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In this day and age, an overwhelming influx of information is flooding the scien-
tific literature. Separating wheat from chaff can be an arduous and demanding 
task for any oral health care professional, expert or novice, when reviewing the 
best available evidence in the fields of periodontics and oral implantology. A 
well-curated and comprehensive compilation of essential knowledge can be an 
invaluable compass to navigate what may seem to be an insurmountable ocean 
of data and concepts.

That is why I enthusiastically applaud Dr Fernando Suárez López del Amo for 
his vision and dedication in leading the efforts that have culminated in making 
this book, Periodontics: The Complete Summary, a reality. Knowing Fernando for 
more than a decade now, I have truly enjoyed witnessing his development and 
inexorable growth in becoming an excellent clinician, outstanding scholar, and  
tremendously effective teacher. It is rare for an individual of such virtues to also 
seek to engage and elevate the profession by generating quality didactic materials. 
This textbook is a clear representation of Fernando’s commitment.

Spanning from the anatomy of periodontal and peri-implant structures to 
the management of medical emergencies, this book contains a cleverly weaved 
sequence of meticulously selected topics covering the most relevant literature 
pertaining to the diagnosis, prevention, and treatment of common periodontal 
and peri-implant diseases and conditions. Readers will notice that a great deal 
of attention was paid to scrupulously select and present pertinent information 
stemming both from classic and contemporary literature sources, providing it in 
a succinct and understandable manner. Although this book is primarily geared 
to serve as a guide for students throughout their formal training and in their 
preparation for standardized exams, more experienced professionals will also 
find it an excellent reference or “refresher” resource.

While Fernando is responsible for its genesis, organization, and successful 
completion, it must be acknowledged that this book is also the result of a collective 
endeavor carried out by a marvelous bunch of young and emerging clinicians, 
researchers, and educators from different geographic locations across the globe. It 
is exciting to see such a talented group coming together to generate an up-to-date 
and valuable compendium of foundational knowledge germane to periodontics 
and oral implantology. Congratulations to all of them for this superb contribution! 

With my best wishes, 

Gustavo Avila-Ortiz, dds, ms, phd
Professor and Chair
Department of Periodontics
College of Dentistry 
University of Iowa 
Iowa City, Iowa
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The fields of periodontics and oral implantology have greatly advanced and evolved 
over the last decades. Numerous investigations and developments have redefined 
the instruments, materials, and techniques used in daily practice, and we, the 
scientists and clinicians, should always be at the forefront of this continuous 
evolution. However, while remaining up to date is imperative to provide the best 
possible patient care, it is of utmost importance to acknowledge and understand 
the scientific discoveries and investigations previously performed. It is critical to 
appreciate the lessons learned decades ago to continue with the progression of 
the periodontal and dental implant fields. For this reason, I decided to embark 
on this project, and along with the outstanding contribution of a talented group 
of friends and colleagues, we have created this summary aimed at describing the 
underlying scientific basis and rationale for the numerous challenges and decisions 
that periodontists face in clinical practice. Special attention was given to provide 
the fundamental classic literature as well as newer and more current evidence.

The information presented in this book is a comprehensive review of the most 
essential knowledge pertaining to the different aspects of periodontics and oral 
implantology. From anatomy to medical emergencies, the 28 chapters summarize 
topics related to diagnosis, nonsurgical and surgical therapy, guided tissue regener-
ation, dental implants, and oral pathology. Students in the dental and periodontal 
fields will find this book of utmost value during their training. Nevertheless, this 
book was also conceived with the objective of being a source of information and 
consultation guide for more senior professionals, including investigators and 
clinicians. 
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DEFINITIONS AND  
TERMINOLOGY

Alveolar bone proper: Compact 
bone that composes the alveolus (tooth 
socket). Also known as the lamina dura 
or cribriform plate, the fibers of the 
periodontal ligament insert into it.

Alveolar process: The compact 
and cancellous bony structure that 
surrounds and supports the teeth.

Attached gingiva: The portion of the 
gingiva that is firm, dense, stippled, 
and tightly bound to the underlying 
periosteum, tooth, and bone.

Attachment apparatus: The cemen-
tum, periodontal ligament, and alveolar 
bone.

Biologic width: The dimension of soft 
tissue composed of a connective tissue 
and epithelial attachment extending 
from the crest of bone to the most 
apical extent of the pocket or sulcus. 
This term was recently redefined as 
“supracrestal tissue attachment.”2

Bundle bone: A type of alveolar bone, 
so-called because of the “bundle” 
pattern caused by the continuation of 
the principal (Sharpey) fibers into it.

Fibroblast: The predominant connec-
tive tissue cell; a flattened, irregularly 
branched cell with a large oval nucleus 
that is responsible in part for the 
production and remodeling of the 
extracellular matrix.

The periodontium comprises the supporting structures of the dentition. 
It is composed of four main elements: gingiva, cementum, periodontal 
ligament (PDL), and bone. Understanding this dynamic network of 

tissues is pivotal for the proper performance of the many procedures related 
to periodontal therapy. This chapter describes the different structures of the 
periodontium from microscopic and macroscopic points of view. 

The attachment apparatus, also known as periodontal attachment, is an 
aggregate of tissues with the main function of anchoring teeth to the alveolus. 
It consists of cementum, alveolar bone, PDL, and gingiva. Several terms are 
highly relevant with this regard and are described by the American Academy 
of Periodontology (AAP) Glossary of Periodontal Terms (see sidebar).1

Periodontium: Attachment Apparatus
PERIODONTAL LIGAMENT

The PDL is a specialized connective tissue located between the bony walls of 
the dental socket and the dental root. It surrounds the majority of the dental 
root and attaches the teeth to the alveolar bone. In the most coronal portion, 
the PDL is continued with the lamina propria of the gingiva. Characterized by 
its hourglass shape, this specialized connective tissue narrows at the middle 
part, with an average width ranging from 0.2 to 0.4 mm.3 The PDL space 
decreases with age and increases under excessive load.

Origin
The PDL develops in a cell population from the dental follicle. As the crown 
approaches the oral mucosa, fibroblasts produce collagen fibrils without 
organized orientation. Later, prior to tooth eruption, the fibroblasts adopt 
an oblique orientation adjacent to the cementum. Finally, after this fibro-
blast arrangement, fibers with organized orientation are developed at the 
cementum surface as well as at the alveolar bone proper. These fibers will 
continue elongating until they reach each other at the middle portion of the 
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Free gingiva: The part of the gingiva 
that surrounds the tooth and is not 
directly attached to the tooth surface. 

Gingival groove: A shallow, V-shaped 
groove that is closely associated with 
the apical extent of free gingiva and 
runs parallel to the margin of the 
gingiva. The frequency of its occur-
rence varies widely.

Gingival papilla: The portion of the 
gingiva that occupies the interproximal 
spaces. The interdental extension of 
the gingiva.

Hertwig epithelial root sheath 
(HERS): An extension of the enamel 
organ (cervical loop) Determines the 
shape of the roots and initiates dentin 
formation during tooth development. 
Its remnants persist as epithelial 
rests of Malassez in the periodontal 
ligament.

PDL. The orientation of the fibers will be determined by the location within 
the PDL (Table 1-1).4,5

Composition
The PDL is formed by different cell types. The fibroblasts are the most abun-
dant as they are responsible for the metabolism of the extracellular compo-
nents. Within this heterogeneous population of fibroblasts within the PDL, 
osteoblast-like fibroblasts are also present, and these are rich in alkaline 
phosphatase.6,7 In addition, the PDL contains stem cells, epithelial cell rests of 
Malassez, cells from the blood vessels, and cells associated with the immune 
and nervous systems. 

The extracellular matrix of the PDL consists of collagenous and noncol-
lagenous proteins. Collagen type I is the most abundant, and it is also the 
primary constituent of the Sharpey fibers, together with collagen II, V, VI, 
XII, and XIV.8 Other noncollagenous proteins present in the PDL are tena-
scin, fibronectin, vitronectin, elastin, and glycoproteins. In addition, hyal-
uronate, heparan sulfate, chondroitin sulfate, and dermatan sulfate are the 
glycosaminoglycans identified in the PDL. Dermatan sulfate is the principal 
glycosaminoglycan, while versican and decorin are the main proteoglycans.8,9 

TABLE 1-1 Principal periodontal ligament fibers4,5

Location Origin Insertion Orientation Function

Alveolar crest 
fibers

Between CEJ and 
alveolar bone crest

Cementum Alveolar crest Mostly bucco-
lingual but also 
mesiodistal

Prevent extrusion 
of the teeth and 
resist lateral tooth 
movements

Horizontal fibers Directly apical to 
the crest

Cementum Alveolar bone 
proper

Horizontal across 
the PDL

Prevent lateral 
tooth movement

Oblique fibers Middle two-thirds 
of the PDL

Cementum Alveolar bone 
proper

Oblique in a coro-
nal direction

Resist apically 
directed chewing 
forces

Apical fibers Apical portion of 
the PDL

Apical portion of 
cementum

Apical portion 
of alveolar bone 
proper

Irregular fashion in 
horizontal or verti-
cal dimension

Resist forces of 
luxation

Interradicular 
fibers

Furcation region Interradicular 
cementum

Interradicular 
coronal portion 
of alveolar bone 
proper

Vertical and 
horizontal 

Resist tooth 
tipping, torquing, 
and luxation

Transalveolar 
fibers

Primarily crestal 
region 

Cementum Cementum of 
adjacent tooth

Horizontal Provide support 
and stability, 
prevent tooth 
movement

CEJ, cementoenamel junction.
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Periodontium: Attachment Apparatus

Lamina propria: In the mucous 
membrane, the connective tissue 
coat just beneath the epithelium and 
basement membrane. In skin, this layer 
is known as the dermis.

Mucogingival junction: The junction of 
the gingiva and the alveolar mucosa.

Osseointegration: A direct contact, at 
the light microscopic level, between 
living bone tissue and an implant.

Periodontal ligament (PDL): A special-
ized fibrous connective tissue that 
surrounds and attaches roots of teeth 
to the alveolar bone. Also known as the 
periodontal membrane.

Periodontium: The tissues that invest 
and support the teeth, including the 
gingiva, alveolar mucosa, cementum, 
periodontal ligament, and alveolar 
supporting bone. Also known as the 
supporting structure of the tooth.

Rete pegs: Ridge-like projections of 
epithelium into the underlying stroma 
of connective tissue that normally 
occur in the mucous membrane and 
dermal tissue subject to functional 
stimulation.

ALVEOLAR BONE

One of the two mineralized tissues that comprises the attachment apparatus 
is the alveolar bone. Just like any other type of bone in the human body, it is 
composed of a mineralized matrix and a nonmineralized connective tissue. 
Within the mineralized tissues, calcium is the most prevalent mineral in the 
form of hydroxyapatite. The alveolar bone, also known as alveolar process, 
consists of spongy bone, cortical plates, and the alveolar bone proper (Table 
1-2). The crest of the alveolar bone refers to the most coronal portion of it, 
and its distance from the cementoenamel junction (CEJ) in a healthy peri-
odontium is within the range of 1 to 3 mm. 

The alveolar bone is created following an intramembranous ossification 
with ectomesenchymal cells from the dental follicle intervening in the devel-
opmental process. The presence of teeth is essential for the development of 
the alveolar bone. As such, in absence of a PDL, the alveolar bone proper 
will not develop.5

The alveolar bone houses the teeth, providing protection and support and 
allowing proper functioning during mastication, absorbing and distributing 
the occlusal forces. The primary function of the alveolar bone is to provide 
a structure where the Sharpey fibers of the PDL anchor to keep the tooth in 
position and function. 

The chemical composition of alveolar bone is 65% hydroxyapatite and 35% 
organic material such as collagen and noncollagenous proteins (eg, osteo-
calcin, bone sialoprotein, phosphoprotein, osteonectin, and bone morpho-
genetic proteins). 

Microscopically, two different types of mature bone can be observed based 
on the organization: (1) the lamellar bone, containing osteons which consist 
of a blood vessel surrounded by concentric lamellae, and (2) the bundle bone 
where PDL fibers (Sharpey fibers) anchor. In the bundle bone, lamellae can 
be found parallel to adjacent marrow spaces, and the disposition is parallel 
to the tooth surface. 

CEMENTUM

Cementum is the second mineralized tissue of the attachment apparatus. It 
is an avascular mineralized connective tissue that surrounds the dentin at 
the level of the dental root. Its primary function is to allow for the anchorage 
of Sharpey fibers that will keep the tooth in the alveolus as well as to adapt 
and protect during tooth wear and movement. The thickness of cementum 
increases with age. Also, apical portions of the dental root present with 
thicker cementum than the coronal counterparts.5 The CEJ is the anatomi-
cal area where the crown meets the root. Schroeder and Scherle10 described 
three types of relationships between cementum and enamel: edge to edge; 
cementum covering the enamel; or a gap between both structures where 
dentin is exposed. The most prevalent interrelation is cementum covering 
the enamel, followed by edge to edge and gap.11 

Based on the presence of cementocytes embedded in its extracellular 
matrix, the cementum can be classified as cellular or acellular. In addition, 
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the fibers that form the cementum will contribute to the 
classification of the different types5 (Table 1-3).

As in the formation of the PDL, cementum starts devel-
oping in a prefunctional stage prior to the eruption of the 
tooth. After the crown is formed, the cells of the inner 
and outer enamel epithelium that constitute the cervical 
loop will proliferate deeper into the ectomesenchyme 
driving the development of the dental root. This structure 

is known as the Hertwig epithelial root sheath (HERS). The 
most apical portion of the HERS, which encloses the dental 
papilla, is known as the epithelial diaphragm. Cells from the 
HERS induce the differentiation of the dental papilla cells in 
a coronoapical direction to become odontoblasts that will 
form the dentin of the root. The number and morphology 
of the dental roots will be determined by the disposition of 
the HERS. The cementum, the mineral portion of the root 

TABLE 1-2 Features of alveolar bone

Location Thickness Composition Characteristics

Alveolar 
bone 
proper

Wall of the 
socket

0.1 to 0.4 mm Lamellated and 
bundle bone

• Perforated, carrying interalveolar nerves and 
blood vessels.

• Radiographically identified as cribriform plate or 
lamina dura.

Spongy 
bone

Between 
alveolar 
bone proper 
and cortical 
plates

More volume present 
in maxilla at interden-
tal and interradicular 
septa. Very limited in 
buccal sites followed 
by lingual and palate 
sites.

Trabeculae 
surrounded 
by marrow 
that contains 
adipocytes and 
pluripotent stem 
cells

• Highly vascularized. The amount and organiza-
tion will determine the classification.

• Regular or irregular orientation of trabeculae can 
be identified based on the location.

Cortical 
plates

Outline the 
alveolar 
process

Variable from poste-
rior to anterior sites. 
Buccal thinner than 
lingual.

Osteons and 
interstitial 
lamellae

• Poor intrinsic vascularization. Highly remodeled 
in the most coronal portion after tooth extraction.

TABLE 1-3 Features of the different types of cementum

Location Thickness Contain 
cells

Intrinsic 
collagen 

fibers

Extrinsic  
collagen 

fibers
Developed by

Acellular  
afibrillar 
cementum

Coronal part, covering 
enamel surface. One of the 
components of acellular 
extrinsic fiber cementum.

1 to 15 µm No No No Cementoblasts

Acellular 
extrinsic fiber 
cementum

Cervical third of the root 30 to 230 µm No No Yes 
(composed 
of bundles 
of Sharpey 
fibers)

Cementoblasts 
and fibroblasts

Cellular mixed 
stratified 
cementum

Apical third of the root and 
furcation. Tip of the apex.

100 to 1,000 
µm

Yes Yes Yes 
(composed 
of bundles 
of Sharpey 
fibers)

Cementoblasts 
and fibroblasts

Cellular 
intrinsic fiber 
cementum

Filling resorption lacunae of 
the root

Varies Yes Yes No Cementoblasts
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facing the PDL, is formed by cementoblasts that are believed 
to originate from the ectomesenchymal cells of the dental 
follicle after the disintegration of the HERS. Cells from the 
HERS produce different proteins and mediators to induce the 
differentiation of the dental follicle cells into cementoblasts. 
Fibroblasts in the area produce bundles of collagen fibrils that 
form fringe fibers, and these are anchored to the tooth by the 
deposition of a mineral matrix by cementoblasts. 

When the tooth is near to entering its functional stage, a 
shift in the formation of cementum can be seen from acel-
lular extrinsic fibrillar cementum to mixed stratified cemen-
tum. The rate of growth of cementum is 1.5 to 3 µm per year.12 

Even though the previously described formation of 
cementum is the most accepted theory, an alternative 
hypothesis has been proposed. This theory suggests an 
enhanced role of the HERS in the formation of cemen-
tum through the differentiation of HERS cells to become 
cementoblasts.13 

The chemical composition of cementum is similar to 
bone with approximately one-third organic material, 
one-third mineral phase, and one-third water. The primary 
inorganic structure of cementum is also hydroxyapatite 
crystals. The organic material is composed of collagen, 
glycoproteins, and proteoglycans (Box 1-1).

GINGIVA

The oral mucosa is composed of the mucosal tissues that 
cover the mouth, and it can be classified as masticatory 
mucosa (gingiva and hard palate), lining mucosa (alveolar 
mucosa, floor of the month, and internal surface of lips), 
and specialized mucosa (tongue). The lining or alveolar 
mucosa extends inside the cheeks, floor of the mouth, as 
well as soft palate, and it is characterized by the presence of 
a basal layer (which is positive to the expression of keratin 
5, 14, and 19), an intermediate layer, and a superficial layer 
expressing keratin 13 and 4.14

The gingiva (masticatory mucosa) is composed of free 
gingiva and attached gingiva, and it is characterized by the 
presence of keratin in the most superficial layer. Histolog-
ically, four layers of cells have been described (Fig 1-1): 

1. Stratum basale, which is characterized by the 
expression of keratin 5 and 14

2. Stratum spinous, named due to the spinous 
morphology of the cells in this layer

3. Stratum granulosum, characterized by the presence 
of round cytoplasmic granules

4. Stratum corneum with cornified cells

Gingiva has different names and presents with slight 
morphologic differences depending on the tissue that it 
covers (ie, free gingiva or attached gingiva; Fig 1-2).

Free gingiva
Free gingiva is the portion of the gingival epithelium that 
extends from the free gingival margin to the gingival 
groove (see Fig 1-2). The gingival groove is defined as 
the “shallow linear depression on the gingiva surface that 
demarcates the free gingiva and the attached gingiva.”1 The 
free gingiva covers the teeth at the vestibular and lingual 
sites following the contour of the tooth and the dental 
papilla. In normal conditions, the free gingiva presents 
as a coral pink color. The location of the gingival groove 
is determined by the position of the CEJ, and it is present 
in 4% to 54% of teeth with differences based on tooth 
type.15,16 

Attached gingiva
Attached to the tooth and/or alveolar bone, the attached 
gingiva is delimited by the gingival groove at the coronal 
end and the mucogingival junction at the apical end. In 
healthy conditions, it also presents with a coral pink color. 
A morphologic characteristic of the attached gingiva is 
the stippling or orange peel appearance. The stippling 
corresponds to small epithelial ridges and is developed in 
areas of high keratinization. When the attached gingiva is 
inflamed, it loses the superficial stippling, and the color 
turns to a darker red.15,17,18

The mucogingival junction, which is the interphase 
between the attached gingiva and the oral mucosa, is 
located between 3 to 5 mm apical to the alveolar crest, 
and it has been shown to be stable over the years in refer-
ence to the base of the mandible or floor of the nose. 
Consequently, an increase in attached gingiva with age 
has been associated with the continuous eruption of the 
dentition.19,20 The dimensions of the attached gingiva have 
been investigated in classic studies by Bowers21 and Voigt 

BOX 1-1 Organic chemical composition of cementum 

Collagenous 
proteins

Collagen I (90%)

Collagen III (5%)

Noncollagenous 
proteins

Glycoproteins

Glycolipids

Proteoglycans

Enamel-related proteins
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et al.22 In the maxilla, the sites with the greatest width of 
attached gingiva are the central and lateral incisors. There 
is a decrease in canines and first premolars, and a slight 
increase over the second premolar and molar locations. 
In the mandible, the incisors also present with the greatest 
amount of attached gingiva with a sharp decrease around 
the canines and first premolars. At the second premolar 
site, the attached gingiva increases, and a decrease at the 
mandibular molar area is also observed. On the lingual 
aspect, the molar area presents with the greatest attached 
gingiva followed by premolars, incisors, and canines.

Based on the location and microscopic appearance, the 
gingival epithelium can be classified into three types: oral, 
sulcular, and junctional epithelium. 

Oral epithelium
The oral epithelium is a keratinized stratified squamous 
epithelium that extends from the mucogingival junction 
to the free gingival margin. In some areas of the most 
superficial layer, the stratum corneum, the cells maintain 
their nuclei and are considered parakeratinized. If no 
nuclei are present in the stratum corneum, this epithe-
lium is considered orthokeratinized. In addition to the 
keratinocytes, other cells can be found in the oral epithe-
lium, such as melanocytes, which give pigmentation to 
the epithelium; Langerhans cells, which play a role in the 

immune response; and Merkel cells, which are important 
for sensory function.

Sulcular epithelium
This is the epithelial tissue located in the sulcus, and it 
extends from the free gingival margin to the most coronal 
portion of the junctional epithelium. It is a nonkeratinized 
stratified squamous epithelium.

Junctional epithelium
The junctional epithelium extends apically from the 
base of the gingival sulcus following the tooth structure, 
and it is a nondifferentiated stratified squamous epithe-
lium.23 In healthy situations with no history of periodontal 
disease or gingival deformities, the deepest portion of 
the junctional epithelium is located around the CEJ. It 
has a triangular shape with the base at the bottom of the 
sulcus and a vertex located apically. The base of the junc-
tional epithelium has a layer 20 to 30 cells thick, which 
decreases in number to become a bilayer at the level of the 
CEJ.24 The junctional epithelium is attached to the tooth 
surface through hemidesmosomes, while the connections 
in between the epithelial cells are established by desmo-
somes, adherents, gaps, and tight junctions.25

The gingival epithelial tissue lies over connective tissue 
establishing finger-type indentations of epithelial tissue 

Junctional 
epithelium

Keratinized 
mucosa

Connective tissue 
attachment

Sulcus
Gingival margin

Stratum corneum

Stratum granulosum

Stratum spinosum

Stratum basale

Basement 
membrane

Free gingiva

Gingival groove

Attached gingiva

Mucogingival 
junction

Alveolar 
mucosa

Fig 1-2 The gingiva.Fig 1-1 Layers of keratinized gingiva.
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termed ridges. This connective tissue subjacent to the 
epithelium of the attached gingiva is known as lamina 
propria. The lamina propria is a highly vascularized tissue 
with two known portions: the papillary layer, which is 
the most superficial, and the reticular layer. In the papil-
lary layer, the interphase between the connective tissue 
of the lamina propria and the epithelium follow a wavy 
morphology with projections of connective tissue called 
papillae and epithelial ridges known as rete pegs. The 
interface between the sulcular epithelium, the junctional 
epithelium, and the connective tissue is characterized by 
the absence of rete pegs. The lamina propria consists of 
57% to 60% connective tissue fibers/fibrous proteins, 5% 
to 8% cells, and 35% other components such as blood 
vessels, nerves, and ground substance of the intercellular 
matrix.5,26 

The main cell type in the lamina propria is the fibro-
blast, which is the main cell responsible for the formation 
and remodeling of the connective tissue. The main fibers 
of the lamina propria are comprised by collagen type I, III, 
IV, and V, with minor presence of elastic fibers and oxyta-
lan fibers. The fibers in the gingiva follow a specific orien-
tation and are classified into different bundles. The main 
connective tissue fibers are dentogingival, alveologingival, 

circular, dentoperiosteal, and transseptal (Table 1-4 and 
Figs 1-3 and  1-4).5,27,28 In addition, secondary connective 
tissue fibers are periosteogingival, interpapillary, trans-
gingival, intercircular, semicircular, and intergingival.29 
The main as well as the secondary fibers are part of the 
connective tissue attachment. 

The interface between the connective tissue and the 
epithelium is a specialized form of extracellular matrix 
named the basement membrane or basal membrane. The 
basal membrane consists of a highly crosslinked matrix 
of collagen and glycoproteins such as laminin, perlecan, 
and entactin, and it is composed of several layers. Under 
electron microscopy, three components can be differ-
entiated: the lamina lucida, the lamina densa, and the 
lamina reticularis.27

The interdental gingiva or papilla refers to the soft tissue 
that occupies the space between the teeth and consists of 
an epithelium with a subjacent dense connective tissue. 
The shape of this interdental gingiva is determined by the 
morphology of the teeth and the CEJ. In anterior sites, 
it presents with a pyramidal shape, whereas in posterior 
sites, it presents with a concave shape. The epithelium 
that covers this concave portion is known as the col 
epithelium.28,30

TABLE 1-4 Main connective tissue fibers5,28

Subclassification Origin Direction

Dentogingival fibers Subgroup A Cementum Free gingiva

Subgroup B Cementum Attached gingiva

Subgroup C Sweep down and across the 
crest

NA

Alveologingival fibers NA Periosteum Free gingiva and attached 
gingiva

Circular fibers NA Encircle each tooth within the connective tissue

Dentoperiosteal fibers NA Cementum apical to the dento-
gingival fibers

Crest of the alveolar bone. 
Some fibers may insert into 
muscles of the vestibule.

Transseptal fibers NA Cementum Cementum of adjacent tooth

NA, not applicable.
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SUPRACRESTAL TISSUE ATTACHMENT

The junctional epithelium and connective tissue attach-
ment together are known as the supracrestal attached tissues 
(formerly referred to as biologic width).2,31 The dimensions 
of these structures were investigated by Gargiulo et al32 
and Vacek et al33 in human cadavers reporting an average 
distance of 2.04 mm and 1.91 mm, respectively (Table 1-5).

A meta-analysis by Schmidt et al34 in 2013 concluded 
that the biologic width ranges from 2.15 mm to 2.30 mm, 
with posterior teeth having longer junctional epithelium 
and the dimension of connective tissue attachment being 
larger in buccal and lingual surfaces compared with inter-
proximal sites.34 

Fig 1-4 Gingival fibers.

Dentogingival fibers

Alveologingival fibers

Dentoperiosteal fibers

Transeptal fibers

Circular fibers

TABLE 1-5 Classic studies on the dimensions of supracrestal tissue attachment and sulcus

Sulcular epithelium 
(mm)

Junctional epithelium 
(mm)

Connective tissue 
(mm)

Gargiulo et al32 0.69 0.97 1.07

Vacek et al33 1.34 1.14 0.77

Fig 1-3 Dentogingival fibers in a mouse model (100× mag-
nification). 
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Peri-Implant Attachment  
Apparatus

The replacement and restoration of the missing denti-
tion by means of dental implants has become a routine 
procedure in daily practice. As such, a plethora of systems 
with different macro- and microstructures are available 
on the market. However, independently of the design, the 
proper functioning of dental implants is primarily based 
on the process of osseointegration. This phenomenon 
is defined as the direct contact between the surface of a 
loaded implant and vital bone. 

Considerable differences exist between the structures 
giving support to dental implants and natural dentition, 
the most important being the lack of PDL for osseointe-
grated implants. However, at the most coronal portion, 
some similarities can be found. Similar to the supra- 
crestal attached tissues in the natural dentition, implants 
also present in their most coronal portion with a sulcus 
epithelium, junctional epithelium, and connective 
tissue.35 In 1991 in an animal model, Berglundh et al35 
described the differences in the arrangement of collag-
enous fibers in the connective tissue between teeth and 
implants. Essentially, while the collagenous fibers run 
perpendicular to the axis of the tooth, they run paral-
lel to the surface of an implant. The composition of the 
connective tissue also seems to differ between implants 
and teeth. As such, more collagen and fewer cells have 
been found around dental implants in comparison with 
teeth.35 Moon et al36 also described that although generally 
a reduced number of cells have been found in the peri- 
implant tissue, a cell-rich zone is present in the connective 
tissue adjacent to the implant-abutment surface with high 
concentration of fibroblasts.

The absence of PDL space around dental implants also 
determines the lack of vascularization from this structure. 
Consequently, the blood vessels that irrigate the peri- 
implant mucosa are terminal branches from the peri-
osteum. On the other hand, both natural dentition and 
dental implants present with a vascular plexus adjacent 
to the junctional epithelium.37 
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A
ABCDE system, 305, 305f
Abfraction, 67, 73
Abrasion, 67
Abscess

antibiotics for, 325
periodontal, 20b
postprophylaxis, 104

Absorbable barrier membranes, 121t, 122, 
125–126, 177f, 223–224, 224b

Absorbable collagen sponge, 235
Abutment

connections, 197, 197t
definition of, 181
properties of, 195

Accessory canals, 54–55, 55f
Acellular cementum, 3, 4t
Acellular dermal matrix, 122
Acetaminophen, 328–329
Acquired immunodeficiency diseases, 32
ACS. See Absorbable collagen sponge.
Actinic cheilitis, 335
Actinomyces, 26, 27f
Actisite, 150t, 150–151
Active eruption, 276, 280
Acyclovir, 335
Adeno-associated virus, 135, 135t
Adenomatoid odontogenic tumor, 315t
Adenovirus, 135, 135t
Adipose stromal cells, in periodontal tissue 

engineering, 134t
Adipose tissue, 39
Adipose-derived stem cells, 235
Adjunctive treatments. See also Antibiotics.

azithromycin, 146, 147t
chemotherapeutics. See 

Chemotherapeutics.
definition of, 144
nonsurgical, 86
peri-implantitis treated with, 217t
for scaling and root planing, 150

ADM. See Acellular dermal matrix.
Adrenal insufficiency, 339
Adrenaline, 340–341
Advanced glycation end products, 38

Age
attached gingiva increases caused by, 5
gingival recession prevalence associated 

with, 254
as risk determinant, 39
tooth mortality and, 79

Aggregatibacter actinomycetemcomitans, 28, 
36, 100, 148

Aggressive periodontitis
chronic periodontitis and, comparison 

between, 32
classification of, 20b
definition of, 24
description of, 31
genetics in, 39
illustration of, 32f
metronidazole and amoxicillin for, 149t
pathogens that cause, 28
prevalence of, 26
systemic antibiotics for, 146

Air polishing, 100, 217t
Airway obstruction, 344

Alcohol, 40
Alendronate, 152
Allergic reactions, 340–341
Allergy, 337
Allografts

demineralized freeze-dried bone, 124, 
235, 247

description of, 122–124, 123t
horizontal ridge augmentation uses of, 

227t
sinus augmentation uses of, 247
vertical ridge augmentation uses of, 235

Alloplasts
description of, 123t, 124, 227t
sinus augmentation uses of, 247

Alprazolam, 332
Altered passive eruption, 280–281, 281f
Alveolar bone

anatomy of, 3, 174
function of, 3
osteoporosis-related loss of, 39
overhanging restorations’ effect on, 58

radiographic examination of, 17
Alveolar bone proper

clinical features of, 3, 4t
crestal, 17
definition of, 1, 173

Alveolar crest
fibers of, 2t
implant position relative to, 199–200

Alveolar mucosa, 5, 14f
Alveolar osteitis, 319
Alveolar process

anatomy of, 3
definition of, 1, 173
formation of, 173

Alveolar ridge defects
classification of, 232
horizontal augmentation for. See 

Horizontal bone augmentation.
vertical augmentation for. See Vertical 

bone augmentation.
Alveolar ridge deficiency

classifications of, 220–222, 221f–222f
illustration of, 224f

Alveolar ridge preservation
anatomical characteristics of, 173–174, 

174f
goals of, 177
after tooth extraction. See Tooth 

extraction.
Alveologingival fibers, 7, 7t
Alveolus, 174
Amalgam tattoo, 304, 304f
Ameloblastic carcinoma, 312
Ameloblastic fibroma, 315t
Ameloblastoma

characteristics of, 312–313, 313f
unicystic, 313–314, 314f

American Academy of Periodontology, 17, 
19, 49t, 74, 108, 144, 167

American Joint Committee on Cancer, 310
American Society of Anesthesiologists

fasting guidelines from, 331t
Physical Status Classification System, 324, 

325t
Amoxicillin
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dosing of, 327t
metronidazole and, 148, 149t, 326t

Anaphylactic shock, 337, 340
Anaphylaxis, 340–341
Anesthesia

definition of, 324
general, 330
local, 334

Angina pectoris, 337, 343
Angioedema, 341
Angular bone defects, 162
Angular cheilitis, 301t
Antibiotics. See also Antimicrobial therapy; 

specific drug.
abscess treated with, 325
adjunctive use of, 325, 326t
administration of, 145–146
applications of, 100
azithromycin, 146, 147t, 326t
bactericidal, 324
bacteriostatic, 324
candidates for, 145
combination therapy, 148, 152
definition of, 324
indications for, 145, 325
infection treated with, 325
mechanism of action, 324
metronidazole. See Metronidazole.
peri-implant mucositis treated with, 215t
premedication regimens for, 327t
prophylactic uses of, 325, 327
after scaling and root planing, 145–146
selection of, 327
tetracycline, 148–149, 326t
types of, 326t

Anticoagulants, 334–335
Anti-inflammatory medications and 

therapies, 152, 327–328
Antimicrobial therapy. See also Antibiotics; 

specific drug.
azithromycin gel, 150
benefits of, 144
definition of, 144
delivery of, 149
doxycycline, 150
local, 149–151
metronidazole gel, 151
minocycline microspheres, 149, 150
minocycline ointment, 149
peri-implant mucositis treated with, 215t
tetracycline fiber, 150–151

Antiseptic, 144
Antiviral agents, 335
Antrum of Highmore, 242
Apical fibers, 2t
Apically positioned flap, 113, 115, 162, 282f
Apicocoronal position, of implant, 189–190, 

272
Apixaban, 335
Arestin, 150t
Arizona studies, 113, 113t
ASA. See American Society of 

Anesthesiologists.
Aspirin, 335
Asthma, 339–340
Astringent, 337

Atridox, 150t
Atrophy, 231
Attached gingiva

anatomy of, 14f
clinical examination of, 14
definition of, 1
description of, 5–6, 6f

Attachment apparatus
alveolar bone, 2, 3t
cementum, 2–4, 3t
definition of, 1
gingiva. See Gingiva.
peri-implant, 9
periodontal ligament, 1–2

Attrition, 67
Autogenous bone, 225
Autogenous grafts

buccal shelf donor site for, 234f
deproteinized bovine bone mineral with, 

234
description of, 122–123, 123t
donor sites for, 233–234, 261
extraoral donor sites for, 233
horizontal ridge augmentation uses of, 

225, 227, 227t
intraoral donor sites for, 233–234
lateral ramus donor site for, 233, 233f
mandibular symphysis bone donor site for, 

233–234
sinus augmentation uses of, 246–247, 248t
soft tissue, 261f, 261–262
vertical bone augmentation uses of, 232–

234, 233f–234f
xenografts and, 247

Autoimmune diseases, 302f–303f, 302–303
Azithromycin, 146, 147t, 326t
Azithromycin gel, 150

B
Bacteria. See also specific bacteria.

clusters of, 26, 27f
colonization of, 27f
in dental biofilm, 26, 27f
as periodontal disease risk factor, 38
spatiotemporal model of, 27f

Bactericide, 324
Bacteriostatic, 324
Bacteroides melaninogenicus, 28
Barrier membranes

absorbable, 121t, 122, 125–126, 177f, 
223–224, 224b

composition of, 120
expanded polytetrafluoroethylene, 121, 

136
exposure of, 127–128
guided bone regeneration, 223–225, 224b, 

224f–226f
illustration of, 120f
nonabsorbable, 121t, 121–122, 125–126, 

177f, 223–225, 224b, 226f
platelet-rich fibrin as, 235
role of, 120
sinus augmentation use of, 248

Basal bone, 173
Basal membrane, 7
Baseline data, 86

Basement membrane, 7
Benign neoplasms, 307t, 308, 309t
Benzodiazepines, 331–332, 340
BIC. See Bone-to-implant contact.
Biofilm

abscess caused by, 104
antibiotics for, 100
bacteria in, 26, 27f
calculus mineralization of, 43
definition of, 43
formation of, 144
gingivitis induced by, 28–29
periodontitis caused by, 269
pocket formation caused by, 55

Biologic width, 1, 8, 201, 202t, 284. See also 
Supracrestal tissue attachment.

Biologics, 124
Biomarkers, periodontitis, 19
Biomet 3i implants, 189
Biomimetic implantable materials, 132
Biopsy, 307–308, 308f
Biphasic calcium phosphate, 247
Bisphosphonates

description of, 152
medication-related osteonecrosis of the 

jaw caused by, 320, 320f
Bite splint, 75
Blastomycosis, 301
Bleeding disorders, 342
Bleeding on probing

description of, 15, 15t
in diabetics, 38
full-mouth, 269
illustration of, 271f
in periodontal risk assessment, 269, 271, 

271f
periodontitis and, 40
in smokers, 36–37

Block graft
autogenous, 233
definition of, 231
horizontal bone augmentation uses of, 

227–228, 228f
onlay, 236, 236f

Blood loss, during periodontal surgery, 169
BMP. See Bone morphogenetic proteins.
Bone augmentation. See Horizontal 

bone augmentation; Vertical bone 
augmentation.

Bone dehiscence, 277f
Bone fill, 118
Bone grafts

allografts, 123t, 123–124, 227t
alloplasts, 123t, 124, 227t
autografts. See Autogenous grafts.
enamel matrix derivative and, 138f
guided bone regeneration use of, 223, 225, 

227, 227t
as scaffolds, 140
xenografts, 123t, 124, 227t

Bone lesions
central giant cell granuloma, 321, 321f
fibroosseous lesions, 319, 319t
medication-related osteonecrosis of the 

jaw, 320, 320f
osteomyelitis, 319–320
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osteonecrosis of the jaws, 320f, 320–321
Bone loss

indices for assessing, 25b
marginal. See Marginal bone loss.
in periodontal risk assessment, 269
radiographic, 269
split- versus full-thickness flap effects on, 

161
vertical, 16

Bone marrow mesenchymal stem cells, 134
Bone marrow stromal cells, 134t
Bone morphogenetic proteins

description of, 123–124, 136t, 137
vertical ridge augmentation uses of, 235

Bone regeneration
guided. See Guided bone regeneration.
principles of, 222

Bone remodeling, 194, 210f
Bone resorption, 201
Bone tumors, 313b
Bone-sparing agents, 152
Bone-to-implant contact, 183
BOP. See Bleeding on probing.
Brånemark system, 184
Bronchial asthma, 339
Bruxism

definition of, 67
nocturnal, 72
periodontal changes caused by, 72

Buccal plate augmentation, 178
Buccolingual position, of implant, 190
Bundle bone

definition of, 1, 3, 174
resorption of, 174

Burns, 306t

C
CAL. See Clinical attachment level.
Calcifying epithelial odontogenic tumor, 315t
Calculus

attachment mechanisms of, 44, 45b
biofilm mineralization into, 43
definition of, 26, 43
subgingival, 26, 43, 44t, 101f
supragingival, 26, 43, 44t, 101f

Cancer, oropharyngeal, 299. See also 
Squamous cell carcinoma.

Candida albicans, 300
Candidiasis, oral, 300b, 300t, 300–301, 335
Capnocytophaga, 26, 27f
Carcinogens, 308
Carcinoma cuniculatum, 309
Cardiac arrest, 343–344, 344t
Cardiopulmonary resuscitation, 337, 341, 

343, 344t
Carotid sinus syndrome, 338
Case reports, 290t
Case-control studies, 290t
CBCT. See Cone beam computed 

tomography.
CEJ. See Cementoenamel junction.
Cell-based tissue engineering, 133, 134t, 

134–135
Cellular cementum, 3, 4t
Cellular intrinsic fiber cementum, 4t
Cellular mixed stratified cementum, 4t
Cemental tears, 43, 55–56

Cementicles, 43, 55
Cementoblasts, 134t
Cementocytes, 3
Cementoenamel junction

assessment of, 281f
clinical attachment level and, 11, 13
description of, 3, 5, 7
implant shoulder to, 189
surgical crown lengthening use of, 281

Cementoosseous dysplasia, 319t
Cementum

acellular, 3, 4t
calculus attachment to, 44, 45b
cellular, 3, 4t
chemical composition of, 5, 5b
contaminated, 99
development of, 4
enamel and, 3
features of, 3–5
function of, 3

Centers for Disease Control and Prevention, 
37

Central giant cell granuloma, 321, 321f
Cervical enamel projections, 45, 45b, 45f. See 

also Enamel projections.
Cervical wear, 263
Chamfer margin, 283, 283f
Chemoprevention, 307
Chemotaxis, 132
Chemotherapeutics, periodontal

anti-inflammatory therapies, 152
antimicrobials. See Antimicrobial therapy.
applications of, 144
bone-sparing agents, 152
definition of, 144
flowchart for, 145f
host-modulating agents, 151–152
matrix metalloproteinase inhibitors, 

151–152
nonsteroidal anti-inflammatory drugs, 152
oral complications of, 321, 322t
systemic antibiotics. See also Antibiotics.

administration of, 145–146
applications of, 100
azithromycin, 146, 147t
candidates for, 145
combination therapy, 148, 152
indications for, 145
metronidazole, 146, 148
after scaling and root planing, 145–146
tetracycline, 148–149

Chest pain, 343
Chi-square test, 293
Chlorhexidine, 101
Choking, 344
Chronic periodontitis. See also Periodontitis.

aggressive periodontitis and, comparison 
between, 32

classification of, 20b
clinical features of, 30f
definition of, 24
etiology of, 29–30
metronidazole and amoxicillin for, 149t
moderate to severe, 88f
photodynamic therapy for, 100

C/I ratio. See Crown-to-implant ratio.
Cicatricial pemphigoid, 303

Cigarette smoking. See Smoking.
Ciprofloxacin, 326t
Circular fibers, 7, 7t
Clindamycin, 326t–327t
Clinical attachment level

barrier membrane exposure and, 127
description of, 11, 13, 14f
intrabony defects and, 122
in smokers, 36–37, 111
supportive periodontal therapy effects 

on, 268
T scores and, 39

Clinical attachment loss
age and, 39
description of, 17
sex and, 39
smoking and, 111

Clinical examination
attached gingiva, 14
bleeding on probing, 15, 15t
clinical attachment level, 11, 13, 14f
furcation involvement, 11, 15–16, 16f
keratinized gingiva, 14, 15b
mobility, 16–17
overview of, 11
probing depth, 11–13, 12b, 13t

Clinical record, 86
Clopidogrel, 335
Clotrimazole, 335
Coagulation disorders, 335
Cohort studies, 290t
Col epithelium, 7
Collagen

membranes, 122
in periodontal ligament, 2

Combination therapy, 148, 152
Complex odontomas, 314, 314f
Compliance

definition of, 266
disease progression based on level of, 267, 

267t
Compound odontomas, 314
Computer-assisted/automated probes, 12
Computer-based designed and fabricated 

scaffolds, 140–141
Computer-guided implant surgery, 187
Concomitant endodontic-periodontal 

lesions, 285
Cone beam computed tomography, 17, 141
Connective tissue

gingiva, 6–7, 9
in implants versus natural dentition, 9

Connective tissue graft
coronally advanced flap versus, 165f
creeping attachment, 165, 165f, 260
description of, 137, 139
gingival recession treated with, 258f
healing of, 165, 165f
palatal donor site for, 261

Conscious sedation, 330t
Consciousness, loss of, 338–339
Constant-pressure probes, 12
Contingency table, 289, 289t
Controlled repopulation, 118
Coronal scaling, 110, 111t
Coronally advanced flap, 137, 161, 165f, 263
Coronary thrombosis, 343
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Cortical autogenous tenting, 237
Cortical bone blocks, 223
Cortical plates, 4t
Corticosteroids, 329–330
Coumadin. See Warfarin.
Cowden syndrome, 322t
CPITN probe, 12b
CPR. See Cardiopulmonary resuscitation.
Creeping attachment

connective tissue graft, 165, 165f, 260
definition of, 254
free gingival graft, 164–165, 165f, 259–260

Crestal lamina dura, 17, 40
Cribriform plate. See Alveolar bone proper.
Critical probing depth, 114
Cross-sectional studies, 290t
Crowding, 44, 59, 271
Crown-lengthening surgery, 90f
Crown-to-implant ratio, 184, 185t
Crown-to-root ratio, 282–283
CTG. See Connective tissue graft.
Curettage, 107
Curettes, 99, 215t
Cyclooxygenase 1, 152, 328
Cyclooxygenase 2, 152, 328
Cyst. See also Odontogenic cysts.

definition of, 294
dentigerous, 316–317, 317f
eruption, 316–317
gingival cyst of adult, 316, 316f, 317t
lateral periodontal, 316, 316f, 317t
nasopalatine duct, 318–319, 319f
periapical, 315, 316f
radicular, 318–319

D
Dabigatran, 335
DBBM. See Deproteinized bovine bone 

mineral.
Decorin, 2
Demineralized freeze-dried bone allografts, 

124, 235, 247
Denmark studies, 115, 115t
Denosumab, 320–321
Dental biofilm. See Biofilm.
Dental follicle cells, 134t
Dental implants. See Implant(s).
Dental materials, periodontium affected by, 

56–57
Dentigerous cysts, 316–317, 317f
Dentogingival fibers, 7, 7t
Dentoperiosteal fibers, 7, 7t, 8f
Denture-related stomatitis, 301t, 335
Deproteinized bovine bone mineral, 234, 237
Dermatan sulfate, 2
Dermis, 3
Desquamative gingivitis, 294, 302, 302f
Developmental disorders, 294
Dexamethasone, 329
DFDBA. See Demineralized freeze-dried 

bone allografts.
Diabetes mellitus

description of, 37–38, 38t, 269
hypoglycemic coma associated with, 339

Diagnostic prognosis, 79
Diazepam, 331–332
Diffuse large B-cell lymphoma, 311

Diffusion hypoxia, 333
Distraction osteogenesis

complications of, 238
definition of, 231
vertical ridge augmentation uses of, 238

DNA-DNA hybridization techniques, 26, 36
Down syndrome, 322t
Doxycycline, 148, 150, 326t
Drugs. See also Antibiotics; Antimicrobial 

therapy; specific drug.
definition of, 324
gingival lesions caused by, 296, 296b, 296f

Dry socket, 319

E
Early healing index, 166, 166f, 168, 168t
Early-onset periodontitis. See Aggressive 

periodontitis.
EBV. See Epstein-Barr virus.
Ecological plaque hypothesis, 28
Ectomesenchyme, 4
EHI. See Early healing index.
Ehlers-Danlos syndromes, 322t
Electric toothbrush, 98
EMD. See Enamel matrix derivative.
Emdogain, 138
Emergencies. See Medical emergencies.
Emergency kit, 344, 345t
Enamel

anatomy of, 45
cementum and, 3

Enamel matrix derivative, 124, 136t, 138, 
138f, 165, 262

Enamel organ epithelium, 312
Enamel pearls

characteristics of, 47
classification of, 47t
definition of, 44, 47
formation of, 47
intradermal, 47

Enamel projections
definition of, 44
grading system for, 45b
prevalence of, 46t

Enamelomas, 47
Endodontic lesions, 285
Endodontic therapy, 87, 90
Endodontic-periodontal relationship, 55
Epidemiology, 24
Epilepsy, 341
Epileptic seizures, 341
Epithelial cell rests of Malassez, 312
Epithelial diaphragm, 4
Epstein-Barr virus, 311
ePTFE. See Expanded 

polytetrafluoroethylene.
Erosion, 67
Eruption cysts, 316–317
Er:YAG laser, 100
Esthetic crown lengthening, 280–281
European Federation of Periodontology, 19
Evidence, levels of, 289, 290t
Evidence-based dentistry

meta-analysis, 288, 289, 290t–291t, 
292–293

systematic reviews, 288–289, 290t–291t
Evidence-based practice

definition of, 288
frequency distribution, 289
study protocol for, 288

Examination
advanced, 19
clinical. See Clinical examination.

Excessive occlusal force, 68
Excisional biopsy, 308, 308f
Excisional new attachment procedure, 108
Exostoses

definition of, 44
description of, 294, 295f
palatal, 56, 56t

Expanded polytetrafluoroethylene, 121, 136
Experimental studies, 289
Extracellular matrix, of periodontal ligament, 

2
Extractions. See Tooth extraction.

F
Facial bone, 176
Fainting. See Vasovagal syncope.
False negative, 288–289
False positive, 289
Fasting, 331, 331t
FDBA. See Freeze-dried bone allografts.
Feather-edge margin, 283, 283f
Fentanyl, 333
Ferrule effect, 281
Fibrin clot, 162
Fibroblast(s)

definition of, 1
in lamina propria, 7
in periodontal ligament, 1–2

Fibroblast growth factor, 132, 136t, 137
Fibroma

characteristics of, 309t
giant cell, 297, 299
ossifying, 319t
peripheral ossifying, 297, 297f–298t, 297t

Fibroosseous lesions, 319, 319t
Fibrous dysplasia, 319t
Fistula, oral, 315
Fixation screws, 231, 236
Flaps

apically positioned, 113, 115, 162, 282f
coronally advanced, 137, 161, 165f, 263
Friedman, 107t
Frisch, 107t
full-thickness, 161–162
healing of, 159, 161–162
Kirkland, 107t
microsurgical approach effects on, 168
Neumann, 107t
pedicle, 161
split-thickness, 161t, 161–162
Widman. See Widman flap.

Flumazenil, 332
Fluoroquinolones, 326t
Focal fibrous hyperplasia, 297, 297f–298f, 

298t
Food impaction, 284–285
Forced eruption, 278, 279f
Foreign body aspiration, 344
Forest plot, 292, 292t
Free gingiva

anatomy of, 14f
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definition of, 2
description of, 5, 6f

Free gingival graft
complications of, 169
creeping attachment of, 164–165, 165f, 

259–260
epithelialization of, 163, 167f
harvesting of, 166f, 167b
healing of, 163t, 163–165
illustration of, 164f, 258f, 261f
pain after, 167b
palatal donor site for, 166f
palatal wound healing after, 167
primary contraction of, 164
secondary contraction of, 164
smoking effects on, 262

Free gingival margin, implant shoulder to, 
189

Freeze-dried bone allografts, 124, 235, 247
Fremitus, 67
Frequency distribution, 289, 289t
Frictional keratosis, 295, 295f, 306t
Friedman flap, 107t
Frisch flap, 107t
Full-mouth bleeding on probing, 269
Full-mouth bleeding score, 88
Full-mouth disinfection, 101b, 101–102
Full-mouth plaque score, 88
Full-mouth scaling and root planing, 101
Full-thickness flap, 161–162, 277f
Functional ankylosis, 181
Fungal infections

description of, 300b, 300–301, 301f, 301t
medications for, 335

Furcation
definition of, 45
description of, 11, 15
morphology of, 48

Furcation arrow, 17, 45, 48, 50
Furcation defects

classification of, 48, 49t
guided tissue regeneration for, 125–126
morphology of, 127
open flap debridement for, 125

Furcation destruction, 16
Furcation entrance

definition of, 45
location of, 48, 48t

Furcation fornix, 45
Furcation invasion, 15
Furcation involvement

cervical enamel projections and, 45
definition of, 45
description of, 11, 15–16, 16f, 40
in periodontal risk assessment, 270

Fusobacterium nucleatum, 26, 27f

G
Gamma-aminobutyric acid, 331
GBR. See Guided bone regeneration.
Gene-delivery therapy, 135, 135t
General anesthesia, 330, 330t
Genetic disorders

oral manifestations of, 321, 322t
periodontitis associated with, 32

Genetics, as risk determinant, 39
Gestational diabetes mellitus, 37–38

Giant cell fibroma, 297, 299
Gingiva

amalgam tattoo of, 304, 304f
anatomy of, 5, 13f
appearance of, 93
attached. See Attached gingiva.
connective tissue of, 6–7, 9
drug-induced enlargement of, 29, 296, 

296b, 296f
epithelial tissue of, 6–8, 8t
esthetics of, 279, 279f
fibers of, 7, 7t, 8f
free. See Free gingiva.
health of, 21b
hyperplasia of, 296, 296b, 296f
inflammation of, traumatic occlusal forces 

on, 68
interdental, 7
keratinized. See Keratinized gingiva.
landmarks of, 13f
layers of, 5, 6f
leukemic infiltration of, 311
occlusal discrepancy effects on, 73
papilla of, 2
physiologic pigmentation of, 304, 304f
recession of. See Gingival recession.
ridges of, 7
traumatic ulcer of, 295f

Gingival cyst of adult, 316, 316f, 317t
Gingival diseases

classification of, 20b–21b
dental plaque–induced, 20b
non-plaque-induced, 20b, 29

Gingival grafts, autogenous, 262
Gingival groove, 2, 5
Gingival margins

description of, 279
postsurgical regrowth of, 283t
recession of, 91

Gingival recession
age and, 254
Cairo classification of, 257t
classification of, 255, 256f, 257t–258t
connective tissue graft for, 165
definition of, 254, 276
etiology of, 255
illustration of, 255f
Miller classification of, 255, 256f
noncarious cervical lesions with, 263
occlusal trauma and, 73
in orthodontic therapy, 91
orthodontics and, 277, 277f
precipitating factors for, 255
predisposing factors for, 255
prevalence of, 254
treatment of, 137–138

connective tissue graft, 258f
free gingival graft, 258f, 259t
objectives, 257
outcomes, 258–260, 260t
soft tissue grafting, 258
techniques, 257–258

untreated, 258–259
Gingival sulcus, 13f
Gingival zenith, 276, 280, 280f
Gingivectomy

illustration of, 161f

wound healing after, 159, 160f
Gingivitis

definition of, 24
dental biofilm-induced, 28–29
desquamative, 294, 302, 302f
necrotizing ulcerative. See Necrotizing 

ulcerative gingivitis.
plaque–induced, 28–29, 266
plasma cell, 297
prevalence of, 25

Glickman’s concept, 68, 68f
Glycosaminoglycans, 2
Goldman-Fox probe, 12b
Graft

bone. See Bone grafts.
connective tissue. See Connective tissue 

graft.
definition of, 118
free gingival. See Free gingival graft.
microsurgical approach for, 168

Granuloma
central giant cell, 321, 321f
definition of, 294
peripheral giant cell, 297, 297f–298f, 298t
pyogenic, 297, 297f–298f, 298t

Greater palatine foramen, 261
Growth and differentiation factor 5, 136t, 137
Growth factors

bone morphogenetic proteins, 136t, 137
definition of, 132, 136
enamel matrix derivative, 136t, 138, 138f
fibroblast growth factor 2, 136t, 137
growth and differentiation factor 5, 136t, 

137
osteoinduction uses of, 247
in periodontal tissue engineering, 136t, 

136–140
platelet-derived, 136–137
platelet-rich concentrates, 136t, 138–139, 

139f
teriparatide, 136t, 139–140

Guided bone regeneration
description of, 136
horizontal ridge augmentation uses of

barrier membranes for, 223–225, 224b, 
224f–226f

biologic principle of, 223
block grafting, 227–228, 228f
bone grafts in, 223, 225, 227, 227t
titanium mesh used in, 224

horizontal ridge defects treated with, 221
osteogenic, 237
principles of, 222
ridge split versus, 228
type I, 237
type II, 237
type III, 237, 238f
vertical bone augmentation uses of, 

236–237, 238f
Guided surgery, 187
Guided tissue regeneration

barrier membranes used in. See Barrier 
membranes.

biologics added to, 124
bone grafts with, 122
clinical considerations for, 124–126
complications of, 159f, 169
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criteria for, 118–119
definition of, 118
discovery of, 119
illustration of, 119f–120f
interproximal flap closure after, 168t
intrabony defects treated with, 90
open flap debridement versus, 125
oral hygiene and, 126
outcomes for, 124–126
postoperative complications of, 127–128
principles of, 222
rationale for, 118–119, 167
smoking effects on, 37, 126–127, 159f
studies of, 120t
variations of, 128

Gummy smile, 280

H
Hairy leukoplakia, 306t
Half-life, 324
Hand-foot-and-mouth disease, 300
Head and neck radiotherapy, 321, 322t
Healing. See Wound healing.
Heart attack. See Myocardial infarction.
Hemangioma, 309t
Hemoglobin A1c, 38
Hemophilia, 342
Hemostasis, 169
Heparin, 335
Hereditary gingival fibromatosis, 322t
Herpangina, 300
Herpes simplex virus, 299, 299f, 335
Herpetic gingivostomatitis, 299, 299f
Herpetiform recurrent aphthous stomatitis, 

296
HERS. See Hertwig epithelial root sheath.
Hertwig epithelial root sheath

in accessory canal formation, 54
anatomy of, 4–5
definition of, 2
in enamel pearl formation, 47
epithelial diaphragm of, 4
epithelial rest cells of, 55

Heterogeneity analysis, 293
Histoplasma capsulatum, 301
Histoplasmosis, 301
Hopeless teeth

forced eruption of, 279, 279f
periodontium affected by, 59–60

Horizontal bone augmentation
block grafting for, 227–228, 228f
guided bone regeneration for. See Guided 

bone regeneration.
principles of, 222
ridge deficiency classifications, 220–222, 

221f–222f
ridge split for, 228
techniques for, 223–228, 224f–226f, 227t
tissue expansion, 228
vertical bone augmentation and, 222f

Horizontal fibers, 2t
Horizontal furcation destruction, 16
Host-modulating agents, 151–152
HPV. See Human papillomavirus.
HSV. See Herpes simplex virus.
Human Microbiome Project, 26
Human papillomavirus, 299–300, 310

Hyalinization, 277
Hydrocodone bitartrate, 333
Hydroxyapatite, 3, 43, 124
Hyperventilation, 340
Hypoglycemic coma, 339
Hypotension, postural, 338

I
Ibuprofen, 328
Immediate functional loading, 187
Immediate implant placement, 178, 186t, 190
Immediate nonfunctional loading, 187
Immediate restoration, 187
Impacted tooth. See Tooth impaction.
Implant(s)

body of, 183t, 183–184
bone-to-implant contact, 183
complications of, 188
components of, 182
connection of, 184–185
crown-to-implant ratio, 184, 185t
definition of, 181
design of, 182
diameter of, 184t, 198
failure of, 188, 189t, 203
guided surgery for, 187
horizontal disease between, 200–201
indications for, 91
length of, 184, 185t, 197–198, 198t
loading of, 186t–187t, 186–187
marginal bone loss around, 187–188, 194
morphology of, 183
narrow, 184, 196, 198
occlusal trauma and, 72–73
osseointegrated, 181, 185
performance of, 187–188
peri-implant attachment apparatus for, 9
periodontal ligament space around, 9
periodontitis classification scheme for, 19
placement of, 91
platform switching/platform-switched, 

184, 189–190, 196, 196f, 201
primary stability of, 181
probing at site of, 13t, 271
prosthetic complications of, 188
short, 184, 185t, 197–198
soft tissue dehiscence around, 263
success of, 188, 194
surface of, 183–184, 184t, 195
surgery-related complications of, 188
survival of, 187, 189t, 227, 245
technical complications of, 188
teeth and, structural differences between, 

9, 181, 182f, 182t
threaded, 183, 183t
tissue-level, 201
titanium plasma sprayed Straumann, 183
two-piece, 201, 202f
width of, 184, 184t
zirconia, 190

Implant abutment
connections, 197, 197t
definition of, 181
properties of, 195

Implant fixture, 181, 183
Implant loading

early, 186t

immediate, 186t, 186–187
marginal bone loss affected by timing of, 

204–205
Implant placement

description of, 178, 186t
early, 186t
immediate, 178, 186t, 190
marginal bone loss affected by timing of, 

204–205
sinus augmentation and, 248–249
subcrestal, 199–200, 200f
two-stage protocol for, 248

Implant positioning and proximity
to adjacent dentition, 200–201
to adjacent implants, 201
to alveolar crest, 199–200
apicocoronal, 189–190, 272
buccolingual position, 190
mesiodistal position, 189
prosthetically driven approach to, 220

Implant surgery
complications of, 188
definition of, 181

Implant systems
description of, 183
morphology of, 197

Implant-supported fixed partial restorations, 
188

Incidence, 24, 289
Incisional biopsy, 307–308, 308f
Index

definition of, 24
in periodontics, 25b

Indirect restorations
crown-to-root ratio for, 282–283
preparation designs for, 283, 283f

Infection(s). See also specific infection.
antibiotics for, 325
postsurgical, 325

Infectious diseases
autoimmune, 302f–303f, 302–303
fungal, 300b, 300–301, 301f, 301t
herpes simplex virus, 299, 299f
human papillomavirus, 299–300
lichen planus, 302, 303f, 306t, 307
mucous membrane pemphigoid, 303
oral candidiasis, 300b, 300t, 300–301
pemphigus vulgaris, 303
Sjögren syndrome, 303
varicella zoster virus, 300
viral, 299f, 299–300

Inflammatory diseases, 32
Infraorbital artery, 244
Injectable scaffolds, 140
Inlay grafting, 237, 238f
Insertion torque, 203–204, 204t
Insulinlike growth factor, 136
Interdental contacts, 284–285
Interdental gingiva, 7
Interdisciplinary treatment

periodontic–endodontic interrelationship, 
285

periodontic–orthodontic interrelationship, 
276–279

periodontic–prosthodontic 
interrelationship, 279–285

Interleukin-1, 19
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Intermediate bifurcational ridge, 45, 53
International normalized ratio, 334–335
International Workshop for a Classification 

of Periodontal Diseases and 
Conditions (1999), 19, 20b

Interproximal contacts, open, 58
Interproximal devices, 98
Interradicular distances, 52, 52t
Interradicular fibers, 2t
Intrabony defects

description of, 52, 59, 60t, 108
enamel matrix derivatives for, 138f
guided tissue regeneration for, 125–126
mesially tilted molars associated with, 278
morphology of, 127
open flap debridement for, 125
orthodontic movement into, 278

Intramembranous ossification, 3
Irrigation, 98

J
Junctional epithelium, 6–8, 8t, 201
Juvenile periodontitis. See Aggressive 

periodontitis.

K
Keratin, 5
Keratinized gingiva

clinical examination of, 14
illustration of, 6f
width of, 14, 15b

Keratinized mucosa, 210, 212, 212f
Keratocyst, odontogenic, 318, 318f
Keratosis

definition of, 294
frictional, 295, 295f, 306t

Kirkland flap, 107t

L
Lamellar bone, 3
Lamina dura. See Alveolar bone proper.
Lamina propria, 3, 7
Langerhans cells, 6
Laser(s)

definition of, 98
nitrous oxide contraindications, 333
peri-implantitis treated with, 217t
types of, 100

Laser-assisted new attachment procedure, 
108

Lateral periodontal cyst, 316, 316f, 317t
Lentivirus, 135, 135t
Leukemia, 311
Leukoedema, 306t
Leukoplakia, 306f, 306–307
Levels of evidence, 289, 290t
Levofloxacin, 326t
Lichen planus, 302, 303f, 306t, 307
Lipoma, 309t
Local anesthesia, 334
Löe and Silness Index, 98
Loma Linda–Lund studies, 111–113, 112t
Long junctional epithelium, 165, 168
Lorazepam, 331–332
Loss of consciousness, 338–339
Lymphangioma, 309t
Lymphomas, 311, 311f

M
M2 macrophages, 238
Macrolides, 326t
Macule, melanotic, 304, 305f
Malignant disorders

leukoplakia, 306f, 306–307
lichen planus, 302, 303f, 306t, 307

Malignant neoplasms
characteristics of, 307t
excisional biopsy of, 308, 308f, 308t
incisional biopsy of, 308, 308f, 308t
leukemia, 311
lymphomas, 311, 311f
metastasis of, 311–312, 312f
osteosarcoma, 310–311, 311f
squamous cell carcinoma, 308–310, 

309f–310f
TNM staging of, 310

Mandible
bones of, 173
symphysis of, autogenous grafts from, 

228f, 233–234
Mandibular molars

accessory canals in, 54
cervical enamel projections in, 45
first

root concavities around, 51, 51t
root surface area for, 51, 51t

furcation entrance on, 48t
furcation involvement, 16, 17
third

extraction of, 59, 60t
impaction of, 59

Marginal bone loss
etiology of, 194–195
factors that affect

abutment, 195–196
biologic, 201–203, 202f, 202t
implant length, 197–198, 198t
implant loading, 204–205
implant placement, 204–205
implant positioning, 199–201, 200t
implant size, 197–199
implant width, 198–199
implant-abutment connection, 197, 197t
implant-abutment interface, 195–197
insertion torque, 203–204, 204t
list of, 195
mechanical, 203–204, 204t
metal particles, 204
occlusal forces, 203
occlusal overload, 203
peri-implant soft tissues, 203
supracrestal attached tissues, 201, 202f, 

202t
implants and, 187–188, 194
onset of, 194
peri-implantitis and, 194, 205
physiologic, 205
in tissue-level implants, 201

Marginal ridge discrepancies, 59
Marquis color-coded probe, 12b
Masticatory mucosa, 5
Matrix metalloproteinase inhibitors, 151–152
Matrix metalloproteinases, 36, 145f, 148, 

151–152
Maxilla, 173

Maxillary antrum
definition of, 242
mucosa of, 243

Maxillary artery, 244
Maxillary first premolars

furcation entrance on, 48t
furcation involvement, 16
root concavities around, 51, 51t

Maxillary molars
cervical enamel projections in, 45
extraction of, 176f
first

root concavities around, 51, 51t
root surface area for, 51, 51t

furcation entrance on, 48t
furcation involvement, 16
third

extraction of, 59, 60t
impaction of, 59

Maxillary septum, 244
Maxillary sinus

anatomy of, 242–244, 243f, 243t
augmentation of. See Sinus augmentation.
borders of, 243t
dimensions of, 242–243
ostium of, 242, 243f
septum of, 244
vascularization of, 244, 245f

Maxillary sinus membrane
anatomy of, 242–243
perforation of, 249, 249b

Maximum intercuspation, 93f
Median rhomboid glossitis, 301t
Medical emergencies

adrenal insufficiency, 339
allergic reactions, 340–341
anaphylaxis, 340–341
angina pectoris, 337, 343
angioedema, 341
asthma, 339–340
bleeding disorders, 342
cardiac arrest, 343–344, 344t
chest pain, 343
choking, 344
emergency kit for, 344, 345t
epileptic seizures, 341
foreign body aspiration, 344
hyperventilation, 340
hypoglycemic coma, 339
loss of consciousness, 338–339
myocardial infarction, 343
postural hypotension, 338
respiratory distress, 338–340
summary of, 337, 337b
treatment of, 87
vasovagal syncope, 338

Medication-related osteonecrosis of the jaw, 
320, 320f

Melanoma, mucosal, 304–305, 305f
Melanotic macule, 304, 305f
Membrane tack, 220
Meperidine, 333
Merkel cells, 6
Merritt B probe, 12b
Mesenchymal stem cells, 134–135, 235
Mesiodistal position, of implant, 189
Meta-analysis, 288, 289, 290t–291t, 292–293
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Metal particles, 204
Metastasis, oral, 311–312, 312f
Metastatic lymph nodes, 309t
Methylprednisolone, 329
Metronidazole

amoxicillin and, 148, 149t, 326t
applications of, 146, 148
characteristics of, 326t
ciprofloxacin and, 326t
gel, 151
systematic reviews of, 149t
warfarin interactions with, 342

Michigan O probe, 12b
Michigan studies, 108–109, 109t
Microsurgical approach, 168
Midazolam, 331
Miller Index, 17
Millipore filters, 119–121, 120t, 167
Mineralized cancellous bone allograft, 247
Minnesota studies, 110, 110t
Minocycline

characteristics of, 326t
microspheres, 149
ointment, 149

Mitogen-activated protein kinase, 312
Mobility, tooth, 16–17
Modified Widman flap

Arizona studies of, 113t
Denmark studies of, 115, 115t
description of, 103–104, 108
Minnesota studies on, 110, 110t

Molars. See also Mandibular molars; 
Maxillary molars.

cervical enamel projections in, 45
furcation involvement, 16

Morsicatio, 306t
MRONJ. See Medication-related 

osteonecrosis of the jaw.
MSCs. See Mesenchymal stem cells.
Mucogingival deformities

classification of, 20b–21b
definition of, 254
gingival recession. See Gingival recession.
orthodontic treatment as predisposing 

factor for, 276
treatment of, 257–258

Mucogingival junction
definition of, 3
description of, 5
illustration of, 14f
location of, 14, 15b
visual examination of, 15f

Mucogingival surgery
definition of, 254
description of, 168

Mucogingival therapy
autogenous grafts, 261–262, 262t
critical factors in, 262, 262t
definition of, 254
objectives of, 257
outcomes of, 258–260, 260t
terminology associated with, 254

Mucosal melanoma, 304–305, 305f
Mucositis. See Peri-implant mucositis.
Mucous membrane pemphigoid, 303
Multipotent stem cells, 134
Multirooted teeth, 104

MWF. See Modified Widman flap.
Myocardial infarction, 343

N
Naloxone, 333
Narrow implants, 184, 196, 198
Nasopalatine duct cyst, 318–319, 319f
National Health and Nutrition Examination 

Survey, 37, 39
National Institute of Health, 26
Nd:YAG laser, 108
Nebraska studies, 110–111, 111t
Necrotizing periodontal diseases

classification of, 20b–21b
description of, 32–33
etiology of, 33
signs and symptoms of, 33

Necrotizing stomatitis, 33
Necrotizing ulcerative gingivitis

bacteria that cause, 28
definition of, 24–25
description of, 32

Necrotizing ulcerative periodontitis
definition of, 25
description of, 32–33

Negative predictive value, 289
Neoplasms

benign, 307t, 308, 309t
classification of, 307–308
malignant. See Malignant neoplasms.

Neumann flap, 107t
Neurilemoma, 309t
Neurofibroma, 309t
Neutrophils, 36
Nevus, 304, 305f, 305t
New attachment, 157
Nicotine stomatitis, 306t
Nightguard, 75
Nikolsky sign, 294
Nitrous oxide, 333–334
Nocturnal bruxism, 72
Nonabsorbable barrier membranes, 121t, 

121–122, 125–126, 177f, 223–225, 
224b, 226f

Noncarious cervical lesions, 263
Non-Hodgkin lymphoma, 311
Noninvasive probes, 12
Nonneoplastic proliferative lesions, 297, 297f
Nonodontogenic cysts, 313b
Non-plaque-induced gingival diseases, 20b, 

29
Nonrandomized clinical trials, 290t
Nonspecific plaque theory, 28
Nonsteroidal anti-inflammatory drugs, 152, 

327–328
Nonsurgical therapy

adjunctive modalities, 99–100
antibiotics, 100
endpoints of, 101
instruments used in, 99, 99t
irrigation, 99
limitations of, 102–104
in multirooted teeth, 104
oral hygiene instructions and devices, 98
peri-implantitis treated with, 216t, 218
photodynamic therapy, 100
powders, 100

reevaluation of, 104
scaling and root planing. See Scaling and 

root planing.
studies of, 102t–103t
surgical therapy versus, 103, 104t
wound healing after, 159

Nonviral gene therapy, 135
NSAIDs. See Nonsteroidal anti-inflammatory 

drugs.
Nuclear factor-κb ligand/osteoprotegerin, 36
Nucleic acid/polymer complexes, 135, 135t
Null hypothesis, 288
Nystatin, 335

O
Obesity, 39
Oblique fibers, 2t
Observational studies, 289
Occlusal adjustment, 67, 74–75
Occlusal discrepancies, 68, 71
Occlusal forces

excessive, 68
marginal bone loss affected by, 203

Occlusal interferences, 68, 70
Occlusal overload, 203
Occlusal prematurity, 68, 72
Occlusal trauma

animal studies of, 69–70, 70t
classification of, 20b
clinical indicators of, 72, 72b
clinical studies of, 71
contributing factors, 71–72
definition of, 68
description of, 67
gingival recession and, 73
Glickman’s concept, 68, 68f
implants and, 72–73
periodontal disease and, 67–71
primary, 67–68
radiographic indicators of, 72, 72b
secondary, 67–68
signs and symptoms of, 72
terminology associated with, 67–68
treatment of, 74–75
Waerhaug’s concept, 69

Octacalcium phosphate, 43
Odds ratio, 289
Odontogenic carcinomas, 313b
Odontogenic cysts

dentigerous cysts, 316–317, 317f
gingival cyst of adult, 316, 316f, 317t
of inflammatory origin, 313b
lateral periodontal cyst, 316, 316f, 317t
nasopalatine duct cyst, 318–319, 319f
odontogenic keratocyst, 318, 318f
origins of, 312
periapical cyst, 315, 316f
WHO classification of, 313b

Odontogenic fibroma, 315t
Odontogenic keratocyst, 318, 318f
Odontogenic tumors

ameloblastic carcinoma, 312
ameloblastoma, 312–313, 313f
benign, 315t
benign epithelial, 313b
benign mesenchymal, 313b
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benign mixed epithelial and mesenchymal, 
313b

odontoma, 314, 314f
origins of, 312
unicystic ameloblastoma, 313–314, 314f
WHO classification of, 313b

Odontoma, 314, 314f
Onlay block grafting, 236, 236f
Open curettage, 107
Open flap debridement, 121, 125, 161
Open interproximal contacts, 58
Opioids, 332b, 332–333
Oral candidiasis, 300b, 300t, 300–301, 335
Oral epithelium, of gingiva, 6
Oral fistula, 315
Oral hygiene instructions

description of, 98
guided tissue regeneration and, 126
Loma Linda–Lund studies on, 111, 112t

Oral microbiome, 26
Oral mucosa

anatomy of, 5
masticatory, 5

Oral papilloma, 300
Oropharyngeal cancer, 299
Orthodontic movement

forced eruption as, 278, 279f
into intrabony defects, 278

Orthodontics
description of, 91
gingival recession associated with, 277, 

277f
periodontal health affected by, 277, 278f
periodontics and, 276–279

Osseointegrated implant, 181
Osseointegration, 3, 9, 181, 185
Osseous defects

definition of, 118
repair of, 124

Osseous recontouring, 113
Osseous surgery

angular bone defects treated with, 162
description of, 108
healing after, 162–163
nonrestorable teeth treated with, 281–282, 

282f
Ossifying fibroma, 319t
Ostectomy, 90f, 107
Osteogenic guided bone regeneration, 237
Osteomyelitis, 319–320
Osteonecrosis of the jaws, 320f, 320–321
Osteopenia, 39
Osteoplasty, 90f
Osteoporosis, 39, 139
Osteosarcoma, 310–311, 311f
Osteotome, 242, 245
Overhanging restorations, 58, 58t, 270, 284
Overhangs, 45, 58, 58t
Oxycodone, 333

P
Palatal exostosis, 56, 56t
Palatal groove, 47
Palatal harvesting, 166–167
Palatal tissue thickness, 261
Palatoradicular grooves, 53–54, 54t
Panic attack. See Hyperventilation.

Papillae, 7
Papillon-Lefèvre syndrome, 322t
Para-aminobenzoic acid, 334
Paracoccidioidomycosis, 301, 301f
Parafunctional habits, 87
Paranasal sinuses, 242–243
Partial septum, of maxillary sinus, 244
Partial thromboplastin time, 335
Particulate graft, 220
Passive eruption, 276, 280
PD. See Probing depth.
PDGFs. See Platelet-derived growth factors.
PDL. See Periodontal ligament.
Pedicle flaps, 161
Pemphigus vulgaris, 303
Penicillin, 326t
Periapical cyst, 315, 316f
Peri-implant attachment apparatus, 9
Peri-implant defects, 216–218
Peri-implant diseases

classification of, 21b
diagnosis of, 209–210
etiology of, 210
keratinized mucosa in, 212, 212f, 215f
prevalence of, 210, 211t
prognosis for, 214
residual cement as cause of, 212
risk factors for, 211–212
risk indicators for, 212
treatment of, 214–218, 215f–216f, 217t

Peri-implant health status, 271–272
Peri-implant lesions, 214f
Peri-implant maintenance therapy, 211
Peri-implant mucosa, 203
Peri-implant mucositis

definition of, 209
diagnosis of, 209
etiology of, 210
illustration of, 272f
peri-implantitis and, diagnostic differences 

between, 272, 272f
prevalence of, 210, 211t
probing measurements with, 13t
prognosis for, 214
risk factors for, 210–211
treatment of, 214, 215t

Peri-implant soft tissues
maintenance of, 271–272
marginal bone loss affected by, 203

Peri-implantitis
cone beam computed tomography of, 210
definition of, 209
diagnosis of, 209, 210f, 272f
etiology of, 210
histopathologic characteristics of, 212–213
illustration of, 210f, 272f
implant failure caused by, 203
implant surface roughness and, 184
keratinized mucosa in, 212, 212f, 215f
marginal bone loss and, 194, 205
onset of, 213
peri-implant mucositis and, diagnostic 

differences between, 272, 272f
predisposing factors for, 213t
prevalence of, 210, 211t
probing measurements with, 13t, 272f
prognosis for, 214

progression of, 213
risk factors for, 91, 211–212
risk indicators, 212
severity classifications for, 217–218
smoking and, 211–212
supportive periodontal therapy effects on 

incidence of, 268
treatment of, 214–218, 216f, 217t

Periodontal abscesses, 20b
Periodontal attachment, 1
Periodontal chart, 94f
Periodontal disease. See also Gingivitis; 

Periodontitis.
alcohol and, 40
epidemiology of, 24–26
metronidazole for, 148
occlusal trauma and, 67–71
overhanging restorations and, 284
pathophysiology of, 24
prevalence of, 24–26
progression of, 30, 31t, 267
risk determinants for, 35b, 39
risk factors for, 24, 35b, 36–39
risk indicators for, 35b, 39–40
risk markers for, 35b, 40
stress and, 40
systemic antibiotics for, 145

Periodontal disease stability, 268
Periodontal flaps. See Flaps.
Periodontal health

definition of, 25
orthodontics effect on, 277, 278f
overhanging restorations and, 284

Periodontal inflammation, 25b
Periodontal ligament

collagen in, 2
composition of, 2
definition of, 1, 3
dental implants and, 9
extracellular matrix of, 2
fibers of, 1–2, 2t, 278
fibroblasts in, 1–2
occlusal loading-related stress on, 67
origin of, 1–2
Sharpey fibers of, 2–3, 174

Periodontal maintenance. See also Supportive 
periodontal therapy.

definition of, 266
intervals for, 257

Periodontal membrane. See Periodontal 
ligament.

Periodontal pathogens, 36. See also Bacteria; 
specific pathogen.

Periodontal plastic surgery
definition of, 254
description of, 259
factors that affect, 262–263

Periodontal pockets
biofilm-induced, 55
description of, 11

Periodontal probes, 12, 12b
Periodontal regeneration. See also Guided 

tissue regeneration.
autogenous bone grafts as scaffolds for, 140
barrier membrane for, 119
definition of, 167
platelet-derived growth factor-BB for, 136
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procedures for inducing, 167
b-tricalcium phosphate use in, 140

Periodontal risk assessment
bleeding on probing, 269
description of, 84
determination of, 269–270
diagram of, 270f
patient level, 269–270
pocket depth, 269
site level, 271
tooth level, 270–271

Periodontal stability, 80–81
Periodontal status

diabetes mellitus and, 38t
smoking and, 37t

Periodontal support
indices for assessing, 25b
residual, 270

Periodontal surgery
blood loss during, 169
infection after, 169

Periodontal therapy
azithromycin and, 146
esthetic parameters for, 279–280
goal of, 86–87
maintenance phase of, 89, 89f
orthodontics and, 91
phases of, 89f
restorative phase of, 88–89, 89f
supportive, 88–89, 91
surgical phase of, 88, 89f
tooth survival after, 85

Periodontal tissue engineering
advances in, 141
blood supply for, 133
cell-based, 133, 134t, 134–135
cells in, 132, 134t, 134–135
challenges associated with, 141
components of, 132–133, 133f
definition of, 132
gene-delivery therapy, 135, 135t
goals of, 132
growth factors. See Growth factors.
mechanical loading, 133
pathogen control, 133
scaffolds, 133, 140–141
signals in, 133

Periodontal treatment needs, 25b
Periodontics

endodontics and, interrelationship 
between, 285

indices used in, 25b
Periodontitis

advanced examination of, 19
aggressive. See Aggressive periodontitis.
biomarkers for, 19
chronic. See Chronic periodontitis.
classifications of

International Workshop for a 
Classification of Periodontal 
Diseases and Conditions (1999), 
19, 20b

World Workshop (1989), 18, 18b
World Workshop (2017), 19, 21b, 95

definition of, 25, 29
diabetes mellitus and, 38
forms of, 29

grading of, 19
illustration of, 30f
metronidazole and amoxicillin for, 149t
necrotizing ulcerative, 25, 32–33
palatoradicular grooves and, 54
pathogens that cause, 19
peri-implantitis risks, 211
prevalence of, 25, 98
racial predilection of, 39
radiographic diagnosis of, 17
smoking and, 269
staging of, 19
systemic antibiotics for, 145
systemic diseases as cause of, 21b, 29, 32

Periodontium
components of, 1
connective tissue structure of, 118
definition of, 3
dental materials’ effect on, 56–57
open interproximal contacts’ effect on, 58
orthodontic movement effects on, 277–278
retained hopeless teeth effects on, 59–60, 

60b
Periodontosis. See Aggressive periodontitis.
Peripheral giant cell granuloma, 297, 

297f–298f, 298t
Peripheral ossifying fibroma, 297, 297f–298t, 

297t
PFM restorations. See Porcelain-fused-to-

metal restorations.
Pharmacology, 324
Photodynamic therapy, 100, 217t
Physiologic bone loss, 194
Physiologic bone remodeling, 210f
Physiologic pigmentation, 304, 304f
PICOS questions, 288, 292
Pigmented disorders, 304f–305f, 304–305, 

305t
Placebo, 324, 327
Plaque

definition of, 47
ecological hypothesis of, 28
indices for assessing, 25b
nonspecific theory of, 28
pathogenetic theories of, 28
roughness threshold effects on, 57
specific theory of, 28
subgingival, 57, 69, 102, 144

Plaque control, 109
Plaque–induced gingival diseases, 20b
Plaque–induced gingivitis

definition of, 28
description of, 28–29, 266
signs and symptoms of, 29

Plasma cell gingivitis, 297
Plasmablastic lymphoma, 311, 311f
Plasmids, 135, 135t
Platelet-derived growth factors, 136–137
Platelet-rich concentrates, 136t, 138–139, 

139f
Platelet-rich fibrin, 139, 235
Platelet-rich growth factors, 138–139, 235
Platelet-rich plasma, 124, 134, 138–139, 139f, 

235
Platform switching/platform-switched 

implants, 184, 189–190, 196, 196f, 201
Plunger cusps, 47, 58–59

Pluripotent stem cells, 134
Pocket depth

definition of, 13
in periodontal risk assessment, 269
smoking effects on, 111

Polyglycolic acid, 122
Polylactic acid, 122
Polymer-based membranes, 122
Porcelain-fused-to-metal restorations, 56–57
Porphyromonas gingivalis, 26, 28, 100, 144
Positive predictive value, 289
Posterior superior alveolar artery, 244, 250
Postprophylaxis abscess, 104
Posttreatment peri-implantitis, 13t
Postural hypotension, 338
Power analysis/calculation, 288
Prediabetes, 38
Prefabricated scaffolds, 140
Prevalence

of aggressive periodontitis, 26
definition of, 25, 289
of enamel projections, 46t
of gingival recession, 254
of gingivitis, 25
of peri-implant diseases, 210, 211t
of peri-implant mucositis, 210, 211t
of peri-implantitis, 210, 211t
of periodontal disease, 24–26
of periodontitis, 25, 98
of tooth loss, 26

Preventive maintenance. See Periodontal 
maintenance.

Prevotella intermedia, 26
PRF. See Platelet-rich fibrin.
Prilocaine, 334
Primary endodontic lesion, 285
Primary intention, wound healing by, 157, 

165
Primary occlusal trauma, 67–68
Primary periodontal lesion, 285
Primary wound closure, 222, 222f
Primary wound healing, 157
PRISMA, 289
Probes, periodontal, 12, 12b
Probing

bleeding on. See Bleeding on probing.
suppuration on, 271

Probing depth
description of, 11–13, 12b, 13t, 14f
minocycline microspheres effect on, 149
nonsurgical versus surgical therapies for, 

103
in occlusal trauma, 71
periodontitis and, 40

Probing force, 13t
Probing measurements, 13t
Progenitor cells, 132
Prognosis

case presentation of, 95–96
classification systems for, 82, 82t–84t
definition of, 79
diagnostic, 79
duration of, 82
endpoints of, 79–81
factors for, 81, 81b
prosthetic, 79
therapeutic, 79
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Proinflammatory cytokines, 19
Prostaglandin E2, 152
Prosthetic prognosis, 79
Proteoglycans, 2
Prothrombin time, 334
PRP. See Platelet-rich plasma.
Pseudomembranous candidiasis, 301t, 306t
Pulpal-periodontal relationship, 55
Pulpitis, 55
P-value, 293
Pyogenic granuloma, 297, 297f–298f, 298t
Pyorrhea alveolaris, 67

Q
Quigley Hein Index, 98
Quorum sensing, 26

R
Race, as risk determinant, 39
Radicular cysts, 318–319
Radiographic bone loss

description of, 269
indices for assessing, 25b
smoking and, 36

Radiographic interpretation, 17
Radiotherapy, 321, 322t
Randomized clinical trials, 290t
Reactive lymph nodes, 309t
Reattachment, 158
Recall maintenance. See Periodontal 

maintenance.
Receptor advanced glycation end products, 

38
Recession

definition of, 11, 276
gingival. See Gingival recession.
recording of, 13

Recombinant human bone morphogenetic 
protein 2, 235

Recombinant human platelet-derived growth 
factor, 124

Recurrent aphthous stomatitis, 295–296
Residual cement, 212
Restorations

amalgam, 284
food impaction on, 284–285
indirect. See Indirect restorations.
overhanging, 58, 58t, 270, 284
periodontium affected by, 284–285

Restorative dentistry, 90
Restorative margin

location of, 57
status of, 57–58

Rests of Serres, 312
Rete pegs, 3, 7
Reticular lichen planus, 302
Reversal agents

flumazenil, 332
naloxone, 333

rhBMP-2. See Recombinant human bone 
morphogenetic protein 2.

Rheumatoid arthritis, 40
Ridge expansion, 220, 223, 228
Ridge split, 228
Ridge splitting, 220, 223
Risk assessment, 35
Risk determinants

age, 39
classification of, 35b
definition of, 35
genetics, 39
race, 39
sex, 39

Risk factors
classification of, 35b
definition of, 35
diabetes mellitus, 37–38, 38t
pathogenic bacteria, 38
peri-implant mucositis, 210–211
peri-implantitis, 211–212
smoking, 36–37

Risk indicators
alcohol, 40
classification of, 35b
definition of, 35
obesity, 39
osteoporosis, 39
peri-implantitis, 212
rheumatoid arthritis, 40
stress, 40

Risk markers
bleeding on probing, 40
classification of, 35b
crestal lamina dura, 40
definition of, 35
furcation involvement, 40
probing depth, 40

Risk predictor, 35
Risk-of-bias assessment, 293
Rivaroxaban, 335
Roll technique, 15b
Root canals, accessory, 54–55, 55f
Root complex, 47
Root concavities, 47, 51, 52t
Root morphology, 50–51
Root planing, 98. See also Scaling and root 

planing.
Root proximity

characteristics of, 52
classification for, 53, 53t
definition of, 47, 52

Root surface anomalies
accessory canals, 54–55, 55f
cemental tears, 55–56
cementicles, 43, 55
intermediate bifurcational ridge, 45, 53
palatoradicular grooves, 53–54, 54t

Root surface area, 47, 50t, 50–51, 51b, 51f
Root trunk, 47

S
Scaffolds

characteristics of, 140
computer-based designed and fabricated, 

140–141
injectable, 140
prefabricated, 140

Scalers, 98–99
Scaling

coronal, 110, 111t
definition of, 98

Scaling and root planing
Actisite for, 150
adjunctive therapy for, 150

Arizona studies of, 113
azithromycin and, 147t
contaminated cementum removal for, 99
critical probing depth for, 114
definition of, 98
Denmark studies of, 115, 115t
effectiveness of, 103
full-mouth, 101
full-mouth disinfection versus, 102
healing after, 159
lasers with, 100
metronidazole gel versus, 151
Minnesota studies of, 110, 110t
with modified Widman flap, 103–104
quadrant, 101b, 101–102, 102t
randomized clinical trials of, 147t
studies of, 102t–103t
subgingival irrigation with, 98
systemic antibiotics after, 145–146, 147t
wound healing after, 159

Schiller’s iodine test, 15b
Schneiderian membrane, 242
Schwannoma, 309t
Sealed canals, 55
Secondary intention, wound healing by, 157, 

166
Secondary occlusal trauma, 67–68
Sedation

levels of, 330, 330t
opioids for, 332b, 332–333

Seizures, 341
Sensitivity, 289
Sex, as risk determinant, 39
Sharpey fibers, 2–3, 174
Short implants, 184, 185t, 197–198
Shoulder margin, 283, 283f
Sinus

definition of, 242
maxillary. See Maxillary sinus.

Sinus augmentation
allografts for, 247
alloplasts for, 247
autogenous grafts for, 246–247, 248t
barrier membranes for, 248
bleeding caused by, 250
complications of, 249b, 249–250
crestal approach, 245, 245f
elevation, 242, 246
grafts for, 246–247, 248t
implant placement and, 248–249
lateral window approach, 245f, 245–246
overview of, 242
techniques for, 242, 245–246
terminology associated with, 242
transalveolar approach, 245, 245f
xenografts for, 247

Sjögren syndrome, 303
Smoker’s melanosis, 304
Smoking

clinical attachment level affected by, 36–37, 
111

guided tissue regeneration affected by, 
126–127, 159f

local effects of, 36, 37t
peri-implantitis risks, 211–212
periodontal disease and, 36–37, 37t
periodontal plastic surgery affected by, 262
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in periodontal risk assessment, 269
periodontitis and, 269
sinus augmentation complication risks, 

250
systemic effects of, 36, 37t
tooth loss risks associated with, 37
wound healing affected by, 158, 250

Socket, postextraction
bony walls of, 174
epithelization of, 175t
grafting of, 177
healing of, 174–176, 175t
immediate implant placement in, 178

Soft tissue augmentation, 91
Soft tissue graft and grafting

connective tissue graft. See Connective 
tissue graft.

definition of, 254
free gingival graft. See Free gingival graft.
healing after, 163t, 163–167, 164f–166f, 

167b
palatal harvesting, 166–167

Soft tissue lesions
drug-induced gingival lesions, 296, 296b, 

296f
focal fibrous hyperplasia, 297, 297f–298f, 

298t
frictional keratosis, 295, 295f, 306t
giant cell fibroma, 297, 299
nonneoplastic proliferative lesions, 297, 

297f–298f
peripheral giant cell granuloma, 297, 

297f–298f, 298t
peripheral ossifying fibroma, 297, 

297f–298t, 297t
plasma cell gingivitis, 297
pyogenic granuloma, 297, 297f–298f, 298t
recurrent aphthous stomatitis, 295–296
traumatic ulcers, 294–295

Sonic scalers, 99
Specific plaque theory, 28
Specificity, 288, 289
Splint, 68, 72, 75
Splinting, of teeth, 283
Split-thickness flap, 161t, 161–162
Spongy bone, 4t
SPT. See Supportive periodontal therapy.
Squamous cell carcinoma, 300, 308–310, 

309f–310f
Statistical sensitivity, 288
Stellate reticulum, 312
Stem cells, mesenchymal, 134–135, 235
Stillman’s cleft, 68, 73
Stomatitis

denture-related, 301t, 335
nicotine, 306t
recurrent aphthous, 295–296

Stratum basale, 5, 6f
Stratum corneum, 5, 6f
Stratum granulosum, 5, 6f
Stratum spinosum, 5, 6f
Streptococcus, 26, 27f
Streptococcus mutans, 28
Stress, 40
Studies, 289, 290t
Subcrestal placement, of implants, 199–200, 

200f

Subgingival calculus, 26, 43, 44t, 101f
Subgingival irrigation, 98
Subgingival margins, 270
Subgingival plaque, 57, 69, 102, 144
Sulcular epithelium, of gingiva, 6, 8t
Supportive periodontal therapy

definition of, 266
description of, 88–89, 91, 266
disease progression affected by, 267, 267t
goals of, 266
importance of, 266–268
maintenance intervals, 257
peri-implant health affected by, 268
peri-implantitis reductions with, 268
recall system, 269

Supportive periodontal therapy risk 
assessment

overview of, 268–269
patient level, 269–270

Supportive periodontal therapy visit, 268, 272
Suppuration, 271, 319
Supracrestal tissue attachment. See also 

Biologic width.
description of, 1, 8, 8t, 90, 90f
dimensions of, 202t
marginal bone loss caused by, 201, 202f, 

202t
Supragingival calculus, 26, 43, 44t, 101f
Surgical crown lengthening, 281
Surgical nonregenerative therapies

Arizona studies of, 113, 113t
Denmark studies of, 115, 115t
excisional new attachment procedure, 108
flaps, 107t. See also specific flap.
laser-assisted new attachment procedure, 

108
Loma Linda–Lund studies of, 111–113, 

112t
longitudinal studies on, 108–115, 

109t–115t
Michigan studies of, 108–109, 109t
Minnesota studies of, 110, 110t
modified Widman flap, 108
Nebraska studies of, 110–111, 111t
osseous surgery, 108
Swedish studies of, 114, 115t
techniques in, 108
terminology associated with, 107
Washington studies of, 113, 114t

Surgical regenerative therapies
bone grafts. See Bone grafts.
guided tissue regeneration. See Guided 

tissue regeneration.
terminology associated with, 118

Surgical therapy, nonsurgical therapy versus, 
103, 104t

Swedish studies, 114, 115t
Symphysis bone block graft, 228f
Syncope, vasovagal, 338
Systematic reviews, 288–289, 290t–291t
Systemic antibiotics. See Antibiotics.
Systemic corticosteroids, 329
Systemic diseases. See also specific disease.

evaluation of, 87
periodontal manifestation of, 21b, 29, 32

Systemic mycoses, 301

T
T scores, 39
Tannerella forsythia, 26, 28, 36, 39, 144
Teeth. See also specific tooth entries.

adjacent, implant positioning relative to, 
200–201

crowding of, 44, 59, 271
hopeless, 59–60, 60b
implants and, structural differences 

between, 9, 181, 182f, 182t
mobility of, 16–17
multirooted, 104
position-related conditions of, 59
splinting of, 283
stabilization of, 75

Teriparatide, 136t, 139–140
Tertiary wound healing, 157
Tetracycline, 148–149, 326t
Tetracycline fiber, 150–151
Therapeutic prognosis, 79
Threaded implants, 183, 183t
3D probes, 12
3D-printed scaffold, 140
Thrombin, 138
Tissue engineering, periodontal

advances in, 141
blood supply for, 133
cell-based, 133, 134t, 134–135
cells in, 132, 134t, 134–135
challenges associated with, 141
components of, 132–133, 133f
definition of, 132
gene-delivery therapy, 135, 135t
goals of, 132
growth factors. See Growth factors.
mechanical loading, 133
pathogen control, 133
scaffolds, 133, 140–141
signals in, 133

Tissue expansion, 228
Tissue inhibitors of matrix 

metalloproteinases, 36
Titanium mesh, 231, 235
Titanium particle release, 204
Titanium plasma sprayed Straumann 

implants, 183
Titanium-reinforced expanded 

polytetrafluoroethylene, 121
TNM staging, 310
Tobacco smoking. See Smoking.
Tonic-clonic seizures, 341
Tooth brushing, 98
Tooth crowding, 44, 59, 271
Tooth extraction

dimensional tissue alterations after, 
174–176

hard tissue alterations after, 174, 176
remodeling after, 178
socket

bony walls of, 174
epithelization of, 175t
grafting of, 177
healing of, 174–176, 175t
immediate implant placement in, 178

soft tissue alterations after, 176
Tooth grinding, 67
Tooth impaction
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definition of, 45
third molars, 59

Tooth loss
annual, 80t
individual, 80
in periodontal risk assessment, 269
prediction of, 80
prevalence of, 26
quality of life affected by, 173
ranking of, 81t
rate of, 80
smoking as risk factor for, 37
studies of, 80t

Tooth mobility, 16–17, 73, 110, 270
Toothbrush, 98
Topical corticosteroids, 329–330
Torus mandibularis, 294, 295f
Torus palatinus, 294
Total septum, of maxillary sinus, 244
Totipotent stem cells, 134
Transalveolar fibers, 2t
Transseptal fibers, 7, 7t
Trauma, occlusal. See Occlusal trauma.
Traumatic occlusal forces, 68, 75
Traumatic ulcers, 294–295
Treatment plan

case presentation of, 96
definition of, 86
goals in, 86–87

Treatment planning
case presentation of, 92–96
dental implants, 91
endodontics, 90
initial therapy, 87–88, 89f
orthodontics, 91
preliminary phase, 87, 89f
restorative dentistry, 90
sequence of, 87–89
systemic phase, 87, 89f

Trendelenburg position, 338f
Treponema denticola, 26, 28, 144
Triazolam, 331
ß-Tricalcium phosphate, 124, 136–137, 140, 

247
Trigeminal ganglion, 299
True negative, 289
True positive, 288–289
Tumors

bone, 313b

odontogenic. See Odontogenic tumors.
Type 1 diabetes mellitus, 37
Type 2 diabetes mellitus, 37
Type I error, 289
Type II error, 289

U
Ulcer

definition of, 294
traumatic, 294–295

Ultrasonic instruments, 99, 215t
UNC 15 probe, 12b
Underwood’s septa, 244
Unicystic ameloblastoma, 313–314, 314f

V
Vaccine, human papillomavirus, 300
Varicella zoster virus, 300
Vascular cell adhesion molecule-1, 38
Vasovagal syncope, 338
Verruca vulgaris, 300
Versican, 2
Vertical bone augmentation

allografts for, 235
autogenous bone grafts for, 232–234, 

233f–234f
biologic agents for, 235
bone morphogenetic proteins in, 235
cells used in, 235
complications of, 238
determining factors in, 231–232, 232f
guided bone regeneration for, 236–237, 

238f
healing after, 238
horizontal bone augmentation and, 222f
inlay grafting for, 237, 238f
onlay block grafting, 236, 236f
overview of, 231
platelet derivatives used in, 235
techniques for, 231
xenografts for, 234

Vertical furcation destruction, 16
Viral infections

description of, 299f, 299–300
medications for, 335

von Willebrand disease, 342

W
Waerhaug’s concept, 69

Warfarin, 335, 342
Washington studies, 113, 114t
White sponge nevus, 306t
Wickham striae, 302
Widman flap

modified. See Modified Widman flap.
original, 107t

Williams probe, 12b
World Workshop in Clinical Periodontics 

periodontitis classification, 18, 18b
World Workshop on the Classification of 

Periodontal and Peri-implant Diseases 
and Conditions (2017), 19, 21b, 95, 
209–210, 255

Wound healing
complications during, 168–169
definition of, 157
factors affecting, 157–158, 158b
by first intention, 157
flaps, 159, 161–162
gingivectomy, 159, 160t
nonsurgical therapy, 159
osseous surgery, 162–163
phases of, 157, 158t
primary, 157, 165, 261
principles of, 157
secondary, 157, 166, 261
smoking effects on, 158, 250
soft tissue grafting, 163t, 163–167, 

164f–166f, 167b
swelling after, 169
tertiary, 157

X
Xenografts

autogenous grafts and, 247
description of, 123t, 124, 227t
horizontal ridge augmentation uses of, 

227t
sinus augmentation uses of, 247
vertical bone augmentation uses of, 234

Z
Zirconia implants, 190
Zone of codestruction, 68, 68f
Zone of irritation, 68, 68f
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