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FOREWORD

There is no subject of greater importance to the practice
of dental hygiene than periodontology. Comprehensive
Periodontics for the Dental Hygienist by Weinberg and
colleagues offers an exceptional opportunity to learn this
pivotal aspect of clinical practice at its best. This text accom-
plishes several important goals in thoughtful and compel-
ling ways: It fosters an evidence-based approach—one that
has become central to all clinical disciplines. It cultivates in
the practitioner an identity as a person of science —that is, as
a sophisticated consumer of research. Whereas scientists are
assigned the responsibility of generating new knowledge,
every practitioner must see him- or herself as a consumer of
such information, capable of assessing and critiquing it for
him- or herself. The text also underscores the interrelation-
ship between oral disease and systemic health while help-
ing prepare the dental hygienist to cope with increasingly
complex technologies and innovations.

The attentive student has much to gain from the
text’s format, including the convenient use of outlines,
goals, statements of educational objectives, inclusion of

key words, reference to relevant websites, and use of self-
assessment quizzes. Extraordinary knowledge of the field
is available to the student of dental hygiene who is willing
to invest time and effort exploiting the opportunities this
text affords.

Periodontology is a discipline with a strong scientific
base. A flavor of the richness of the underlying literature is
reflected in the citations at the end of each chapter. Thus
students and practitioners have at their disposal the means
to secure a more in-depth treatment of specific topic areas
by accessing the foundational literature on which the text
is based. Those who do so can become adept at interpreting
that literature for themselves, developing in the process the
tools they will need to think independently and to remain
current in their discipline with the passage of time.

Charles N. Bertolami

Professor and Herman Robert Fox Dean
College of Dentistry

New York University
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PREFACE

There is a significant body of knowledge about the risk fac-
tors, pathogenesis, treatment, and prevention of periodontal
diseases. This knowledge is rarely applied as an evidence-
based approach to the difficult problem of deciding when
specific treatments or examination methods are appropri-
ate. Classic and current references are included in each
chapter, along with applicable websites so the reader can
supplement information in the textbook with information
from other sources.

This basic text has been written in an attempt to make
the professions’ understanding of periodontal diseases
accessible to the dental hygiene student, the practicing den-
tal hygienist, and the dentist needing to update their knowl-
edge through a concise synopsis of clinical periodontics.

Part I deals with the anatomy of the periodontium, risk
(markers) factors (e.g., dental biofilm, smoking, and dia-
betes mellitus) for periodontal diseases, and periodontal
disease as a potential risk factor for systemic conditions
(the periodontal-medicine relationship) such as stroke,
cardiovascular disease, and respiratory conditions. This
interrelationship between medicine and periodontology
has opened new insights into the concept of oral health
being an integral part of the overall general and systemic
health of an individual. Oral and intravenous bisphospho-
nates are discussed as they relate to osteonecrosis of the
jaw (ONJ).

Part I also reviews the etiology of periodontal diseases
including oral biofilm, the bacterial and host response, and
periodontal-systemic connection.

Part 11 discusses in detail the different periodontal
diseases according to the most current Classification Sys-
tem of the Periodontal Diseases (American Academy of
Periodontology).

Part I1I deals with the clinical assessment phase of
the dental hygiene process of care. This part discusses the

various assessment tools that are required to be performed
on a patient for the development of a dental hygiene
diagnosis.

Part IV discusses the treatment planning, implementa-
tion, and evaluation process of dental hygiene care. Nonsur-
gical and surgical therapy through problem-based learning
(PBL) are discussed in detail. A problem-based system with
basic concepts of treatment planning will be introduced to
the student. A comprehensive review of halitosis is pre-
sented. In this section is an extensive review of drugs used
in periodontal therapy, including various controlled-release
drug devices (e.g., Arestin®) and enzyme suppression drugs
(e.g., doxycycline 20 mg). An expanded section on surgery
and implants is included with many color images.

Part V reviews four in-depth periodontal cases with
extensive discussion of answers.

The appendices include a comprehensive listing of peri-
odontic informatics, how to critically assess the periodontal
literature, and smoking cessation therapy.

At the end of each chapter are board-type questions
including new item type formats such as multiple correct
answers, extended matching, and ordering which have now
been introduced on the National Board Dental Hygiene
Examinations. Included in the textbook are four problem-
oriented, evidence-based case studies. Each case details
the problem, followed by a discussion of the questions and
answers to the problem. “Rapid Dental Hints” remind stu-
dents about key information or a task that should be per-
formed related to the topic discussed. In addition, there are
“Did You Know?” comments found within all chapters that
provide whimsical information on the topic at hand.

We hope this book will serve as a helpful text for all
dental practitioners.

Mea A. Weinberg, D.M.D., M.S.D., R. Ph.

vii
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Anatomy of the Periodontal

Structures: The Healthy State

Mea A. Weinberg and Debra Jacobowitz

OUTLINE EDUCATIONAL OBJECTIVES
Clinical Anatomy of the Gingival Upon completion of this chapter, the reader should be able to:
Unit

e lllustrate and discuss the clinical anatomy of the periodontium.

MICF.OSC.OpIC Ahatomy of the e lllustrate and describe the microscopic anatomy of the
Gingival Unit periodontium.
Attachment Apparatus

e List and describe the functions of the periodontium.

* Discuss the importance of the dentogingival unit.

* Describe the lymphatic, blood, and nerve supply to the gingiva
and the attachment apparatus.

Physiology of the Periodontium
Changes with Aging

Dental Hygiene Application
Key Points

Self-Quiz

Case Study

References

GOAL: To provide knowledge of the structures and functions of the periodontium in
health.
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biologic width 12 oral epithelium 8
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connective tissue attachment 10  sulcular epithelum 8
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Introduction

The periodontium, translated in Latin to mean “around
the tooth,” consists of the gingiva, periodontal ligament,
cementum, and alveolar and supporting bone of the teeth
(Figure 1-1a m). The attachment apparatus consists of peri-
odontal tissues involved in the attachment and support of
the root in the tooth socket, specifically the periodontal
ligament, cementum, and alveolar bone (Hassell, 1993). A
working knowledge of the ultrastructural anatomy and biol-
ogy of the periodontal tissues is an important prerequisite
for practitioners to recognize and treat periodontal diseases.

To understand the different stages of diseases in the
periodontium, it is necessary to recognize the structures
and functions of the periodontium in health (Bartold,2006).
This chapter describes the clinical and microscopic features
of the periodontium in health and will be the foundation for
ensuing discussions in this text.

Gingiva

Root cementum
Alveolar bone
proper

Alveolar process
Periodontal
ligament

(a)

(b)

CLINICAL ANATOMY OF THE GINGIVAL UNIT 3

Clinical Anatomy of the Gingival Unit

The oral mucosa is divided into three types: (1) mastica-
tory mucosa, which includes the gingiva and hard palate;
(2) lining mucosa, which consists of the alveolar mucosa,
soft palate, lining of lips, cheeks, and sublingual area; and
(3) specialized mucosa, which is found on the dorsum of
the tongue.

Masticatory Mucosa (Gingiva)

The gingiva forms a protective covering over the other com-
ponents of the periodontium and is well adapted to protect
against mechanical insults (e.g., toothbrushing and chew-
ing). The gingiva encircles the cervical portion of the teeth
and covers the alveolar process. Anatomically, the gingiva is
subdivided into the free gingiva, attached gingiva, and inter-
dental gingiva or papilla (Figure 1-1b). The outer surface
of the gingiva consists of stratified squamous epithelium.

Frenum

Interdental
papilla

Enamel

Free gingival
margin

Free
gingiva Cementoenamel
junction

Attached
gingiva
Mucogingival
junction

Alveolar

mucosa Alveolar

process

FIGURE 1-1 (a) Schematic drawing of a tooth with its periodontium. (b) Landmarks of the gingival unit. (Left)
The gingiva is salmon pink, whereas the alveolar mucosa is thinner and redder in color. (Right) Schematic drawing

of a cross-section of the periodontium.
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Underneath the epithelium is gingival connective tissue,
which is termed the lamina propria.

The free gingiva,
or marginal gingiva, surrounds the neck of the tooth. Its
boundaries are, coronally, the free gingival margin; apically,
the free gingival groove; and laterally, the gingival crevice
and the tooth (see Figure 1-1b). The free gingiva is approxi-
mately 1.5 mm wide and has a smooth surface. The free gin-
giva lies on and adapts to the enamel and can be separated
from the tooth with a periodontal instrument (Schroeder
& Listgarten, 1997).

In health, the free gingival margin is the edge or the
most coronal part of the free gingiva and in a fully erupted
tooth is located on the enamel approximately 0.5 to 2 mm
coronal to the cementoenamel junction (CEJ). In health
and if teeth contact in the anterior region, the free gingival
margin usually has a scalloped outline following the contour
of the cementoenamel junction (see Figure 1-1b). If there is
an open contact, the free gingival margin becomes blunted.
In the posterior region, the architecture becomes less scal-
loped. Prior to the completed eruption of permanent teeth
in children, the free gingival margin usually remains located
on the cervical bulge of the enamel. This is a normal situ-
ation, and as the tooth erupts the free gingival margin will
ultimately move apically.

Gingival Crevice. The gingival crevice is the space between
the free gingiva and the tooth surface and is lined by nonke-
ratinized stratified squamous epithelium. In gingival health,
the gingival crevice is termed a sulcus; once inflamed, it is
termed a pocket. Healthy gingiva sulcular depth is approxi-
mately 1 to 3 mm when measured with a periodontal probe.
Only in experimental conditions with germ-free animals
can the sulcular depth be zero.

Gingival crevicular fluid (GCF) fills the sulcus, origi-
nates from blood vessels within the underlying connective
tissue (lamina propria), and flows through the tissue into the
gingival crevice. The rate of passage of this fluid is depen-
dent on the absence or presence of inflammation in the con-
nective tissue of the gingiva. The flow is minimal to absent
in health, but increases due to inflammation from accu-
mulation of plaque in the gingival crevice (Alfano, 1974).
Components of GCF resemble blood serum components
and include elements such as calcium, sodium, potassium,
and phosphorus, along with cells and bacteria. The role of
GCF is both protective and destructive. Although crevicular
fluid flow cleanses the sulcus, it is also a source of nutrients
for subgingival bacteria and supports subgingival calculus
formation (Mukherjee, 1985). Certain antibiotics, including
tetracyclines used in the treatment of periodontal diseases,
have been found to concentrate in higher levels locally in
the GCF (pocket area) than in the serum (Gordon, Walker,
Murphy, Goodson, & Socransky, 1981).

Free Gingival Groove. The free gingival groove, a shallow
depression on the outer surface of the gingiva, is about 1 to
2 mm apical from the margin of the gingiva and is slightly

Did You Know?

The gingival crevicular fluid (GCF), which bathes the gingi-
val crevice subgingivally, contains many minerals and sub-
stances. Subgingival calculus is usually a dark color, such as
black, due to the influence of GCF.

Rapid Dental Hint

It is important to transpose the patient’s free gingival
margin and mucogingival junction to the periodontal
chart because this will help you determine if there is a
soft tissue defect present and to monitor the attachment
level and gingival recession.

ooooooooooooooooooooooooooooooooooocooo.
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o0 00000000000

apical to the level of the cementoenamel junction. This
groove separates the free gingiva from the attached gin-
giva. The free gingival groove is present in about 30% to
40% of adults and occurs most frequently in the mandibular
premolar and incisor areas. It is more pronounced on the
facial than on the lingual regions. Its absence or presence is
not related to the health of the gingiva.

The attached gingiva is continuous
with the free gingiva and is firmly attached to the underly-
ing cementum and periosteum (connective tissue) cover-
ing the alveolar process. It extends apically from the free
gingival groove to the mucogingival junction (MGJ). If the
free gingival groove is not present, then the landmark is at
a horizontal plane placed at the level of the CEJ. The muco-
gingival junction joins the attached gingiva to the alveolar
mucosa (see Figure 1-1b) except on the palate because the
attached gingiva runs into the palatal mucosa. The width
of the free gingiva and the attached gingiva consists of the
total width of gingiva.

Attached gingiva is not movable, as it is bound down to
the bone and cementum by connective tissue fibers, making
it capable of withstanding forces from toothbrushing and
chewing. The width of the attached gingiva varies in different
areas of the mouth and between individuals (Figure 1-2 m).
On the facial aspect, the attached gingiva is widest in the
incisor region and narrowest in the first premolar area. On
the lingual aspect, the attached gingiva is widest in the molar
region and narrowest in the incisor region.

The color of the gingiva is normally salmon pink
with slight variations. The gingiva shows varying degrees
of brownish-black color depending on ethnic variation

Did You Know?

Dogs, cats, and other animals also have gingiva, just like us.



FIGURE 1-2 Varying amounts of attached gingiva; the
narrowest width is on the mandibular premolars, and the
widest is on the maxillary incisors.

(Figure 1-3 m), which is considered to be normal gingival
coloring and is referred to as melanin pigmentation.

Stippling. Clinically, the outer surface of the attached gin-
giva has an appearance similar to an orange peel with shal-
low depressions between elevations. The free gingiva has a

(b)

FIGURE 1-3 (a) Physiological gingival pigmentation
varies: light pigmentation. (b) darker, more pronounced
pigmentation.
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FIGURE 1-4 Surface stippling of the attached gingiva
and the interdental gingiva. Note the dimpling or depres-
sions on the surface. The surface of the free gingiva is not
stippled.

smooth surface and is not stippled (Figure 1-4 m). A histo-
logic description of stippling is discussed in the following
section.

Stippling may be present in health or disease. The
absence of stippling does not necessarily indicate the
presence of disease. On the other hand, the presence of
inflammation with the loss of stippling can be considered
part of the disease process, assuming stippling was present
initially.

Stippling is present in only about 40% of adults and
varies in different individuals, ages, and sexes. Stippling of
the attached gingiva is absent in children under 5 years of
age and may be more evident in men than women. It is
more prominent in the anterior than the posterior region
and may even be absent in the molar areas. The facial gin-
giva shows more prominent stippling than the lingual.

In health
the interdental gingiva tightly fills the gingival embrasure,
which is the space between the contact point and alveolar
bone of two adjacent teeth. The margin and lateral bor-
ders of the interdental gingiva are an extension of the free
gingiva, whereas the remaining parts are attached gingiva
(Figure 1-5 m).

The size and shape of the papillae are determined by
tooth-to-tooth contact, the curvature of the cementoenamel
junction, and the width (faciolingually) of the interproximal
tooth surfaces. When teeth are crowded, often seen in man-
dibular incisors, the papillae may be slender and narrow.
Anterior papillae are pyramidal in shape whereas poste-
rior papillae are rounder and slightly flatter. An anterior
papilla forms a single pyramidal structure because there is
only one papilla. The papillae of posterior teeth (premolars
and molars) are wedge shaped, with one vestibular (facial)
and one oral (lingual) papilla connected by a concave area
called the col (Figure 1-5). The col is directly apical to the
contact area, representing the fusion of the interproximal
junctional epithelia of two adjacent teeth. Although an
anterior papilla can form a col shape, it is more prominent
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FIGURE 1-5 Features of the interdental gingiva. The col is
directly under the contact area of the teeth.

Rapid Dental Hint

Remember that anterior teeth may have a small col or it
may not be detectable.
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in posterior papillae. When a diastema (loss of contact
between two adjacent teeth) is present, the interdental
papilla is absent, and there is no col. Because the shape of
a col is concave and may not be keratinized, it may predis-
pose the interproximal area to the accumulation of dental
plaque.

Lining Mucosa

Although not actually part of the peri-
odontium, the alveolar mucosa is an important periodon-
tal structure and deserves discussion. The alveolar mucosa
extends apically from the mucogingival junction to the
mucous membrane of the cheek, lip, and floor of the mouth
(see Figure 1-1b). In comparison to the attached gingiva,
alveolar mucosa is thinner and redder in color, has a smooth
surface, is movable, and is not keratinized.

Frenum (plural: frena) attachments
are folds of alveolar mucosa. They are not concentrations of
muscle, having no more muscle fibers than alveolar mucosa.
The function of a frenum is to attach lips and cheeks to the
maxillary and mandibular mucosa and to limit the move-
ment of the lips and cheeks. There are usually seven frena
located in the canine/premolar area, between the central
incisors and in the mandibular anterior lingual area.

Did You Know?

Gingiva is salmon pink in color due to keratin. Keratin is
a protein that is also involved in forming hair, skin, and
fingernails.

Specialized Mucosa

The mucosa of the dorsum of the tongue contains numer-
ous papillae of three types: filiform, fungiform, and circum-
vallate. The circumvallate papillae are located along the
V-shaped groove on the back of the tongue. Each papilla is
surrounded by a circular groove. The taste buds are located
mainly on the sides of these papillae. The filiform papil-
lae are slender ones and the most abundant, covering the
entire top or dorsal surface of the tongue. No taste buds are
associated with these papillae; they respond only to heat
and mechanical stimuli. The fungiform papillae, which are
broad and flat, are found chiefly at the edges of the tongue
and are provided with taste buds.

Microscopic Anatomy of the Gingival
Unit

Gingival Epithelium

The gingiva is covered by a layer of stratified squamous epi-
thelium with an underlying core of connective tissue called
the lamina propria (Figure 1-6 m). The gingival epithelium
exists as structurally different forms specific to certain areas

of the teeth. Thus, the gingival epithelium can be divided
into (Figure 1-7 m) the following elements:

e The oral epithelium (OE)
e The sulcular or crevicular epithelium (SE)
e The junctional epithelium (JE)

The gingival epithelium is avascular and relies on the
underlying lamina propria for its blood supply and nutri-
ents. The epithelium found in the oral cavity consists of sev-
eral layers of cells (see Figure 1-7):

e Stratum basale or stratum germinativum (basal cell
layer); deepest layer next to the lamina propria.

e Stratum spinosum (spinous cell layer).

e Stratum granulosum (granular layer).

e Stratum corneum (keratinized/cornified cell layer;
also called the superficial cell layer); this outermost
layer serves as a barrier membrane protecting the
underlying periodontal tissues from invasion by for-
eign substances.

Just like the epithelium of the skin, the gin-
gival epithelium is also subject to considerable insult and
thus must have a means of regular renewal. The epithe-
lium achieves this renewal by producing a pool of cells that
migrate from the basal layer to the oral environment. This
process by which epithelial cells differentiate or mature is
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FIGURE 1-6 Photomicrograph of the gingival
epithelium. (Courtesy of Dr. Harvey Wishe, New
York University College of Dentistry.)

FIGURE 1-7 Diagram of the layers of the
gingival epithelium. Underlying the epithe-
lium is the gingival connective tissue (lamina
propria).
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called keratinization. The type of differentiation reflects the
functional demands or stimulus placed on the tissue. Dur-
ing keratinization, the entire thickness of the epithelium
is replaced. The time it takes for this replacement or cell
renewal is called the turnover time. This time differs with
the various types of epithelium. Such differences become
important during tissue healing after periodontal surgery
or tissue damage.

The keratinization process occurs as follows (Moss-
Salentijn & Hendricks-Klyvert, 1990):

¢ Basal cells in the basal cell layer divide and produce
new cells.

e The “older” basal cells travel or move into the next
layer, the spinous cell layer, on their way to the most
outer epithelial cell layer.

¢ Once in the spinous cell layer, the basal cells become
keratinocytes. On their way to the outer surface, the
keratinocytes synthesize or produce keratin.

e Keratin is a protein that contributes to the mechanical
toughness of the outer surface of the epithelium.

e When the keratinocytes reach the outer epithelial sur-
face, they are shed from the surface into the oral cavity.

Three grades of keratinization or maturation are
identified according to the completeness of the transition
of the keratinocyte from the basal cell layer to the outer-
most, superficial cell layer. Consequently, epithelium can
be (ortho) keratinized, parakeratinized, or nonkeratinized.
Keratinized epithelium is composed of all four layers and
is primarily seen in the skin. Fully keratinized cells form
keratin and lose their nuclei by the time they migrate to
the outer surface. Findings show that 76% of the gingival
exhibit parakeratin cells, which retain their nuclei but show
some signs of being keratinized. The stratum granulosum is
usually difficult to recognize, and a surface parakeratinized
outer layer is present. Epithelial cells found in the junc-
tional epithelium and alveolar mucosas are nonkeratinized
and do not undergo keratinization.

The oral epithelium faces the oral cav-
ity on the outer surface of the free and attached gingivae
extending from the free gingival margin to the mucogingival
junction. The gingiva is generally composed of parakera-
tinized stratified squamous epithelium, but can be ortho-
keratinized in small patches and in other species such as
monkeys.

The gingiva has an epithelial turnover time of approx-
imately 10 days as demonstrated in an animal model
(Schroeder & Listgarten, 1997), whereas in the skin it is
approximately 28 days.

Cells in the Oral Epithelium. The function of the oral epithe-
lium is to protect the underlying structures and act as a
mechanical barrier. The oral epithelium contains the fol-
lowing types of cells:

e Keratinocytes
e Nonkeratinocytes (also called clear cells)
e Melanocytes

e Langerhans cells
e Merkel cells
¢ Inflammatory cells (e.g., neutrophils)

Keratinocytes make up the majority of oral epithelial
cells. Keratinocytes function to synthesize keratin, which
contributes to the mechanical toughness of the outer sur-
face of the oral epithelium and relative impermeability to
fluids and cells. It is also responsible for the salmon pink
color of the gingiva.

Melanocytes located in the basal cell layer secrete
melanin, which is responsible for the brownish pigmen-
tation in the gingiva. Pigmentation is more prominent in
darker-skinned individuals (see Figure 1-3). The amount
of pigmentation is genetically predetermined according to
the potential of the cells to produce melanin, rather than to
the number of cells present.

Other cell types in the gingival epithelium are the
Langerhans cells, which are located in the stratum spino-
sum and are involved in the early defense mechanism of the
gingiva. Merkel cells are found in the basal cell layer and
are associated with nerve endings acting as touch-sensory
cells. White blood cells such as lymphocytes and neutrophils
or polymorphonuclear leukocytes (PMNs) are transiently
found in the epithelial layers in health but increase in num-
bers in periodontal disease, functioning to defend the body
against bacteria and other invaders.

The sulcular epithelum is structur-
ally similar to the oral epithelium except that it is less kera-
tinized. The sulcular epithelium exhibits good resistance to
mechanical forces and is relatively impermeable (resistant)
to the flow of fluids and cells. The sulcular epithelium may
have epithelial ridges, or rete pegs, in health or disease, as
does the oral epithelium, but to a lesser extent. Sulcular or
crevicular epithelium lines the gingival sulcus without being
attached to the tooth surface. It is generally nonkeratinized
and thin but can become parakeratinized if exposed to the
oral environment. The sulcular epithelium exhibits two or
three cell layers, but a definitive and continuous cornified
layer is absent. At the free gingival margin, the sulcular epi-
thelium is continuous with the oral epithelium. Apically, it
overlaps the coronal surface of the junctional epithelium
(see Figure 1-7).

The junctional epithelium is a
band of epithelial cells that surrounds the tooth and creates
a “seal” at the gingival crevice to hold it firmly in place. It is
continuous with the free gingiva and provides the contact
between the gingiva and the tooth. The junctional epithe-
lium can be regarded as a down growth of the squamous
epithelium of the gingiva and is continuous with the sul-
cular epithelium, extending from the bottom of the crevice
to the cementoenamel junction in health and in gingivitis;
there is no loss of attachment. It forms a collar around the
neck of the tooth on the cervical part of the enamel.

The junctional epithelium, through the epithelial
attachment, contributes to the direct attachment of the



gingiva to the tooth surface and thus serves a significant
role in periodontal health and disease when this attachment
to the tooth is lost.

The junctional epithelium is composed of nonkera-
tinized stratified squamous epithelium. It is composed of
only two epithelial layers, either an active basal cell layer
and an inactive suprabasal cell layer or a basal cell and
spinous cell layer (Hassell, 1993; Schroeder & Listgarten,
1997). The junctional epithelium in health has no rete
ridges. When inflammation sets in, the junctional epithelium
develops epithelial projections into the adjacent inflamed
connective tissue.

At the coronal portion, the thickness of the junctional
epithelium is about 15 to 30 cells, whereas apically, near the
cementoenamel junction, there may be only 1 to 2 cells (see
Figure 1-7). Interproximally, the junctional epithelium of
adjacent teeth fuses coronally to form the lining of the col
area (Schroeder & Listgarten, 1997).

Semipermeable Membrane. The junctional epithelium is
more permeable than the oral or sulcular epithelium. Thus,
the junctional epithelium is referred to as a semipermeable
structure, allowing the movement of bacterial products, flu-
ids, and cells of certain sizes (Kornman, Page, & Tonetti,
1997). There are fewer intercellular junctions and thus
wider spaces between the cells than in the oral or sulcular
epithelium, and the cells are arranged in a parallel fash-
ion. This allows for easy passage of cells and tissue fluid
from the lamina propria into the sulcus and for passage of
bacteria and its by-products from the gingival sulcus into
the lamina propria. It is also more permeable because the
cells do not keratinize. The coronal part of the junctional
epithelium that is closest to the bottom of the sulcus is the
most permeable part, whereas the apical part is where cell
division for tissue renewal occurs.

Cells in the Junctional Epithelium. In addition to keratino-
cytes, the junctional epithelium may contain clear cells. In
health, small numbers of PMNs are transiently seen in the
junctional epithelium (Tonetti, Imboden, Gerber, & Lang,
1995). They will usually pass through the junctional epi-
thelium into the gingival sulcus, where they play a role in
the defense of the host (body) against bacteria and other
microorganisms.

Cellular Turnover. A unique characteristic of the junctional
epithelium is its high rate of cellular turnover. As dem-
onstrated in an animal model, the cells of the junctional
epithelium undergo constant turnover every 4 to 7 days,

Did You Know?

The junctional epithelium is only three to four layers thick
in early life but its thickness increases with age. The length
of junctional epithelium is only about 0.25 to 1.35 mm. Just
think about this—only about T mm long!
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whereby the basal cells migrate coronally out through the
sulcus where the old cells are shed into the oral cavity.

Alveolar Mucosa

The alveolar mucosa is compressible and movable due to
the presence of a submucosa between the thin lamina pro-
pria and the underlying tissue, usually muscle. The presence
of elastic fibers, and an underlying loose connective tissue
that is attached to the underlying periosteum of the alveolar
process, also allows for movement.

The epithelium of the alveolar mucosa has about the
same thickness as that of the gingiva, but its structure is
completely different (Schroeder, 1991; Schroeder & Listgar-
ten, 1997). A granular layer is not present, and the superfi-
cial layer does not histologically stain, as does the surface
of parakeratinized epithelium (Squier & Hill, 1998). The
epithelium contains melanocytes, Langerhans cells, Merkel
cells, and small lymphocytes.

Epithelial ridges are usually not present; if present, they
are indistinct because they are shorter and wider than in
the gingiva, giving a smoother surface texture. The color
is darker red than the gingiva because of its highly vascu-
lar underlying connective tissue. The point where there is a
marked increase in elastic fibers within the underlying con-
nective tissue demarcates the mucogingival junction.

Gingival Connective Tissue
Underlying the stratified squamous epithelium and encir-

cling the tooth is the gingival connective tissue or lamina
propria (Nanci & Bosshardt, 2006).

The inter-
face between the connective tissue and oral epithelium is
through connecting epithelial ridges that extend into the
connective tissue (Figure 1-8 m). At the intersection of
epithelial ridges are pits or depressions that contain con-
nective tissue extensions called connective tissue papillae.
Clinically, these depressions may be evident on the surface
of the gingiva, creating a stippled appearance. Stippling is
established at the areas of fusion between adjacent epi-
thelial ridges. In periodontal health the epithelial ridges
are absent from the junctional epithelium and are not well
developed in the sulcular epithelium. The main purposes
of stippling are to aid in the increased strength between
the epithelium and connective tissue and to enable the
epithelium to obtain its blood supply from the connective
tissue papillae in the shortest distance possible (Nanci &
Bosshardt, 2006).

The main component of the
gingival connective tissue, as with all connective tissue, is
collagen fibers, accounting for about 60% of the total vol-
ume. Collagen is a protein composed of amino acids. There
are many different types of collagen, with Types I (95%)
and III (5%) found in gingival connective tissues. Type I col-
lagen fibers give the gingiva its firmness and resiliency. The
lamina propria provides mechanical support and nutrients



