 132
Oral environment

endodontic risks in, 1
functions of, 1
mandible. See Mandible.
maxilla. See Maxilla.

Oral mucosa
alveolar mucosa, 22
blood supply to, 23
examination of, 83, 84f
fibroblasts in, 240
histology of, 19-21, 20f-21f
lining, 20, 21f
masticatory mucosa, 20
nerve supply to, 23
palatal mucosa, 22
regional variations in, 20
specialized mucosa, 20
wound healing in, 240

Orascopy/orascope, 119f, 119-120
Oroantral communication, 217
Oroantral fistula, 215-216, 31 2
Ortho-CT, 98
Orthodontic root extrusion, 272-273, 273f-274f
Orthograde retreatment, 159, 161f, 167
Osseous dysplasia, 67, 67f
Osteoblastoma, 68
Osteoblasts, 25, 25f, 43, 43f-44f
Osteoclasts, 26, 44-45, 249
Osteocytes, 45, 46f
Osteogain, 256
Osteogenic sarcoma, 68
Osteology, 29-30, 30f— 31f
Osteomalacia, 41
Osteonecrosis of the jaw, 41 , 239, 291
Osteons, 33-34
Osteopenia, 40
Osteoperiostitis lesions, 217, 218f
Osteoporosis, 38, 40-41
Osteoprogenitor cells, 25, 43
Osteoprotegerin, 36f, 37

Pain
corticosteroids for, 289
fear of, 129
persistence of, 298, 312
postoperative, 235, 285
pulpal, 49
root-end filling materials and, 196

Palatal mucosa, 22
Palatine glands, 4
Palatine rugae, 4
Palatine velum, 4
Palpation, 85, 85f
Papilla base flap, 148-149, 149f
Papilla base incision, 309
Papillae

gingival, 142
tongue, 20-21, 21f

Papillary layer, of lamina propria, 23, 23f
Parafunctions, 43
Paranasal sinuses

anatomy of, 1-2, 2f-3f, 203, 204f
blood supply to, 2
function of, 9, 203
maxillary sinus, See Maxillary sinus.
mucosa of, 205

Parathyroid hormone, 37, 44
Paresthesia, 233, 235
Patient-centered outcomes, 309-311
PDGF. See Platelet-derived growth factor.
PDL. See Periodontal ligament.
Peak skeletal mass, 40
Penicillin, 53, 292
Penicillin-VK, 292
Penicillium chrysogenum, 292
Peptide hormones, 40
Percussion, 84, 85f
Perforations

coronal root. See Root perforations, coronal,

crown, 261 , 262f
furcation, 262, 263f
sinus membrane, 107f, 214, 215f

Periapical abscess
acute, 52-53, 53f
bacteria that cause, 52
chronic, 53-54, 55f
complications of, 52
definition of, 52
incidence of, 51
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pathophysiology of, 206-207, 207f
periapical surgery of, 218f
subacute, 207
treatment of, 208

PulpitisPeriosteum, 25, 25f, 248f, 252
Periradicular defects, 279
Periradicular infections, 208
Periradicular surgery

bone healing after, 45, 46f
description of, 241
tissues involved in, 241
wound healing in, 241-242

Petechiae, 233
Pharmacology

analgesics. See Analgesics.
anxiolytics, 283-285
corticosteroids, 289
nitrous oxide, 285-286

Piezosurgery, 167-169, 168f— 169f
Pink esthetics, 141
Plasma cells, 23
Plasmacytoma, 66-67
Platelet-derived growth factor, 237, 256-257
Pluggers, 169,171-173
Pneumatic space, 1
Polarized light birefringence, 38
Polymorphonuclear leukocytes, 54, 237-238, 243,

irreversible, 76f, 76-77, 78f
reversible, 76, 76f

Pulse granulomas, 57
Purpura, 233 Root(s)

fused, 211
mandibular canal and, relationship between,

1 2f , 13
maxillary sinus floor and, relationship

between, 7, 8f
palatal, 216f, 216-219
resection of, 268-269, 269f

Root canal(s)
anatomical complexity of, 92, 92f, 114
cracks in, 166
external root resorptive defect communication

with, 267
Root canal treatment, nonsurgical. See Nonsurgical

root canal treatment.
Root extrusion, 261 , 272-273, 273f-274f
Root perforations

apical, 262, 264, 264f
coronal, 262f, 264-265, 265f
ledge formation associated with, 262, 263f
midroot, 265, 265f-266f

Root resorption, 43
Root-attached epithelium, 254f, 255
Root-end filling materials. See also Mineral trioxide

aggregate; specific material.
amalgam, 193, 194f
analgesic effect of, 196
aspergillosis and, 214
bioactivity of, 184-186, 186t
biocompatibility of, 184-186
biomineralization of, 191
cavity preparation effects on, 183-184
characteristics of, 179, 180t—181t
chemical composition of, 1811
genotoxicity of, 184-185
healing outcomes affected by, 194
human studies of, 194-196, 195f
ideal, 179, 180t-1811
intraosseous implantation of, 192-196
irretrievable, periapical surgery for, 91 , 91 f
marginal adaptation of, 184
mixing of, 183
outcomes affected by, 194
pain and, 196
placement of, 183
root-end cavity rinsing before placement of,

182-183
root-end resection and conditioning effects

on, 183-184
sealing ability of, 181-184
subcutaneous implantation of, 188-192, 189f
thickness of, 182

Root-end preparation, 164-165
Root-end surgery

apical microsurgery versus, 177
endodontic microsurgery versus, 299
outcomes of, 299

Rosai-Dorfman disease, 68
Rouleaux, 242

R
Radicular cysts, 51 , 55-58, 57f— 58f, 108
Radiographs

examination uses of, 86, 86f
2D, 97

Raloxifene, 40
RANK, 36f, 37
RANKL, 36f, 37
RAP. See Regional acceleratory phenomenon.
Reactive oxygen species, 187, 239
Reattachment, 241
Receptor activator of nuclear factor kappa-B. See

RANK.
Reclast, 41
Recombinant platelet-derived growth factor-BB,

257
Rectangular flap, 146-148, 147f
Red reflex, 116
Re-epithelialization, 238
Refractive error, 121
Regeneration, 241, 275
Regenerative therapy/techniques, 255-256, 275,

249
Polypropylene sutures, 224
Polyvinylidene fluoride sutures, 174
Portland cement, 190
Posterior maxilla, 212-213
Posterior teeth. See Maxillary posterior teeth.
Postganglionic sympathetic fibers, 5
Postoperative bleeding, 138, 233
Postoperative instructions, 233, 234f
Postoperative pain, 235, 285
Postsurgical management, 233-235, 234f-235f
Preganglionic parasympathetic fibers, 5
Pregnancy

acetaminophen use in, 288
local anesthesia in, 133-134

Preosteoclasts, 44
Prescription medications, 81
Primary intention healing, 241
Primary osteons, 33-34
Prism loupes, 118
Probing, 85, 85f, 144-145
Probing depth, 309
Procaine, 130
Prognostic factors, 311-312
Proinflammatory cytokines, 54
ProRootMTA, 171-173, 173f
Prosthetic joints, antibiotic prophylaxis in patients

with, 290-291
Protein-calorie insufficiency, 240
Pterygoid fovea, 6
Pterygomandibular raphe, 4
Pterygopalatine fossa, 5
PTH. See Parathyroid hormone.
Pulp, See also Vital pulp therapy.

anatomy of, 114, 115f
diseases of, 76-77, 77f-79f
inflammation of, 49-50
necrosis of, 78f
vitality tests of, 85, 85f

Pulpal pain, 49

280
Regional acceleratory phenomenon, 37
Regional nerve blocks, 132-133
Remodeling

bone. See Bone remodeling.
definition of, 43

Repair, 275
Replantation, tooth, 267f, 267-268, 297
Resin-ionomer hybrid cements, 1811
Resorption

periodontal ligament, 44
root, 43

Resorptive root defects, 265-267, 265f-267f
Restorative margins, 270
Rests of Malassez, 55-56
Rete pegs, 22
Reticular layer, of lamina propria, 23, 23f
Retreatment

for nonhealing after nonsurgical root canal
treatment, 87-88, 88f, 92, 92f, 297

orthograde, 159, 161f, 167
Retrofillings. See Apical retrofillings.
Retroplast, 194
Reversible pulpitis, 76, 76f
Rhinosinusitis

acute, 207-208
bacterial, 207
chronic, 207-208
computed tomography of, 208
definition of, 206
diagnosis of, 207-208
epidemiology of, 206
fungal involvement in, 207
ostial obstruction as cause of, 206
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s Stratum granulosum, 20, 20f, 142
Stratum intermedium, 20
Stratum spinosum, 20, 20f
Stratum superficiale, 20
Streptococcus spp

description of, 49
S clavuligerus, 292
S lincolnensis, 292

Streptomyces erythrus, 292
Subacute rhinosinusitis, 207
Subgingival margins, of restorations, 270
Sublingual folds, 6
Sublingual fossa, 6
Submandibular fossa, 6, 6f
Submarginal flap, 148, 148f
Submarginal incisions, 309
Submucosa, 19, 23, 23f
Sulcular epithelium, 22, 142
Sulcular full-thickness flap, 150
SuperEBA

Suture(s)
Safety-ended suture scissors, 176, 176f
Salivary glands of von Ebner, 21
Salivary tumors, intraosseous malignant, 63
Scanning electron microscope, 184

catgut, 224
ePTFE, 224
excessive tension on, 226, 227f
ideal characteristics of, 223-224
polypropylene, 224
removal of, 235
silk, 224
studies of, 232
tensile strength of, 224
types of, 224

Suture scissors, 175-176, 176f
Suturing

Scar
after wound healing, 247
gingival, 309
mucosal, 309

Scar tissue, 105
Schneiderian membrane. See Sinus membrane.
Scissors/Forceps Combination instrument,

175-176, 176f
Sealing ability, of root-end filling materials,

181-184
Secondary dentin, 29
Secondary intention healing, 241
Secondary osteons, 33
Self-perpetuating precursor cells, 43
Semilunar flap, 146
Septa, maxillary sinus, 2f, 9, 9f, 105, 105f
Serotonin, 242
Sharpey fibers, 25, 33, 242
Signaling molecules or markers

gene expression of, 187-188
subcutaneous implantation effects on,

191-192
Silk sutures, 224
Simple Interrupted suture, 226, 227f
Single implant-supported crowns, 76
Sinus(es). See Maxillary sinus; Paranasal sinuses.
Sinus membrane

considerations for, 226
continuous independent sling suture

technique, 230f, 230-231
coronally advanced vertical mattress suture

technique, 232, 232f
of flaps, 128, 174-176
horizontal mattress suture technique, 231 ,

bacterial penetration testing of, 182
biocompatibility of, 185
description of, 171, 172f
mineral trioxide aggregate and, comparisons

between, 182
sealing ability of, 181-182

Supportive therapy, postsurgical, 235
Supra-alveolar periodontal defects, 256
Supragingival fibers, 143
Surgeon’s knot, 224, 225f
Surgical endodontics

adjunctive procedures with, 94
anesthesia for, 90
benefits of, 94
goals of, 88
history of, 88-89, 89t
incision and drainage, 89-90, 90f
nonhealing after nonsurgical root canal

treatment treated with, 88-94, 89f-93f
outcomes of, 94
periapical surgery, 90-94, 91f-94f
risks of, 94

Surgical operating microscope
accessories, 1 22f— 123f, 123
apical microsurgery applications of, 177
care and maintenance of, 124-125
cleaning of, 124-125
configuration of, 120f, 1 21
cross-sectional diagram of, 121f
curettage applications of, 164
development of, 113, 116
documentation of, 124, 124f
ergonomics, 1 26-127
eyepiece for, 123
frequency of use, 118
illumination using, 1 21f, 122-123
magnification using, 121-122, 121 f—122f,

231f
interrupted figure-eight suture technique,

227, 228f
interrupted single sling suture technique, 228,

229f
knots used in, 224-226, 225f
needles for, 225-226, 225f-226f
simple interrupted suture, 226, 227f

Swelling, postoperative, 233
Symphysis menti, 5

Tdescription of, 2, 3f, 9, 9f, 204-205
perforation of, 214, 215f, 275, 278f Tachycardia, 132

Tamoxifen, 40
Targeted bone remodeling, 35
Teeth. See also specific teeth.

extraction of
fixed partial denture indications after, 76,

Sinusitis
maxillary, of dental origin, 208-209
odontogenic, 208, 209f, 214
rhinosinusitis. See Rhinosinusitis.

Skeleton, 29
Slip surgical knot, 224, 225f
Slit lamp, 116
Sludging, 242
Smoking, 240, 280
Sodium hypochlorite, 15
Soft tissue

apical pathosis, 144
blood supply to, 1 44
coronal restoration effects on, 145, 145f
examination of, 83, 84f
flaps. See Flap(s).
healing of, 149, 309
interdental papilla, 144
periodontal conditions that affect, 144-145
regional structures, 144

Specialized mucosa, 20
Sphenomandibular ligament, 6
Sphenopalatine artery, 5, 10
Spiral computed tomography, 144
Stabident system, 133f
Steroid hormones, 40
Stochastic bone remodeling, 35
Stratified squamous epithelium, 19, 20f
Stratum basale, 20, 20f
Stratum corneum, 20, 20f, 142

77f
periodontal disease treated with, 76, 77f

loss of, 75, 75f
replantation of, 267f, 267-268, 297
roots of. See Root(s).
transplantation of, 268

Tenascin C, 240
Tensor veli palatini, 4
Tentative diagnosis, 82-83
TGF-6. SeeTransforming growth factor-13.
T-helper cells, 54
Third molar surgery model, 289
Three-dimensional imaging systems, 125-126
Thrombin, 137
Tips

microtips, 299
piezosurgical, 168, 168f
ultrasonic, 166, 183

Tissue adhesives, for wound closure, 224
Tongue

124
misconceptions about, 127-128
in neurosurgery, 116
osteotomy applications of, 163
parfocusing of, 123-124
useable power of, 127

Surgicel, 137-138

anatomy of, 6
filiform papillae on, 20, 21f
mucosa of, 20

Tooth. SeeTeeth.
Tori, 30, 31f

323

www.konkur.in

Telegram: @dental_k



Q Index

w indicators of, 298
infection effects on, 239
inflammation in, 237-238, 242-243, 243f
local factors in, 238-239
malnutrition effects on, 240
maturation and remodeling phase of, 238,

245-247, 246f
medications that affect, 239
new attachment, 241-242
obesity effects on, 239
phases of, 237-238, 242-247, 243f-246f
platelet-derived growth factor for, 256-257
by primary intention, 241
proliferative phase of, 238
reattachment, 241
re-epithelialization, 238
regenerative therapy for, 255-256
research observations regarding, 252-253,

Trabeculae, 24, 29
Trabecular bone

calcium in, 37-38
microdamage in, 45
remodeling of, 33-34, 33f-34f, 45-46

Transforming growth factor-13, 36, 54-55,
237-238, 240

Transplantation, tooth, 268
Transseptal fibers, 24
Traumatic bone cysts, 61
Treatment planning. See also Diagnosis.

apical microsurgery, 155-156, 156f— 161f
dental history in, 82
focus of, 80
informed consent for, 86-87
medical conditions that affect, 81-82
medical history in, 81
valvular heart disease considerations, 81-82,

Waldeyer’s ring, 63
Warfarin, 135, 286
“White esthetics,”141
White mineral trioxide aggregate, 181-193
White Portland cement, 190
World Health Organization, 50
Wound

definition of, 241
dissectional, 241 , 247-249, 248f, 252-253,

253f
excisional, 249-251 , 250f-251f, 253, 255
incisional, 241-247, 243f-246f, 252
intraoral, 240, 247
types of, 241

Wound closure
description of, 223
sutures for. See Suture(s); Suturing.
tissue adhesives for, 224

Wound dressings, 175, 175f
Wound healing

age-related delays in, 239
alcohol consumption effects on, 240
angiogenesis in, 245, 246f
chemotherapeutic agents' effect on, 239
clinical applications, 253-255, 253f-255f
connective tissue healing phase of, 244-245,

253f82b
scar formation after, 247
by secondary intention, 241
signs of, 312
smoking effects on, 240
soft tissue, 149
systemic factors in, 238-240
terminology associated with, 241-242
types of, 241

Woven bone, 31 , 32f, 45-46, 46f, 250, 252

Triangular flap, 146, 146f
Triazolam, 132, 284
Trigeminal nerve

mandibular division of, 7, 23
maxillary division of, 5, 23

Triple-loop surgeon’s knot, 225f
True allergy, 134
T-suppressor cells, 54
Tylenol. See Acetaminophen.
Typical maximum dose, 134

245f
dentoalveolar, 252
description of, 45-46, 46f, 237, 298
in diabetic patients, 239
dissectional wound, 241, 247-249, 248f,

252-253, 253f
enamel matrix derivatives for, 256-257
epithelial healing phase of, 243-244, 244f
evaluation of

during suture removal, 235
timing of, 298

excisional wound, 249-251 , 250f— 251f, 253,

Xu XoranCAT, 108
X-tip system, 133fUltrasonic tips, 166, 183

Underwood’s septa, 2f, 9
Uvula, 4 z

Zeiss epi-teknoscope, 116
Zinc oxide— eugenol cements, 181t
Zygomatic nerve, 5

V
Valium, 284
Valvular heart disease, 81
Vasoconstrictors, 131, 134-136
Vazirani-Akinosi block, 131
Vermilion zone, 22
Vertical fracture, 80
Vertical-releasing incision, 150f— 151f
Vestibule, 83, 84f
Vidian nerve, 5
Vital pulp therapy

description of, 76, 77f-78f
enamel matrix derivatives in, 257

Volkmann canals, 144

255
factors that affect, 238-241
fibrin clot in, 237, 242, 243, 244f, 253, 253f,

298
fibroblast in, 239-240, 244-245
future of, 255-257
gender influences on, 239
gingival biotype effects on, 145
hemostasis and inflammation phase of,

237-238, 242-243, 243f
incisional wound, 242-247, 243f-246f, 252
incomplete, 298
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