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Foreword

It often happens that a textbook is obsolete by the time
it is published. Furthermore, a book written by several
authors is frequently lacking in both style and meth-
odology.

This textbook, Clinical Periodontology and Implant
Dentistry, is therefore an unusual and stimulating sur-
prise to the reader. The many chapters included are all
written by authors who apparently share an epistemo-
logical approach that guides the logic of research and
scientific discovery. Each chapter tells the story of how
different problems related to etiology, pathogenesis,
treatment and prevention of different lesions in the
periodontal tissues led to the formulation of hypothe-
ses or theories that were subsequently subjected to
testing.

We know that the formulation of a novel hypothesis
requires fantasy and creativity and that experiments
(testing) can be planned and meaningful observations
can be made after an intelligent hypothesis is formu-
lated. The authors of this book seem convinced, for
logical reasons, that observations and experiments are
always best performed after the formulation of hy-
potheses, and that "science will never grow by merely
multiplying data and observations". Experiments are
performed to examine if the theories proposed were
correct, close to the truth or false.

The history of periodontology — as of any scientific
domain — is also and above all the history of its errors.
Indeed, the errors form the walls of our base of knowl
edge and allow us to appreciate the closeness to the
truth, once unraveled.

The reading of Clinical Periodontology and Implant
Dentistry invites student and specialist to take a fasci-
nating intellectual journey that in the end allows her
or him to understand how knowledge in various fields
of this discipline of medicine was progressed and how
it should be used in the practice of dentistry. Those
reading this book will not only learn what to do or not
to do in diagnosing, treating and preventing peri-
odontal pathologies, but they will never cease to un-
dertake its activity of rational criticism and critical
control, being continuously reminded of Einstein's
words that "all our knowledge remains fallible".

Giorgio Vogel
Professor
Department of Medicine, Surgery and Dentistry
University of Milan
Italy



Preface

Preparations for the 4th edition of Clinical Periodontol-
ogy and Implant Dentistry started in 2001 when all
senior authors of the various chapters of the current
text were identified and invited to join the team of
contributors. The authors were selected because of
their reputations as leading researchers, clinicians or
teachers in Periodontology, Prosthetic Dentistry, Im-
plant Dentistry and associated domains. Their task
was simple but demanding; within your field of ex-
pertise, find all relevant information, digest the
knowledge and present to the reader a "state of the
art" text that can be appreciated by (i) the student of
dentistry and dental hygiene, (ii) the graduate student
of Periodontology and related domains and (iii) the
practicing dentist; the general practitioner and the
specialist in Periodontology and/or Implant Den-
tistry.

I am proud to present the outcome of this collective
effort as it appears in this 4th edition of Clinical Perio-
dontology and Implant Dentistry.

As was the case in the 3rd edition, this textbook
consists of three separate parts; Basic Concepts, Clinical
Concepts and Implant Concepts; that together illustrate
most, if not all, important aspects of contemporary
Periodontology. Several chapters from the 3rd edition
of this book have been thoroughly revised, some have
required only modest amendment, while several
chapters in each separate part are entirely new. The
amendments and additions illustrate that Periodon-
tology is continuously undergoing change and that
the authors of the textbook are at the forefront of this
conversion.



Classification of
Periodontal Diseases

DENIS F. KINANE AND JAN LINDHE

In 1999 the American Academy of Periodontology
staged an International Workshop, the sole purpose of
which was to reach a consensus on the classification
of periodontal disease and conditions. The most nota-
ble changes are in the terminology of the various
disease categories which reflect a better under-
standing of the disease presentations and their differ-
ences but also in the acceptance that adult and early-
onset forms of periodontitis can occur at any age. Thus
we have: adult periodontitis becoming chronic perio-
dontitis; early-onset forms of periodontitis becoming
aggressive forms of periodontitis; systemic disease
forms of periodontitis; and necrotizing forms of peri-
odontitis.

ADULT PERIODONTITIS -
CHRONIC PERIODONTITIS

The International Workshop recommended that the
term "adult periodontitis" be discarded since this
form of periodontal disease can occur over a wide
range of ages and can be found in both the primary
and secondary dentition (Consensus Report 1999).
The term "chronic periodontitis" was chosen as it was
considered less restrictive than the age-dependent
designation of "adult periodontitis”. It was agreed
that chronic periodontitis could be designated as lo-
calized or generalized depending on whether less than
or more than 30% of sites within the mouth were
affected.

EARLY-ONSET FORMS OF
PERIODONTITIS - AGGRESSIVE
PERIODONTITIS

The International Workshop recommended that the
term "early-onset periodontitis" be discarded since
this form of disease can occur at various ages and can
persist in older adults. Thus aggressive periodontitis
can be considered either localized or generalized.
Thus the term "localized aggressive periodontitis"
replaces the older term "localized juvenile periodon-
titis" or "localized early-onset periodontitis”. The new

term "generalized aggressive periodontitis" replaces "
generalized juvenile periodontitis" or "generalized
early-onset periodontitis”. The classification term "
prepubertal periodontitis* has been discarded and
these forms of periodontitis are described as localized
or generalized aggressive periodontitis occurring pre-
pubertally.

SYSTEMIC DISEASE FORMS OF
PERIODONTITIS

The International Workshop agreed that certain sys-
temic conditions (such as smoking, diabetes, etc.) can
modify periodontitis (chronic or aggressive) and that
certain systemic conditions can cause destruction of
the periodontium (which may or may not be his-
topathologically periodontitis), for example neu-
tropenias or leukaemias.

NECROTIZING FORMS OF
PERIODONTITIS — NECROTIZING
FORMS OF PERIODONTAL
DISEASES

It was accepted by the International Workshop that "
necrotizing ulcerative gingivitis" (NUG) and "ne-
crotizing ulcerative periodontitis” (NUP) be collec-
tively referred to as "necrotizing periodontal dis-
eases". It was agreed that NUG and NUP were likely
to be different stages of the same infection and may
not be separate disease categories. Both of these dis-
eases are associated with diminished systemic resis-
tance to bacterial infection of periodontal tissues. A
crucial difference between NUG and NUP is whether
the disease is limited to the gingiva or also involves
the attachment apparatus.

REFERENCE

Consensus Report on Chronic Periodontitis (1999). Annals of
Periodontology, 4, p. 38.
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BASIC CONCEPTS



CHAPTER 1

Anatomy of the Periodontium

JAN LINDHE, THORKILD KARRING AND MAURICIO ARAITJO

Introduction

Gingiva
Macroscopic anatomy
Microscopic anatomy

Periodontal ligament

Root cementum

Alveolar bone

Blood supply of the periodontium
Lymphatic system of the periodontium
Nerves of the periodontium

INTRODUCTION

This chapter includes a brief description of the char-
acteristics of the normal periodontium. It is assumed
that the reader has prior knowledge of oral embryol-
ogy and histology. The periodontium (pert = around,
odontos = tooth) comprises the following tissues (Fig.
1-1): (1) the gingiva (G), (2) the periodontal ligament (PL),
(3) the root cementum (RC), and (4) the alveolar bone
(AP). The alveolar bone consists of two components,
the alveolar bone proper (ABP) and the alveolar process.
The alveolar bone proper, also called "bundle bone"
is continuous with the alveolar process and forms the
thin bone plate that lines the alveolus of the tooth.

The main function of the periodontium is to attach
the tooth to the bone tissue of the jaws and to maintain
the integrity of the surface of the masticatory mucosa
of the oral cavity. The periodontium, also called "the
attachment apparatus” or "the supporting tissues of
the teeth”, constitutes a developmental, biologic, and
functional unit which undergoes certain changes with
age and is, in addition, subjected to morphologic
changes related to functional alterations and altera-
tions in the oral environment.

The development of the periodontal tissues occurs
during the development and formation of teeth. This
process starts early in the embryonic phase when cells
from the neural crest (from the neural tube of the
embryo) migrate into the first branchial arch. In this
position the neural crest cells form a band of ectome-
senchyme beneath the epithelium of the stomatodeum (
the primitive oral cavity). After the uncommitted
neural crest cells have reached their location in the jaw
space, the epithelium of the stomatodeum releases

PL-———_\_._\'_'__:‘_I_

ABP

RC

AP /

Fig. 1-1.

factors which initiate epithelial-ectomesenchymal in-
teractions. Once these interactions have occurred, the
ectomesenchyme takes the dominating role in the fur-
ther development. Following the formation of the
dental lamina, a series of processes are initiated (bud
stage, cap stage, bell stage with root development)
which result in the formation of a tooth and its sur-
rounding periodontal tissues, including the alveolar
bone proper. During the cap stage, condensation of
ectomesenchymal cells appears in relation to the
den-



4 « CHAPTER 1

Fig. 1-2.

tal epithelium (the dental organ (DO)), forming the
dental papilla (DP) that gives rise to the dentin and the
pulp, and the dental follicle (DF) that gives rise to the
periodontal supporting tissues (Fig. 1-2). The decisive
role played by the ectomesenchyme in this process is
further established by the fact that the tissue of the
dental papilla apparently also determines the shape
and form of the tooth.

If a tooth germ in the bell stage of development is
dissected and transplanted to an ectopic site (e.g. the
connective tissue or the anterior chamber of the eye),
the tooth formation process continues. The crown and
the root are formed, and the supporting structures, i.e.
cementum, periodontal ligament and a thin lamina of
alveolar bone proper, also develop. Such experiments
document that all information necessary for the for-
mation of a tooth and its attachment apparatus is
obviously residing within the tissues of the dental
organ and the surrounding ectomesenchyme. The
dental organ is the formative organ of enamel, the
dental papilla is the formative organ of the dentin-
pulp complex, and the dental follicle is the formative
organ of the attachment apparatus (the cementum, the
periodontal ligament and the alveolar bone proper).

The development of the root and the periodontal
supporting tissues follows that of the crown. Epi-
thelial cells of the external and internal dental epithe
lium (the dental organ) proliferate in apical
direction forming a double layer of cells named
Hertwig's epithelial root sheath (RS). The odontoblasts (
OB) forming the dentin of the root differentiate from
ectomesenchy-

mal cells in the dental papilla under inductive influ-
ence of the inner epithelial cells (Fig. 1-3). The dentin
(D) continues to form in apical direction producing the
framework of the root. During formation of the root,
the periodontal supporting tissues including acellular
cementum develop. Some of the events in the cemen-
togenesis are still unclear, but the following concept is
gradually emerging.

At the start of dentin formation, the inner cells of
Hertwig's epithelial root sheath synthesize and se-
crete enamel-related proteins, probably belonging to
the amelogenin family. At the end of this period, the
epithelial root sheath becomes fenestrated and
through these fenestrations ectomesenchymal cells
from the dental follicle penetrate and contact the root
surface. The ectomesenchymal cells in contact with
the enamel-related proteins differentiate into cemen-
toblasts and start to form cementoid. This cementoid



represents the organic matrix of the cementum and
consists of a ground substance and collagen fibers,
which intermingle with collagen fibers in the not yet
fully mineralized outer layer of the dentin. It is as-
sumed that the cementum becomes firmly attached to
the dentin through these fiber interactions. The forma-
tion of the cellular cementum, which covers the apical
third of the dental roots, differs from that of acellular
cementum in that some of the cementoblasts become
embedded in the cementum.

The remaining parts of the periodontium are
formed by ectomesenchymal cells from the dental
follicle lateral to the cementum. Some of them differ-
entiate into periodontal fibroblasts and form the fibers
of the periodontal ligament while others become
osteoblasts producing the alveolar bone proper in
which the periodontal fibers are anchored. In other
words, the primary alveolar wall is also an ectome-
senchymal product. It is likely, but still not conclu-
sively documented, that ectomesenchymal cells re-
main in the mature periodontium and take part in the
turnover of this tissue.

ANATOMY OF THE PERIODONTIUM « 5

Fig. 1-4.

Fig. 1-5.

GINGIVA

Macroscopic anatomy

The oral mucosa (mucous membrane) is continuous
with the skin of the lips and the mucosa of the soft
palate and pharynx. The oral mucosa consists of (1)
the masticatory mucosa, which includes the gingiva and
the covering of the hard palate, (2) the specialized mu-
cosa, Which covers the dorsum of the tongue, and (3)
the remaining part, called the lining mucosa.

Fig. 1-4. The gingiva is that part of the masticatory
mucosa which covers the alveolar process and sur-
rounds the cervical portion of the teeth. It consists of
an epithelial layer and an underlying connective tis-
sue layer called the lamina propria. The gingiva obtains
its final shape and texture in conjunction with erup-
tion of the teeth.

In the coronal direction the coral pink gingiva ter-
minates in the free gingival margin, which has a scal-
loped outline. In the apical direction the gingiva is
continuous with the loose, darker red alveolar mucosa (
lining mucosa) from which the gingiva is separated
by a, usually, easily recognizable borderline called
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Fig. 1-6.

Fig. 1-7.

either the mucogingival junction (arrows) or the mu-
cogingival line.

Fig. 1-5. There is no mucogingival line present in the
palate since the hard palate and the maxillary alveolar
process are covered by the same type of masticatory
mucosa.

Fig. 1-6. Two parts of the gingiva can be differentiated:

1. the free gingiva (FG)
2. the attached gingiva (AG)

The free gingiva is coral pink, has a dull surface and
firm consistency. It comprises the gingival tissue at the
vestibular and lingual/palatal aspects of the teeth, and
the interdental gingiva or the interdental papillae. On the
vestibular and lingual side of the teeth, the free
gingiva extends from the gingival margin in apical
direction to the free gingival groove which is positioned
at a level corresponding to the level of the cemento-
enamel junction (CEJ). The attached gingiva is in apical
direction demarcated by the mucogingival junction (
MGJ).

a
Fig. 1-8.

Fig. 1-7. The free gingival margin is often rounded in
such a way that a small invagination or sulcus is
formed between the tooth and the gingiva (Fig. 1-7a).

When a periodontal probe is inserted into this in-
vagination and, further apically, towards the cemento-
enamel junction, the gingival tissue is separated from
the tooth, and a "gingival pocket" or "gingival crevice" is
artificially opened. Thus, in normal or clinically
healthy gingiva there is in fact no "gingival pocket"
or "gingival crevice" present but the gingiva is in close
contact with the enamel surface. In the illustration to
the right (Fig. 1-7b), a periodontal probe has been
inserted in the tooth/gingiva interface and a "gingival
crevice" artificially opened approximately to the level
of the cemento-enamel junction.

After completed tooth eruption, the free gingival
margin is located on the enamel surface approxi-
mately 1.5 to 2 mm coronal to the cemento-enamel
junction.

Fig. 1-8. The shape of the interdental gingiva (the
interdental papilla) is determined by the contact rela-
tionships between the teeth, the width of the approxi-
mal tooth surfaces, and the course of the cemento-
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Fig. 1-10.

enamel junction. In anterior regions of the dentition,
the interdental papilla is of pyramidal form (Fig. 1-8b)
while in the molar regions, the papillae are more
flattened in buccolingual direction (Fig. 1-8a). Due to
the presence of interdental papillae, the free gingival
margin follows a more or less accentuated, scalloped
course through the dentition.

Fig. 1-9. In the premolar/molar regions of the denti-
tion, the teeth have approximal contact surfaces (Fig.
1-9a) rather than contact points. Since the interdental
papilla has a shape in conformity with the outline of
the interdental contact surfaces, a concavity —a col — is
established in the premolar and molar regions, as
demonstrated in Fig. 1-9b, where the distal tooth has
been removed. Thus, the interdental papillae in these
areas often have one vestibular (VP) and one lin-
gual/palatal portion (LP) separated by the col region.
The col region, as demonstrated in the histological
section (Fig. 1-9c¢), is covered by a thin non-keratinized
epithelium (arrows). This epithelium has many fea-
tures in common with the junctional epithelium (see
Fig. 1-34).

Fig. 1-10. The attached gingiva is, in coronal direction,
demarcated by the free gingival groove (GG) or, when
such a groove is not present, by a horizontal plane
placed at the level of the cemento-enamel junction. In
clinical examinations it was observed that a free gin-
gival groove is only present in about 30-40% of
adults.

Vestibular gingiva

Mandible

a

0

2

4

6

Ll Mandible el

b Lingual gingiva
Fig. 1-11.

The free gingival groove is often most pronounced on
the vestibular aspect of the teeth, occurring most fre-
quently in the incisor and premolar regions of the
mandible, and least frequently in the mandibular mo-
lar and maxillary premolar regions.

The attached gingiva extends in the apical direction
to the mucogingival junction (arrows), where it be-
comes continuous with the alveolar (lining) mucosa (
AM). It is of firm texture, coral pink in color, and
often shows small depressions on the surface. The
depressions, named "stippling", give the appearance



8 « CHAPTER |

Fig. 1-12.

of orange peel. It is firmly attached to the underlying
alveolar bone and cementum by connective tissue
fibers, and is, therefore, comparatively immobile in
relation to the underlying tissue. The darker red alveo
lar mucosa (AM) located apical to the mucogingival
junction, on the other hand, is loosely bound to the
underlying bone. Therefore, in contrast to the attached
gingiva, the alveolar mucosa is mobile in relation to
the underlying tissue.

Fig. 1-11 describes how the width of the gingiva varies
in different parts of the mouth. In the maxilla (Fig.
1-11a) the vestibular gingiva is generally widest in the
area of the incisors and most narrow adjacent to the
premolars. In the mandible (Fig. 1-11b) the gingiva on
the lingual aspect is particularly narrow in the area of
the incisors and wide in the molar region. The range
of variation is 1-9 mm.

Fig. 1-12 illustrates an area in the mandibular premo-
lar region where the gingiva is extremely narrow. The
arrows indicate the location of the mucogingival junc-
tion. The mucosa has been stained with an iodine
solution in order to distinguish more accurately be-
tween the gingiva and the alveolar mucosa.

Fig. 1-13 depicts the result of a study in which the
width of the attached gingiva was assessed and re-
lated to the age of the patients examined. It was found
that the gingiva in 40 to 50-year-olds was significantly
wider than that in 20 to 30-year-olds. This observation
indicates that the width of the gingiva tends to in-
crease with age. Since the mucogingival junction re-
mains stable throughout life in relation to the lower
border of the mandible, the increasing width of the
gingiva may suggest that the teeth, as a result of
occlusal wear, slowly erupt throughout life.

Microscopic anatomy

Oral epithelium

Fig. 1-14a presents a schematic drawing of a histologic
section (see Fig. 1-14b) describing the composition
of

20-30 YEARS
[ 40-50 YEARS

Fig. 1-13.

the gingiva and the contact area between the gingiva
and the enamel (E).

Fig. 1-14b. The free gingiva comprises all epithelial and
connective tissue structures (CT) located coronal to a
horizontal line placed at the level of the cemento-
enamel junction (CEJ). The epithelium covering the
free gingiva may be differentiated as follows:

« oral epithelium (OE), which faces the oral cavity

« oral sulcular epithelium (OSE), which faces the tooth
without being in contact with the tooth surface

« junctional epithelium (JE), which provides the
contact between the gingiva and the tooth.

Oral sulcular
epithelium

Junctional
epithelium

Connective
tissue -

Bone

Fig. 1-14a.
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Fig. 1-16.

Fig. 1-14c. The boundary between the oral epithelium (
OE) and the underlying connective tissue (CT) has a
wavy course. The connective tissue portions which
project into the epithelium are called connective tissue
papillae (CTP) and are separated from each other by
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Fig. 1-17.

epithelial ridges — So-called rete pegs (ER). In normal,
non-inflamed gingiva, rete pegs and connective tissue
papillae are lacking at the boundary between the junc-
tional epithelium and its underlying connective tissue
(Fig. 1-14b). Thus, a characteristic morphologic fea-
ture of the oral epithelium and the oral sulcular epi-
thelium is the presence of rete pegs, while these struc-
tures are lacking in the junctional epithelium.

Fig. 1-15 presents a model, constructed on the basis of
magnified serial histologic sections, showing the sub-
surface of the oral epithelium of the gingiva after the
connective tissue has been removed. The subsurface
of the oral epithelium (i.e. the surface of the epithelium
facing the connective tissue) exhibits several depres-
sions corresponding to the connective tissue papillae (
in Fig. 1-16) which project into the epithelium. It can
be seen that the epithelial projections, which in his-
tologic sections separate the connective tissue papil-

lae, constitute a continuous system of epithelial
ridges.

Fig. 1-16 presents a model of the connective tissue,
corresponding to the model of the epithelium shown
in Fig. 1-15. The epithelium has been removed,
thereby making the vestibular aspect of the gingival
connective tissue visible. Notice the connective tissue
papillae which project into the space that was occu-
pied by the oral epithelium (OE) in Fig. 1-15 and by
the oral sulcular epithelium (OSE) on the back of the
model.

Fig. 1-17a. In 40% of adults the attached gingiva shows
a stippling on the surface. The photograph shows a
case where this stippling is conspicuous (see also Fig.
1-10).

Fig. 1-17b presents a magnified model of the outer
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surface of the oral epithelium of the attached gingiva.
The surface exhibits the minute depressions (1-3)
which, when present, give the gingiva its charac-
teristic stippled appearance.

Fig. 1-17c shows a photograph of the subsurface (i.e.
the surface of the epithelium facing the connective
tissue) of the same model as that shown in Fig. 1-17b.
The subsurface of the epithelium is characterized by
the presence of epithelial ridges which merge at vari-
ous locations (1-3). The depressions (1-3) seen on the
outer surface of the epithelium (shown in Fig. 1-17b)
correspond with the fusion sites (1-3) between epi-
thelial ridges. Thus, the depressions on the surface of
the gingiva occur in the areas of fusion between vari-
ous epithelial ridges.

Fig. 1-18a. A portion of the oral epithelium covering
the free gingiva is illustrated in this photomicrograph.
The oral epithelium is a keratinized, stratified, squamous
epithelium which, on the basis of the degree to which
the keratin-producing cells are differentiated, can be
divided into the following cell layers:

1. basal layer (stratum basale or stratum germinati-
vum)

2. prickle cell layer (stratum spinosum)

3. granular cell layer (Stratum granulosum)

4. keratinized cell layer (Stratum corneum)

It should be observed that in this section, cell nuclei
are lacking in the outer cell layers. Such an epithelium
is denoted orthokeratinized. Often, however, the cells of
the stratum corneum of the epithelium of human
gingiva contain remnants of the nuclei (arrows) as
seen in Fig. 1-18b. In such a case, the epithelium is
denoted parakeratinized.

Fig. 1-19. In addition to the keratin-producing cells
which comprise about 90% of the total cell population,
the oral epithelium contains the following types of
cell:

Fig. 1-19.

. melanocytes

. Langerhans cells

. Merkel's cells

. inflammatory cells

A W N P

These cell types are often stellate and have cytoplas-
mic extensions of various size and appearance. They
are also called "clear cells" since in histologic sections,
the zone around their nuclei appears lighter than that
in the surrounding keratin-producing cells.

The photomicrograph shows "clear cells" (arrows)
located in or near the stratum basale of the oral epi-
thelium. Except the Merkel's cells, these "clear cells",
which are not producing keratin, lack desmosomal
attachment to adjacent cells. The melanocytes are pig-
ment-synthesizing cells and are responsible for the
melanin pigmentation occasionally seen on the
gingiva. However, both lightly and darkly pigmented
individuals present melanocytes in the epithelium.
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Fig. 1-21.

The Langerhans cells are believed to play a role in the
defense mechanism of the oral mucosa. It has been
suggested that the Langerhans cells react with anti-
gens which are in the process of penetrating the epi-
thelium. An early immunologic response is thereby
initiated, inhibiting or preventing further antigen
penetration of the tissue. The Merkel's cells have been
suggested to have a sensory function.

Fig. 1-20. The cells in the basal layer are either cylindric
or cuboid, and are in contact with the basement mem-
brane that separates the epithelium and the connective
tissue. The basal cells possess the ability to divide, i.e.
undergo mitotic cell division. The cells marked with
arrows in the photomicrograph are in the process of

dividing. It is in the basal layer that the epithelium is
renewed. Therefore, this layer is also termed stratum
germinativum, and can be considered the progenitor cell
compartment of the epithelium.

Fig. 1-21. When two daughter cells (D) have been
formed by cell division, an adjacent "older" basal cell (
OB) is pushed into the spinous cell layer and starts, as
a keratinocyte, to traverse the epithelium. It takes
approximately 1 month for a keratinocyte to reach the
outer epithelial surface, where it becomes shed from
the stratum corneum. Within a given time, the number
of cells which divide in the basal layer equals the
number of cells which become shed from the surface.
Thus, under normal conditions there is complete equi-
librium between cell renewal and cell loss so that the
epithelium maintains a constant thickness. As the ba-
sal cell migrates through the epithelium, it becomes
flattened with its long axis parallel to the epithelial
surface.

Fig. 1-22. The basal cells are found immediately adja-
cent to the connective tissue and are separated from
this tissue by the basement membrane, probably pro-
duced by the basal cells. Under the light microscope
this membrane appears as a structureless zone ap-
proximately 1 to 2 um wide (arrows) which reacts
positively to a PAS stain (periodic acid-Schiff stain).
This positive reaction demonstrates that the basement
membrane contains carbohydrate (glycoproteins). The
epithelial cells are surrounded by an extracellular
substance which also contains protein-polysaccharide
complexes. At the ultrastructural level, the basement
membrane has a complex composition.

Fig. 1-23 is an electronmicrograph (magnification x 70
000) of an area including part of a basal cell, the
basement membrane and part of the adjacent connec-
tive tissue. The basal cell (BC) occupies the upper
portion of the picture. Immediately beneath the basal
cell an approximately 400 A wide electron lucent zone
can be seen which is called lamina lucida (LL). Beneath
the lamina lucida an electron dense zone of approxi-
mately the same thickness can be observed. This zone
is called lamina densa (LD). From the lamina densa so-
called anchoring fibers (AF) project in a fan-shaped
fashion into the connective tissue. The anchoring fi-
bers are approximately 1pum in length and terminate
freely in the connective tissue. The basement mem-
brane, which appeared as an entity under the light
microscope, thus, in the electronmicrograph, appears
to comprise one lamina lucida and one lamina densa
with adjacent connective tissue fibers (anchoring fi-
bers). The cell membrane of the epithelial cells facing
the lamina lucida harbors a number of electron-dense,
thicker zones appearing at various intervals along the
cell membrane. These structures are called hemides-
mosomes (HD). The cytoplasmic tonofilaments (CT) in



Fig. 1-22.

the cell converge towards such hemidesmosomes. The
hemidesmosomes are involved in the attachment of
the epithelium to the underlying basement mem-
brane.

Fig. 1-24 illustrates an area of stratum spinosum in the
gingival oral epithelium. Stratum spinosum consists
of 10-20 layers of relatively large, polyhedral cells,
equipped with short cytoplasmic processes resem-
bling spines. The cytoplasmic processes (arrows) oc-
cur at regular intervals and give the cells a prickly
appearance. Together with intercellular protein-car-
bohydrate complexes, cohesion between the cells is
provided by numerous "desmosomes" (pairs of
hemidesmosomes) which are located between the cy-
toplasmic processes of adjacent cells.

Fig. 1-24.
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Fig. 1-23.

Fig. 1-25 shows an area of stratum spinosum in an
electronmicrograph. The dark-stained structures be-
tween the individual epithelial cells represent the des-
mosomes (arrows). A desmosome may be considered
to be two hemidesmosomes facing one another. The
presence of a large number of desmosomes indicates
that the cohesion between the epithelial cells is solid.
The light cell (LC) in the center of the illustration
harbors no hemidesmosomes and is, therefore, not a
keratinocyte but rather a "clear cell” (see also Fig. 1-
19).

Fig. 1-26 is a schematic drawing describing the com-
position of a desmosome. A desmosome can be con-
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Fig. 1-26.

sidered to consist of two adjoining hemidesmosomes
separated by a zone containing electron-dense granu-
lated material (GM). Thus, a desmosome comprises
the following structural components: (1) the outer leaf-
lets (OL) of the cell membrane of two adjoining cells, (
2) the thick inner leaflets (IL) of the cell membranes
and (3) the attachment plaques (AP), which represent
granular and fibrillar material in the cytoplasm.

Fig. 1-27. As mentioned previously, the oral epithe-
lium also contains melanocytes, which are responsible
for the production of the pigment melanin. Melano-
cytes are present in individuals with marked pigmen-
tation of the oral mucosa (Indians and Negroes) as
well as in individuals where no clinical signs of pig-
mentation can be seen. In this electronmicrograph a
melanocyte (MC) is present in the lower portion of the
stratum spinosum. In contrast to the keratinocytes,
this cell contains melanin granules (MG) and has no
tonofilaments or hemidesmosomes. Note the large
amount of tonofilaments in the cytoplasm of the adja-
cent keratinocytes.

Fig. 1-28. When traversing the epithelium from the
basal layer to the epithelial surface, the keratinocytes
undergo continuous differentiation and specializa-
tion. The many changes which occur during this proc-
ess are indicated in this diagram of a keratinized
stratified squamous epithelium. From the basal layer
(stratum basale) to the granular layer (stratum granu-
losum) both the number of tonofilaments (F) in the
cytoplasm and the number of desmosomes (D) in-
crease. In contrast, the number of organelles such as
mitochondria (M), lamellae of rough endoplasmic
reticulum (E) and Golgi complexes (G) decrease in the
keratinocytes on their way from the basal layer to-
wards the surface. In the stratum granulosum, elec-
tron dense keratohyalin bodies (K) and clusters of gly-
cogen containing granules start to occur. Such gran-

Str. corneum

Str. granulosum

Fig. 1-28.



ules are believed to be related to the synthesis of
keratin.

Fig. 1-29 is a photomicrograph of the stratum granu-
losum and stratum corneum. Keratohyalin granules
(arrows) are seen in the stratum granulosum. There is
an abrupt transition of the cells from the stratum
granulosum to the stratum corneum. This is indicative
of a very sudden keratinization of the cytoplasm of the
keratinocyte and its conversion into a horny squame.
The cytoplasm of the cells in the stratum corneum (SC)
is filled with keratin and the entire apparatus for
protein synthesis and energy production, i.e. the nu-
cleus, the mitochondria, the endoplasmic reticulum
and the Golgi complex, is lost. In a parakeratinized
epithelium, however, the cells of the stratum corneum
contain remnants of nuclei. Keratinization is consid-
ered a process of differentiation rather than degenera
tion. It is a process of protein synthesis which
requires energy and is dependent on functional cells,
i.e. cells containing a nucleus and a normal set of
organelles.

Summary

The keratinocyte undergoes continuous differentia-
tion on its way from the basal layer to the surface of
the epithelium. Thus, once the keratinocyte has left the
basement membrane it can no longer divide but main
tains a capacity for production of protein (tonofila-
ments and keratohyalin granules). In the granular
layer, the keratinocyte is deprived of its energy- and
protein-producing apparatus (probably by enzymatic
breakdown) and is abruptly converted into a keratin-
filled cell which via the stratum corneum is shed from
the epithelial surface.

Fig. 1-30 illustrates a portion of the epithelium of the
alveolar (lining) mucosa. In contrast to the epithelium
of the gingiva, the lining mucosa has no stratum cor-
neum. Notice that cells containing nuclei can be iden
tified in all layers, from the basal layer to the
surface of the epithelium.

Fig. 1-29.
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Fig. 1-31.

Dento-gingival epithelium

The tissue components of the dento-gingival region
achieve their final structural characteristics in con-
junction with the eruption of the teeth. This is illus-
trated in Fig. 1-31a-d.

Fig. 1-31a. When the enamel of the tooth is fully devel-
oped, the enamel-producing cells (ameloblasts) be-
come reduced in height, produce a basal lamina and
form, together with cells from the outer enamel epi-
thelium, the so-called reduced dental epithelium (RE).
The basal lamina (epithelial attachment lamina: EAL)
lies in direct contact with the enamel. The contact
between this lamina and the epithelial cells is main-
tained by hemidesmosomes. The reduced enamel epi-
thelium surrounds the crown of the tooth from the
moment the enamel is properly mineralized until the
tooth starts to erupt.

Fig. 1-31b. As the erupting tooth approaches the oral

epithelium, the cells of the outer layer of the reduced
dental epithelium (RE), as well as the cells of the basal
layer of the oral epithelium (OE), show increased
mitotic activity (arrows) and start to migrate into the
underlying connective tissue. The migrating epithe-
lium produces an epithelial mass between the oral
epithelium and the reduced dental epithelium so that
the tooth can erupt without bleeding. The former
ameloblasts do not divide.

Fig. 1-31c. When the tooth has penetrated into the oral
cavity, large portions immediately apical to the incisal
area of the enamel are covered by a junctional epithe-
lium (JE) containing only a few layers of cells. The
cervical region of the enamel, however, is still covered
by ameloblasts (AB) and outer cells of the reduced
dental epithelium.

Fig. 1-31d. During the later phases of tooth eruption,
all cells of the reduced enamel epithelium are replaced



ANATOMY OF THE PERIODONTIUM - 17

Fig. 1-3:

by a junctional epithelium. This epithelium is continu
ous with the oral epithelium and provides the
attachment between the tooth and the gingiva. If the
free gingiva is excised after the tooth has fully
erupted, a new junctional epithelium,
indistinguishable from that found following tooth
eruption, will develop during healing. The fact that
this new junctional epithelium has developed from
the oral epithelium indicates that the cells of the oral
epithelium possess the ability to differentiate into
cells of junctional epithelium.

Fig. 1-32 is a histologic section cut through the border
area between the tooth and the gingiva, i.e. the dento-
gingival region. The enamel (E) is to the left. Towards
the right follow the junctional epithelium (JE), the oral
sulcular epithelium (OSE) and the oral epithelium (OE).
The oral sulcular epithelium covers the shallow
groove, the gingival sulcus located between the
enamel and the top of the free gingiva. The junctional
epithelium differs morphologically from the oral sul-
cular epithelium and oral epithelium, while the two

Fig. 1-33

latter are structurally very similar. Although individ-
ual variation may occur, the junctional epithelium is
usually widest in its coronal portion (about 15-20 cell
layers), but becomes thinner (3-4 cells) towards the
cemento-enamel junction (CEJ). The borderline be-
tween the junctional epithelium and the underlying
connective tissue does not present epithelial rete pegs
except when inflamed.

Fig. 1-33. The junctional epithelium has a free surface
at the bottom of the gingival sulcus (GS). Like the oral
sulcular epithelium and the oral epithelium, the junc-
tional epithelium is continuously renewed through
cell division in the basal layer. The cells migrate to the
base of the gingival sulcus from where they are shed.
The border between the junctional epithelium (JE) and
the oral sulcular epithelium (OSE) is indicated by
arrows. The cells of the oral sulcular epithelium are
cuboidal and the surface of this epithelium is kerati-
nized.
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Fig. 1-34 illustrates different characteristics of the junc
tional epithelium. As can be seen in Fig. 1-34a, the
cells of the junctional epithelium (JE) are arranged
into one basal layer (BL) and several suprabasal
layers (SBL). Fig. 1-34b demonstrates that the basal
cells as well as the suprabasal cells are flattened with
their long axis parallel to the tooth surface. (CT =
connective tissue, E = enamel space.)

There are distinct differences between the oral sul-
cular epithelium, the oral epithelium and the junc-
tional epithelium:

1. The size of the cells in the junctional epithelium
is, relative to the tissue volume, larger than in the
oral epithelium.

2. The intercellular space in the junctional
epithelium is, relative to the tissue volume,
comparatively wider than in the oral epithelium.

3. The number of desmosomes is smaller in the junc-
tional epithelium than in the oral epithelium.

Note the comparatively wide intercellular spaces be-
tween the oblong cells of the junctional epithelium,
and the presence of two neutrophilic granulocytes (
PMN) which are traversing the epithelium.

The framed area (A) is shown in a higher magnifi-
cation in Fig. 1-34c, from which it can be seen that the
basal cells of the junctional epithelium are not in direct
contact with the enamel (E). Between the enamel and
the epithelium (JE) one electron-dense zone (1) and
one electron-lucent zone (2) can be seen. The electron
-lucent zone is in contact with the cells of the
junctional

epithelium (JE). These two zones have a structure very
similar to that of the lamina densa (LD) and lamina
lucida (LL) in the basement membrane area (i.e. the
epithelium (JE)-connective tissue (CT) interface) de-
scribed in Fig. 1-23. Furthermore, as seen in Fig. 1-34d,
the cell membrane of the junctional epithelial cells
harbors hemidesmosomes (HD) towards the enamel
as it does towards the connective tissue. Thus, the
interface between the enamel and the junctional epi-
thelium is similar to the interface between the epithe-
lium and the connective tissue.

Fig. 1-35 is a schematic drawing of the most apically
positioned cell in the junctional epithelium. The
enamel (E) is depicted to the left in the drawing. It
can be seen that the electron-dense zone (1) between
the junctional epithelium and the enamel can be
considered a continuation of the lamina densa (LD)
in the basement membrane of the connective tissue
side. Similarly, the electron-lucent zone (2) can be
considered a continuation of the lamina lucida (LL). It
should be noted, however, that at variance with the
epithelium-connective tissue interface, there are no
anchoring fibers (AF) attached to the lamina densa-
like structure (1) adjacent to the enamel. On the other
hand, like the basal cells adjacent to the basement
membrane (at the connective tissue interface), the
cells of the junctional epithelium facing the lamina
lucida-like structure (2) harbor hemidesmosomes.
Thus, the interface between the junctional epithelium
and the enamel is structurally very similar to the
epithelium-connective tissue interface, which means
that the junctional epi-
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thelium is not only in contact with the enamel but is
actually physically attached to the tooth via hemides-
mosomes.

Lamina propria

The predominant tissue component of the gingiva is
the connective tissue (lamina propria). The major
components of the connective tissue are collagen fibers
(around 60% of connective tissue volume), fibroblasts (
around 5%), vessels and nerves (around 35%) which are
embedded in an amorphous ground substance (ma-
trix).

Fig. 1-36. The drawing illustrates a fibroblast (F) resid-
ing in a network of connective tissue fibers (CF). The
intervening space is filled with matrix (M) which
constitutes the "environment" for the cell.

Cells

The different types of cell present in the connective
tissue are: (1) fibroblasts, (2) mast cells, (3) macrophages
and (4) inflammatory cells.

Fig. 1-37. The fibroblast is the most predominant con-
nective tissue cell (65% of the total cell population).
The fibroblast is engaged in the production of various
types of fibers found in the connective tissue, but is
also instrumental in the synthesis of the connective
tissue matrix. The fibroblast is a spindle-shaped or
stellate cell with an oval-shaped nucleus containing
one or more nucleoli. A part of a fibroblast is shown
in electron microscopic magnification. The cytoplasm
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Fig. 1-36.

contains a well-developed granular endoplasmic
reticulum (E) with ribosomes. The Golgi complex (G)
is usually of considerable size and the mitochondria (
M) are large and numerous. Furthermore, the cyto-
plasm contains many fine tonofilaments (F). Adjacent
to the cell membrane, all along the periphery of the
cell, a large number of vesicles (V) can be found.

Fig. 1-38. The mast cell is responsible for the production
of certain components of the matrix. This cell also
produces vasoactive substances, which can affect the
function of the microvascular system and control the
flow of blood through the tissue. A mast cell is pre-
sented in electron microscopic magnification. The cy-
toplasm is characterized by the presence of a large
number of vesicles (V) of varying size. These vesicles
contain biologically active substances such as pro-
teolytic enzymes, histamine and heparin. The Golgi
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Fig. 1-40.

complex (G) is well developed, while granular en-
doplasmic reticulum structures are scarce. A large
number of small cytoplasmic projections, i.e. mi-
crovilli (MV), can be seen along the periphery of the
cell.

Fig. 1-39. The macrophage has a number of different
phagocytic and synthetic functions in the tissue. A
macrophage is shown in electron microscopic magni-
fication. The nucleus is characterized by numerous
invaginations of varying size. A zone of electron-
dense chromatin condensations can be seen along the
periphery of the nucleus. The Golgi complex (G) is

well developed and numerous vesicles (V) of varying
size are present in the cytoplasm. Granular endoplas-
mic reticulum (E) is scarce, but a certain number of free
ribosomes (R) are evenly distributed in the cytoplasm.
Remnants of phagocytosed material are often found
in lysosomal vesicles: phagosomes (PH). In the pe-
riphery of the cell, a large number of microvilli of
varying size can be seen. Macrophages are particu-
larly numerous in inflamed tissue. They are derived
from circulating blood monocytes which migrate into
the tissue.

Fig. 1-40. Besides fibroblasts, mast cells and macro-
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phages, the connective tissue also harbors inflamma-
tory cells of various types, for example neutrophilic
granulocytes, lymphocytes and plasma cells.

The neutrophilic granulocytes, also called polymor-

phonuclear leukocytes, have a characteristic appearance
(Fig. 1-40a). The nucleus is lobulate and numerous
lysosomes (L), containing lysosomal enzymes, are
found in the cytoplasm.

The lymphocytes (Fig. 1-40b) are characterized by an
oval to spherical nucleus containing localized areas of
electron-dense chromatin. The narrow border of cyto-
plasm surrounding the nucleus contains numerous
free ribosomes, a few mitochondria (M) and, in local-
ized areas, endoplasmic reticulum with fixed ribo-
somes. Lysosomes are also present in the cytoplasm.

The plasma cells (Fig. 1-40c) contain an eccentrically
located spherical nucleus with radially deployed elec-
tron-dense chromatin. Endoplasmic reticulum (E)
with numerous ribosomes is found randomly distrib-
uted in the cytoplasm. In addition, the cytoplasm
contains numerous mitochondria (M) and a well-de-
veloped Golgi complex.

Fibers

The connective tissue fibers are produced by the fi-
broblasts and can be divided into: (1) collagen fibers, (2)
reticulin fibers, (3) oxytalan fibers and (4) elastic fibers.

Fig. 1-41. The collagen fibers predominate in the gingi-
val connective tissue and constitute the most essential
components of the periodontium. The electronmi-
crograph shows cross- and longitudinal sections of
collagen fibers. The collagen fibers have a charac-
teristic cross-banding with a periodicity of 700 A be-
tween the individual dark bands.
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Fig. 1-42.

Fig. 1-42 illustrates some important features of the
synthesis and the composition of collagen fibers pro-
duced by fibroblasts (F). The smallest unit, the colla-
gen molecule, is often referred to as tropocollagen. A
tropocollagen molecule (TC) which is seen in the up-
per portion of the drawing is approximately 3000 A
long and has a diameter of 15 A. It consists of three
polypeptide chains intertwined to form a helix. Each
chain contains about 1000 amino acids. One third of
these are glycine and about 20% proline and hy-
droxyproline, the latter being found practically only
in collagen. Tropocollagen synthesis takes place inside
the fibroblast from which the tropocollagen molecule
is secreted into the extracellular space. Thus, the po-
lymerization of tropocollagen molecules to collagen
fibers takes place in the extracellular compartment.
First, tropocollagen molecules are aggregated longitu-
dinally to protofibrils (PF), which are subsequently
laterally aggregated parallel to collagen fibrils (CFR),
with an overlapping of the tropocollagen molecules
by about 25% of their length. Due to the fact that
special refraction conditions develop after staining at
the sites where the tropocollagen molecules adjoin, a
cross-banding with a periodicity of approximately 700
A occurs under light microscopy. The collagen fibers (
CF) are bundles of collagen fibrils, aligned in such a
way that the fibers also exhibit a cross-banding with a
periodicity of 700 A. In the tissue, the fibers are
usually arranged in bundles. As the collagen fibers
mature, covalent crosslinks are formed between the
tropocollagen molecules, resulting in an age-related
reduction in collagen solubility.
Cementoblasts and osteoblasts are cells which also

possess the ability to produce collagen.
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Fig. 1-43. Reticulin fibers — as seen in this photomicro-
graph — exhibit argyrophilic staining properties and
are numerous in the tissue adjacent to the basement
membrane (arrows). However, reticulin fibers also
occur in large numbers in the loose connective tissue
surrounding the blood vessels. Thus, reticulin fibers
are present at the epithelium-connective tissue and the
endothelium-connective tissue interfaces.

Fig 1-44. Oxytalan fibers are scarce in the gingiva but
numerous in the periodontal ligament. They are com-
posed of long thin fibrils with a diameter of approxi-
mately 150 A. These connective tissue fibers can be
demonstrated light microscopically only after pre-
vious oxidation with peracetic acid. The photomicro-
graph illustrates oxytalan fibers (arrows) in the peri-
odontal ligament, where they have a course mainly
parallel to the long axis of the tooth. The function of
these fibers is as yet unknown. The cementum is seen
to the left and the alveolar bone to the right.

Fig. 1-45. Elastic fibers in the connective tissue of the
gingiva and periodontal ligament are only present in
association with blood vessels. However, as seen in
this photomicrograph, the lamina propria and submu-
cosa of the alveolar (lining) mucosa contain numerous
elastic fibers (arrows). The gingiva (G) seen coronal to
the mucogingival junction (MGJ) contains no elastic
fibers except in association with the blood vessels.

Fig. 1-46. Although many of the collagen fibers in the
gingiva and the periodontal ligament are irregularly
or randomly distributed, most tend to be arranged in
groups of bundles with a distinct orientation. Accord-
ing to their insertion and course in the tissue, the
oriented bundles in the gingiva can be divided into the
following groups:

1. Circular fibers (CF) are fiber bundles which run their
course in the free gingiva and encircle the tooth in a
cuff- or ring-like fashion.

2. Dentogingival fibers (DGF) are embedded in the ce-
mentum of the supra-alveolar portion of the root
and project from the cementum in a fan-like con-
figuration out into the free gingival tissue of the
facial, lingual and interproximal surfaces.

3. Dentoperiosteal fibers (DPF) are embedded in the
same portion of the cementum as the dentogingival
fibers, but run their course apically over the ves-
tibular and lingual bone crest and terminate in the
tissue of the attached gingiva. In the border area
between the free and attached gingiva, the epithe-
lium often lacks support by underlying oriented
collagen fiber bundles. In this area the free gingival
groove (GQG) is often present.

4. Transseptal fibers (TF), seen on the drawing to the
right, extend between the supra-alveolar cemen-
tum of approximating teeth. The transseptal fibers
run straight across the interdental septum and are
embedded in the cementum of adjacent teeth.

Fig. 1-47 illustrates in a histologic section the orienta-
tion of the transseptal fiber bundles (arrows) in the
supra-alveolar portion of the interdental area. It
should be observed that, besides connecting the ce-
mentum (C) of adjacent teeth, the transseptal fibers
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Fig. 1-45.

also connect the supra-alveolar cementum (C) with
the crest of the alveolar bone (AB). The four groups of
collagen fiber bundles presented in Fig. 1-46 reinforce
the gingiva and provide the resilience and tone which
is necessary for maintaining its architectural form and
the integrity of the dento-gingival attachment.

Matrix

The matrix of the connective tissue is produced mainly
by the fibroblasts, although some constituents are
produced by mast cells, and other components are
derived from the blood. The matrix is the medium in
which the connective tissue cells are embedded and it
is essential for the maintenance of the normal function
of the connective tissue. Thus, the transportation of
water, electrolytes, nutrients, metabolites, etc., to and
from the individual connective tissue cells occurs
within the matrix. The main constituents of the con-
nective tissue matrix are protein carbohydrate macro-
molecules. These complexes are normally divided
into proteoglycans and glycoproteins. The proteoglycans
contain glycosaminoglycans as the carbohydrate units
(hyaluronan sulfate, heparan sulfate, etc.), which, via
covalent bonds, are attached to one or more protein
chains. The carbohydrate component is always pre-
dominant in the proteoglycans. The glycosaminogly-
can called hyaluronan or "hyaluronic acid" is prob-
ably not bound to protein. The glycoproteins (fi-
bronectin, osteonectin, etc.) also contain polysaccha-
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rides, but these macromolecules are different from
glycosaminoglycans. The protein component is pre-
dominating in glycoproteins. In the macromolecules,
mono- or oligosaccharides are, via covalent bonds,
connected with one or more protein chains.

Fig. 1-48. Normal function of the connective tissue
depends on the presence of proteoglycans and gly-
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Fig. 1-48.

cosaminoglycans. The carbohydrate moiety of the
proteoglycans, the glycosaminoglycans (), are large,
flexible, chain formed, negatively charged molecules,
each of which occupies a rather large space (Fig. 1-
48a). In such a space, smaller molecules, e.g. water
and electrolytes, can be incorporated while larger
molecules are prevented from entering (Fig. 1-48b).
The proteoglycans thereby regulate diffusion and
fluid flow through the matrix and are important
determinants for the fluid content of the tissue and the
maintenance of the osmotic pressure. In other words,
the proteoglycans act as a molecule filter and, in addi-
tion, play an important role in the regulation of cell
migration (movements) in the tissue. Due to their
structure and hydration, the macromolecules exert
resistance towards deformation, thereby serving as
regulators of the consistency of the connective tissue
(Fig. 1-48c). If the gingiva is suppressed, the macro-
molecules become deformed. When the pressure is
eliminated, the macromolecules regain their original
form. Thus, the macromolecules are important for the
resilience of the gingiva.

1-49.

Fig.

Epithelial mesenchymal interaction

There are many examples of the fact that during the
embryonic development of various organs, a mutual
inductive influence occurs between the epithelium
and the connective tissue. The development of the
teeth is a characteristic example of such phenomena.
The connective tissue is, on the one hand, a determin-
ing factor for normal development of the tooth bud
while, on the other, the enamel epithelia exert a defi-
nite influence on the development of the mesenchy-
mal components of the teeth.

It has been suggested that tissue differentiation in
the adult organism can be influenced by environ-
mental factors. The skin and mucous membranes, for
instance, often display increased Kkeratinization and
hyperplasia of the epithelium in areas which are ex-
posed to mechanical stimulation. Thus, the tissues
seem to adapt to environmental stimuli. The presence
of keratinized epithelium on the masticatory mucosa
has been considered to represent an adaptation to
mechanical irritation released by mastication. How-
ever, research has demonstrated that the characteristic
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Fig. 1-51.

features of the epithelium in such areas are genetically
determined. Some pertinent observations are reported
in the following:

Fig. 1-49 shows an area in a monkey where the gingiva
(G) and the alveolar mucosa (AM) have been trans-
posed by a surgical procedure. The alveolar mucosa is
placed in close contact with the teeth while the gingiva
is positioned in the area of the alveolar mucosa.

Fig. 1-50 shows the same area, as seen in Fig. 1-49, 4
months later. Despite the fact that the transplanted
gingiva (G) is mobile in relation to the underlying
bone, like the alveolar mucosa, it has retained its
characteristic, morphologic features of a masticatory
mucosa. However, a narrow zone of new keratinized
gingiva (NG) has regenerated between the trans-
planted alveolar mucosa (AM) and the teeth.

Fig. 1-51 presents a histologic section cut through the
transplanted gingiva seen in Fig. 1-50. Since elastic
fibers are lacking in the gingival connective tissue (G),
but are numerous (small arrows) in the connective
tissue of the alveolar mucosa (AM), the transplanted
gingival tissue can readily be identified. The epithe-
lium covering the transplanted gingival tissue exhib-
its a distinct keratin layer (between large arrows) on
the surface, and also the configuration of the epithe-
lium-connective tissue interface (i.e. rete pegs and
connective tissue papillae) is similar to that of normal
non-transplanted gingiva. Thus, the heterotopically
located gingival tissue has maintained its original

Fig. 1-52.

specificity. This observation demonstrates that the
characteristics of the gingiva are genetically deter-
mined rather than being the result of functional adap-
tation to environmental stimuli.

Fig. 1-52 shows a histologic section cut through the
coronal portion of the area of transplantation (shown
in Fig. 1-50). The transplanted gingival tissue (G)
shown in Fig. 1-51 can be seen in the lower portion of
the photomicrograph. The alveolar mucosa transplant (
AM) is seen between the large arrows in the middle
of the illustration. After surgery, the alveolar mucosa
transplant was positioned in close contact with the
teeth as seen in Fig. 1-49. After healing, a narrow zone
of keratinized gingiva (NG) developed coronal to the
alveolar mucosa transplant (see Fig. 1-50). This new
zone of gingiva (NG), which can be seen in the upper
portion of the histologic section, is covered by kerati-
nized epithelium and the connective tissue contains
no purple-stained elastic fibers. In addition, it is im-
portant to notice that the junction between keratinized
and non-keratinized epithelium (large arrows) corre-
sponds exactly to the junction between "elastic" and "
inelastic" connective tissue (small arrows). The con-
nective tissue of the new gingiva has regenerated from
the connective tissue of the supra-alveolar and peri-
odontal ligament compartments and has separated the
alveolar mucosal transplant (AM) from the tooth (see
Fig. 1-53). However, it is most likely that the
epithelium which covers the new gingiva has mi-
grated from the adjacent epithelium of the alveolar
mucosa.
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Fig. 1-53.

Fig. 1-53 presents a schematic drawing of the develop-
ment of the new, narrow zone of keratinized gingiva (
NG) seen in Figs. 1-50 and 1-52.

Fig. 1-53a. Granulation tissue has proliferated
coronally along the root surface (arrow) and has sepa-
rated the alveolar mucosa transplant (AM) from its
original contact with the tooth surface.

Fig. 1-53b. Epithelial cells have migrated from the
alveolar mucosal transplant (AM) onto the newly
formed gingival connective tissue (NG). Thus, the
newly formed gingiva has become covered with a
keratinized epithelium (KE) which has originated
from the non-keratinized epithelium of the alveolar
mucosa (AM). This implies that the newly formed
gingival connective tissue (NG) possesses the ability
to induce changes in the differentiation of the epithe-
lium originating from the alveolar mucosa. This epi-
thelium, which is normally non-keratinized, appar-
ently differentiates to keratinized epithelium because
of stimuli arising from the newly formed gingival
connective tissue (NG). (GT: gingival transplant.)

Fig. 1-54 illustrates a portion of gingival connective
tissue (G) and alveolar mucosal connective tissue (
AM) which, after transplantation, has healed into
wound areas in the alveolar mucosa. Epithelialization
of these transplants can only occur through migration
of epithelial cells from the surrounding alveolar mu-
cosa.

Fig. 1-55 shows the transplanted gingival connective
tissue (G) after re-epithelialization. This tissue portion
has attained an appearance similar to that of the nor-
mal gingiva, indicating that this connective tissue is
now covered by keratinized epithelium. The trans-

Fig. 1-55.

planted connective tissue from the alveolar mucosa (
AM) is covered by non-keratinized epithelium, and
has the same appearance as the surrounding alveolar
mucosa.

Fig. 1-56 presents two histologic sections through the
area of the transplanted gingival connective tissue.
The section shown in Fig. 1-56a is stained for elastic
fibers (arrows). The tissue in the middle without elas-
tic fibers is the transplanted gingival connective tissue
(G). Fig. 1-56b shows an adjacent section stained with
hematoxylin and eosin. By comparing Figs. 1-56a and
1-56b it can be seen that:

1. the transplanted gingival connective tissue is cov-
ered by keratinized epithelium (between arrow-
heads)

2. the epithelium-connective tissue interface has the
same wavy course (i.e. rete pegs and connective
tissue papillag) as seen in normal gingiva.

The photomicrographs seen in Figs. 1-56¢ and 1-56d
illustrate, at a higher magnification, the border area
between the alveolar mucosa (AM) and the trans-
planted gingival connective tissue (G). Note the dis-
tinct relationship between keratinized epithelium (ar-
row) and "inelastic" connective tissue (arrowheads),
and between non-keratinized epithelium and "elas-
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tic" connective tissue. The establishment of such a
close relationship during healing implies that the
transplanted gingival connective tissue possesses the
ability to alter the differentiation of epithelial cells as
previously suggested (Fig. 1-53). From being non-
keratinizing cells, the cells of the epithelium of the
alveolar mucosa have evidently become keratinizing
cells. This means that the specificity of the gingival
epithelium is determined by genetic factors inherent
in the connective tissue.

PERIODONTAL LIGAMENT

The periodontal ligament is the soft, richly vascular
and cellular connective tissue which surrounds the
roots of the teeth and joins the root cementum with
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socket wall. In the coronal direction, the periodontal
ligament is continuous with the lamina propria of the
gingiva and is demarcated from the gingiva by the
collagen fiber bundles which connect the alveolar
bone crest with the root (the alveolar crest fibers).

Fig. 1-57 is a radiograph of a mandibular premolar-
molar region. In radiographs, two types of alveolar
bone can be distinguished:

1. The part of the alveolar bone which covers the
alveolus, called "lamina dura™ (arrows).

2. The portion of the alveolar process which, in the
radiograph, has the appearance of a meshwork.
This is called the "spongy bone™.

The periodontal ligament is situated in the space be-
tween the roots (R) of the teeth and the lamina dura or
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Fig. 1-57.

the alveolar bone proper (arrows). The alveolar bone (
AB) surrounds the tooth to a level approximately 1
mm apical to the cemento-enamel junction (CEJ). The
coronal border of the bone is called the alveolar crest (
arrows).

The periodontal ligament space has the shape of an
hourglass and is narrowest at the mid-root level. The
width of the periodontal ligament is approximately 0.
25 mm (range 0.2-0.4 mm). The presence of a peri-
odontal ligament permits forces, elicited during mas-
ticatory function and other tooth contacts, to be dis-
tributed to and resorbed by the alveolar process via
the alveolar bone proper. The periodontal ligament is
also essential for the mobility of the teeth. Tooth mo-
bility is to a large extent determined by the width,
height and quality of the periodontal ligament (see
Chapters 18 and 30).

Fig. 1-58 illustrates in a schematic drawing how the
periodontal ligament is situated between the alveolar
bone proper (ABP) and the root cementum (RC). The
tooth is joined to the bone by bundles of collagen fibers
which can be divided into the following main groups
according to their arrangement:

1. alveolar crest fibers (ACF)
2. horizontal fibers (HF)

3. oblique fibers (OF)

4. apical fibers (APF)

Fig. 1-59. The periodontal ligament and the root ce-
mentum develop from the loose connective tissue (the
follicle) which surrounds the tooth bud. The sche-
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matic drawing depicts the various stages in the or-
ganization of the periodontal ligament which forms
concomitantly with the development of the root and
the eruption of the tooth.

Fig. 1-59a. The tooth bud is formed in a crypt of the
bone. The collagen fibers produced by the fibroblasts
in the loose connective tissue around the tooth bud
are, during the process of their maturation, embedded
into the newly formed cementum immediately apical
to the cemento-enamel junction (CEJ). These fiber
bundles oriented towards the coronal portion of the
bone crypt will later form the dentogingival fiber
group, the dentoperiosteal fiber group and the
transseptal fiber group which belong to the oriented
fibers of the gingiva (see Fig. 1-46).

Fig. 1-59b. The true periodontal ligament fibers, the
principal fibers, develop in conjunction with the erup-
tion of the tooth. First, fibers can be identified entering
the most marginal portion of the alveolar bone.

Fig. 1-59c. Later, more apically positioned bundles of
oriented collagen fibers are seen.

Fig. 1-59d. The orientation of the collagen fiber bun-
dles alters continuously during the phase of tooth
eruption. First, when the tooth has reached contact in
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occlusion and is functioning properly, the fibers of the
periodontal ligament associate into groups of well-
oriented dentoalveolar collagen fibers demonstrated
in Fig. 1-58. These collagen structures undergo con-
stant remodeling (i.e. resorption of old fibers and
formation of new ones).

Fig. 1-60. This schematic drawing illustrates the devel-
opment of the principal fibers of the periodontal liga-
ment. The alveolar bone proper (ABP) is seen to the
left, the periodontal ligament (PL) is depicted in the
center and the root cementum (RC) is seen to the right.

Fig. 1-60a. First, small, fine, brush-like fibrils are de-
tected arising from the root cementum and projecting
into the PL space. The surface of the bone is, at this
stage, covered by osteoblasts. From the surface of the
bone only a small number of radiating, thin collagen
fibrils can be seen.
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Fig. 1-60b. Later on, the number and thickness of fibers
entering the bone increase. These fibers radiate to-
wards the loose connective tissue in the mid-portion
of the periodontal ligament area (PL), which contains
more or less randomly oriented collagen fibrils. The
fibers originating from the cementum are still short
while those entering the bone gradually become
longer. The terminal portions of these fibers carry
finger-like projections.

Fig. 1-60c. The fibers originating from the cementum
subsequently increase in length and thickness and
fuse in the periodontal ligament space with the fibers
originating from the alveolar bone. When the tooth,
following eruption, reaches contact in occlusion and
starts to function, the principal fibers become organ-
ized in bundles and run continuously from the bone to
the cementum.
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Fig. 1-61a.

Fig. 1-62a.

Fig. 1-62b.

Fig. 1-61b.

(Sharpey's fibers) have a smaller diameter but are
more numerous than those embedded in the alveolar
bone proper (Sharpey's fibers).

Fig. 1-61b presents a polarized version of Fig. 1-61a. In
this illustration the Sharpey's fibers (SF) can be seen
penetrating not only the cementum (C) but also the
entire width of the alveolar bone proper (ABP). The
periodontal ligament also contains a few elastic fibers
associated with the blood vessels. Oxytalan fibers (see
Fig. 1-44) are also present in the periodontal ligament.
They have a mainly apico-occlusal orientation and are
located in the ligament closer to the tooth than to the
alveolar bone. Very often they insert into the cemen-
tum. Their function has not been determined.

The cells of the periodontal ligament are: fibroblasts,
osteoblasts, cementoblasts, osteoclasts, as well as epithelial
cells and nerve fibers. The fibroblasts are aligned along
the principal fibers, while cementoblasts line the sur-
face of the cementum, and the osteoblasts line the bone
surface.

Fig. 1-62a shows the presence of clusters of epithelial
cells (ER) in the periodontal ligament (PDL). These
cells, called the epithelial cell rests of Mallassez, represent
remnants of the Hertwig's epithelial root sheath. The
epithelial cell rests are situated in the periodontal
ligament at a distance of 15-75 pm from the cementum
(C) on the root surface. A group of such epithelial cell
rests is seen in a higher magnification in Fig. 1-62b.

Fig. 1-63. Electron microscopically it can be seen that
the epithelial cell rests are surrounded by a basement
membrane (BM) and that the cell membranes of the
epithelial cells exhibit the presence of desmosomes (D)
as well as hemidesmosomes (HD). The epithelial cells
contain only few mitochondria and have a poorly
developed endoplasmic reticulum. This means that
they are vital, but resting, cells with minute metabo-
lism.

Fig. 1-61a illustrates how the principal fibers of the Fig. 1-64 is a photomicrograph of a periodontal liga-
periodontal ligament (PDL) run continuously from ment removed from an extracted tooth. This specimen the
root cementum to the alveolar bone proper (ABP). prepared tangential to the root surface shows that the The
principal fibers embedded in the cementum epithelial cell rests of Mallassez, which in ordinary
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histologic sections appear as isolated groups of epi-
thelial cells, in fact form a continuous network of
epithelial cells surrounding the root. Their function is
at present unknown.

ROOT CEMENTUM

The cementum is a specialized mineralized tissue cov-
ering the root surfaces and, occasionally, small por-
tions of the crown of the teeth. It has many features in
common with bone tissue. However, the cementum
contains no blood or lymph vessels, has no innerva-
tion, does not undergo physiologic resorption or re-
modeling, but is characterized by continuing deposi-
tion throughout life. Like other mineralized tissues, it
contains collagen fibers embedded in an organic ma-
trix. Its mineral content, which is mainly hydroxyapa-
tite, is about 65% by weight; a little more than that of
bone (i.e. 60%). Cementum serves different functions.
It attaches the periodontal ligament fibers to the root
and contributes to the process of repair after damage
to the root surface.

Fig. 1-65a
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Fig. 1-64.

Different forms of cementum have been
described:

1. Acellular, extrinsic fiber cementum (AEFC) is found in
the coronal and middle portions of the root and
contains mainly bundles of Sharpey's fibers. This
type of cementum is an important part of the at-
tachment apparatus and connects the tooth with the
alveolar bone proper.

2. Cellular, mixed stratified cementum (CMSC) occurs in
the apical third of the roots and in the furcations. It
contains both extrinsic and intrinsic fibers as well
as cementocytes.

3. Cellular, intrinsic fiber cementum (CIFC) is found

mainly in resorption lacunae and it contains intrin-
sic fibers and cementocytes.

Fig. 1-65a shows a portion of a root with adjacent
periodontal ligament (PDL). A thin layer of acellular,
extrinsic fiber cementum (AEFC) with densely packed
extrinsic fibers covers the peripheral dentin. Cemen-
toblasts and fibroblasts can be observed adjacent to
the cementum.

Fig. 1-65b represents a scanning electron micrograph
of AEFC. Note that the extrinsic fibers attach to the
dentin (left) and are continous with the collagen fiber
bundles (CB) of the periodontal ligament (PDL). The

Fig. 1-65b.
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Fig. 1-66.

AEFC is formed concomitantly with the formation of
the root dentin. At a certain stage during tooth forma
tion, the epithelial sheath of Hertwig, which lines the
newly formed predentin, is fragmented. Cells from
the dental follicle then penetrate the epithelial sheath
of Hertwig and occupy the area next to the predentin.
In this position, the ectomesenchymal cells from the
dental follicle differentiate into cementoblasts and be
-gin to produce collagen fibers at right angles to the
surface. The first cementum is deposited on the highly
mineralized superficial layer of the mantle dentin
called the "hyaline layer" which contains enamel ma-
trix proteins and the initial collagen fibers of the ce-
mentum. Subsequently, cementoblasts drift away
from the surface resulting in increased thickness of the
cementum and incorporation of principal fibers.

Fig. 1-66 demonstrates the structure of cellular, mixed
stratified cementum (CMSC) which, in contrast to
AEFC, contains cells and intrinsic fibers. The CMSC is
laid down throughout the functional period of the
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tooth. The various types of cementum are produced
by cementoblasts or periodontal ligament (PDL) cells
lining the cementum surface. Some of these cells be-
come incorporated into the cementoid, which sub-
sequently mineralizes to form cementum. The cells

which are incorporated in the cementum are called
cementocytes (CC).

Fig. 1-67 illustrates how cementocytes (black cells)
reside in lacunae in CMSC or CIFC. They communi-
cate with each other through a network of cytoplasmic
processes (arrows) running in canaliculi in the cemen-
turn. The cementocytes also, through cytoplasmic
processes, communicate with the cementoblasts on




the surface. The presence of cementocytes allows
transportation of nutrients through the cementum,
and contributes to the maintenance of the vitality of
this mineralized tissue.

Fig. 1-68a is a photomicrograph of a section through
the periodontal ligament (PDL) in an area where the
root is covered with acellular, extrinsic fiber cemen-
tum (AEFC). The portions of the principal fibers of the
periodontal ligament which are embedded in the root
cementum (arrows) and in the alveolar bone proper (
ABP) are called Sharpey's fibers. The arrows to the
right indicate the border between ABP and the alveo-
lar bone (AB). In AEFC the Sharpey's fibers have a
smaller diameter and are more densely packed than
their counterparts in the alveolar bone. During the
continuous formation of AEFC, portions of the peri-
odontal ligament fibers (principal fibers) adjacent to
the root become embedded in the mineralized tissue.
Thus, the Sharpey's fibers in the cementum are a direct
continuation of the principal fibers in the periodontal
ligament and the supra-alveolar connective tissue.

Fig. 1-68b. The Sharpey's fibers constitute the extrinsic
fiber system (E) of the cementum and are produced by
fibroblasts in the periodontal ligament. The intrinsic
fiber system (I) is produced by cementoblasts and is
composed of fibers oriented more or less parallel to
the long axis of the root.
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Fig. 1-68b.

Fig. 1-69 shows extrinsic fibers penetrating acellular,
extrinsic fiber cementum (AEFC). The characteristic
crosshanding of the collagen fibers is masked in the
cementum because apatite crystals have become de-
posited in the fiber bundles during the process of
mineralization.

Fig. 1-70. In contrast to the bone, the cementum (C)
does not exhibit alternating periods of resorption and
apposition, but increases in thickness throughout life
by deposition of successive new layers. During this

Fig. 1-70.
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process of gradual apposition, the particular portion
of the principal fibers which resides immediately ad-
jacent to the root surface becomes mineralized. Min-
eralization occurs by the deposition of hydroxyapatite
crystals, first within the collagen fibers, later upon the
fiber surface and finally in the interfibrillar matrix.
The electronphotomicrograph shows a cementoblast (
CB) located near the surface of the cementum (C) and
between two inserting principal fiber bundles. Gener-
ally, the AEFC is more mineralized than CMSC and
CIFC. Sometimes only the periphery of the Sharpey's
fibers of the CMSC is mineralized, leaving an unmin-
eralized core within the fiber.

Fig. 1-71 is a photomicrograph of the periodontal liga-
ment (PDL) which resides between the cementum (
CMSC) and the alveolar bone proper (ABP). The
CMSC is densely packed with collagen fibers oriented
parallel to the root surface (intrinsic fibers) and Shar-
pey's fibers (extrinsic fibers), oriented more or less
perpendicularly to the cementum-dentine junction (
predentin (PD)). The various types of cementum in-
crease in thickness by gradual apposition throughout
life. The cementum becomes considerably wider in the
apical portion of the root than in the cervical portion,
where the thickness is only 20-50um. In the apical root
portion the cementum is often 150-250 um wide. The
cementum often contains incremental lines indicating
alternating periods of formation. The CMSC is formed
after the termination of tooth eruption, and after a
response to functional demands.

ALVEOLAR BONE

The alveolar process is defined as the parts of the
maxilla and the mandible that form and support the

Fig. 1-71

sockets of the teeth. The alveolar process develops in
conjunction with the development and eruption of the
teeth. The alveolar process consists of bone which is
formed both by cells from the dental follicle (alveolar
bone proper) and cells which are independent of tooth
development. Together with the root cementum and
the periodontal membrane, the alveolar bone consti-
tutes the attachment apparatus of the teeth, the main
function of which is to distribute and resorb forces
generated by, for example, mastication and other tooth
contacts.

Fig. 1-72 illustrates a cross-section through the alveo-
lar process (pars alveolaris) of the maxilla at the mid-
root level of the teeth. Note that the bone which covers
the root surfaces is considerably thicker at the palatal
than at the buccal aspect of the jaw. The walls of the
sockets are lined by cortical bone (arrows), and the area
between the sockets and between the compact jaw
bone walls is occupied by cancellous bone. The cancel-
lous bone occupies most of the interdental septa but
only a relatively small portion of the buccal and pala-
tal bone plates. The cancellous bone contains bone
trabeculae, the architecture and size of which are partly
genetically determined and partly the result of the
forces to which the teeth are exposed during function.
Note how the bone on the buccal and palatal aspects
of the alveolar process varies in thickness from one
region to another. The bone plate is thick at the palatal
aspect and on the buccal aspect of the molars but thin
in the buccal anterior region.

Fig. 1-73 shows cross-sections through the mandibular
alveolar process at levels corresponding to the coronal
(Fig. 1-73a) and apical (Fig. 1-73b) thirds of the roots.
The bone lining the wall of the sockets (alveolar bone
proper) is often continuous with the compact or corti-
cal bone at the lingual (L) and buccal (B) aspects of
the
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Fig. 1-72.

Fig. 1-73.

alveolar process (arrows). Note how the bone on the incisor and premolar regions, the bone plate at the buccal
and lingual aspects of the alveolar process buccal aspects of the teeth is considerably thinner than varies in

thickness from one region to another. In the
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Incisors Premolars

Fig. 1-75.

at the lingual aspect. In the molar region, the bone is
thicker at the buccal than at the lingual surfaces.

Fig. 1-74. At the buccal aspect of the jaws, the bone
coverage is sometimes missing at the coronal portion
of the roots, forming a so-called dehiscence (D). If some
bone is present in the most coronal portion of such an

Molars

area the defect is called a fenestration (F). These defects
often occur where a tooth is displaced out of the arch
and are more frequent over anterior than posterior
teeth. The root in such defects is covered only by
periodontal ligament and the overlying gingiva.

Fig. 1-75 presents vertical sections through various
regions of the mandibular dentition. The bone wall at
the buccal (B) and lingual (L) aspects of the teeth varies
considerably in thickness, e.g. from the premolar to
the molar region. Note, for instance, how the presence
of the oblique line (linea obliqua) results in a shelf-like
bone process (arrows) at the buccal aspect of the sec-
ond and third molars.

Fig. 1-76 shows a section through the periodontal
ligament (PL), tooth (T), and the alveolar bone (AB).
The blood vessels in the periodontal ligament and the
alveolar bone appear black because the blood system
was perfused with ink. The compact bone (alveolar
bone proper) which lines the tooth socket, and in a
radiograph (Fig. 1-57) appears as "lamina dura" (LD),
is perforated by numerous Volkmann's canals (arrows)
through which blood vessels, lymphatics, and nerve
fibers pass from the alveolar bone (AB) to the peri-
odontal ligament (PL). This layer of bone into which
the principal fibers are inserted (Sharpey's fibers) is
sometimes called "bundle bone". From a functional
and structural point of view, this "bundle bone™ has
many features in common with the cementum layer
on the root surfaces.
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ANATOMY OF THE PERIODONTIUM - 37

Fig. 1-77. The alveolar process starts to form early in
fetal life, with mineral deposition at small foci in the
mesenchymal matrix surrounding the tooth buds.
These small mineralized areas increase in size, fuse,
and become resorbed and remodeled until a continu-
ous mass of bone has formed around the fully erupted
teeth. The mineral content of bone, which is mainly
hydroxyapatite, is about 60% on a weight basis. The
photomicrograph illustrates the bone tissue within the
furcation area of a mandibular molar. The bone tissue
can be divided into two compartments: mineralized
bone (MB) and bone marrow (BM). The mineralized
bone is made up of lamellae — lamellar bone — while
the bone marrow contains adipocytes (ad), vascular
structures (v), and undifferentiated mesenchymal
cells (see insertion).

Fig. 1-78. The mineralized, lamellar bone includes two
types of bone tissue: the bone of the alveolar process
(AB) and the alveolar bone proper (ABP), which cov-
ers the alveolus. The ABP or the bundle bone has a
varying width and is indicated with white arrows. The
alveolar bone (AB) is a tissue of mesenchymal origin
and it is not considered as part of the genuine attach-
ment apparatus. The alveolar bone proper (ABP), on
the other hand, together with the periodontal liga-
ment (PDL) and the cementum (C) is responsible for
the attachment between the tooth and the skeleton. AB
and ABP may, as a result of altered functional de-
mands, undergo adaptive changes.

Fig. 1-79 describes a portion of lamellar bone. The
lamellar bone at this site contains osteons (white cir-

Fig. 1-78.
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Fig. 1-80a.

lles) each of which harbors a blood vessel located in a
Haversian canal (HC). The blood vessel is surrounded
by concentric, mineralized lamellae to form the
osteon. The space between the different osteons is
filled with so-called interstitial lamellae. The osteons
in the lamellar bone are not only structural units but
also metabolic units. Thus, the nutrition of the bone is
secured by the blood vessels in the Haversian canals
and connecting vessels in the Volkmann canals.

Fig. 1-80. The histologic section (Fig. 1-80a) shows the
borderline between the alveolar bone proper (ABP)
and lamellar bone with an osteon. Note the presence
of the Haversian canal (HC) in the center of the
osteon.

Fig. 1-79.

ABP

Fig. 1-80b.

The alveolar bone proper (ABP) includes circumferen-
tial lamella and contains Sharpey's fibers which ex-
tend into the periodontal ligament. The schematic
drawing (Fig. 1-80b) is illustrating three active osteons
(brown) with a blood vessel (red) in the Haversian
canal (HC). Interstitial lamella (green) is located be-
tween the osteons (0) and represents an old and partly
remodelled osteon. The alveolar bone proper (ABP) is
presented by the dark lines into which the Sharpey's
fibers (SF) insert.

Fig. 1-81 illustrates an osteon with osteocytes (OC)
residing in osteocyte lacunae in the lamellar bone. The
osteocytes connect via canaliculi (can) which contain
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Fig. 1-83.
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Fig. 1-81.

Fig. 1-82.

cytoplasmatic projections of the osteocytes. A Haver-
sian canal (HC) is seen in the middle of the osteon.

Fig. 1-82 illustrates an area of the alveolar bone in
which bone formation occurs. The osteoblasts (ar-
rows), the bone-forming cells, are producing bone
matrix (osteoid) consisting of collagen fibers, glyco-
proteins and proteoglycans. The bone matrix or the
osteoid undergoes mineralization by the deposition of
minerals such as calcium and phosphate, which are
subsequently transformed into hydroxyapatite.

Fig. 1-83. The drawing illustrates how osteocytes, pre-
sent in the mineralized bone, communicate with
osteoblasts on the bone surface through canaliculi.
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Fig. 1-84.

Fig. 1-84. All active bone forming sites harbor
osteoblasts. The outer surface of the bone is lined by a
layer of such osteoblasts which, in turn, are organized
in a periosteum (P) that contains densely packed col-
lagen fibers. On the "inner surface" of the bone, i.e. in
the bone marrow space, there is an endosteum (E),
which presents similar features as the periosteum.

Fig. 1-85 illustrates an osteocyte residing in a lacuna
in the bone. It can be seen that cytoplasmic processes
radiate in different directions.

Fig. 1-86 illustrates osteocytes (OC) and how their long
and delicate cytoplasmic processes communicate
through the canaliculi (CAN) in the bone. The result-
ing canalicular-lacunar system is essential for cell me
tabolism by allowing diffusion of nutrients and waste
products. The surface between the osteocytes with
their cytoplasmic processes on the one side, and the
mineralized matrix on the other, is very large. It has

Fig. 1-85

CAN

o]@

Fig. 1-86.
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Fig. 1-88.

been calculated that the interface between cells and
matrix in a cube of bone, 10 x 10 x 10 cm, amounts to
approximately 250 m2. This enormous surface of ex-
change serves as a regulator, e.g. for the serum calcium
and the serum phosphate levels via hormonal control
mechanisms.

Fig. 1-87. The alveolar bone is constantly renewed in
response to functional demands. The teeth erupt and
migrate in a mesial direction throughout life to com-
pensate for attrition. Such movement of the teeth im-
plies remodelling of the alveolar bone. During the
process of remodelling, the bone trabeculae are con-
tinuously resorbed and reformed and the cortical bone
mass is dissolved and replaced by new bone. During
breakdown of the cortical bone, resorption canals are
formed by proliferating blood vessels. Such canals,
which in their center contain a blood vessel, are sub-
sequently refilled with new bone by the formation of
lamellae arranged in concentric layers around the
blood vessel. A new Haversian system (0) is seen in
the photomicrograph of a horizontal section through
the alveolar bone (AB), periodontal ligament (PL) and
tooth (T).

Fig. 1-89.

Fig. 1-88. The resorption of bone is always associated
with osteoclasts (Ocl). These cells are giant cells special
ized in the breakdown of mineralized matrix (bone,
dentin, cementum) and are probably developed from
blood monocytes. The resorption occurs by the release
of acid substances (lactic acid, etc.) which forms an
acidic environment in which the mineral salts of the
bone tissue become dissolved. Remaining organic
substances are eliminated by enzymes and osteoclas-
tic phagocytosis. Actively resorbing osteoclasts ad-
here to the bone surface and produce lacunar pits
called Howship's lacunae (dotted line). They are mobile
and capable of migrating over the bone surface. The
photomicrograph demonstrates osteoclastic activity at
the surface of alveolar bone (AB).

Fig. 1-89 illustrates a so-called bone multicellular unit
(BMU), which is present in bone tissue undergoing
active remodeling. The reversal line, indicated by red
arrows, demonstrates to which level bone resorption
has occurred. From the reversal line new bone has
started to form and has the character of osteoid. Note
the presence of osteoblasts (ob) and vascular struc-
tures (v). The osteoclasts resorb organic as well as
inorganic substances.
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Fig. 1-90.

y sorption followed by formation) in response to tooth

drifting and changes in functional forces acting on the
teeth. Remodeling of the trabecular bone starts with
resorption of the bone surface by osteoclasts (OCL) as
seen in Fig. 1-90a. After a short period, osteoblasts (
OB) start depositing new bone (Fig. 1-90b) and finally a
new bone multicellular unit is formed, clearly deli-

" neated by a reversal line (arrows) as seen in Fig. 1-90c.

' Fig. 1-91. Collagen fibers of the periodontal ligament (

PL) are inserting in the mineralized bone which lines
the wall of the tooth socket. This bone, which as
previously described is called alveolar bone proper or
bundle bone (BB), has a high turnover rate. The por-
tions of the collagen fibers which are inserted inside

~ the bundle bone are called Sharpey's fibers (SF). These
. fibers are mineralized at their periphery, but often have

«a non-mineralized central core. The collagen fiber

Fig. 1-91.

Fig. 1-90. Both the cortical and cancellous alveolar
bone are constantly undergoing remodeling (i.e. re-

bundles inserting in the bundle bone generally have a

~ larger diameter and are less numerous than the
- corresponding fiber bundles in the cement-um on the

opposite side of the periodontal ligament. Individual
bundles of fibers can be followed all the way from the
alveolar bone to the cementum. However, despite
being in the same bundle of fibers, the collagen adja-

cent to the bone is always less mature than that adja-
. cent to the cementum. The collagen on the tooth side

has a low turnover rate. Thus, while the collagen
adjacent to the bone is renewed relatively rapidly, the
collagen adjacent to the root surface is renewed slowly

or not at all. Note the occurrence of osteoblasts (OB)
and osteocytes (OC).



Fig. 1-94.

BLOOD SUPPLY OF THE
PERIODONTIUM

Fig. 1-92. The schematic drawing depicts the blood
supply to the teeth and the periodontal tissues. The
dental artery (a.d.), which is a branch of the superior or
inferior alveolar artery (a.a.i.), dismisses the intraseptal
artery (a.i.) before it enters the tooth socket. The termi-
nal branches of the intraseptal artery (rami perforantes, rr.
p.) penetrate the alveolar bone proper in canals at all
levels of the socket (see Fig. 1-76). They anastomose in
the periodontal ligament space, together with blood
vessels originating from the apical portion of the peri-
odontal ligament and with other terminal branches,
from the intraseptal artery (a.i.). Before the dental
artery (a.d.) enters the root canal it puts out branches
which supply the apical portion of the periodontal
ligament.

Fig. 1-93. The gingiva receives its blood supply mainly
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Fig. 1-95.

through supraperiosteal blood vessels which are termi-
nal branches of the sublingual artery (a.s.), the mental
artery (a.m.), the buccal artery (a.b.), the facial artery (a.f.),
the greater palatine artery (a.p.), the infra orbital artery (a.i.)
and the posterior superior dental artery (a.ap.).

Fig. 1-94 depicts the course of the greater palatine
artery (a.p.) in a specimen of a monkey which at
sacrifice was perfused with plastic. Subsequently, the
soft tissue was dissolved. The greater palatine artery (
a.p.), which is a terminal branch of the ascending
palatine artery (from the maxillary, "internal maxillary",
artery), runs through the greater palatine canal (arrow)
to the palate. As this artery runs in a frontal direction
it puts out branches which supply the gingiva and the
masticatory mucosa of the palate.

Fig. 1-95. The various arteries are often considered to
supply certain well-defined regions of the dentition.
In reality, however, there are numerous anastomoses
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present between the different arteries. Thus, the entire
system of blood vessels, rather than individual groups of
vessels, should be regarded as the unit supplying the
soft and hard tissue of the maxilla and the mandible,
e.g. in this figure there is an anastomosis (arrow)
between the facial artery (a.f.) and the blood vessels of
the mandible.

Fig. 1-96 illustrates a vestibular segment of the maxilla
and mandible from a monkey which at sacrifice was
perfused with plastic. Notice that the vestibular
gingiva is supplied with blood mainly through su-
praperiosteal blood vessels (arrows).

Fig. 1-97. As can be seen, blood vessels (arrows) origi-

: et
Fig. 1-97.

nating from vessels in the periodontal ligament are
passing the alveolar bone crest and contribute to the
blood supply of the free gingiva.

Fig. 1-98 shows a specimen from a monkey which at
the time of sacrifice was perfused with ink. Sub-
sequently, the specimen was treated to make the tissue
transparent (cleared specimen). To the right, the su-
praperiosteal blood vessels (sv) can be seen. During
their course towards the free gingiva they put forth
numerous branches to the subepithelial plexus (sp) lo-
cated immediately beneath the oral epithelium of the




free and attached gingiva. This subepithelial plexus in

turn yields thin capillary loops to each of the connective #
tissue papillae projecting into the oral epithelium ( |

OE). The number of such capillary loops is constant
over a very long time and is not altered by application
of epinephrine or histamine to the gingival margin.

This implies that the blood vessels of the lateral por- g

tions of the gingiva, even under normal circum-
stances, are fully utilized and that the blood flow to
the free gingiva is regulated entirely by velocity altera-

tions. In the free gingiva, the supraperiosteal blood

vessels (sv) anastomose with blood vessels from the
periodontal ligament and the bone. Beneath the junc-
tional epithelium (JE) seen to the left, is a plexus of
blood vessels termed the dentogingival plexus (dp). The
blood vessels in this plexus have a thickness of ap-
proximately 40 urn, which means that they are mainly
venules. In healthy gingiva, no capillary loops occur
in the dentogingival plexus.

Fig. 1-99. This specimen illustrates how the subepi-

thelial plexus (sp), beneath the oral epithelium of the

free and attached gingiva, yields thin capillary loops
to each connective tissue papilla. These capillary loops

have a diameter of approximately 7 pm, which means ‘g

they are the size of true capillaries.

Fig. 1-100 illustrates the dentogingival plexus in a
section cut parallel to the subsurface of the junctional
epithelium. As can be seen, the dentogingival plexus
consists of a fine-meshed network of blood vessels. In
the upper portion of the picture, capillary loops can be
detected belonging to the subepithelial plexus be-
neath the oral sulcular epithelium.

Fig. 1-101 is a schematic drawing of the blood supply
to the free gingiva. As stated above, the main blood
supply of the free gingiva derives from the suprape-
riosteal blood vessels (SV) which, in the gingiva, anas-
tomose with blood vessels from the alveolar bone (ab)
and periodontal ligament (pl). To the right in the draw-
ing, the oral epithelium (OE) is depicted with its un-
derlying subepithelial plexus of vessels (sp). To the left
beneath the junctional epithelium (JE), the dentogingi-
val plexus (dp) can be seen, which, under normal
conditions, comprises a fine-meshed network without
capillary loops.

Fig. 1-102 shows a section prepared through a tooth
(T) with its periodontium. Blood vessels (perforating

Fig. 1-101.
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Fig. 1-102.

rami; arrows) arising from the intraseptal artery in the
alveolar bone run through canals (Volkmann's canals)
in the socket wall (VC) into the periodontal ligament (
PL), where they anastomose.

Fig. 1-103 shows blood vessels in the periodontal liga-
ment in a section cut parallel to the root surface. After
entering the periodontal ligament, the blood vessels (
perforating rami; arrows) anastomose and form a
polyhedral network which surrounds the root like a
stocking. The majority of the blood vessels in the
periodontal ligament are found close to the alveolar
bone. In the coronal portion of the periodontal liga-
ment, blood vessels run in coronal direction, passing
the alveolar bone crest, into the free gingiva (see Fig.
1-97).

Fig. 1-104 is a schematic drawing of the blood supply
of the periodontium. The blood vessels in the peri-
odontal ligament form a polyhedral network sur-
rounding the root. Note that the free gingiva receives
its blood supply from (1) supraperiosteal blood ves-
sels, (2) the blood vessels of the periodontal ligament
and (3) the blood vessels of the alveolar bone.

Fig. 1-103.

Fig. 1-105 illustrates schematically the so-called ex-
travascular circulation through which nutrients and
other substances are carried to the individual cells and
metabolic waste products are removed from the tis-
sue. In the arterial (A) end of the capillary, to the left
in the drawing, a hydraulic pressure of approximately
35 mm Hg is maintained as a result of the pumping
function of the heart. Since the hydraulic pressure is
higher than the osmotic pressure (OP) in the tissue (
which is approximately 30 mm Hg), a transportation
of substances will occur from the blood vessels to the
extravascular space (ES). In the venous (V) end of the
capillary system, to the right in the drawing, the hy-
draulic pressure has decreased to approximately 25
mm Hg (i.e. 5 mm lower than the osmotic pressure in
the tissue). This allows a transportation of substances
from the extravascular space to the blood vessels.
Thus, the difference between the hydraulic pressure
and the osmotic pressure (OP) results in a transporta-
tion of substances from the blood vessels to the ex-
travascular space in the arterial part of the capillary
while, in the venous part, a transportation of sub-
stances occurs from the extravascular space to the
blood vessels. Hereby an extravascular circulation is
established (small arrows).



Fig. 1-104.

LYMPHATIC SYSTEM OF THE
PERIODONTIUM

Fig. 1-106. The smallest lymph vessels, the lymph cap-
illaries, form an extensive network in the connective
tissue. The wall of the lymph capillary consists of a
single layer of endothelial cells. For this reason such
capillaries are difficult to identify in an ordinary his-
tologic section. The lymph is absorbed from the tissue
fluid through the thin walls into the lymph capillaries.
From the capillaries, the lymph passes into larger
lymph vessels which are often in the vicinity of corre-
sponding blood vessels. Before the lymph enters the
blood stream it passes through one or more Iymph
nodes in which the lymph becomes filtered and sup-
plied with lymphocytes. The lymph vessels are like
veins provided with valves. The lymph from the peri-
odontal tissues is drained to the lymph nodes of the
head and the neck. The labial and lingual gingiva of
the mandibular incisor region is drained to the sub-
mental lymph nodes (Sme). The palatal gingiva of the
maxilla is drained to the deep cervical lymph nodes (cp).
The buccal gingiva of the maxilla and the buccal and
lingual gingiva in the mandibular premolar-molar
region are drained to submandibular lymph nodes (Sma).
Except for the third molars and mandibular incisors,
all teeth with their adjacent periodontal tissues are
drained to the submandibular lymph nodes (sma).
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20 mm Hg

40 mm Hg

OP ~ 30 mm Hg

Fig. 1-105.

R

sme

sma
Fig. 1-106,
The third molars are drained to the jugulodigastric

lymph node (jd) and the mandibular incisors to the
submental lymph nodes (Sme).
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Fig. 1-107.

NERVES OF THE PERIODONTIUM

Like other tissues in the body, the periodontium con-
tains receptors which record pain, touch and pressure (
nociceptors and mechanoreceptors). In addition to the
different types of sensory receptors, nerve compo-
nents are found innervating the blood vessels of the
periodontium. Nerves recording pain, touch, and
pressure have their trophic center in the semilunar
ganglion and are brought to the periodontium via the
trigeminal nerve and its end branches. Owing to the
presence of receptors in the periodontal ligament,
small forces applied on the teeth may be identified.
For example, the presence of a very thin (10-30 um)
metal foil (strip) placed between the teeth during
occlusion can readily be identified. It is also well
known that a movement which brings the teeth of the
mandible in contact with the occlusal surfaces of the
maxillary teeth is arrested reflexively and altered into
an opening movement if a hard object is detected in
the chew. Thus, the receptors in the periodontal liga-
ment, together with the proprioceptors in muscles and
tendons, play an essential role in the regulation of
chewing movements and chewing forces.

Fig. 1-107 shows the various regions of the gingiva
which are innervated by end branches of the trigemi-
nal nerve. The gingiva on the labial aspect of maxillary
incisors, canines and premolars is innervated by supe-
rior labial branches from the infraorbital nerve, n. infraor-
bitalis (Fig. 1-107a). The buccal gingiva in the maxil-
lary molar region is innervated by branches from the
posterior superior dental nerve, rr. alv. sup. post (Fig. 1-
107a). The palatal gingiva is innervated by the greater
palatal nerve, n. palatinus major (Fig. 1-107b), except
for the area of the incisors, which is innervated by the
long sphenopalatine nerve, n. pterygopalatini. The lingual
gingiva in the mandible is innervated by the sublingual
nerve, n. sublingualis (Fig. 1-107c), which is an end
branch of the lingual nerve. The gingiva at the

labial aspect of mandibular incisors and canines is
innervated by the mental nerve, n. mentalis, and the
gingiva at the buccal aspect of the molars by the buccal
nerve, n. buccalis (Fig. 1-107a). The innervation areas
of these two nerves frequently overlap in the premolar
region. The teeth in the mandible including their peri-
odontal ligament are innervated by the inferior alveolar
nerve, n. alveolaris inf., while the teeth in the maxilla
are innervated by the superior alveolar plexus, n. alveo-
lares sup.



Fig. 1-108. The small nerves of the periodontium fol-
low almost the same course as the blood vessels. The
nerves to the gingiva run in the tissue superficial to
the periosteurn and put out several branches to the
oral epithelium on their way towards the free gingiva.
The nerves enter the periodontal ligament through the
perforations (Volkmann's canals) in the socket wall
(see Fig. 1-102). In the periodontal ligament, the nerves
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Concluding remarks

The term epidemiology is of Hellenic origin; it consists
of the preposition "epi”, which means "among" or "
against" and the noun "demos" which means "peo-
ple". As denoted by its etymology, epidemiology is
defined as "the study of the distribution of disease or
a physiological condition in human populations and
of the factors that influence this distribution” (Lilien-
feld 1978). Amore inclusive description by Frost (1941)
emphasizes that "epidemiology is essentially an in-
ductive science, concerned not merely with describing
the distribution of disease, but equally or more with
fitting it into a consistent philosophy". Thus, the in-
formation obtained from an epidemiologic investiga-
tion should extend beyond a mere description of the
distribution of the disease in different populations (
descriptive epidemiology): it should be further util-
ized to (1) elucidate the etiology of a specific disease
by combining epidemiologic data with information
from other disciplines such as genetics, biochemistry,
microbiology, sociology, etc. (etiologic epidemiology);
(2) evaluate the consistency of epidemiologic data
with hypotheses developed clinically or experimen-
tally (analytical epidemiology); and (3) provide the
basis for developing and evaluating preventive pro-
cedures and public health practices (experimental/in-
terventive epidemiology).
Based on the above, epidemiological research in

periodontics must (1) fulfill the task of providing data
on the prevalence of periodontal diseases in different
populations, i.e. the frequency of their occurrence, as
well as on the severity of such conditions, i.e. the level
of occurring pathologic changes; (2) elucidate aspects
related to the etiology and the determinants of develop-
ment of these diseases (causative and risk factors); and (
3) provide documentation concerning the effective-
ness of preventive and therapeutic measures aimed
against these diseases on a population basis.

METHODOLOGICAL ISSUES

Examination methods - index systems

Examination of the periodontal status of a given indi-
vidual includes clinical assessments of inflammation
in the periodontal tissues, registration of probing
depths and clinical attachment levels and radio-
graphic assessments of remaining alveolar bone. A
variety of index systems for the scoring of these pa-
rameters has been developed over the years. A num-
ber of such systems was designed exclusively for ex-
amination of patients in a dental practice set-up, while
others were to be utilized in epidemiological research.



The design of the index systems and the definition of
the various scores inevitably reflected the knowledge
on the etiology and pathogenesis of periodontal dis-
ease of the time they were introduced, as well as
concepts related to the current therapeutic approaches
and strategies. This section will not provide a com-
plete list of all available scoring systems, but rather
give a brief description of a limited number of indices
that are either currently used or are likely to be en-
countered in the recent literature. For description of
earlier scoring systems and a historical perspective of
their development, the reader is referred to Ainamo (
1989).

Assessment of inflammation of the periodontal

tissues

Presence of inflammation in the marginal portion of
the gingiva is usually recorded by means of probing
assessments, according to the principles of the Gingi-
val Index outlined in the publication by Loe (1967).
According to this system, entire absence of visual
signs of inflammation in the gingival unit is scored as
0, while a slight change in color and texture is scored
as 1. Visual inflammation and bleeding tendency from
the gingival margin right after a periodontal probe is
briefly run along the gingival margin is scored as 2,
while overt inflammation with tendency for sponta-
neous bleeding is scored as 3. A parallel index for
scoring plaque deposits (Plaque Index) in a scale from
0 to 3 (Silness & Loe 1964) was introduced, according
to which absence of plaque deposits is scored as O,
plaque disclosed after running the periodontal probe
along the gingival margin as 1, visible plaque as 2 and
abundant plague as 3. Simplified variants of both the
Gingival and the Plaque Index (Ainamo & Bay 1975)
have been extensively used, assessing presence/ab-
sence of inflammation or plaque respectively in a
binomial fashion (dichotomous scoring). In such sys-
tems, bleeding from the gingival margin and visible
plague score "1", while absence of bleeding and no
visible plaque score "0".

Bleeding after probing to the base of the probeable
pocket (Gingival Sulcus Bleeding Index) has been a
common way of assessing presence of subgingival
inflammation (Mi hlemaim & Son 1971). In this di-
chotomous registration, "1" is scored in case bleeding
emerges within 15 seconds after probing. Pres-
ence/absence of bleeding on probing to the base of the
pocket tends to increasingly substitute the use of the
Gingival Index in epidemiological studies.

Assessment of loss of periodontal tissue support

One of the early indices providing indirect informa-
tion on the loss of periodontal tissue support was the
Periodontal Index (PI) developed in the 1950s by
Russell (1956), and until the 1980s it was the most
widely used index in epidemiological studies of peri-
odontal disease. Its criteria are applied to each tooth
and the scoring is as follows: a tooth with healthy
periodontium scores (0), a tooth with gingivitis
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around only part of the tooth circumference (1), a tooth
with gingivitis encircling the tooth (2), pocket forma-
tion (6) and loss of function due to excessive tooth
mobility (8). Due to the nature of the criteria used, the
Pl is a reversible scoring system, i.e. a tooth or an indi
vidual can, after treatment, have the score lowered or
reduced to 0.

In contrast to the PI system, the Periodontal Disease
Index (PDI), developed by Ramfjord (1959), is a sys-
tem designed to assess destructive disease, measures
loss of attachment instead of pocket depth and is, there-
fore, an irreversible index. The scores, ranging from
0-6, denote periodontal health or gingivitis (scores 0-3)
and various levels of attachment loss (scores 4-6).

In contemporary epidemiological studies, loss of
periodontal tissue support is assessed by measure-
ments of pocket depth and attachment level. Probing
pocket depth (PPD) is defined as the distance from the
gingival margin to the location of the tip of a periodon
tal probe inserted in the pocket with moderate prob-
ing force. Likewise, probing attachment level (PAL) or
clinical attachment level (CAL) is defined as the dis-
tance from the cemento-enamel junction (CEJ) to the
location of the inserted probe tip. Probing assessments
may be carried out at different locations of the tooth
circumference (buccal, lingual, mesial or distal sites).
The number of probing assessments per tooth has
varied in epidemiological studies from two to six,
while the examination may either include all present
teeth (full-mouth) or a subset of index teeth (partial-
mouth examination).

Carlos et al. (1986) proposed an index system which
records loss of periodontal tissue support. The index
was denoted the Extent and Severity Index (ESI) and
consists of two components (bivariate index): (1) the
Extent, describing the proportion of tooth sites of a
subject examined showing signs of destructive perio-
dontitis, and (2) the Severity, describing the amount of
attachment loss at the diseased sites, expressed as a
mean value. An attachment loss threshold of 1 mm
was set as the criterion for a tooth site to qualify as
affected by the disease. Although arbitrary, the intro-
duction of a threshold value serves a dual purpose: (1)
it readily distinguishes the fraction of the dentition
affected by disease at levels exceeding the error inher
ent in the clinical measurement of attachment loss,
and (2) it prevents unaffected tooth sites from contrib
uting to the individual subject's mean attachment loss
value. In order to limit the assessments to be per-
formed, a partial examination comprising the mid-
buccal and mesio-buccal aspects of the upper right
and lower left quadrants was recommended. It has to
be emphasized that the system was designed to assess
the cumulative effect of destructive periodontal dis-
ease rather than the presence of the disease itself. The
bivariate nature of the index facilitates a rather de-
tailed description of attachment loss patterns: for ex-
ample an ESI of (90, 2.5) suggests a generalized but
rather mild form of destructive disease, in which 90%,
of the tooth sites are affected by an average
attachment
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loss of 2.5 mm. In contrast, an ESI of (20, 7.0) describes
a severe, localized form of disease. Validation of vari-
ous partial extent and severity scoring systems against
the full-mouth estimates has been also performed (Pa-
papanou et al. 1993).

Radiographic assessment of alveolar bone loss

The potential and limitations of intraoral radiography
to describe loss of supporting periodontal tissues were
reviewed by Lang & Hill (1977) and Benn (1990).
Radiographs have been commonly employed in cross-
sectional epidemiologic studies to evaluate the result
of periodontal disease on the supporting tissues rather
than the presence of the disease itself. Radiographic
assessments have been particularly common as
screening methods for detecting subjects suffering
from juvenile periodontitis as well as a means for
monitoring periodontal disease progression in longi-
tudinal studies. Assessments of bone loss in intraoral
radiographs are usually performed by evaluating a
multitude of qualitative and quantitative features of
the visualized interproximal bone, e.g. (1) presence of
an intact lamina dura, (2) the width of the periodontal
ligament space, (3) the morphology of the bone crest
("even" or "angular" appearance), and (4) the dis-
tance between the cemento-enamel junction (CEJ) and
the most coronal level at which the periodontal liga-
ment space is considered to retain a normal width. The
threshold for bone loss, i.e. the CEJ-bone crest distance
considered to indicate that bone loss has occurred,
varies between 1 and 3 mm in different studies. Radio-
graphic data are usually presented as (1) mean bone
loss scores per subject (or group of subjects), and (2)
number or percentage of tooth surfaces per subject (or
group of subjects) exhibiting bone loss exceeding cer-
tain thresholds. In early studies, bone loss was fre-
quently recorded using "ruler" devices, describing the
amount of lost or remaining bone as a percentage of
the length of the root or the tooth (Laystedt et al.
1975; Schei et al. 1959).

Assessment of periodontal treatment needs

An index system aimed at assessing the need for
periodontal treatment in large population groups was
developed, at the initiative of the World Health Organ-
isation (WHO), by Ainamo et al. (1982). The principles
of the Community Periodontal Index for Treatment
Needs (CPITN) can be summarized as follows:

1. The dentition is divided into siX sextants (one ante-
rior and two posterior tooth regions in each dental
arch). The treatment need in a sextant is recorded
when two or more teeth — not intended for extrac-
tion — are present. If only one tooth remains in the
sextant, the tooth is included in the adjoining sex-
tant.

2. Probing assessments are performed either around
all teeth in a sextant or around certain index teeth (
the latter approach has been recommended for
epidemiologic surveys). However, only the most

severe measure in the sextant is chosen to represent

the sextant.

3. The periodontal conditions are scored as follows:

- Code 1 iS given to a sextant with no pockets,
calculus or overhangs of fillings but in which
bleeding occurs after gentle probing in one or
several gingival units.

- Code 2 is assigned to a sextant if there are no
pockets exceeding 3 mm, but in which dental
calculus and plaque retaining factors are seen or
recognized subgingivally.

- Code 3 is given to a sextant that harbors 4-5 mm
deep pockets.

- Code 4 iS given to a sextant that harbors pockets
6 mm deep or deeper.

4. The treatment needs are scores based on the most
severe code in the dentition as TN 0, in case of
gingival health, TN 1 indicating need for improved
oral hygiene if Code 1 has been recorded, TN 2
indicating need for scaling, removal of overhangs
and improved oral hygiene (Codes 2+3) and TN 3
indicating complex treatment (Code 4).

Although not designed for epidemiological purposes,
this index system has been extensively used world-
wide and particularly in developing countries. A sub-
stantial amount of data generated by its use has been
accumulated in the WHO Global Oral Data Bank (Mi-
yazaki et al. 1992, Pilot & Miyazaki 1994).

Critical evaluation

A fundamental prerequisite for any epidemiological
study is an accurate definition of the disease under
investigation. Unfortunately, no uniform criteria have
been established in periodontal research for this pur-
pose. Epidemiological studies have employed a wide
array of symptoms including gingivitis, probing
depth, clinical attachment level and radiographically
assessed alveolar bone loss in an inconsistent manner.
Considerable variation characterizes the threshold
values employed for defining periodontal pockets as "
deep" or "pathological”, or the clinical attachment
level and alveolar bone scores required for assuming
that "true” loss of periodontal tissue support has, in
fact, occurred. In addition, the number of "affected"
tooth surfaces required for assigning an individual
subject as a "case", i.e. as suffering from periodontal
disease, has varied. These inconsistencies in the defi-
nitions inevitably affect the figures describing the dis-
tribution of the disease (Papapanou 1996). A review of
the literature charged with the task to compare disease
prevalence or incidence in different populations or at
different time periods must first be confronted with
the interpretation of the figures reported and literally
"decode" the published data in order to identify the
state of periodontal health or disease that these figures
reflect. These problems have been addressed in the
literature and two specific aspects have attracted spe-



cial attention, namely (1) the ability of partial record-
ing methodologies to reflect the full mouth conditions,
and (2) the use of the CPITN system in epidemiologi-
cal studies of periodontal disease.

There is little doubt that an optimal examination of
the periodontal conditions should include circumfer-
ential probing assessments around all teeth. Never-
theless, the majority of epidemiological studies have,
for practical reasons, employed partial recording
methodologies. The rationale for the use of partial
examinations has been the assumption that (1) the
time required for the performance of a partial survey
— and consequently its cost — is significantly decreased,
and (2) the amount of information lost is kept to a
minimum, provided that the examined segments ade-
quately reflect the periodontal condition of the entire
dentition. However, attempts to accurately quantify
the amount of information lost through the different
partial recording systems made by several investiga-
tors (Diamanti-Kipioti et al. 1993, Eaton et al. 2001,
Hunt 1987, Hunt & Fann 1991, Kingman et al. 1988,
Stoltenberg et al. 1993a) have revealed that the dis-
crepancy between the findings obtained by means of
partial and full-mouth surveys may be substantial.
These studies have typically employed full-mouth
data for a series of periodontal parameters and com-
pared them with the values obtained by assessments
performed at a subset of teeth or tooth surfaces. Their
results suggest that:

1. high correlations between full-mouth and half-
mouth attachment loss scores should be expected
in adult populations, due to the apparent symme-
try of periodontal conditions around the midline;

2. the performance of a partial recording system is
directly dependent on the actual prevalence of peri-
odontal disease in the population in question and,
consequently, on the age of the subjects examined,;
the less frequent the disease in the population and
the lower the number of sites that are affected in
each individual mouth, the more difficult it be-
comes for the partial examination to detect the
periodontal lesions;

3. a full-mouth examination provides the best means
of accurately assessing the prevalence and severity
of periodontal disease in a population.

The use of the CPITN system in epidemiological stud-
ies of periodontal disease was critically evaluated in a
number of publications (Baelum et al. 1993a,b, 1995,
Benigeri et al. 2000, Butterworth & Sheiham 1991,
Grytten & Mubarak 1989, Holmgren & Corbet 1990,
Schi rch et al. 1990). At the time the system was de-
signed, the conversion of periodontal health to disease
was thought to include a continuum of conditions,
ranging from an inflammation-free state developing
through gingivitis (bleeding), calculus deposition,
shallow and deep pocket formation to progressive,
destructive disease. The treatment concepts were
based on the assumption that probing depths deter-
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mined the choice between non-surgical and more
complicated, surgical periodontal therapy. It should
also be remembered that this particular index was
clearly intended for screening large population
groups in order to determine treatment needs and to
facilitate preventive and therapeutic strategies and
not for describing prevalence and severity of peri-
odontal disease.

In view of the revised, contemporary views on the
pathogenesis and treatment of the periodontal dis-
eases, studies have questioned the suitability of the
CPITN for such purposes. For example, Baelum et al.
(1993b) examined the validity of the hierarchical prin
ciple of the CPITN by using data originating from a
cross-sectional study of a random sample of 1121 Ken
yans aged 15 to 65 years. According to the CPITN, a
tooth with calculus is assumed to be positive also for
bleeding on probing and a tooth with moderately
deep or deep pockets is assumed to he positive for
both calculus and bleeding. The data showed, how-
ever, that calculus as the most severe finding overes-
timated the occurrence of bleeding by up to 18%, while
pocketing overestimated the occurrence of calculus by
up to 54% and of bleeding by up to 13%. In a compan-
ion paper based on the same subject sample (Baelum
et al. 1993a), results from a full-mouth examination
were compared with those generated by the use of the
10 index teeth recommended by the WHO for surveys
of adults. It was revealed that the partial recording
underestimated the prevalence of pockets (moderate
or deep) in virtually all groups. The proportion of
persons with 6 mm pockets that would have been
overlooked if only the index teeth had been examined
was 55% in the 25 to 29 year age group, 39% (40 to 44
years) and 23% (50 to 54 years). It was concluded that
the partial CPITN methodology seriously underesti-
mates the more severe periodontal conditions both in
terms of prevalence and severity, since it fails to detect
a substantial proportion of subjects with periodontal
pockets. Finally, in another report from this rural Ken
yan sample (Baelum et al. 1995), the authors
examined the relationship between CPITN findings
and the prevalence and severity of clinical
attachment loss (CAL). They reported that, in ages
over 40 years, over 90% of the persons with a CPITN
score of 2 had attachment loss of 4 mm and that, in
ages over 50 years, more than half of such subjects
had attachment loss of 6 mm. While less than 20% of
the 15 to 29 year olds with a CPITN score of 3 had
CAL of ? 6 mm, 10% of the sextants with a CPITN
score of 0 in subjects over 35 years had CAL of 4 mm.
It was thus demonstrated that the CPITN scores do
not consistently correlate with attachment loss
scores, but tend to overestimate prevalence and
severity among younger subjects while they
underestimate  such  parameters in  elderly
populations.

Another publication (Butterworth & Sheiham 1991)
addressed the suitability of CPITN to record changes
in the periodontal conditions. The authors examined
attendants of a general dental practice before and
after
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therapy and reported that, despite a substantial im-
provement in the state of health of the periodontal
tissues, assessed through gingivitis, calculus and
pocketing scores, the CPITN scores were only margin-
ally improved. The latter observation clearly illus-
trates the unsuitability of the CPITN system to reflect
distinct differences in periodontal conditions and its
inappropriateness as a method for assessing treatment
needs.

PREVALENCE OF PERIODONTAL
DISEASES

Introduction

As discussed in detail in Chapter 9, a workshop that
took place in 1999 was charged with the specific task
of revising the classification of periodontal diseases (
Workshop on the Classification of Periodontal Dis-
eases 1999). The resulting new classification encom-
passes eight main categories:

I. Gingival diseases
I1. Chronic periodontitis
I11. Aggressive periodontitis
IV. Periodontitis as a manifestation of systemic
diseases
V. Necrotizing periodontal diseases
VI. Abscesses of the periodontium
VII. Periodontitis associated with endodontic
lesions
VI11. Developmental or acquired deformities and
conditions.

Obviously, a review of the existing literature on the
prevalence of periodontal diseases in various popula-
tions is doomed to encounter the new nomenclature
infrequently. For example, no epidemiological studies
of aggressive periodontitis in adult subjects are avail-
able yet. Similarly studies distinguishing between
plague-induced and non-plague-induced gingival
diseases, or between chronic periodontitis in young
subjects and adults, are not available. Thus, this chap-
ter must inevitably rely on the use of evidence gener-
ated by the use of old terminology, but attempts to
utilize the new terms whenever feasible. Primarily, the
following text is focused on the epidemiology of con-
ditions currently classified as either chronic or aggres-
sive periodontitis. Although these diagnoses no
longer rely on the subject's age as a primary determi-
nant, the following text and tables utilize age as a
secondary descriptor to facilitate accurate data extrac-
tion from the original studies.

Periodontitis in adults

In an epidemiologic survey performed during the

1950s in India, Marshall-Day et al. (1955) used assess-
ments of alveolar bone height to distinguish between
gingivitis and destructive periodontal disease in a
sample involving 1187 dentate subjects. The authors
reported (1) a decrease in the percentage of subjects
with "gingival disease without any bone involve-
ment” with increasing age concomitant with an in-
crease in the percentage of subjects with "chronic,
destructive periodontal disease", and (2) a 100% oc-
currence of destructive periodontitis after the age of
40 years. Findings from other epidemiologic studies
from the same period verified a high prevalence of
destructive periodontal disease in the adult popula-
tion in general and a clear increase in disease preva-
lence with age. In the 1960s Scherp (1964) reviewed
the available literature on the epidemiology of peri-
odontal disease and concluded that (1) periodontal
disease appears to be a major, global public health
problem affecting the majority of the adult population
after the age of 35-40 years, (2) the disease starts as
gingivitis in young age which, if left untreated, leads
to progressive destructive periodontitis, and (3) more
than 90% of the variance of the periodontal disease
severity in the population can be explained by age and
oral hygiene. These notions, based on the currently
established concepts on the pathogenesis of periodon-
tal disease, dominated the periodontal literature for a
time period extending into the late 1970s.

Studies performed during the 1980s provided a
more thorough description of the site-specific features
of periodontal disease and the high variation in peri-
odontal conditions between and within different
populations. Contrary to what was customary until
then, the prevalence issue was no longer addressed
through a mere assignment of individuals to a "peri-
odontitis-affected” or a "disease-free™ group, based on
presence or absence of attachment or alveolar bone
loss. Instead, studies began to unravel details concern-
ing the extent at which the dentition was affected by
destructive disease (i.e. the percentage of tooth sites
involved), and the severity of the defects (expressed
through the amount of lost tissue support). The tradi-
tional description of pocket depth and attachment loss
scores through subject mean values was soon comple-
mented by frequency distributions, revealing percent-
ages of tooth sites exhibiting probing depth or attach-
ment level of varying severity. Such an additional
analysis appeared necessary after it had been realized
that mean values offer a crude description of peri-
odontal conditions and fail to reflect the variability in
the severity of periodontal disease within and be-
tween individuals. In an article presenting different
methods of evaluating periodontal disease data in
epidemiological research, Okamoto et al. (1988) pro-
posed the use of percentile plots in the graphic illustra-
tion of attachment loss data. As exemplified by Fig.
2-1, such plots make it possible to illustrate simulta-
neously both the proportion of subjects exhibiting
attachment loss of different levels and the severity of
the loss within the subjects. Similar plots may be
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produced for other parameters such as gingivitis,
probing depths and gingival recession and may pro-
vide a comprehensive description of both the preva-
lence and the severity of periodontal disease in a given
sample.

Pioneering research by a Danish research group,
made significant contributions to our current under-
standing of epidemiological issues in periodontal re-
search. Baelum et al. (1986) described cross-sectional
findings on dental plaque, calculus, gingivitis, loss of
attachment, periodontal pockets and tooth loss in a
sample of adult Tanzanians aged 30-69 years. Despite
the fact that subjects examined exhibited large
amounts of plaque and calculus, pockets deeper than 3
mm and attachment loss of > 6 mm occurred at less
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Fig. 2-i. Attachment loss in a group of Japanese sub-
jects 50-59 years of age. The mean value of attachment
level and the standard deviation are shown in the top
of the figure. The x-axis represents the subject percen-
tile and the y-axis represents the percentage of sites in
the subjects showing attachment loss of 3, 4, 5, 6, 7 and
> 7 mm (represented by 8). Subjects with no or only mi
nor signs of attachment loss are reported to the left and
subjects with increasing amounts of periodontal de-
struction are reported to the right of the graph. For ex-
ample, the median subject (50th percentile), exhibited 5
mm attachment loss at 2%, 4 mm loss at 8%, and 3 mm
attachment loss at 25% of its sites. From Okamoto et al.
(1988), reproduced with permission.

Fig. 2-2. Cumulative distribution of individuals aged
50 years according to the cumulated proportion of sur-
faces with L.A. 7 mm. All individuals are arranged
according to increasing number of surfaces with L.A.
7 mm present in each individual. Thus, individuals
with few such surfaces are represented by the dots in
the left side of the diagram and those with many such
surfaces by dots in the right side. It is seen that 31% (
100% — 69%) of the individuals account for 75% (100%
— 25%) of the total number of surfaces with L.A. 7 mm
present (shaded area). From Baelum et al. (1986), repro
duced with permission.

than 10% of the tooth surfaces. None of the subjects
examined was edentulous and very few had experi-
enced any major loss of teeth. Of particular interest
was the analysis of the distribution of sites within
subjects (Fig. 2-2). This analysis revealed that 75% of
the tooth sites with attachment loss of 7 mm were
found in 31% of the subjects, indicating that a subfrac-
tion of the sample was responsible for the major part
of the observed periodontal breakdown. In other
words, advanced periodontal disease was not evenly
distributed in the population and not readily corre-
lated to supragingival plaque levels; instead, the ma-
jority of the subjects examined exhibited negligible
periodontal problems while a limited group was af-
fected by advanced disease.
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Table 2-1. Cross-sectional studies of periodontitis in adults

Authors/Country
Loe etal. (1978)

Sample/Methodology

Findings

Two samples, one comprising 565 Norwegian students and

Norway/Sri Lanka academicians and the other 480 Sri Lankan tea laborers, in ages 16-30+ yrs;

assessments of plaque, gingivitis, calculus, probing depth (PD)
and attachment loss (AL) at the mesial and facial aspects of all
teeth

Norwegian group: excellent oral hygiene, negligible amounts of
plaque and gingivitis, virtually no deep pockets and minimal
attachment loss; mean AL at the age of 30 <1 mm; Sri Lankan
group poor oral hygiene, abundant plaque and calculus, attachment
loss present at the age of 16, increasing with age; mean AL at the
age of 30 - 3 mm, a substantial number of teeth with AL of > 10
mm

Baelum at al. (1988a)
Kenya

A stratified random sample of 1131 subjects,
15-65 yrs; full-mouth assessments of tooth mobility, plaque,
calculus, bleeding on probing (BoP), PD and AL

Plaque in 75-95% and calculus in 10-85% of all surfaces; PD ? 4
mm in < 20% of the sites; AL of 1 mm in 10-85% of the sites; the
% of sites/subject with PD or AL of of 74 mm or of >_ 7 mm
conspicuously skewed

Yoneyama et aL (1988)
Japan

A random sample of 319 subjects, 20-79 yrs old; full-mouth
probing assessments of PD, AL and gingival recession

0.2% of the sites in subjects 30-39 yrs and 1.2% of the sites in
subjects 70-79 yrs had a PD of > 6 mm; AL > 5 mm affected 1%
of the sites in the youngest group and 12.4% of the sites in the
oldest group; skewed distribution of advanced AL; advanced
disease more prevalent and widespread in older ages

Brown et al. (1990)
USA

A sample of 15 132 subjects, stratified by geographic

region, representing 100 million employed adults aged 18-64 yrs;
probing assessments at mesial and buccal sites in one upper and
one lower quadrant; mesial assessments performed from the
buccal aspect of the teeth; assessments of gingivitis, PD, AL and
gingival recession

44% of all subjects had gingivitis at an average of 2.7
sites/subject and at < 6°A of all sites assessed; pockets 4-6 mm
were observed in 13.4% of the subjects at an average of 0.6
sites/person and at 1.3% of all sites assessed; corresponding
figures for pockets 7 mm were 0.6%, 0.01 and 0.03%; AL >_3
mm was prevalent in 44% of the subjects (increasing with age
from 16% to 80%) affecting an average of 3.4 sites/subject;
corresponding figures for AL >_ 5 mm were 13% (2-35%) and
0.7 sites/subject

Salonen et al. (1991)
Sweden

A random sample of 732 subjects, 20-80+ yrs, representing 0.8%
of the population of a southern geographic region; full-mouth
radiographic examination; alveolar bone level expressed as a
percentage of the root length (B/R ratio); B/R of >_ 80%
represents intact periodontal hone support

Age group of 20-29 yrs: 38% of the subjects had no sites with
B/R < 80% and 8% of the subjects had >_ 5 sites below this
threshold; corresponding figures for the age group 50-59 yrs
were 5% and 75%; after the age of 40, women displayed more
favorable B/R ratios than men

Hugoson at al. (1998)
Sweden

Three random samples of 600, 597 and 584 subjects in

ages 20-70 yrs, examined in 1973, 1983 and 1993, respectively;
full-mouth clinical and radiographic examination; based on clinical
and radiographic findings, the subjects were classified according to
severity of periodontal disease in five groups, where group 1
included subjects with close to faultless periodontal tissues and
group 5 subjects with severe disease

Edentulousness decreased over the 20-year period from 11%
to 8% to 5%; % distribution of the subjects in the five groups
in 1973, 1983 and 1993 respectively, was as follows. G1:
8%/23%/22%, G2: 41 %/22%/38%, G3:

47%/41%/27%, G4: 2%/11%/1 0%, G5: 1 %/2%/3%,; the
increase in the prevalence of subjects with severe disease was
apparently due to increase of dentate subjects in older ages

Albandar et aL (1999)
USA

A nationally representative, multistage probability sample
comprising 9689 subjects, 30-90 years old (NHANES 111 study)
; probing assessments at mesial and buccal sites in one upper
and one lower quadrant; mesial assessments performed from
the buccal aspect of the teeth; assessments of gingivitis, PD,
and location of the gingival margin in relation to the CEJ

Pockets >_ 5 mm were found in 8.9% of all subjects (7.6% in
non-Hispanic whites, 18.4°% in non-Hispanic blacks, and 14.4% in
Mexican Americans); AL >_ 5mm occurred in 19.9% of all
subjects (19.9% in non-Hispanic whites, 27.9% in non-Hispanic
blacks, and 28.34% in Mexican Americans)

PD probing depth; AL: attachment level; CEJ: cemento-enamel junction

In a study of similar design performed in Kenya,
the same investigators (Baelum et al. 1988a) analyzed
data from 1131 subjects aged 15-65 years and con-
firmed their earlier observations. Poor oral hygiene in
the sample was reflected by high plague, calculus and
gingivitis scores. However, pockets 4 mm deep were
found in less than 20% of the surfaces and the propor-
tion of sites per individual with deep pockets and
advanced loss of attachment revealed a pronounced
skewed distribution. The authors suggested that "de-
structive periodontal disease should not be perceived
as an inevitable consequence of gingivitis which ulti-
mately leads to considerable tooth loss" and called for
a more specific characterization of the features of peri-

odontal breakdown in those individuals who seem
particularly susceptible.

Several epidemiological studies have been publish-
ed in the last twenty years, verifying the above prin-
ciples. In these studies, periodontal disease has been
assessed by means of clinical examination of the peri-
odontal tissues (Albandar et al. 1999, Albandar &
Kingman 1999, Anagnou Vareltzides et al. 1996, Ba-
gramian et al. 1993, Beck et al. 1990, Brown et al.
1989, 1990, Douglass et al. 1993, Gilbert et al. 1992,
Horning et al. 1990, Hunt et al. 1990, Kiyak et al. 1993,
Locker & Leake 1993a, Loe et al. 1992, Matthesen et
al. 1990, McFall et al. 1989, Oliver et al. 1998, Querna
et al. 1994, Slade et al. 1993, Soder et al. 1994, Stuck
et al. 1989,



Weyant et al. 1993); radiographic assessments of al-
veolar bone loss (Diamanti-Kipioti et al. 1995, Jenkins
& Kinane 1989, Papapanou et al. 1988, Salonen et al.
1991, Wouters et al. 1989); or a combination of clinical
and radiographic means (Hugoson et al. 1992, Hu-
goson et al. 1998, Papapanou et al. 1990).

Table 2-1 summarizes the design and main findings
from a number of cross-sectional studies in adults
from geographically divergent areas that involve sam-
ples of a relatively large size. Most of the studies focus
on assessments of prevalence of "advanced periodon-
titis", the definition of which is, however, far from
identical among the studies, rendering comparisons
difficult. Nevertheless, it appears that severe forms of
periodontitis affect a minority of the subjects in the
industrialized countries, at proportions probably not
exceeding 10% of the population. The percentage of
such subjects increases considerably with age and
appears to reach its peak at the age of 50 to 60 years.
The increased tooth loss occurring after this age ap-
pears to account for the subsequent decline in preva-
lence.

It is worth pointing out that, among the studies
reviewed in Table 2-1, the study employing circumfer-
ential probing assessments around all teeth (Horning
et al. 1990) reported the highest prevalence of ad-
vanced disease, suggesting that the impact of the
methodology used may have been decisive. The inter-
esting issue of disparities in the severity of periodon-
titis was brought up by Baelum et al. (1996). The
authors recalculated their own data from a Kenyan (
Baelum et al. 1988a) and a Chinese (Baelum et al.
1988b) adult population to conform with the methods
of examination and data presentation utilized in each
of six other surveys (from Japan, Yoneyama et al. 1988;
Norway, Loe et al. 1978; New Mexico, Ismail et al.
1987; Sri Lanka, Loe et al. 1978; and two South Pacific
islands, Cutress et al. 1982). Among the samples in-
cluded in this analysis, only the Sri Lankan and the
South Pacific subjects appeared to suffer a severe peri-
odontal tissue breakdown, while the distribution of
advanced disease was strikingly similar in six out of
the eight samples, despite marked differences in oral
hygiene conditions. Hence the data failed to corrobo-
rate the traditional generalization that the prevalence
and severity of periodontitis is markedly increased in
African and Asian populations. On the other hand,
data from the Third National Health and Nutrition
Study (NHANES I11; Albandar et al. (1999)), which
examined a large nationally representative, stratified,
multistage probability sample in the USA, clearly
showed that the prevalence of deep pockets and ad-
vanced attachment loss was more pronounced in non-
Hispanic blacks and Hispanics than in non-Hispanic
white subjects. This observation was consistent even
when several alternative thresholds defining ad-
vanced disease were employd. Thus, current evidence
suggests that the prevalence of severe periodontitis is
not uniformly distributed among various races, eth-
nicities, or socio-economic groups (Hobdell, 2001).
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Table 2-2 summarizes a number of prevalence stud-
ies of periodontal disease in elderly subjects. In five
studies (Beck et al. 1990; Gilbert & Heft 1992; Hunt et
al. 1990; Locker & Leake 1993a; Weyant et al. 1993)
data on attachment loss have been used to calculate
extent and severity index scores (ESI), which appear
to be relatively consistent between the surveys. It is
evident that attachment loss of moderate magnitude
was frequent and widespread in these subject sam-
ples; however, severe disease was again found to affect
relatively limited proportions of the samples and gen-
erally only a few teeth per subject.

The limitations of the findings from studies using
the CPITN system were discussed above. However, a
substantial part of the available information from the
developing countries has been collected by the use of
this index. An article providing a summary of almost
100 CPITN surveys from more than 50 countries per-
formed over the period 1981-89 for the age group of
35 to 44 years was published by Miyazaki et al. (
1991b). These studies indicate a huge variation in the
percentage of subjects with one or several deep (>_ 6
mm) pockets both between and within different geo-
graphic areas. Hence, the percentage of subjects with
such pockets ranged between 1% and 74% in Africa (
data from 17 surveys), 8% and 22% in North and
South America (4 surveys), 2% and 36% in the Eastern
Mediterranean (6 surveys), 2% and 40% in Europe (38
surveys), 2% and 64% in South-East Asia, and between
1% and 22% in the Western Pacific area (17 surveys).
The average number of sextants per subject with 6
mm deep pockets also varied considerably and ranged
between 0 and 2.1 in Africa, 0.1 and 0.4 in America,
0.1 and 0.6 in the East Mediterranean, 0.1 and 0.8 in
Europe, 0.1 and 2.1 in South-East Asia and 0 and 0.4
in the Western Pacific area. However, it is difficult to
assess the extent to which these values reflect true
differences in the periodontal conditions between the
samples and not the methodological limitations of the
CPITN system.

Periodontitis in children and adolescents

The form of periodontal disease that affects the pri-
mary dentition, the condition formerly called prepuber-
tal periodontitis, has been reported to appear in both a
generalized and a localized form (Page et al. 1983).
Information about this disease was mainly provided
by clinical case reports and no data related to the
prevalence and the distribution of the disease in the
general population are available. However, a few
studies involving samples of children have provided
limited data on the frequency with which deciduous
teeth may be affected by loss of periodontal tissue
support. The criteria used in these studies are by no
means uniform, hence the prevalence data vary sig-
nificantly. In an early study, Jamison (1963) examined
by the use of the Periodontal Disease Index the "preva-
lence of destructive periodontal disease" (indicated
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Table 2-2. Cross-sectional studies of periodontitis in elderly subjects

Authors/Country

Baelum et al. (1988b)
China

Sample/Methodology

544 persons, aged 60+, from two urban and one rural area
of Beijing area, assessments of plaque, calculus, gingivitis, loss
of attachment, pocket depth and tooth mobility

Findings

0-29% edentulous; mean no. of teeth 6.9-23.9, depending on age
and sex; = 50% of all surfaces with plaque and calculus; 50% of
all sites with AL of ? 4 mm, < 15% with PD >_ 4 mm;
conspicuously skewed °A of sites/person with AL of ~ 7 mm and
PD 04mm

Locker & Leake (1993a)
Canada

907 subjects, in ages 50-75+ yrs, living independently in

four communities; probing assessments at mesiobuccal and mid-
buccal aspects of all teeth; mid-palatal and mesiopalatal probing
assessments in upper molars; 23% of the subjects edentulous;
calculation of extent and severity index (ESI) with AL threshold set
at 2 mm; "Severe disease": > 4 sites with AL 5 mm and PD 4 mm
at>_ 1 of those sites

59% of the subjects with PD of ? 4 mm, 16% with ? 6 mm and 3%
with >_ 8 mm; 86% of the subjects with PAL of 4 mm, 42% with
>_6 mm and 16% with 8 mm; 20% of the subjects with a mean
PAL of >_ 4 mm; severe disease in 22% of the subjects; mean ESI:
77,2.44

Beck et al. (1990)
USA

690 community dwelling adults, age 65+; probing
assessments at mesio- and mid-buccal surfaces, all teeth;
"Advanced disease 4 siteswith AL of 5mmand _> 1 of
these sites with PD of 0 4 mm

Mean ESI in blacks 78, 4; in whites: (65, 3.1); advanced
disease in 46% of the blacks and 16% of the whites

Gilbert & Heft (1992)
USA

671 dentate subjects, 65-97 yrs old, attending senior

activity centers; probing assessments at mesial and buccal
surfaces of one upper and one lower quadrant; questionnaire
data; calculation of ESI

An average of 17.0 teeth/subject; 50.7% of the subjects with
most severe menial pocket of 4-6 mm and 3.4% with pockets ? 7
mm; 61.6°% with most severe AL of 4.6 mm and 24.2% with
AL of 0 7 mm; ESI increased with age' 84.8, 3.6 (65-69 yrs); 88.
7,3.8 (75-79 yrs); 91.2, 3.9 (85+ yrs)

Douglass et al. (1993)
USA

1151 community-dwelling elders, age 70+ yrs; probing

assessments at 3 sites/tooth, all teeth; 57% of the sample
female, predominantly white (95%); 37.6% edentulous;

mean no. of teeth present between 21.5 and 17.9,
depending on age

85% of the subjects with BOP; 66% with 4-6 mm deep

pockets affecting an average of 5.3 teeth/subject; 21

with pockets of > 6 mm affecting an average of 2.2 teeth; 39%
with AL of 4-6 mm at 6.7 sites/subject and 56°/0 AL of > 6 mm at
2.7 teeth/subject

Kiyak et al. 0993)
USA

1063 residents in 31 nursing homes, 72-98 yrs old; visual

inspection of the oral cavity; periodontal status assessed
indirectly through registration of intraoral swelling or
suppuration, sore or bleeding gums, increased tooth mobility,
and poor oral hygiene

42% of the subjects with remaining natural teeth; 43% of those
with sore or bleeding gums,18% with significant tooth mobility,
6% with intraoral swelling or suppuration and 72% with poor oral
hygiene

Weyant et al. (1993)
USA

650 long-term residents of nursing home care units, mean

age 72 yrs; probing assessments at menial and buccal
surfaces, all teeth; demographic, oral and general health data
recorded; sample predominantly male and white; calculation of
ESI scores

42% of the sample edentulous; 60% of the subjects with PD of >
3 mm at an average of 5.8 sites/person; 3.7% with PD of 6 mm at
< 1 site/person; overall mean menial ESI: 74, 2.91

Bourgeois et al. (1999)
France

603 non-institutionalized elderly, 65-74 yrs old; stratified
sample with respect to gender, place of residence and

16.3°% of the sample edentulous; 31.5% of the subjects
had pockets >_ 4 mm; 2.3°% had pockets 6 mm

socio-economic group; periodontal conditions assessed by means of the CPITN

Pajukoski et al. (1999)
Finland

181 hospitalized patients (mean age 81.9 yrs) and 254
home-living patients (mean age 76.9 yrs); periodontal
conditions assessed by means of the CPITN

66.3% of the hospitalized and 42.1% of the non-hospitalized
subjects were edentulous; 26% of both the hospitalized and
the non-hospitalized subjects had pockets >_ 6 mm

PD: probing depth; AL: attachment level; CEJ: cemento-enamel junction; ESI: Extent and Severity Index; CPITN: Community Periodontal Index of Treatment Needs

by PDI scores > 3) in a sample of 159 children in
Michigan, USA and reported figures of 27% for 5-7
year old children, 25% for 8-10 year olds and 21% for
11-14 year olds. Shlossman et al. (1986) used an attach-
ment level value of 2 mm as a cut-off point and
reported in a sample of Pima Indians a prevalence of
7.7% in 5-9 year olds and 6.1% in 10-14 year olds.
Sweeney et al. (1987) examined radiographs obtained
from 2264 children 5-11 years old, who were referred
to a university clinic for routine dental treatment, and
reported that a distinct radiographic bone loss was
evident at one or more primary molars in 19 children

©s8%), 16 of whom were black, 2 Caucasian and 1
Asian.

In contrast, relatively uniform criteria have been
used in epidemiological studies of aggressive periodon-
titis in young subjects, the condition formerly termed
juvenile periodontitis (JP), and particularly the localized
form, formerly termed localized juvenile periodontitis (
LIP). Typically, a two-stage approach has been
adopted in these surveys: first, bite-wing radiographs
were used to screen for bone lesions adjacent to molars
and incisors and then a clinical examination was per-
formed to verify the diagnosis. As illustrated by the
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Table 2-3. Cross-sectional studies of localized and generalized aggressive periodontitis (LAP and GAP) in
adolescents and young adults

Authors/Country

Saxen (1980)
Finland

Sample/Methodology

A random sample of 8096 16 year olds; radiographic and clinical
criteria (bone loss adjacent to first molars without any obvious
iatrogenic factors and presence of pathological pockets)

Findings

Prevalence of LAP 0.1 % (8 subjects, 5 of whom were
females)

Kronauer et al. (1986)

A representative sample of 7604 16 year olds; two step

Prevalence of LAP of 0.1%; 1:1 sex ratio

Switzerland examination (radiographic detection of bone lesion on
bite-wing radiographs, clinical verification of presence of
pathological pockets)

Saxby (1987) UK A sample of 7266 schoolchildren; initial screening by probing Overall prevalence of LAP of 0.1%, 1:1 sex ratio; however,
assessments around incisors and first molars; LAP cases prevalence varied in different ethnic groups (0.02% in
diagnosed definitively by full-mouth clinical and radiographic Caucasians, 0.2% in Asians and 0.8% in Afro-Caribbeans)
examination

Neely (1992) 1038 schoolchildren 10-12 years old, volunteers in a dentifrice 117 possible and 103 probable cases identified in step 1 and 2,

USA trial; three-stage examination including radiographic and clinical respectively; out of 99 probable cases contacted, 43 were

assessments; bite-wing radiographs screened for possible cases;
hone loss measurements of the C51-bone crest distance of 2
mm used to identify probable cases; LAP diagnosed clinically as
PD of 3mm at >_ 1 first permanent molars in absence of local
irritants

examined clinically; two cases of LAP could be confirmed in
stage 3, yielding a prevalence rate of 0.46%

Cogen et al. (1992)
USA

4757 children, age < 15 yrs, from the pool of a children's hospital;

retrospective radiographic examination of two sets of bite-wings;
LAP diagnosed in case of arc-shaped alveolar bone loss in molars
and/or incisors

Whites: LAP prevalence 0.3%, female: male ratio 4:1; blacks:
LAP prevalence 1.5%, female: male ratio = 1:1; among black
LAP cases with available radiographs from earlier examinations,
85.7% showed evidence of bone loss in the mixed dentition and
71.4% in the deciduous dentition

Albandar (1989)
Denmark, Norway, Iraq

Denmark: 561 7th grade schoolchildren; Norway: 241

14 year olds; Irag: 516 7th grade children; two bite-
wings/subject; "Incipient lesions” considered present if the CEJ-
alveolar crest distance > 2 mm and/or "vertical" pattern of bone
loss

6% of the Iraqi, 3.6% of the Danish, and 1.7% of the Norwegian
schoolchildren had 1 proximal surfaces of the first molars with
vertical bone loss

Cappelli et al. (1994)
USA

470 students, 13-17 yrs old; two-stage examination;

probing assessments at the proximal surfaces of all teeth;
subjects with loss of attachment examined with respect to
subgingival A.a. and systemic antibodies; 94% of the examined
of Hispanic ethnicity; 47% male; early-onset disease defined as ?
1 pockets with PD ? 5 mm

25.7% of the subjects suffered from periodontitis; 16.2% had
multiple sites with PD > 5 mm; 1.7% diagnosed as LAP; 85% of
all subjects with periodontitis showed elevated antibodies against
A a. serotype b; subjects with detectable A.a. were 4.5 times more
likely to suffer from EOP than being healthy or having gingivitis

Lee & Brown (1991) National Survey of US children, multistage probability Population estimates: LAP 0.53%; GAP 0.13%; ILA 1.61%;
USA sampling representing 45 million schoolchildren; 40 694 altogether 2.27 / representing almost 300 000
subjects, 14-17 yrs old examined; probing assessments at adolescents; blacks at much higher risk for all forms of early-onset
mesial and buccal sites, all teeth: LAP: 1 first molar and disease than whites; males more likely (4.3:1) to have GAP than
L incisor or second molar and 0 2 cuspids or premolars with 3 mm females, after adjusting for other variables; black males 2.9 times as
AL; GAP: if LAP criteria not met and >_ 4 teeth (of which 2 likely to have LAP than black females; white females more likely to
were second molars, cuspids or prem_olars) with 93 mm have LAP than white males by the same odds
attachment loss (AL); Incidental loss of attachment (ILA): if
neither LAP nor GAP criteria met but? 1 teeth with 3 mm AL;
bivariate and multivariate analysis
Bhat (1991) A sample of 11 111 schoolchildren, 14-17 yrs old; probing 22% of children with 1 site with AL of 2 mm, 0.72% of 4 mm and
USA assessments at mesial and buccal surfaces of all teeth: 0.04% of 6 mm; supra- and subgingival calculus in 34% and 23%

multistage cluster sampling stratified by age, sex, seven
geographic regions, and rural or urban residence; not stratified
by race or ethnicity

of the children, respectively

van der Velden et al. (1989) 4565 subjects 14-17 yrs old examined; randomization

The Netherlands

among high school students; probing assessments at the mesio-
and distofacial surfaces of first molars and incisors; one bacterial
sample from the dorsum of the tongue and one subgingival
plaque sample from the site with maximal attachment loss
obtained from 103 out of the 230 subjects with AL and cultured
for identification of A. actinomycetemcomitans

Overall, AL occurred in 5% of the sample and was more frequent
in males; 16 subjects (0.3%) had 1 site with AL of 5-8 mm;
female:male ratio in this group 1.3:1; A.
actinomycetemcomitans was identified in 17% of the sampled
subjects with AL
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Table 2-3 (contd)

Authors/Country Sample/Methodology Findings
Lopez et al. (1991) 2500 schoolchildren in Santiago (1318 male, 1182 female), After screening, 27 subjects had a tentative diagnosis of UP
Chile 15-19 yrs of age; clinical and radiographic assessments; out of which 8 were confirmed (7 female, 1 male); overall

three-stage screening: (1) clinical assessments of probing
depth at incisors and molars, (2) children with >_ 2 teeth
with PD of 5.5 mm subjected to a limited radiographic
examination, and (3) children with alveolar bone loss of >_2
mm invited for a full-mouth clinical and radiographic
examination

prevalence of UP 0.32%, 95% confidence limits between
0.22% and 0.42%; LJP significantly more frequent in the
low socio-economic group

Ben Yehouda et al. (1991)
Israel

1160 male Israeli army recruits, in ages 18-19 yrs; panoramic
radiography; juvenile periodontitis diagnosed on the basis of bone
loss involving > 30% of the root length adjacent to first molars or
incisors

10 recruits (0.86%, 95 % confidence interval 0.84%-0.88%)
had a bone loss pattern consistent with localized juvenile
periodontitis

Joss et al. (1992)
Switzerland

757 male army recruits, 19-20 yrs old; half-mouth
examination, probing assessments at four sites/tooth;
bite-wing radiographs of the right mouth half;
representative sample of the young male Swiss population,
with respect to ethnic background, profession and
socio-economic status

Only one subject suffered from LIP (0.13%), 0.4% of the
recruits showed PD of 5 mm and 1 % of the subjects
showed AL of >_4 mm

Melvin et al. (1991)
USA

5013 military recruits, 17-26 yrs old; panoramic radiography
followed by full-mouth clinical examination; diagnosis of JP if bone
loss and attachment loss was greater at first molars and/or
incisors than at other teeth

Overall prevalence of JP 0.76%, female:male ratio 1.1:1;
prevalence in blacks 2.1%, femalemale ratio 0.52:1,
prevalence in whites 0.09%, female:male ratio 4.3:1

Tinoco et al. (1997)
Brazil

7843 schoolchildren, 12-19 yrs old; two-stage screening (1)
clinical assessment of PD at first molars, (2) children with >

1 tooth with PF 5 mm examined futher; LAP diagnosed if

a person with no systemic disease presented with >2 mm

at > 1 sites with radiographic evidence of bone loss and >_ 1

119 subjects identified at initial screening; 25 confirmed
cases of LAP; overall prevalence 0.3°%; ethnic origins and
gender ratios not reported

infrabony defects at molars/incisors

Terms used in the original publications:*localized juvenile periodontitis” instead of “localized aggressive periodontitis”, and "generalized juvenile periodontitis”

instead of “generalized aggressive periodontitis".
PD probing depth; AL: attachment level; CEJ: cemento-enamel junction

data in Table 2-3, the prevalence of localized aggres-
sive period ontitis (LAP) varies in geographically
and/or racially different populations. In Caucasians,
the disease appears to affect females more frequently
than males and the prevalence is low (= 0.1%). In other
races, and in particular in black subjects, the disease
is more prevalent (probably at levels over 1%) and the
sex ratio appears to be reversed, since males are af-
fected more frequently than females.

The progression pattern of periodontitis in adoles-
cents was studied in an interesting longitudinal study
by Brown et al. (1996), which in fact is the follow-up
of the study by Loe & Brown (1991) presented in Table
2-3. h1 a nationally representative sample comprising
14 013 adolescents in the USA, the authors studied the
pattern of progression of the disease entity formerly
termed early-onset periodontitis, i.e. the kind of perio-
dontitis that occurs in individuals of young age. Sub-
jects were diagnosed at baseline as free from periodon-
titis, or suffering from localized aggressive periodon-
titis (LAP), generalized aggressive periodontitis (
GAP), or incidental attachment loss (IAL). Of the
individuals diagnosed with localized aggressive peri-
odontitis at baseline, 62% continued to display local-
ized periodontitis lesions 6 years later, but 35% devel-
oped a generalized disease pattern. Among the group
initially diagnosed as suffering from 1AL, 28% devel-
oped localized or generalized aggressive periodonti-
tis, while 30% were reclassified in the no attachment

loss group. Molars and incisors were the teeth most
often affected in all three affected groups. Thus, the
study indicated that these three forms of periodontitis
may progress in a similar fashion, and that certain
cases of localized, aggressive disease may develop
into generalized aggressive periodontitis.

The possibility that localized aggressive periodontitis
and prepubertal periodontitis are associated conditions, i.
e. that the former is a development of the latter, has
also attracted attention. Sjodin et al. (1989) examined
retrospectively radiographs of the primary dentition
of 17 subjects with LAP and reported that 16 of the
subjects showed a CEJ-bone crest distance of 3 mm
in at least one tooth site of their deciduous dentition.
The same research group (Sjodin & Mattson 1992)
examined the CEJ-bone crest distance in radiographs
from 128 periodontally healthy children in ages 7-9
years, in order to define a threshold value which, if
exceeded, would with high probability entail peri-
odontal pathology around the deciduous teeth. Hav-
ing set this threshold value to 2 mm, Sjodin et al. (1993)
examined radiographs of the deciduous dentition
retrospectively from 118 patients with aggressive pe-
riodontitis and 168 age- and sex-matched periodon-
tally healthy controls. The patients were divided into
two groups, one comprising subjects with only one
affected site (45 subjects) and another (73 subjects)
including subjects with 2 to 15 sites with bone loss in
their permanent dentition. It was found that 52° of



the subjects in the latter group, 20% of the subjects in
the former group and only 5% of the controls exhibited
at least one site with bone loss in their primary denti-
tion. The authors concluded that, at least in some
young subjects with aggressive periodontitis, the on-
set of the disease may be manifested in the primary
dentition. Similar results were reported by Cogen et
al. (1992), from a study in the US. Among systemically
healthy young black people with aggressive perio-
dontitis and with radiographs available of the pri-
mary dentition, 71% showed alveolar bone loss adja-
cent to one or several primary teeth.

Epidemiological studies of periodontal conditions
in adolescents have also been carried out by means of
the CPITN system. Miyazaki et al. (1991a) presented
an overview of 103 CPITN surveys of subjects aged
15-19 years from over 60 countries. The most frequent
finding in these groups was the presence of calculus
which was much more prevalent in subjects from
non-industrialized than industrialized countries.
Probing pocket depths of 4-5 mm were present in
about two thirds of the populations examined. How-
ever, deep pockets (>— 6 mm) were relatively infre-
quent: score 4 quadrants were reported to occur in
only 10 of the examined populations (in 4 out of 9
examined American samples, 1 out of 16 African, 1 out
of 10 East Mediterranean, 2 out of 35 European, 2 out
of 15 South-East Asian and in none out of 18 Western
Pacific samples).

For an extensive recent review of the epidemiology
of periodontal diseases in children and adolescents
the reader is referred to the publication by Jenkins &
Papapanou (2001).

Periodontitis and tooth loss

Tooth loss may be the ultimate consequence of de-
structive periodontal disease. Teeth lost due to the
sequelae of the disease are obviously not amenable to
registration in epidemiological surveys and may,
hence, lead to an underestimation of the prevalence
and the severity of the disease. The well-established
concept of selection bias in epidemiology (indicating
that the comparatively healthier subjects will present
for an examination while the more diseased will refuse
participation) is in this context applicable on the indi-
vidual tooth level (since the severely affected teeth
may have already been extracted/lost). Aspects re-
lated to tooth loss on a population basis have been
addressed in numerous publications. Important ques-
tions that were analyzed included (1) the relative con-
tribution of periodontitis as a reason underlying tooth
extractions in subjects retaining a natural dentition (
Bailit et al. 1987, Brown et al. 1989, Cahen et al. 1985,
Corbet & Davies 1991, Heft & Gilbert 1991, Klock &
Haugejorden 1991, McCaul et al. 2001, Reich & Hiller
1993, Stephens et al. 1991), (2) its role in cases of
full-mouth extractions, the so called total tooth clear-
ance (Eklund & Burt 1994, Takala et al. 1994), and (3)
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risk factors for tooth loss (Burt et al. 1990, Drake et al.
1995, Hunt et al. 1995, Krall et al. 1994, Phipps et al.
1991).

Typically, surveys addressing the first topic have
utilized questionnaire data obtained from general
practitioners instructed to document the reasons for
which teeth were extracted over a certain time period.
The results indicate that the reason underlying the
vast majority of extractions in ages up to 40 to 45 years
is dental caries. However, in older age cohorts, peri-
odontal disease becomes about equally responsible
for tooth loss. Overall, periodontitis is thought to
account for 30-35% of all tooth extractions while caries
and its sequelae account for up to 50%. In addition,
caries appears to be the principal reason for extrac-
tions in cases of total tooth clearance. Finally, identi-
fied risk factors for tooth loss include smoking, per-
ceived poor dental health, socio-behavioral traits, and
periodontitis scores.

Obviously, it is hardly feasible to "translate™" tooth
loss data into prevalence figures of periodontal dis-
ease. An evaluation, however, of the problem con-
ferred to populations — and in particular older age
cohorts — due to the disease should weight in informa
tion provided by tooth loss data, otherwise underes-
timation of the occurrence and the consequences of the
disease seems inevitable.

RISK FACTORS FOR
PERIODONTITIS

Introduction and definitions

There is an abundance of both empirical evidence and
substantial theoretical justification for accepting the
widespread belief that many diseases have more than
one cause, i.e. that they are of multifactorial etiology (
Kleinbaum et al. 1982). Consequently, in any particu-
lar instance when a causal relationship is investigated,
the specificity of the relation between exposure to an
etiological agent and effect, i.e. the necessity or the
sufficiency of the condition, may be challenged. In the
case of most infectious diseases for example, it is
known that the presence of the microbial agent —
which we define as the necessary condition — is not
always accompanied by signs or symptoms charac-
teristic of that disorder. Thus, the agent itself is not
sufficient to cause any pathological occurrence; rather,
the disease development may be dependent on sev-
eral other factors, including nutritional deficiencies,
toxic exposures, emotional stress and the complex
impact of social influences. In non-infectious diseases
(except for genetic abnormalities), there is usually no
factor known to be present in every single case of the
disease. For example, smoking is not necessary for the
development of lung cancer, and no degree of coro-
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Exposed Non-exposed
Cases 155 25 180 . .

Fig. 2-3. Contingency table de-
scribing the distribution of a
group of 300 subjects according to
exposure to a particular factor and

Disease-free 40 80 120  disease status.

195 105 300

nary atherosclerosis is a necessary condition for myo-
cardial infarction.

The causal inference, i.e. the procedure of drawing
conclusions related to the cause(s) of a disease, is a
particularly complicated issue in epidemiological re-
search. In the 1970s, Hill (1971) formalized the criteria
that have to be fulfilled in order to accept a causal
relation. These included:

1. Strength of the association. The stronger the associa-
tion is between the potential (putative) risk factor
and disease presence, the more likely it is that the
anticipated causal relation is valid.

Dose-response effect. An observation that the fre-

quency of the disease increases with the dose or

level of exposure to a certain factor supports a

causal interpretation.

. Temporal consistency. It is important to establish that
the exposure to the anticipated causative factor
occurred prior to the onset of the disease. This may
be difficult in case of diseases with long latent
periods or factors that change over time.

. Consistency of the findings. If several studies investi-
gating a given relationship generate similar results,

the causal interpretation is strengthened.

Biological plausibility. It is advantageous if the an-
ticipated relationship makes sense in the context of
current biological knowledge. However, it must be
realized that the less that is known about the etiol-
ogy of a given disease, the more difficult it becomes
to satisfy this particular criterion.

. Specificity of the association. If the factor under inves-
tigation is found to be associated with only one
disease, or if the disease is found to be associated
with only one factor among a multitude of factors
tested, the causal relation is strengthened. How-
ever, this criterion can by no means be used to
reject a causal relation, since many factors have
multiple effects and most diseases have multiple
causes.

It is important to realize that the criteria described
above are meant as guidelines when a causal inference
is established. None of them, however, is either neces
sary or sufficient for a causal interpretation. Strict

adherence to any of them without concomitant con-
sideration of the other may result in incorrect conclu-
sions.

A distinction has to be drawn between a causal
factor, assessed as above, and a risk factor. hl a broad
sense, the term risk factor may indicate an aspect of
personal behavior or lifestyle, an environmental expo-
sure, or an inborn or inherited characteristic which, on
the basis of epidemiologic evidence, is known to be
associated with disease-related conditions. Such an
attribute or exposure may be associated with an in-
creased probability of occurrence of a particular dis-
ease without necessarily being a causal factor. A risk
factor may be modified by intervention, thereby re-
ducing the likelihood that the particular disease will
occur.

The principles of the risk assessment process were
discussed by Beck (1994) and should consist of the
following four steps:

1. The identification of one or several individual fac-

tors that appear to be associated with the disease.

2. In the case of multiple factors, a multivariate risk
assessment model must be developed that discloses
which combination of factors does most effectively
discriminate between health and disease.

. The assessment step, in which new populations are
screened for this particular combination of factors,
with a subsequent comparison of the level of the
disease assessed with the one predicted by the
model.

. The targeting step, in which exposure to the identi-
fied factors is modified by prevention or interven-
tion and the effectiveness of this particular regimen
is evaluated.

Thus, according to this flow chart, potential Or putative
risk factors (often also referred to as risk indicators) are
first identified and thereafter tested until their signifi-
cance as true risk factors is proven.

Finally, distinction must be made between prognos-
tic factors (or disease predictors), i.e. characteristics re-
lated to the progression of pre-existing disease and true
risk factors; i.e. exposures related to the onset of the



disease. For example, it is established in longitudinal
studies of periodontal disease (Papapanou et al. 1989)
that the amount of alveolar bone loss or the number
of teeth present at baseline may be used to predict
further progression of the disease. These variables are,
in fact, alternative measures of the disease itself and
express the level of susceptibility of a given subject to
periodontal diseases. Although they maybe excellent
predictors for further disease progression, they can
clearly not be considered as risk factors.

There are several ways to study the relation be-
tween exposure to a certain factor and the develop-
ment of a particular disease, as required under point
1. One of these is described in Fig. 2-3 which illustrates
a hypothetical situation where exposure to the poten-
tial risk factor Z is studied among 180 subjects found
to suffer from the disease D ("cases") and 120 disease-
free individuals (“controls”). It was observed that 155
out of the 180 diseased subjects had been exposed to
factor Z, as was also the case for 40 non-diseased
subjects. The association between exposure and dis-
ease may in this example be expressed by the odds ratio
(OR), which is the ratio of exposure among the cases
to exposure among the controls. For the data in Fig.
2-3, the odds ratio is calculated as

(155/25):(40/80) _ (155 x 80):(40 X 25) = 12.4

This indicates that the cases were 12.4 times more
likely to have been exposed to factor Z than the con-
trols.

In a study of the association between exposure to a
risk factor and the occurrence of disease, confounding
can occur when an additional factor, associated with
the disease, exists and is unevenly distributed among
the groups under investigation. For instance, in a
study between radon exposure and lung cancer,
smoking may act as a confounder if the smoking
habits of the subjects exposed to radon are different
from those of the subjects not exposed.

There are various ways to assess simultaneously
the effect of a number of putative risk factors identi-
fied in step 1 and generate the multivariate model
required for step 2. For example, the association be-
tween exposure and disease may for reasons of sim-
plicity have the form of the following linear equation:

y =a+ byx +b2x2 + b3x3 + ... byx,

where y represents occurrence or severity of the dis-
ease, a is the intercept (a constant value), X{, X, ... X,
describe the different exposures (putative risk factors),

and by, by, ... b, are estimates defining the relative
importance of each individual exposure as determi-
nant of disease, after taking all other factors into ac-
count. Such an approach may identify factors with
statistically and biologically significant effect and may
eliminate the effect of confounders.

In the third step (assessment step), a new popula-
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tion sample that is independent of the one used in the
construction of the multivariate model is screened for
occurrence of disease and presence of the relevant
factors included in the multivariate model. Sub-
sequently, the predictions of disease are compared
with the observed disease, and the external validity of
the model (i.e. the "behavior" or "fitness" of the model
in the new population) is evaluated. Alternatively,
exposure to the relevant factors is assessed among the
subjects of the new sample, and disease incidence, i.e.
the number of new cases of disease, is determined
over a time period after a longitudinal follow-up of
the subjects.

A number of significant issues may be elucidated
during the targeting step. Hence, aspects of causality
or risk are verified if disease occurrence is suppressed
when exposure is impeded. Importantly, an evalu-
ation of the particular preventive/therapeutic strat-
egy from a "cost-benefit" point of view is facilitated.

In the case of periodontitis, it should be realized
that none of the putative risk factors has been sub-
jected to the scrutiny of all four steps. In fact, risk
assessment studies in dental research in general have
been confined to the first two steps. hl other words,
while numerous cross-sectional studies identifying
potential factors are available, a relatively limited
number of longitudinal studies has involved a multi-
variate approach for identifying true risk factors while
simultaneously controlling for the effect of possible
confounders. In the following text, the issue of risk
factors is addressed according to the principles de-
scribed above. Results from cross-sectional studies are
considered to provide evidence for putative risk fac-
tors which may be further enhanced if corroborated
by longitudinal studies involving multivariate tech-
niques.

Studies of putative risk factors for
periodontitis

Multiple factors

In a relatively large number of cross-sectional studies,
multiple risk markers/putative risk factors for peri-
odontal disease have been examined (Beck et al. 1990,
Grossi et al. 1994, 1995, Horning et al. 1992, Ismail &
Szpunar 1990, Kallestal & Matsson 1990, Locker &
Leake 1993h, Mumghamba et al. 1995, Oliver et al.
1991, Tervonen et al. 1991, Wheeler et al. 1994). A
selection of such studies and an outline of their design
and main findings is presented in Table 2-4. A common
feature of these studies is the use of a multivariate
approach when seeking associations between factors
and outcome variables (i.e. the extent and severity of
periodontal disease). Increased odds ratios for severe
disease have been documented for certain "back-
ground" factors such as male sex and black or Filipino
origin; older age; low socio-economic or educational
status; certain systemic conditions such as diabetes;
smoking; and occurrence of certain bacteria such as
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Table 2-4. Putative risk factors for periodontitis in cross-sectional studies

Authors/Country Sample/Methodology
Ismail & Szpunar (1990) Two random samples of dentate Mexican-Americans, 12-74
USA yrs old; 395 with low and 1894 high acculturation status;

probing assessments at mesial sites, all teeth (Russell's
periodontal index); data from HHANES survey; acculturation index (
Al) in a scale from 1 to 5; the two groups comprised the lower 8.
6% of the sample with Al of 1 and upper 46.8°/o with an Al score
of3.1-4.9

Findings

Logistic regression revealed that subjects with low Al had
significantly more gingivitis and periodontal pocketing than
subjects with high Al, even after accounting for the effects of age,
sex, debris and calculus index scores, income and education

Beck et al. (1990) 690 community dwelling adults, age 65+; probing

USA assessments at mesio- and mid-buccal surfaces, all teeth; logistic regression for advanced
AL and deep pocketing; "advanced disease™: >_ 4 sites with AL
of a 5mmand >_ 1 of these sites with PD of 74 mm

Blacks: 78% of their sites with attachment loss, mean AL on these
sites 4 mm; whites: 65%, 3.1 mm; odds ratios in blacks: tobacco
use 2.9; P gingivalis > 2% 2.4; P intermedia > 2% 1.9; last dental
visit > 3 yrs 2.3; bleeding gums 3.9; in whites: tobacco use 6.2;
presence of P gingivalis (+) 2.4; no dental visits for > 3 years plus
BANA (+) 16.8

Tervonen et al. (1991)
Finland

895 subjects in ages 25, 35, 50 and 65 yrs; CPITN; interview

and questionnaire; logistic regression to evaluate the
associations between periodontal pocketing (PD 4 mm) and
dietary and oral hygiene habits, social factors, appreciation of
natural teeth, use and availability of dental services

Periodontal pocketing was correctly classified in 65% of the cases and
was significantly associated with social variables and behavioral
factors; adjusted odds ratios for periodontal pocketing: age 1.7 to 4.
3, male sex 2.0

Oliver et al. (1991)
USA

15 132 employed adults, 18-64 yrs; partial recording;
probing assessments at mesial and buccal sites in one upper
and one lower quadrant; pair-wise associations between
the prevalence and extent of PD with race, education,
income, dental insurance and dental visits

Periodontal disease was more prevalent and extensive in subjects
who were black, had lower education, and had not seen a dentist
for the past three years or more

Horning et al. (1992) 1783 subjects, 13-84 yrs old, presenting for examination in

USA a military dental clinic; full-mouth, circumferential probing assessments; logistic regression
in a predictive model for periodontal disease by use of a number
of putative risk indicators

Age over 30 yrs, Filipino background, male sex and current smoker
status were significant predictors with adjusted odds ratios 5.0, 1.
7, 1.8 and 1.8, respectively

Locker & Leake (1993b)
Canada

907 subjects, age 50+ yrs, in two metropolitan and two

non-metropolitan communities; probing assessments at mesio-
buccal and buccal sites, recession at four sites/tooth, all teeth; in
upper molars, palatal probing assessments as well; stepwise
linear regression and logistic regression analysis to seek
associations between certain socio-demographic, general health,
psychosocial, oral health variables, and three indicators of
periodontal disease experience (mean AL, % of sites with AL 7 2
mm, and “severe" disease)

34% of the subjects had attachment loss of >_ 2 mm in > 80% of
their sites; in the multivariate analysis, age, education, current
smoking status and number of teeth had the most consistent
independent effects; odds ratios for severe disease: age over 75
yrs 3.9, low educational level 2, current smoking 2.9

Grossi et al. (1994) Random sample of 1426 subjects, age 25-74 yrs, ina

USA metropolitan community; full-mouth probing assessments; multivariate analysis of risk
indicators for attachment loss; associations to the right remain valid
after controlling for gender, soon-economic status, education, and
oral hygiene levels

Significant odds ratios for severe attachment loss (model including
exclusively systemic diseases): allergy 0.6, anaemia 0.7, diabetes 2.0,
age 1.9 to 9."l; significant odds ratios in a model including
potential risk indicators: Capnocytophaga spp. 0.6, anaemia 0.6,
high education 0.6, male sex 1.4, P gingivalis 1.6, age 1.7 to 9.0,
smoking 2.0 to 4.7, diabetes 2.3, B. forsythus 2.4

Grossi et al. (1995)
USA

Same sample as in Grossi et al. (1994); 1361 subjects, age

25-74 yrs; assessments of interproximal bone loss from full-
mouth radiographs; the degree of association between bone loss
and explanatory variables was analyzed by stepwise logistic
regression

Odds ratios for severe bone loss: kidney disease 0.55, high
education 0.7, allergy 0.8, male sex 1.3, smoking 1.5 to 7.3, P
gingivalis 1.73, race 2.4, B. forsythus 2.52, age 2.6 t0 24.1

PD: probing depth; AL: attachment level; CEJ: cemento-enamel junction; CPITN: Community Periodontal Index of Treatment Needs; BANA: N-benzoyl-DL-arginine-
2-naphthylamide; a substrate hydrolyzed in the presence of Treponema dent/co/a, Porphyromonas gingivalis and Bacteroides forsythus

Porphyromonas gingivalis, Bacteroides forsythus and
Prevotella intermedia in the subgingival plague. An-

other interesting observation is that different factors
may be of importance in distinct population groups;
hence, race (Beck et al. 1990) or age (Grossi et al. 1994)
appears to influence the interaction between certain

factors and disease expression.

Tobacco smoking

The biological plausibility of an association between
tobacco smoking and periodontitis was founded on
the potential effects of several tobacco-related sub-
stances,
drogen cyanide. It is increasingly clear that smoking
may affect the vasculature, the humoral immune sys-

notably nicotine, carbon monoxide and hy-
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Table 2-5. Studies focused on the role of tobacco smoking as a risk factor for periodontitis

_Ls

Authors/Country Sample/Methodology Findings
Bergstrom (1989) Patients referred for periodontal therapy (155 subjects, 30, 56% of the patients and 34% of the controls were smokers (
Sweden 40 and 50 yrs old); a random sample of the Stockholm odds ratio 2.5); significantly higher frequency of periodontally
population served as controls; full-mouth probing assessments; involved teeth in smokers; no notable difference between
sites with PD ? 4 mm considered diseased; recording of plaque smokers and non-smokers with respect to plaque and gingivitis
and gingivitis scores
Haber & Kent (1992) 196 patients with periodontal disease in a periodontal Overall smoking history in the periodontal practice 75%; in the
USA practice and 209 patients from five general practices; probing general practice 54%; summary odds ratio for positive smoking
assessments at six sites/tooth and full-mouth radiographs; history in perio versus general practice patients was 2.6; in the
questionnaire on smoking habits; patients with negative history perio group, frequency of current smoking increased with
of periodontal therapy from the general practices included as increasing severity of periodontal disease
controls; comparison of (1) the prevalence of smoking among the
two patient groups, and (2) periodontal disease severity among
current and never smokers
Locker (1992) 907 adults, 50 yrs old, living independently in four Ontario Current smokers had fewer teeth, were more likely to _have lost
Canada communities; partial, probing assessments; half of the all their natural teeth and had higher extent and severity of

participants reported a positive history of smoking and 20%
were current smokers

periodontal disease than those who had never smoked

Haber et al. (1993)
USA

132 diabetics and 95 non-diabetics, 19-40 yrs old; probing

assessments at six sites/tooth, all teeth; questionnaire on
smoking habits; calculation of the population attributable risk
percent (PAR%), as an estimate of the excess .prevalence of
periodontitis in the study population that is associated with
smoking

29 72 vire ald

The prevalence of periodontitis was markedly higher among
smokers than non-smokers within both the diabetic and
non-diabetic groups; PAR% among non-diabetics was 51%
in ages 19-30 yrs and 32% in ages 31-40 yrs

y 20 TI YISOy
attending a health maintenance organization, selection of 63

smokers and 126 non-smokers of similar age, sex, plaque and
calculus scores; probing assessments at the proximal surfaces of
premolars and molars in a randomly selected posterior sextant;
detection of » gingivalis, P
intermedia, A. actinomycetemcomitans, E. corrodens and r
nucreatum bya semi-quantitative fluorescence
immunoassay, in one buccal and one lingual sample per tooth
examined; logistic regression to determine if any of the bacteria

USA

Odds ratio for a smoker having a mean PD of ? 3.5 mm was 5.
3(95% Cl 2.0 to 13.8); no statistically significant difference
between smokers and non-smokers with respect to prevalence
of the bacteria examined; the logistic model revealed that a
mean PD of 3.5 mm was significantly associated with the
presence of Asa., Pi., cc. and smoking; smoking was a stronger
indicator than any of the bacteria examined

Jette et al. (1993) 1156 community dwellers, age 70+ yrs; probing

USA assessments at four sites/tooth, all teeth; evaluation if lifelong tobacco use is a
modifiable risk factor for poor dental health; multiple
regression analysis

18.1% of men and 7.9% of women were tobacco users (overall
12.3%; including 1% smokeless tobacco users); years of
exposure to tobacco products was a statistically significant factor
for tooth loss, coronal root caries and periodontal disease,
regardless of other social and behavioral factors; periodontal
disease (no. of affected teeth) was predicted by longer duration
of tobacco use, male sex and more infrequent practice of oral
hygiene

Martinez Canut et al. (1995) 889 periodontitis patients, in ages 21-76 yrs; probing Spain
assessments at six sites/tooth, all teeth; analysis of
variance to examine the role of smoking on the severity of
periodontitis

Smoking was statistically related to increased severity of
periodontitis in multivariate analysis; a dose-response effect was
demonstrated, with subjects smoking > 20 cigarettes/day
showing significantly higher attachment loss

Axelsson et al. (1998) A random sample of 1093 subjects, in ages 35, 50, 65

In the oldest age group, 41% of the smokers and 35% of the

Sweden and 75 yrs; prevalence of smoking in the four age groups was non-smokers were edentulous; in every age group, mean
35%, 35%, 24% and 12%, respectively; recordings included attachment loss was statistically significantly increased in
AL, CPITN scores, DMF surfaces, plaque and stimulated salivary smokers by 0.37, 0.88, 0.85 and 1.33 mm, respectively;
secretion rate (SSSR) smokers had higher CPITN and DMF scores, increased SSSR,
but similar plaque levels
Tomar & Asma (2000) 12 329 subjects, in age 18 yrs, participants in the 27.9% of the participants were current smokers and 9.2% met
USA NHANES 11l study; probing assessments at mesial and buccal the definition for periodontitis; current smokers were four times

sites in one upper and one lower quadrant; mesial assessments
performed from the buccal aspect of the teeth; assessments of
gingivitis, PD, and location of the gingival margin in relation to
the CEJ; "periodontitis” was defined as 1 site with AL 4 mm and
PD 4 mm

as likely to suffer from periodontitis than never smokers, after
adjustments for age, gender, race/ethnicity, education and
income:poverty ratio; among current

smokers, there was a dose-response relationship between

cigarettes/day and periodontitis; 41.9% of periodontitis cases

were attributable to current smoking and 10.9% to former

smoking

PD: probing depth; AL: attachment level; CEJ: cemento-enamel junction; CPITN: Community Periodontal Index of Treatment Needs; DMF. decayed, missing, filled
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tern, the cellular immune and inflammatory systems,
and exercise effects through the cytokine and adhe-
sion molecule network (for recent reviews see Gelskey
1999, Kinane & Chestnutt 2000, Palmer et al. 1999). A
substantial number of studies, a selection of which is
summarized in Table 2-5, established the association
of smoking with impaired periodontal conditions (
Axelsson et al. 1998, Bergstrom 1989, Goultschin et al.
1990, Haber & Kent 1992, Haber et al. 1993, Jette et al.
1993, Locker 1992, Martinez Canut et al. 1995, Rag-
narsson et al. 1992, Stoltenberg et al. 1993b, Tomar &
Asma 2000, Wouters et al. 1993).

It is important to emphasize that the multivariate
techniques employed in several studies reveal that the
inferior periodontal status of smokers cannot be at-
tributed to poorer plaque control or more severe gin-
givitis (Bergstrom 1989). Earlier reports suggested a
rather similar composition of the subgingival mi-
croflora in smokers and non-smokers (Stoltenberg et
al. 1993b); however, recent studies demonstrated that
shallow sites in smokers are colonized at higher levels
by periodontal pathogens, such as B. forsythus, Tre-
ponema denticola, and P. gingivalis, and that these dif-
ferences were obscured in deep, diseased pockets. In
an attempt to quantitate the effects of smoking on the
periodontal conditions, Haber et al. (1993) suggested
that the excess prevalence of periodontal disease in the
population attributed solely to smoking is by far
greater than the one owed to other systemic predispo-
sitions, such as diabetes mellitus. Data derived from
the NHANES 111 study (Tomar & Asma 2000) sug-
gested that as many as 42% of periodontitis cases in
the USA can be attributed to current smoking, and
another 11% to former smoking. Interestingly, smok-
ing cessation was shown to be beneficial to the peri-
odontal tissues. In a longitudinal study (Bolin et al.
1993), 349 subjects with 20 remaining teeth were

Fig. 2-4. Meta-analysis of smoking as a risk factor for
periodontal disease. The studies included are:
Bergstrom (1989), Haber & Kent (1992), Locker (1992),
Haber et al. (1993), Stoltenberg et al. (1993b) and Grossi
et al. (1994). Bars indicate the 95% confidence limits for
the depicted odds ratios.

examined on two occasions 10 years apart (1970 and
1980). Progression of periodontal disease was as-
sessed on radiographs at all approximal tooth surfaces
and was revealed to be almost twice as rapid in smok-
ers than in non-smokers. It was also observed that
subjects who quit smoking at some time point within
the observation period had a significantly retarded

progression of bone loss than the one occurring in
smokers. Similar observations were made by Krall et

al. (1997) who reported that, over a mean follow-up
period of 6 years, subjects who continued to smoke
had a 2.4-fold (men) to 3.5-fold risk of tooth loss when
compared to non-smokers. Finally, in a 10-year follow-
up study, Bergstrom et al. (2000) observed an increase

of periodontally diseased sites concomitant with loss
of periodontal bone height in current smokers, as
compared to non-smokers whose periodontal health
condition remained unaltered throughout the period
of investigation. The periodontal health condition in
former smokers was similarly stable to that of non-
smokers, underscoring the beneficial effects of smok-
ing cessation.

Fig. 2-4 describes a meta-analysis of data from stud-
ies studying the association between smoking and
periodontal conditions. In essence, meta-analysis is a
statistical method which combines results from differ-
ent studies of similar design, in order to gain an overall
increased power, i.e. an enhanced potential to reveal
biological associations which, in fact, exist but are
difficult to detect (Chalmers 1993, Oakes 1993, Proskin
& Volpe 1994). This analysis incorporated data from
six studies, including a total of 2361 subjects, with
known smoking habits and periodontal status (
Bergstrom & Eliasson 1989, Grossi et al. 1994, Haber
& Kent 1992, Haber et al. 1993, Locker 1992; Stolten-
berg et al. 1993b). It can be observed that smoking
entailed an overall increased, statistically and biologi-
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Table 2-6. Studies focused on the role of diabetes mellitus as a risk factor for periodontitis

Authors/Country Sample/Methodology Findings
Hugoson et al. (1989) 82 subjects with long and 72 with short duration IDDM; 77 No notable difference in plaque, calculus and no. of teeth
Sweden non-diabetics (age 20-70 yrs); full-mouth, probing assessments between diabetics and non-diabetics; long duration diabetics

at four sites/tooth; radiographs of lower molar-premolar
regions; subjects assigned into five groups according to
increasing severity of periodontal disease; no multifactorial
analysis

were more frequently classified in groups 4 and 5 and had
significantly more tooth surfaces with PD of ? 6 mm than non-
diabetics; significantly more extensive ABL in long duration
diabetics 40-49 yrs old

Shlossman et al. (1990)
USA

3219 Pima Indians, ? 5 yrs; prevalence of NIDDM 23%

(20% in men, 25% in women); probing assessments at six
sites/tooth, at six index teeth; alveolar bone loss from
panoramic radiographs; 2878 subjects with available
radiographic data, probing assessments or both; comparison
between diabetics and non-diabetics with respect to AL and ABL

Median attachment loss and alveolar bone loss higher in
diabetics for all age groups and in both sexes

Emrich et al. (1991)
USA

Sample and methodology same as above (Shlossman et al.
1990); 1342 Pima Indians, 15 yrs and older, with natural teeth;
19% (254) with diabetes and 12% (158) with impaired glucose
tolerance; linear logistic models to predict prevalence and severity
of periodontal disease; prevalence:

1 sites with AL of 5 mm or ABL 0 25% of the root length;
severity: square root of average AL or ABL

Diabetes, age and calculus were significant risk markers for
periodontitis; odds ratios for a diabetic to have periodontal
disease were 2.8 (clinically assessed) and 3.4 (radiographically)

de Pommereau et al. (1992) 85 adolescents with IDDM in ages 12-18 yrs and 38 healthy
France age-matched controls; probing assessments at six sites/tooth, all

teeth; bite-wing radiographs at molars and sites with AL >2 mm;

patients divided according to disease duration (more or less than
6 yrs); sexual maturation according to Tanner's classification;
metabolic control expressed through glycosylated hemoglobin (
HbA1c(; non-parametric pair-wise analysis

None of the subjects had sites with AL 3 mm or radiographic
signs of periodontitis; despite similar plaque scores, diabetic
children had significantly more gingival inflammation; no
significant relation between gingival condition and age, Tanner's
index, HbA1 c level or disease duration

Oliver & Tervonen (1993) 114 diabetic patients, 20-64 yrs old (60% with IDDM and
USA 40% with NIDDM); half mouth, probing assessments at four sites/tooth; data from the
1985-86 National Survey served as controls

Tooth loss was similar among diabetics and US employed alk8%odte
I8/ dtearidtedlsntilDAnmgad e thddweecomparableinboth
groups

Thorstensson & Hugoson 83 IDDM patients and 99 age and sex-matched
(1993) non-diabetics (age 40-70 yrs); full-mouth, probing
Sweden assessments at four sites/tooth; radiographs of lower molar-

premolar regions; subjects assigned into five groups according to
increasing severity of periodontal disease; univariate analysis

Diabetics 40-49 yrs old (mean disease duration 25.6 yrs) had
more periodontal pockets >_ 6 mm and more extensive alveolar
bone loss than non-diabetics, but this was not the case for
subjects aged 50-59 or 60-69 yrs (mean disease duration 20.5
and 18.6 years, respectively). Disease duration appeared to be a
significant determinant of periodontitis development

Pinson et al. (1995)
USA

26 IDDM children, 7-18 yrs old and 24 controls, 20 of whom
were siblings of the diabetic patients; full-mouth, probing
assessments at six sites/tooth; metabolic control assessed
through glycosylated hemoglobin (GHb); analysis of co-variance

Overall, no statistically significant differences between cases and
controls; no association between GHb and clinical variables; after
correcting for plaque, diabetics showed more severe gingival
inflammation in specific tooth regions

Taylor et al. (1998)
USA

2-year longitudinal study of 24 subjects with NIDDM and
362 subjects without diabetes, aged 15-57 yrs; degree of bone
loss on panoramic radiographs was assessed on a scale of 0-4

A regression model having progression of bone loss as the
dependent variable revealed a cumulative odds ratio for NIDDM
of 4.23 (95% C.I. 1.80-9.92)

PD: probing depth; AL: attachment level; CEJ: cemento-enamel junction

IDDM and NIDDM insulin-dependent and non-insulin dependent diabetes mellitus, respectively; both terms have been abolished and replaced by type 1 and type 2

diabetes

cally significant risk for severe disease (estimated
overall odds-ratio of 2.82; 95% confidence limits 2.36
to 3.39).

Diabetes mellitus

Diabetes as a risk factor for periodontitis has been
addressed and debated for several years (Genco & Loe
1993), but a number of biological mechanisms have
been recently identified by which the disease may
contribute to impaired periodontal conditions (for re-

view see Lalla et al. (2000)). Table 2-6 summarizes
some epidemiological evidence based on a number of
case-control and cohort studies that examine the peri-
odontal status of patients with diabetes (de Porn-
mereau et al. 1992, Emrich et al. 1991, Hugoson et al.
1989, Oliver & Tervonen 1993, Pinson et al. 1995,
Shlossman et al. 1990, Thorstensson & Hugoson 1993).
Two of these studies (de Pommereau et al. 1992, Pin-
son et al. 1995) deal with diabetes in children and
adolescents and, apart from a more pronounced gin-
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givitis in patients with insulin dependent diabetes
mellitus (IDDM), fail to detect notable differences in
the periodontal conditions between the diabetics and
the healthy subjects. All remaining studies but one (
Oliver & Tervonen 1993) demonstrate more severe
periodontal conditions in adult patients with diabetes.
Of special interest appears to be the study by Emrich
et al. (1991) who employed a multivariate analysis in a
large subject sample with high prevalence of type Il
diabetes. These investigators showed that diabetics
were three times more likely to suffer attachment and
alveolar bone loss than non-diabetics. The studies in
Table 2-6 further indicate that diabetes of long dura-
tion, early onset and poor metabolic control confers an
increased risk for periodontitis.

Evidence from longitudinal studies corroborating
the role of diabetes mellitus as a risk factor for perio-
dontitis is also available. A 2-year follow-up study of
patients with diabetes and healthy controls by Taylor
et al. (1998) demonstrated that diabetes conferred an
odds ratio of 4.2 for progression of bone loss over the
observation period. Studies have further related the
progression of periodontitis to the level of metabolic
control (Seppala et al. 1993, Tervonen & Oliver 1993).
In the study by Seppala et al. (1993), IDDM patients
with long diabetes duration were followed for a pe-
riod of 2 to 3 years. It was demonstrated that patients
with good metabolic control exhibited less longitudi-
nal attachment loss and bone loss than poorly control-
led patients, despite similar levels of plaque control.
In a retrospective study of patients with long-term
records of metabolic control, Tervonen & Oliver (1993)
showed that calculus and long-term control of diabe-
tes were significant predictors of probing depth of 4
mm in a multiple regression model.

HIV infection

A number of cross-sectional studies in the 1990s ad-
dressed the issue of prevalence of periodontal disease
in HIV seropositive subjects (Friedman et al. 1991,
Klein et al. 1991, Lamster et al. 1994, Masouredis et al.
1992, Swango et al. 1991). Contrary to early reports
demonstrating very severe periodontal conditions in
HIV positive subjects, these studies failed to docu-
ment any notable difference in prevalence and sever-
ity of periodontal disease in such subjects when com-
pared to HIV negative controls. A possible explana-
tion maybe the fact that the majority of the more recent
studies involved random samples of HIV positive
subjects and not AIDS patients presenting for exami-
nation after manifestation of oral symptoms. It is pos-
sible, therefore, that the earlier studies suffer from a
certain degree of selection bias.

Two companion publications reporting from a
short-term longitudinal study (Cross & Smith 1995,
Smith et al. 1995) involved a group of 29 HIV seropo-
sitive subjects who were examined at baseline and 3
months. No notably high prevalence or incidence of
attachment loss was recorded and their subgingival
microflora resembled that obtained from non-

systemically affected subjects, while it was not corre-
lated to their CD4+ and CD8+ lymphocyte counts.
However, a 20-month follow-up study of 114 homo-
sexual/bisexual men by Barr et al. (1992) revealed a
clear relationship between incidence of attachment
loss and immunosuppression, expressed through T4
cell counts. The authors suggested that seropositivity
in combination with older age confers an increased
risk for attachment loss. Similar observations were
drawn by Lamster et al. (1997) who concluded that
periodontitis in the presence of HIV infection is de-
pendent upon the immunologic competency of the
host as well as the local inflammatory response to both
typical and atypical subgingival microbiota. Finally, a
cross-sectional study of 326 HIV-infected adults (
McKaig et al. 1998) revealed an overall high preva-
lence of periodontitis, with 62% of the subjects having
probing depths of 5 mm and 66% having attachment
loss > 5 mm. Interestingly, after adjustments for CD4+
counts, persons taking HIV-antiretroviral medication
were five times less likely to suffer from periodontitis
as those not taking such medication, which further
demonstrates the importance of the host's immu-
nologic competency in this context.

Other factors

Factors that are increasingly investigated in recent
studies include osteopenia/osteoporosis, especially in
conjunction with hormone replacement therapy in
postmenopausal women (Reinhardt et al. 1999, Ron-
deros et al. 2000, Tezal et al. 2000), as well as psychoso
cial stress and coping behaviors (Genco et al. 1999).

Longitudinal studies and conclusions

Table 2-7 presents the design and results of a number
of studies involving longitudinal assessments of clini-
cal attachment level or alveolar bone loss and multi-
variate techniques to identify factors associated with
the progression of periodontitis. It is apparent that
several features vary considerably between the stud-
ies; e.g. the time periods for which the subjects were
followed, the size of the samples, the number of sites
studied (full-mouth or partial recordings). Examined
together, however, the studies allow the following
conclusions:

1. It is important to distinguish between risk factors
and disease predictors. The use of the latter will
undoubtedly increase the coefficient of determina-
tion of the multivariate models, (i.e. the proportion
of the variance explained by means of the models)
but may mask the significance of true etiologic
factors. As shown by Ismail et al. (1990a), factors
identified by the bivariate analysis which, in addi-
tion, bear a biologically plausible etiologic poten-
tial (such as dental plaque) do not retain their sig-
nificance in a multivariate model when predictors
such as tooth mobility are also included. As dem-
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Table 2-7. Risk factors/predictors in longitudinal clinical and radiographic studies

Authors/Country Sample/Methodology Findings
Ismail et al. (1990) 526 subjects examined in 1959, 5-50 yrs old, 167 (1) 13% of the subjects, mean LAL>2 mm (2) 33% of sites,
USA re-examined in 1987; 28-year follow-up; probing assessments at 97% of the subjects (3) 15% of the sites, 88% of the subjects (

four sites/tooth, all teeth; incidence of attachment loss expressed
as: (1) mean LAL, (2) % of sites and subjects with LAL 2 rem, (

3) 3mm and (4) @ 4 mm; markers of LAL in (5) bivariate analysis
and (6) logistic regression

4) 5/, of the sites, 57 %o of the subjects (5) age, smoking, high
tooth mobility/plague/gingivitis/calculus at baseline, lower
education, irregular dental attendance (6) age, smoking, tooth
mobility; significant odds ratios for LAL: gender 2.2, education 3.
0, dental visits 3.1, smoking 6.3, age 3.9t0 5.4

Haffajee et al. (1991a)
Japan

271 randomly selected subjects, 20-59+ yrs old; 1-year

follow-up; probing assessments at six sites/tooth, all teeth; chi-
square analysis, log linear regression, discriminant analysis;
progression threshold: >_ 3 mm of LAL

27% of the subjects had 1 site with 3 mm LAL; older subjects at
greater risk than younger; the greater the % of sites with visible
plaque or BoP, the greater the risk for LAL; log-linear analysis
suggested that the association between BoP, age or plaque with
LAL may be explained by their association with baseline AL

Haffajee et al. (1991b)
USA

38 subjects, 14-71 yrs old, with prior evidence of

attachment loss; 2 month follow-up; probing assessments at six
sites/tooth, all teeth; 28 subgingival samples per subject at
baseline, DNA-probe analysis with respect to 14 bacterial species;
progression threshold: >_ 3 mm of LAL; the mean °/ of the total
cultivable microbiota was averaged across active and inactive
sites; odds ratios computed at different thresholds for each species

Significant odds ratios for new disease: P gingiva/is 5.6, C. rectus 3.
8, V. parvula 0.16 and C. ochracea 0.08; discriminant analysis using
the significantly related species was useful in predicting subjects at
risk for new attachment loss

Halazonetis et al. (1989)
USA

23 patients with pocket depths monitored for 5 to 12

months prior to therapy; probing assessments at six sites/tooth,
all teeth; based on amount and distribution of prior attachment
loss the subjects were divided into three groups: minor
periodontitis, predominantly molar periodontitis and generalized
periodontitis

Subjects with minor periodontitis and predominantly molar
periodontitis exhibited LAL more frequently in molar sites,
proximal sites and sites with baseline AL 4 mm; in subjects with
generalized periodontitis, LAL was related to tooth surface and
baseline AL but not to tooth type

Papapanou et al. (1989)
Sweden

201 subjects in ages 25-70 yrs at baseline; 10-year

follow-up; randomization among subjects referred for a full-
mouth radiographic examination; assessments of alveolar bone
loss (ABL) at the approxlmal surfaces of all teeth; incidence of
longitudinal bone loss (LBL); multiple regression using
parameters known at baseline to predict bone level status at the
second examination

3% of the subjects became edentulous; 7% showed a mean LBL
of >3 mm; 16% of the sites lost ? 2 mm of bone support; 15% of
the subjects accounted for 50% of all sites with LBL of 6 mm; 70-
year olds showed a statistically significantly higher rate of bone
loss when compared to all other groups; remaining teeth and bone
loss at baseline were the best predictors of end status

Albandar (1990) 142 subjects, 18-67 yrs old at baseline; 6-year follow-up; Similar degree of LBL in all four age groups; LBL varied according to
Norway randomization among the employees of an industrial plant n tooth type and was more pronounced at sites with bone oss at
Oslo; 6 periapical radiographs per subject; assessments of ABL; baseline; 90% of the sites were stable over the entire observation
radiographs available from baseline, 2 and 6 yrs; contingency period, 3% were active during the first period, 6% over the second
tables to analyze disease progression according to tooth type, age  period, and 1% during both periods
and presence of bone loss at baseline; analysis of variance to study
the rate of LBL according to the classification variables
Papapanou & Wennstrom Sample and methodology as in Papapanou et al. (1989); Sites with an angular bone loss pattern showed more LBL than sites
(1991) classification of the bone loss pattern at baseline as angular with even bone loss, after adjusting for the subject's and the site's
Sweden or even; angular defects scored in a scale from 1-3 with initial amount of bone loss; while 13% of the sites with an even
ncreasing depth; multiple regression to predict LBL over the pattern lost bone, this percentage ncreased to 22%, 46%, and
10-year period; diagnostic test for progression based on 68% for sites with angular defects of degree 1, 2 and 3,
presence of an angular bony defect at baseline respectively; presence of an angular bony defect at baseline
identified LBL with 8% sensitivity, 94% specificity, 28% positive
and 77% negative predictability
Beck & Koch (1994) 263 blacks, 229 whites, age 65+ yrs; 18-month follow-up; Subjects with LAL manifested through deepening pockets had
USA probing assessments at mesio-buccal and buccal sites, all teeth; different characteristics than those whose LAL was primarily

progression threshold: >3 mm of LAL; risk factors for LAL
manifested through increasing pocket depths were compared to
those that conferred progression via increased gingival recession;
logistic regression

expressed as increased gingival recession; thus, different

etiologies may be involved in the two processes

Brown et al. (1994)
USA

The same sample as in Beck & Koch (1994); 18-month follow-up;
probing assessments at mesio-buccal and buccal sites, all teeth;
progression threshold: 3mm of LAL;
ncidence of LAL and risk/predictive factors were studied by ogistic
regression

50% of the subjects harbored >_ 1 "loser" site (third of the
blacks, quarter of the whites); 24% of the blacks and 16% of the
whites harbored 3 "loser" sites. Risk factors: blacks: P gingiva/is, P
intermedia, no flossing, worsening memory, no dental visits for
the past 3 years; Whites: P gingiva/is, medical care within the last
6 months, depression, regular smoking; advanced disease at
baseline was a good predictor of attachment loss
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Table 2-7 (contd)

Authors/Country Sample/Methodology Findings
Etter et al. (1999) Five sequential examinations of 697 blacks and whites, age For both whites and blacks, factors significantly associated
USA 65+ yrs, over a 7-year period; multivariate regression with LAL were P gingiva/is amounting to > 2% of the total

models to examine factors of importance for LAL

microbial count, no dental care, smoking and high BANA scores

Bergstrom et al. (2000)
Sweden

A 10-year prospective follow-up of a cohort of 101
professional musicians (16 subjects who smoked at baseline
and throughout the follow-up period, 28 former smokers
who had quit smoking prior to baseline, 40 never smokers,
and 17 subjects who changed smoking habits over the

Smoking was significantly associated with both clinical and
radiographic periodontal deterioration after controlling for
age and baseline severity of periodontitis; periodontal status
remained stable in non-smokers and former smokers during
the 10-year period

follow-up period); clinical and radiographic examination of periodontal status available at

baseline and follow-up

PD: probing depth; AL: attachment level; CEJ: cemento-enamel junction; LAL: longitudinal attachment loss; LBL: longitudinal bone loss
BANA: N-benzoyl-DL-arginine-2-naphthylamide; a substrate hydrolyzed in the presence of Treponema denticola, Porphyromonas gingiva/is and Bacteroides forsythus

onstrated by Haffajee et al. (1991a), age, plaque or
bleeding are related to both the baseline disease
levels as well as to the incidence of the disease.
Inclusion of a factor in a model may, thus, eliminate
a co-varying, biologically significant other factor.

2. The same risk factors do not necessarily have to be
verified in every single study in order to be ac-
cepted as such, since the interaction between envi-
ronmental and subject-related factors (alterna-
tively referred to as "susceptibility” to the disease)
does not have to be constant in geographically or
racially different populations.

3. Factors identified as "disease markers" in cross-
sectional studies do also emerge as such in the
longitudinal studies. Hence, smoking appears to be a
true risk factor. Results obtained by studies em-
ploying improved microbiological methods indi-
cate that certain subgingival species are risk/eti-
ological factors. According to the Consensus Re-
port of the latest World Workshop in Periodontics
(1996), there is sufficient evidence to incriminate
three bacterial species (P. gingivalis, B. forsythus and
Actinobacillus actinonn/cetentconritans) as causative
factors for periodontitis. The exact role of age is
more difficult to assess; it is unclear if aging per se
is a risk factor, or if its effect is due to the prolonged
exposure of older subjects to true etiological fac-
tors. Angular bony defects appear to be risk mark-
ers for progressing disease (Papapanou &
Wennstrom 1991, Papapanou & Tonetti 2000).

4. Assessment of incident periodontitis is directly as-
sociated with the progression threshold employed
on both the tooth site level (mm of additional at-
tachment loss or bone loss required to characterize a
site as "progressing” or "active") and on the
subject level (number of "active" sites). It appears
that a majority of subjects harbor sites which pro-
gress over time. However, it is a small subfraction
of subjects that suffer substantial longitudinal at-
tachment loss at multiple sites.

Finally, an interesting issue was brought up in a report
by Beck et al. (1995). In a longitudinal study, the
authors compared characteristics of patients experi-

encing attachment loss at previously non-diseased
sites with those of patients suffering progression of
already established disease. While low income and
medication with drugs associated with soft tissue re-
actions were features in common for both groups of
patients, new lesions were more frequent in patients
who used smokeless tobacco and had a history of oral
pain. Risk for progression of established disease was
higher in cigarette smokers, subjects with high levels
of subgingival Porphyromonas gingivalis and individu-
als with worsening financial problems. These data
suggest that periodontitis may be like other diseases
for which the factors associated with the initiation of
the disease may be different from the ones involved in
its progression. If this observation is verified in other
studies, such a distinction may have implications for
future assessment strategies and may improve the
accuracy of the risk/prediction models.

PERIODONTAL INFECTIONS AND
RISK FOR SYSTEMIC DISEASE

During the past few years, a whole new area of peri-
odontal research has emerged, commonly referred to
as "periodontal medicine". Following some initial re-
ports linking periodontal infections to cardiovascular
disease, researchers are increasingly dwelling on the
exploration of additional epidemiological and experi-
mental evidence as well as possible underlying patho-
genic mechanisms. The biological plausibility of these
associations and the epidemiological evidence avail-
able today are briefly summarized in the following
text.

Atherosclerosis —
cardiovascular/cerebrovascular disease

A wealth of data originating from diverse areas of
investigation has implicated chronic, low-level in-
flammation as an important factor in atherosclerotic
cardiovascular disease (CVD) (Ross 1999). Supporting



studies stemming from a variety of disciplines such as
cell biology, epidemiology, clinical trials and experi-
mental animal research have consistently revealed
that atherosclerotic lesions involve an inflammatory
component. The cellular interactions in atherogenesis
are fundamentally similar to those in chronic inflam-
matory-fibroproliferative diseases, and atheroscle-
rotic lesions represent a series of highly specific cellu-
lar and molecular responses that can best be de-
scribed, in aggregate, as an inflammatory disease
(Ross, 1993, 1999).

It is well established that the periodontal diseases
represent mixed infections of the periodontal tissues
caused by primarily anaerobic, Gram-negative bacte-
ria (Haffajee & Socransky 1994). As discussed above,
the prevalence of these infections may be substantial
in certain populations. The deepening of the peri-
odontal sulcus occurring during the course of these
infections is concurrent with a marked bacterial pro-
liferation, resulting in bacterial cell levels reaching 10°
or 10'%bacteria within a single pathological periodon-
tal pocket. The ulcerated epithelial lining of the peri-
odontal pocket provides a gate through which
lipopolysaccharide (LPS) and other antigenic struc-
tures of bacterial origin challenge the immune system
and elicit a local and systemic host response (Ebersole
& Taubman 1994). Importantly, a number of patho-
genic species involved in the periodontal infections
display tissue invasion properties (Meyer et al. 1991,
Sandros et al. 1994). Frequent transient bacteremias
occurring as a result of daily activities such as tooth
brushing or chewing (Silver et al. 1977) may confer a
significant systemic bacterial challenge to the host.

Emerging evidence indicates that periodontal in-
fections do, in fact, have systemic consequences. Peri-
odontitis patients display higher white blood cell
counts (Kweider et al., 1993, Loos et al. 2000) and
C-reactive protein (Ebersole et al. 1997, Loos et al.
2000, Slade et al. 2000) levels (CRP) than periodontally
healthy controls. Wu et al. (2000) examined the rela-
tion between periodontal health status and cardiovas-
cular risk factors, including serum total and high den-
sity lipoprotein cholesterol, CRP, and plasma fibrino-
gen. Based on an analysis of a total of 10 146 subjects
from NHANES Il with available cholesterol and CRP
and 4461 with available fibrinogen, poor periodontal
status was significantly associated with increased
CRP and fibrinogen levels. Slade et al. (2000) explored
the same database and reported (1) that people with
extensive periodontal disease had an increase of ap-
proximately one-third in mean CRP and a doubling in
prevalence of elevated CRP compared with periodon-
tally healthy people, and (2) similarly raised CRP
levels in edentulous subjects. In line with the observa-
tion that chronic infection may contribute to a pro-co-
agulant state, Torgano et al. (1999) and Mattila et al.
(1989) demonstrated elevated von Willebrand factor
antigen, a measure of endothelial cell damage, in in-
dividuals with multiple dental infections. Circulating
levels of several cytokines (IL-1beta, IL-2, IL-6 and
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IL-8), induced by several infections (Endo et al. 1992,
Humar et al. 1999, Otto et al. 1999) but locally in the
periodontal tissues also by periodontitis (Salvi et al.
1998), have been identified as biomarkers of ischemic
atherosclerotic disease (Biasucci et al. 1999, Kanda et
al. 1996). Interestingly, these pro-inflammatory cytok-
ines have also been detected within atheromatous
lesions (Barath et al. 1990a,b, Galea et al. 1996).

The presence of oral bacteria in atheromatic plaque
lesions has been examined. Chiu (1999) investigated
the relation between the presence of multiple infec-
tious agents in human carotid endarterectomy speci-
mens and pathoanatomic features of the correspond-
ing carotid plaques, and reported positive immu-
nostainings for P. gingivalis and Streptococcus sanguis
in several carotid plaque specimens. The bacteria were
immunolocalized in plaque shoulders and lympho-
histiocytic infiltrate, associated with ulcer and throm-
bus formation, and adjacent to areas of strong labeling
for apoptotic bodies. A similar study using the polym-
erase chain reaction (Haraszthy et al. 2000) reported
that 30% of the carotid endarderectomy specimens
examined were positive for B. forsythus, 26% for P.
gingivalis, 18% for A. actinomycetemcomitans, and 14%
for P. intermedia.

Importantly, periodontal disease has been also as-
sociated with clinical events. DeStefano et al. (1993)
used a prospective cohort of 9760 subjects and found
a nearly two-fold higher risk of coronary heart disease
for individuals with periodontal disease. In a case-
control study, Syrjanen et al. (1989) compared the level
of dental disease in 40 patients who had suffered a
cerebrovascular accident with 40 randomly selected
community controls, matched for gender and age, and
reported that severe chronic dental infection was as-
sociated with cerebral infarction in males under 50
years of age. Beck et al. (1996) used data from a cohort
of 1147 subjects who were medically healthy at base-
line, of whom 207 developed CHD over an average
follow-up of 18 years. Radiographic evidence of al-
veolar bone loss was used to stratify the subjects
according to minimal and severe periodontitis. The
results, presented as incidence odds ratios adjusted
for age and race, showed a significant association
between severe bone loss and total CHD, fatal CHD,
and stroke. In another case-control study (Grau et al.
1997), multiple logistic regression adjusted for age,
social status and a number of established vascular risk
factors revealed that poor dental status was inde-
pendently associated with cerebrovascular ischemia
(odds ratio of 2.6; 95% C1 1.18 to 5.7). Beck et al. (2001)
have provided the first evidence that periodontitis
may be linked to subclinical atherosclerosis. The
authors analyzed cross-sectional data on 6017 per-
sons, participants in the Atherosclerosis Risk in Com-
munities Study, and demonstrated that severe perio-
dontitis conferred increased odds for higher carotid
artery intima-media wall thickness (OR 2.09, 95% CI
1.73-2.53 for IMT of 21 mm).

Taken together, the studies above strongly suggest
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a biologically plausible association between peri-
odontal infections and the pathogenesis of cardiovas-
cular disease. Studies do exist, however, which have
failed to document such an association and point to a
possibility of a more complex, conditional relation-
ship. For example, Hujoel et al. (2000) analyzed data
from the first NHANES follow-up study, and reported
that periodontitis was associated with a non-signifi-
cant increased risk for a coronary heart disease event
(hazard ratio, 1.14; 95% CI 0.96-1.36). One of the short-
comings of this study, however, was the way peri-
odontal disease was measured, namely by means of a
crude index system that did not employ probing as-
sessments. Another report (Mattila et al. 2000) de-
scribed in detail assessments of dental pathology
found in various CHD categories, including elderly
patients. Although presence of dental pathology was
in this study more frequent among CHD patients than
controls, the differences were not statistically signifi-
cant. This absence of effect was contrary to earlier
results from the same group of investigators (Mattila
1993, Mattila et al. 1993) and could not be explained
by potential confounding factors. Instead, it was sug-
gested that the higher age of the participants in this
study was the most likely reason for the discrepancy.

Preterm birth

Preterm infants are born prior to completion of 37
weeks of gestation. Based on weight at birth, preterm
infants can be further classified as very low birth
weight (< 1500 g) or moderately low birth weight
(between 1500 g and 2500 g). An estimated 11% of
pregnancies end in preterm birth (Goldenberg &
Rouse 1998), and this rate appears to increase despite
significant advances in obstetrical medicine and im-
provements in prenatal care utilization. The contribu-
tion of PTB to infant mortality and morbidity is sub-
stantial and includes a number of acute and chronic
disorders such as respiratory distress syndrome, cere-
bral palsy, pathologic heart conditions, epilepsy,
blindness and severe learning problems (McCormick
1985).

Genito-urinary tract infections, such as bacterial
vaginosis, and inflammatory mediators resulting
from such infections have been established to play a
role in the pathogenesis of PTB. However, women
with preterm labor do not invariably present with
positive amniotic fluid cultures (Romero et al. 1988),
leading to the hypothesis that PTB may be indirectly
mediated through distant infections resulting in
translocation of bacteria, bacterial vesicles and
lipopolysaccharide (LPS) in the systemic circulation.
The possibility that periodontal infections may consti-
tute such maternal infections that may adversely in-
fluence birth outcome was raised for the first time in
the late 1980s (McGregor et al. 1988). Transient bac-
teremias occur commonly in subjects with inflamed
gingiva (Ness & Perkins 1980) and may conceivably

reach the placental tissues, providing the inflamma-
tory impetus for labor induction (Offenbacher et al.
1998). An interesting observation in this context was
provided in a publication by Hill (1998), who reported
that amniotic fluid cultures from women with vagi-
nosis rarely contained bacteria common to the vaginal
tract but frequently harbored fusobacteria which are
common constituents of the periodontal microbiota.
Thus, these authors proposed that oral bacteria may
reach amniotic fluids and influence maternal fetal
tissues via a hematogenous spread resulting in a
chorioamniotic challenge.

So far, there is only limited evidence available in the
literature suggesting a positive association between
periodontal infections and preterm birth. In a case-
control study, Offenbacher et al. (1996) examined 124
mothers, of whom 93 (“cases”) gave birth to children
with birth weight of less than 2500 g, prior to 37 weeks
of gestation. “Controls” were 46 mothers who deliv-
ered at term infants of normal birth weight. Assess-
ments included a broad range of known obstetric risk
factors, such as tobacco use, drug use, alcohol con-
sumption, level of prenatal care, parity, genitourinary
infections and nutrition. The data showed a small,
albeit statistically significant, difference in attachment
loss between cases and controls (3.1 v. 2.8 mm). Mul-
tivariate logistic regression models, controlling for
other risk factors and covariates, demonstrated that
periodontitis, defined in this publication as = 60% of
all sites with attachment loss of = 3 mm, conferred
adjusted odds ratios of 7.9 for preterm, low birth
weight babies.

A second study by Mitchell-Lewis et al. (2001) ex-
amined the relationship between periodontal infec-
tions and preterm low birth weight (PLBW) in a cohort
of young, minority, pregnant and postpartum women;
and the effect of periodontal interventions on preg-
nancy outcome. A total of 213 women were examined
clinically for dental plaque, calculus, bleeding on
probing and probing depth. Birth outcome data were
available for 164 women, including one group (n = 74)
subjected to oral prophylaxis during pregnancy, and
a second group (n = 90) who received no prenatal
periodontal treatment. In this cohort of women with
high incidence of PLBW (16.5%), the data showed that
no differences in clinical periodontal status were ob-
served between PLBW cases and women with normal
birth outcome. However, PLBW mothers had statisti-
cally significantly higher levels of B. forsythus and C.
rectus, and consistently elevated counts for a number
of species examined. Interestingly, PLBW occurred in
18.9% of the women who did not receive periodontal
intervention, and in 13.5% (10 cases) of those who
received such therapy, reflecting a substantial inci-
dence reduction of approximately 30%. However,
these results, albeit consistent with the hypothesis that
periodontal infections confer risk for preterm birth,
should be interpreted with caution due to the small
sample size in this study.

In a large prospective study, Jeffcoat et al. (2001)



assessed the periodontal conditions of 1313 pregnant
women at 21 to 24 weeks' gestation and followed them
until delivery. The authors reported that for women
with generalized periodontitis, defined as 90% of all
sites with attachment loss of 3 mm or more, adjusted
odds ratios were 4.45 for delivery prior to 37 weeks'
gestational age, 5.28 for delivery before 35 weeks'
gestational age, and 7.07 for delivery before 32 weeks'
gestational age. Finally, a recent study by Dasanayake
et al. (2001) reported data on IgG serum antibody
levels in 17 women who delivered preterm and 63
women who delivered at term. Cases were found to
display statistically significantly higher titers against
P. gingivalis and B. forsltthies.

Apparently, the available data are inadequate in
establishing any firm conclusion on the issue. A par-
ticularly important piece of evidence that needs to be
unequivocally established is the effect of periodontal
interventions on the incidence of preterm birth in a
randomized clinical trial. Fulfillment of the targeting
step of the risk assessment process by means of an
interventional strategy may not be realistic in the
study of the role of periodontal infections in the patho-
genesis of atheromatic vascular disease, since (1) these
processes may take several years to develop, and (2)
the appropriate timing of the interventions may be
difficult to determine. In the study of preterm birth,
however, the short duration of gestation renders such
a study design clearly feasible.

Diabetes mellitus

The role of diabetes as a risk factor for periodontitis
has been discussed above; however, limited data seem
to suggest that an inverse relationship may also be
present. In line with the concept that infections may
contribute to impaired metabolic control of diabetes (
Lang 1992, Ling et al. 1994, Rayfield et al. 1982),
studies of both type 1 (Thorstensson et al. 1996) and
type 2 (Taylor et al. 1996) diabetic subjects have indi-
cated that periodontal infections may also be detri-
mental in this context. The former study involved 39
diabetic subjects with severe periodontitis and the
same number of diabetic subjects with gingivitis or
mild periodontitis. Both groups had a median dura-
tion of diabetes of 25 years. Over a median follow-up
period of 6 years, significantly higher prevalence of
proteinuria and cardiovascular complications was ob-
served in the severe periodontitis group. A 2-year
follow-up study of 90 subjects with type 2 diabetes
with good to moderate metabolic control revealed that
severe periodontitis at baseline was associated with
increased risk for poor glycemic control.

A limited number of studies have examined the
effect of treatment of periodontitis on diabetic meta-
bolic control, as reflected by levels of glycated hemo-
globin Alc (HbAlIc) or plasma glucose. Interestingly,
all studies that solely included mechanical periodon-
tal therapy (Aldridge et al. 1995, Christgau et al.
1998,
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Grossi et al. 1997, Seppala et al. 1993, Smith et al. 1996)
except one (Stewart et al. 2001), reveal no effect on
diabetes metabolic control, regardless of periodontal
disease severity, baseline level of metabolic control, or
type and duration of diabetes. In contrast, studies
including antibiotics as an adjunct to mechanical ther-
apy (Grossi et al. 1997, Miller et al. 1992, Williams &
Mahan 1960) reported a limited, short-term improve-
ment in metabolic control. Additional and larger ran-
domized clinical trials are required to clearly establish
and quantify such potential effects.

CONCLUDING REMARKS

One of the issues still debated is whether the world-
wide prevalence of periodontal disease is increasing
or decreasing. Unfortunately, no simple answer can be
given for a number of reasons. First, no universal
answer is possible, since the prevalence of periodontal
disease appears to vary with race and geographic
region. Second, the quality of the data available from
the developing and the developed countries is clearly
not comparable. While a number of well-conducted
epidemiological surveys that provide detailed infor-
mation has been carried out in certain western coun-
tries, the majority of the studies in the third world
have used the CPITN system, which produced data of
inadequate detail and questionable value. Moreover,
wherever high quality studies do exist, no earlier stud-
ies of comparable quality are usually available from
the same populations. Therefore, a definitive evalu-
ation of a possible increase or decrease in the preva-
lence of periodontal diseases is not feasible. What is
well documented, however, is that the rate of edentu-
lousness has decreased over the past 20 years and that
people today tend to retain higher numbers of natural
teeth than their natives several generations back. This
fact per se entails that, if anything, the figures of preva-
lence of periodontal disease should be expected to
increase rather than decrease, as long as the disease is
measured by means of cumulative clinical attachment
loss (Douglass & Fox 1993). Such an increase, how-
ever, may not necessarily result in increased need for
periodontal therapy (Oliver et al. 1989). Future re-
search is expected to further elucidate these issues,
provided that an adequate and consistent epidemiol-
ogical methodology is utilized.

The need for description of prevalence and inci-
dence of periodontal diseases in every conceivable
population has been questioned (Baelum & Papa-
panou 1996), although such information may be of
value for local oral health planners. The principal task
of future epidemiological research should, therefore,
be the identification of risk factors for disease devel-
opment. Although a number of risk factors has al-
ready been established and a wide array of disease
markers recognized, the impact of the intervention
with such factors on the state of periodontal health has
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yet to be documented. To assess the magnitude of the
clinical benefit achieved by such modulation, detailed
examinations of the periodontal tissues must be
adopted in prospective, long-term epidemiological
surveys.

Somewhat provocatively, it has been stated that
modern science has a tendency to rediscover issues
brought up a long time back and (then) rejected. One
cannot help bringing the "focal infection" theory into
mind, when encountering the emerging plethora of
publications dealing with the role of periodontal in-
fections as a risk factor for other pathological condi-
tions. At this stage, albeit the proposed associations
appear biologically plausible, we cannot draw any
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MICROBIAL CONSIDERATIONS

Throughout life, all the interface surfaces of the body
are exposed to colonization by a wide range of micro-
organisms. In general, the establishing microbiota live
in harmony with the host. Constant renewal of the
surfaces by shedding prevents the accumulation of
large masses of microorganisms. In the mouth, how-
ever, teeth provide hard, non-shedding surfaces for
the development of extensive bacterial deposits. The
accumulation and metabolism of bacteria on hard oral
surfaces is considered the primary cause of dental
caries, gingivitis, periodontitis, peri-implant infec-

tions and stomatitis. Massive deposits are regularly
associated with localized disease of the subjacent hard
or soft tissues. In 1 mm3 of dental plague weighing
approximately 1 mg, more than 108 bacteria are pre-
sent. Although over 300 species have been isolated
and characterized in these deposits, it is still not pos-
sible to identify all the species present. In the context
of the oral cavity, the bacterial deposits have been
termed dental plaque Or bacterial plaque. Classical ex-
periments have demonstrated that accumulation of
bacteria on teeth reproducibly induces an inflamma-
tory response in associated gingival tissues (Fig. 3-1a,
b). Removal of plague leads to the disappearance of
the clinical signs of this inflammation (Loe et al.

Fig. 3-1. Experimental gingivitis model (L6e et al. 1965) (a) Human volunteer with clean teeth and clinically healthy
gingival tissues at the start of the period of experimental plague accumulation. (b) Same human volunteer after
21 days of abolished oral hygiene practices leading to plaque deposits covering almost all tooth surfaces and
consequently developing a generalized marginal gingival inflammation.
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1965, Theilade et al. 1966). Similar cause and effect
relationships have been demonstrated for plaque and
peri-implant mucositis (Pontoriero et al. 1994).

Germ-free animals provide an experimental model
which has demonstrated that the absence of bacteria
is associated with optimal dental and gingival health.
Clinical studies have convincingly demonstrated that
regular daily removal of dental plaque in most pa-
tients prevents further dental disease. Dental profes-
sionals and patients, therefore, consider regular me-
chanical removal of all bacterial deposits from non-
shedding oral surfaces the primary means to prevent
disease.

At first, a direct relationship was often assumed to
exist between the total number of accumulated bacte-
ria and the amplitude of the pathogenic effect; biologi-
cally relevant differences in the composition of plaque
usually were not considered. This bacterial mass,
termed plague, was shown to produce a variety of
irritants, such as acids, endotoxins and antigens,
which, over time, invariably dissolved teeth and de-
stroyed the supporting tissues. Consequently, the
need to discriminate among bacterial deposits from
different patients or at healthy or diseased sites was
not yet recognized in detail. Individuals with exten-
sive periodontal disease were either suspected of hav-
ing a weak resistance to bacterial plaque as a whole or
were blamed for inadequate home care. Such a view
of dental plaque as a biomass is referred to as the non-
specific plaque hypothesis (Theilade 1986).

The propensity of inflamed sites to undergo perma-
nent tissue destruction was recognized later to be
more specific in nature, because not all gingivitis le-
sions seemed invariably to progress to periodontitis.
Most periodontal sites in most subjects do not always
show clinical signs of active tissue destruction with
loss of connective tissue fiber attachment to the root
surface, even though they may constantly be colo-
nized by varying numbers and species of bacteria.
Possible pathogens have been suggested among the
organisms regularly found at elevated levels in peri-
odontal lesions in relation to those observed under
clinically healthy conditions. Longitudinal studies
have indicated an increased risk for periodontal
breakdown in sites colonized by some potentially
pathogenic organisms. Treatment outcomes were bet-
ter if these organisms could no longer be detected at
follow-up examinations (see Chapter 4). If periodon-
tal disease is indeed due to a limited number of bacte-
rial species, the continuous and maximal suppression
of plague as a whole may not be the only possibility
to prevent or treat periodontitis. Hence, specific elimi-
nation or reduction of presumptive pathogenic bacte-
ria from plague may become a valid alternative. Treat-
ment may only be necessary in those patients diag-
nosed as having the specific infection and may be
terminated once the pathogenic agents are eliminated.
Such a view of periodontitis being caused by specific

pathogens is referred to as the specific plague hypothesis (
Loesche 1979).

The term infection refers to the presence and multi-
plication of a microorganism in body tissues. The
uniqueness of bacterial plaque-associated dental dis-
eases as infections relates to the lack of massive bacte-
rial invasion of tissues. Infections caused by the nor-
mal microbiota are sometimes called endogenous in-
fections. Endogenous infections result when indige-
nous microbes thrust from their normal habitats into
unusual anatomic regions. Staphylococcus epiderniidis,
for instance, is a non-pathogenic, commensal sapro-
phyte on the skin. If this organism reaches the surface
of a vascular prosthesis or an orthopedic implant, a
serious infection may emerge. Infections caused by
endogenous microbes are called opportunistic infections
if they occur at the usual habitat of the microor-
ganisms. Such infections maybe the result of changing
ecologic conditions or may be due to a decrease of host
resistance. In the prevention of opportunistic infec-
tions due to overgrowth of indigenous organisms,
continuous control of ecologic conditions regulating
bacterial growth has high priority. The majority of
microorganisms in periodontitis plaque can also be
found occasionally in low proportions in health. These
organisms may, therefore, be viewed as putative op-
portunistic pathogens. A small number of suspected
pathogens, e.g. the Gram-negative anaerobe Porphyro-
monas gingivatis, are rare organisms in the mouth of
healthy individuals. Some researchers have suggested
that such bacteria may be considered exogenous
pathogens. If some periodontal microorganisms were
indeed exogenous pathogens, avoidance of exposure
would become an important goal of prevention, and
therapy should be aimed at the elimination of the
microorganisms. Their mere presence would be an
indication for intervention.

Dental plague may accumulate supragingivally, i.e.
on the clinical crown of the tooth, but also below the
gingival margin, i.e. in the subgingival area of the
sulcus or pocket. Differences in the composition of the
subgingival microbiota have been attributed in part to
the local availability of blood products, pocket depth,
redox potential and pO,. Therefore, the question of
whether the presence of specific microorganisms in
patients or distinct sites may be the cause or the con-
sequence of disease continues to be a matter of dispute
(Socransky et al. 1987). Many microorganisms consid-
ered to be periodontopathogens are fastidious, strict
anaerobes and, as such, may contribute little to the
initiation of disease in shallow gingival pockets. If
their preferred habitat were the deep periodontal
pocket, they would be linked to the progression in
sites with preexisting disease, rather than to the initia-
tion of disease in shallow sites. These microbiologic
aspects are to be put in perspective with the host
response. Further discussions are presented in Chap-
ter 4.
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Fig. 3-2. Stages in the formation of a biofilm on a clean, hard and non-shedding surface following immersion into a
fluid environment. Phase 1: Molecular adsorption to condition the biofilm formation. Phase 2: Bacterial adhesion
by single organisms. Phase 3: Growth of extracellular matrix production and multiplication of the adhering bacte-
ria. Phase 4: Sequential adsorption of further bacteria to form a more complex and mature biofilm. Adapted from

Marshall (1992).

GENERAL INTRODUCTION TO
PLAQUE FORMATION

Growth and maturation patterns of bacterial plaque
have been studied on natural hard oral surfaces, such
as enamel and dentin, or artificial surfaces, such as
metal or acrylic, using light and electron microscopy
and bacterial culture (Theilade & Theilade 1985). De-
spite differences in surface roughness, free energy and
charge, the most important features of initial plaque
development are similar on all these materials (Sie-
grist et al. 1991).

The ability to adhere to surfaces is a general prop-
erty of almost all bacteria. It depends on an intricate,
sometimes exquisitely specific, series of interactions
between the surface to be colonized, the microbe and
an ambient fluid milieu (Mergenhagen & Rosan 1985).

Immediately upon immersion of a solid substratum
into the fluid media of the oral cavity, or upon cleaning
of a solid surface in the mouth, hydrophobic and
macromolecules begin to adsorb to the surface to form
a conditioning film (Fig. 3-2, Phase 1), termed the
acquired pellicle. This film is composed of a variety of
salivary glycoproteins (mucins) and antibodies. The
conditioning film alters the charge and free energy of
the surface, which in turn increases the efficiency of
bacterial adhesion. Bacteria adhere variably to these
coated surfaces. Some possess specific attachment
structures such as extracellular polymeric substances
and fimbriae, which enable them to attach rapidly
upon contact (Fig. 3-2, Phase 2). Other bacteria require
prolonged exposure to bind firmly. Behaviors of bac-
teria change once they become attached to surfaces.
This includes active cellular growth of previously
starving bacteria and synthesis of new outer mem-
brane components. The bacterial mass increases due

to continued growth of the adhering organisms, adhe-
sion of new bacteria (Fig. 3-2, Phase 4), and synthesis
of extracellular polymers. With increasing thickness,
diffusion into and out of the biofilm becomes more
and more difficult. An oxygen gradient develops as a
result of rapid utilization by the superficial bacterial
layers and poor diffusion of oxygen through the
biofilm matrix. Completely anaerobic conditions
eventually emerge in the deeper layers of the deposits.
Oxygen is an important ecologic determinant because
bacteria vary in their ability to grow and multiply at
different levels of oxygen. Diminishing gradients of
nutrients supplied by the aqueous phase, i.e. the sa-
liva, are also created. Reverse gradients of fermenta-
tion products develop as a result of bacterial metabo-
lism.

Dietary products dissolved in saliva are an impor-
tant source of nutrients for bacteria in the supragingi-
val plaque. Once a deepened periodontal pocket is
formed, however, the nutritional conditions for bacte-
ria change because the penetration of substances dis-
solved in saliva into the pocket is very limited. Within
the deepened pocket, the major nutritional source for
bacterial metabolism comes from the periodontal tis-
sues and blood. Many bacteria found in periodontal
pockets produce hydrolytic enzymes with which they
can break down complex macromolecules from the
host into simple peptides and amino acids. These
enzymes may be a major factor in destructive proc-
esses of periodontal tissues.

Primary colonization is dominated by facultatively
anaerobic Gram-positive cocci. They adsorb onto the
pellicle-coated surfaces within a short time after me-
chanical cleaning. Plaque collected after 24 h consists
mainly of streptococci; S. sanguis is the most promi-
nent of these organisms. In the next phase, Gram-posi-
tive rods, which are present in very low numbers
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initially, gradually increase and eventually outnumber
the streptococci (Fig. 3-3). Gram-positive filaments,
particularly Actinomyces spp., are the predominating
species in this stage of plaque development (Fig. 3-4).
Surface receptors on the deposited Gram-positive
cocci and rods allow subsequent adherence of Gram-
negative organisms with poor ability to attach directly
to pellicle. veillonella, fusobacteria and other anaerobic
Gram-negative bacteria can attach in this way (Fig. 3-
5). The heterogeneity of plaque thus gradually
increases and, with time, includes large numbers of
Gram-negative organisms. A complex array of
interrelated bacterial species is the result of this
development. Exchange of nutrients between different
species, but also negative interactions, e.g. the

Fig. 3-3. Primary colonization by
predominantly Gram-positive fac-
ultative bacteria. Ss: Streptococcus
sanguis IS most dominant. Av: Acti-
uomyces spp. are also found in 24 h
plaque.

Fig. 3-4. Gram-positive facultative
cocci and rods co-aggregate and
multiply.

Fig. 3-5. Surface receptors on the
Gram-positive facultative cocci
and rods allow the subsequent ad-
herence of Gram-negative organ-
isms, which have a poor ability to
directly adhere to the pellicle.

Fn: Fusobacterium nucleatum.

Bl: Prevotella intermedia.

Fig. 3-6. The heterogeneity in-
creases as plaque ages and ma-
tures. As a result of ecologic
changes, more Gram-negative
strictly anaerobic bacteria colonize
secondarily and contribute to an
increased pathogenicity of the
biofilm.

production of bacteriocins, play a role in the establ-
ishment of a stable bacterial community (Fig. 3-6). Due
to the influences of local environmental factors, struc-
turally different types of plaque evolve at different
locations. Protection of the growing plagque from shear
forces and local availability of certain nutrients are
most important. A distinct composition of mature bac-
terial deposits can eventually be recognized at specific
sites and under specific clinical conditions. Examples
are the plaque on smooth enamel surface versus fis-
sure plaque, or the plaque in shallow and less shallow
gingival crevices.

Accumulation of plaque along the gingival margin
leads to an inflammatory reaction of the soft tissues.
The presence of this inflammation has a profound



influence on the local ecology The availability of
blood and gingival fluid components promotes
growth of Gram-negative bacterial species with an
increased periodontopathic potential. Bacterial sam-
ples from established gingivitis lesions have increased
numbers of these bacteria. Because of the capability
enzymatically to digest proteins, many of these organ-
isms do not depend upon a direct availability of die-
tary carbohydrates. Such bacteria do not produce ex-
tracellular polymers and develop only loosely adher-
ent plaque in the developing periodontal pocket. Cul-
tivation of samples from advanced periodontal le-
sions reveals a predominance of Gram-negative an-
aerobic rods. Under the microscope, particularly high
numbers of anaerobic uncultivable spirochetes can be
demonstrated. Further details on the microbial ecol-
ogy of subgingival plaque are discussed in Chapter 4.
In summary, immediately following immersion of
hard, non-shedding surfaces into the fluid environ-
ment of the oral cavity, adsorption of macromolecules
will lead to the formation of a biofilrn. Bacterial adhe-
sion to this glycoprotein layer will first involve pri-
mary plaque formers, such as Gram-positive faculta-
tive cocci and rods. Subsequent colonization onto re-
ceptors of these organisms will involve Gram-nega-
tive, strictly anaerobic bacteria, while the primary
plague formers also multiply to form colonies. The
heterogeneity of the complex biofilm increases with
time, as the ecologic conditions gradually change.

DENTAL PLAQUE AS A BIOFILM

The term biofilrn describes the relatively undefinable
microbial community associated with a tooth surface
or any other hard, non-shedding material (Wilderer &
Charaklis 1989). In the lower levels of most biofilms a
dense layer of microbes is bound together in a poly-
saccharide matrix with other organic and inorganic
materials. On top of this layer is a looser layer, which
is often highly irregular in appearance and may ex-
tend into the surrounding medium. The fluid layer
bordering the biofilm may have a rather "stationary"
sublayer and a fluid layer in motion. Nutrient compo-
nents may penetrate this fluid medium by molecular
diffusion. Steep diffusion gradients, especially for
oxygen, exist in the more compact lower regions of
biofilms. The ubiquity with which anaerobic species
are detected from these areas of biofilms provides
evidence for these gradients (Ritz 1969).
Accumulation of bacteria on solid surfaces is not an
exclusive dental phenomenon. Biofilms are ubiqui-
tous; they form on virtually all surfaces immersed in
natural aqueous environments. Biofilms form particu-
larly fast in flow systems where a regular nutrient
supply is provided to the bacteria. Rapid formation of
visible layers of microorganisms due to extensive bac-
terial growth accompanied by excretion of copious
amounts of extracellular polymers is typical for
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biofilms. Biofilms effectively protect bacteria from an
timicrobial agents. Treatment with antimicrobial
sub-stances is often unsuccessful unless the deposits
are mechanically removed. Adhesion-mediated infec-
tions that develop on permanently or temporarily
implanted materials such as intravascular catheters,
vascular prostheses or heart valves are notoriously
resistant to antibiotics and tend to persist until the
device is removed. Similar problems are encountered
in water conduits, wherein potentially pathogenic
bacteria may be protected from chlorination, or on
ship hulls, where biofilms increase frictional resis-
tance and turbulence (Gristina 1987, Marshall 1992).

In summary, dental plaque as a haturally occurring
microbial deposit represents a true biofilrn Which con-
sists of bacteria in a matrix composed mainly of ex-
tracellular bacterial polymers and salivary and/or
gingival exudate products.

STRUCTURE OF DENTAL PLAQUE
Supragingival plaque

Supragingival plaque has been examined in a number
of studies by light and electron microscopy to gain
information on its internal structure (Muhlemann &
Schneider 1959, Turesky et al. 1961, Theilade 1964,
Frank & Brendel 1966, Leach & Saxton 1966, Frank &
Houver 1970, Schroeder & De Boever 1970, Theilade
& Theilade 1970, Eastcott & Stallard 1973, Saxton 1973,
Ronstrom et al. 1975, Tinanoff & Gross 1976, Lie 1978).
The introduction of the electron microscope in dental
research was a significant development for studies of
dental plaque, both because the size of many bacteria
approaches the ultimate resolving power of the light
microscope, and because the resins used for embed-
ding allowed for sections thinner than the smallest
bacterial dimension. Hereby the substructure of
plague could be identified.

In studies of the internal details of plaque, samples
are required in which the deposits are kept in their
original relation to the surface on which they have
formed. This may be accomplished by removing the
deposits with the tooth. If plaque of known age is the
object of study, the tooth surfaces are cleaned at a
predetermined time before removal (McDougal11963,
Frank & Houver 1970, Schroeder & De Boever 1970).
Pieces of natural teeth or artificial surfaces may also
be attached to solid structures in the mouth and re-
moved after a given interval. This method of plaque
collection was already used at the beginning of the last
century by Black (1911). The systematic use of artificial
surfaces for collection of plaque was reintroduced
during the 1950s. Thin plastic foils of Mylar® were
attached to mandibular incisor teeth for known peri-
ods, after which they were removed for histologic,
histochemical and electron microscopic examination
of the deposited material (Mandel et al. 1957, Muhle-
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Fig. 3-8. Electron micrographic illustration of a 4-h den-
tal pellicle with a single bacterium included in the film.
The microbe appears attached to the surface. The den-
tal pellicle varies in thickness but has a homogeneous
morphology From Brecx et al. (1981).

mann & Schneider 1959, Zander et al. 1960, Schroeder
1963, Theilade 1964). Other types of plastic materials

Fig. 3-7. Electron micrographic illustration of a 4-h den-
tal pellicle. The pellicle has formed on an artificial sur-
face of plastic, which was painted on to the surface of
the tooth. The plastic surface was exposed to the envi-
ronment for a 4-h period. A thin condensed layer of or-
ganic material is covering the film. The material has a
relatively homogeneous appearance but varies in thick-
ness over the surface. From Brecx et al. (1981).

Fig. 3-9. Electron micrographic illustration of a 4-h den-
tal pellicle, formed on a plastic surface attached to the
buccal surface of a tooth. A condensed layer of organic
material is observed on the surface and cell remnants
are embedded in the film. From Brecx et al. (1981).

such as Westopal®, Epon®, Araldite®, and spray plast
have since been employed for this purpose (Berthold
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et al. 1971, Kandarkar 1973, Lie 1975, Listgarten et al.
1975, Rdnstrom et al. 1975). Results from several such
studies indicate that plagque formed on natural or
artificial surfaces does not differ significantly in struc-
ture or microbiology (Hazen 1960, Berthold et al. 1971,
Nyvad et al. 1982, Theilade et al. 1982a, b), indicating
that at least some of the principal mechanisms in-
volved in plaque formation are unrelated to the nature
of the solid surface colonized. However, there are
small, but important, differences in the chemical com-
position of the first layer of organic material formed
on these artificial surfaces compared with that formed
on natural tooth surfaces (Sonju & R611a 1973, Sonju
& Glantz 1975, Oste et a1.1981). Tooth surfaces, enamel

DENTAL PLAQUE AND CALCULUS * 87

Fig. 3-10. High power electron micrographic illustra-
tion of a 4-h pellicle with bacteria residing in the pelli-
cle at a distance of around one micron from the con-
densed organic material. The pellicle is rather even in
composition and, at the oral side, an irregular con-
densed organic material is seen close to the bacteria.
From Brecx et al. (1981).

Fig. 3-11. High power electron micrographic illustra-
tion of a 4-h pellicle with an embedded bacterium. Th(
bacterium is deposited on the film surface together
with the dental pellicle. Around the bacterium empty
;paces are observed representing the radius of extru-
sions of filaments radiating from the microorganisms.
From Brecx et al. (1981).

Fig. 3-12. Electron micrographic illustration of a 4-h
dental pellicle with bacteria attached to a plastic sur-
face, which had been adhering to a buccal tooth sur-
face and was exposed to the oral environment. A singl
row of bacteria attached to the surface is seen to the
left. On top of the bacteria, a layer of condensed or-
ganic material representing the oral lateral portion of
+ho rlortfnl oollirlo is nn+orl From Rrory o+ al (1QR11

as well as exposed cementum, are normally covered by
a thin acquired pellicle of glycoproteins (Fig. 3-7). If
removed, e.g. by mechanical instrumentation, it
reforms within minutes. The pellicle is believed to
play an active part in the selective adherence of bacte-
ria to the tooth surface (Fig. 3-8). For details of the
proposed mechanisms, see Chapter 4.

The first cellular material adhering to the pellicle on
the tooth surface or other solid surfaces consists of
coccoid bacteria with numbers of epithelial cells and
polymorphonuclear leukocytes (Fig. 3-9). The bacteria
are encountered either on (Fig. 3-10) or within the
pellicle as single organisms (Fig. 3-11) or as aggregates
of microorganisms (Fig. 3-12). Larger numbers of mi-
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Fig. 3-13. Thin section of plaque colony consisting of
morphologically similar bacteria deposited on plastic
film (F) applied to the buccal surface of a premolar dur-
jng an 8-h period. Magnification x 35 000. Bar: 0.2 pm.
From Brecx et al. (1980).

)

Fig. 3-14. Electron micrographic illustration of early aphic illustration of 24-h den-

plaque formation. The film surface on which the pelli- tal plaque formed on a plastic film surface attached to the
cle and bacteria adhere is located to the left. Bacteria of buccal surface of the tooth. A multilayer bacterial plaque
varying morphology are attached to the film. They are is noted. A remnant of an epithelial cell has been trapped
surrounded by organic pellicle material. An epithelial in the microbial mass. From Brecx et al. (1981).

cell remnant is seen in close vicinity to the microbes.
From Brecx et al. (1981).

Fig. 3-16. Thin section of old plaque stained for the
demonstration of polysaccharides by reacting them
with electron-dense material appearing dark in the il-
lustration. Many bacteria contain large amounts of in-
tracellular polysaccharide, and the intermicrobial ma-
trix contains extracellular polysaccharides. Magnifica-
tion x 7000. Bar: 1ym. From Theilade & Theilade (
1970).




croorganisms may be carried to the tooth surface by
epithelial cells.

The number of bacteria found on the surface a few
hours after cleaning depends on the procedures applied
to the sample before examination, the reason being that
adherence to the solid surface is initially very weak. If
no special precautions are taken during the preparatory
processing, the early deposits are easily lost (Brecx et
al. 1980). Apparently the adherence
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Fig. 3-17. High power electron micrographic illustra-
tion of a single bacterium attached to the pellicle by
filaments which extend from the bacterial surface to
the tooth surface. The surface had been exposed to the
oral environment for an 8-h period. From Brecx et al.
(1981)

Fig. 3-18. Thin section of plaque with granular or ho-
mogeneous intermicrobial matrix. Magnification x
20 000. Bar: 0.1 um. From Theilade & Theilade (1970).

Fig. 3-19. Thin section of plaque with a region predomi-
nated by Gram-negative bacteria. Between them, ves-
icles are surrounded by a trilaminar membrane (two
thin electron-dense layers with an electron-lucent layer
in between). This substructure is also seen in the outer-
most endotoxin containing cell wall layer of the adja-
cent Gram-negative bacteria. Magnification x 110 000.
Bar: 0.1 um. From Theilade & Theilade (1970).

of microorganisms to solid surfaces takes place in two
steps:

1. areversible state in which the bacteria adhere
loosely, and later

2. an irreversible state, during which their adherence
becomes consolidated (Gibbons & van Houte 1980).
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Another factor which may modify the number of bac-
teria in early plaque deposits is the presence of gingi-
vitis, which increases the plaque formation rate so that
the more complex bacterial composition is attained
earlier (Saxton 1973, Hillam & Hull 1977, Brecx et al.
1980). Plaque growth may also be initiated by micro-
organisms harbored in minute irregularities in which
they are protected from the natural cleaning of the
tooth surface.

During the first few hours, bacteria that resist de-
tachment from the pellicle may start to proliferate and
form small colonies of morphologically similar organ-
isms (Fig. 3-13). However, since other types of organ-
isms may also proliferate in an adjacent region, the
pellicle becomes easily populated by a mixture of
different microorganisms (Fig. 3-14). In addition,
some organisms seem able to grow between already
established colonies (Fig. 3-15). Finally, it is likely that
clumps of organisms of different species will become
attached to the tooth surface or to the already attached
microorganism, contributing to the complexity of the
plaque composition after a few days. At this time,
different types of organisms may benefit from each
other. One example is the corncob configurations re-
sulting from the growth of cocci on the surface of a
filamentous microorganism (Listgarten et al. 1973).
Another feature of older plaque is the presence of dead
and lysed bacteria which may provide additional nu-
trients to the still viable bacteria in the neighborhood
(Theilade & Theilade 1970).

The material present between the bacteria in dental
plaque is called the intermicrobial matrix and ac-
counts for approximately 25% of the plaque volume.
Three sources may contribute to the intermicrobial
matrix: the plague microorganisms, the saliva, and the
gingival exudate.

The bacteria may release various metabolic prod-
ucts. Some bacteria may produce various extracellular
carbohydrate polymers, serving as energy storage or
as anchoring material to secure their retention in
plaque (Fig. 3-16). Degenerating or dead bacteria may
also contribute to the intermicrobial matrix. Different
bacterial species often have distinctly different meta-
bolic pathways and capacity to synthesize extracellu-
lar material. The intermicrobial matrix in plaque,
therefore, varies considerably from region to region.
A fibrillar component is often seen in the matrix be-
tween Gram-positive cocci (Fig. 3-17) and is in accord
ance with the fact that several oral streptococci syn-
thesize levans and glucans from dietary sucrose. In
other regions, the matrix appears granular or homo-
geneous (Fig. 3-18). In parts of the plaque with the
presence of Gram-negative organisms, the intermicro-
bial matrix is regularly characterized by the presence
of small vesicles surrounded by a trilaminar mem-
brane, which is similar in structure to that of the outer
envelope of the cell wall of the Gram-negative micro-
organisms (Fig. 3-19). Such vesicles probably contain
endotoxins and proteolytic enzymes, and may also be

involved in adherence between bacteria (Hofstad et al.
1972, Grenier & Mayrand 1987).

It must be remembered, however, that the transmis-
sion electron microscope does not reveal all organic
components of the intermicrobial matrix. The more
soluble constituents may be lost during the proce-
dures required prior to sectioning and examination of
the plaque sample. Biochemical techniques may be
used to identify such compounds (Silverman & Klein-
berg 1967, Krebel et al. 1969, Kleinberg 1970, Hotz et
al. 1972, Rolla et al. 1975, Bowen 1976). Such studies
indicate that proteins and carbohydrates constitute the
bulk of the organic material while lipids appear in
much lower amounts.

The carbohydrates of the matrix have received a
great deal of attention, and at least some of the poly-
saccharides in the plaque matrix are well charac-
terized: fructans (levans) and glucans. Fructans are
synthesized in plaque from dietary sucrose and pro-
vide a storage of energy which may be utilized by
microorganisms in time of low sugar supply. The
glucans are also synthesized from sucrose. One type
of glucan is dextran, which may also serve as energy
storage. Another glucan is mutan, which is not readily
degraded, but acts primarily as a skeleton in the ma-
trix in much the same way as collagen stabilizes the
intercellular substance of connective tissue. It has been
suggested that such carbohydrate polymers may be
responsible for the change from a reversible to an
irreversible adherence of plaque bacteria.

The small amount of lipids in the plaque matrix are
as yet largely uncharacterized. Part of the lipid content
is found in the small extracellular vesicles, which may
contain lipopolysaccharide endotoxins of Gram-nega-
tive bacteria.

Subgingival plaque

Owing to the difficulty of obtaining samples with
subgingival plague preserved in its original position
between the soft tissues of the gingiva and the hard
tissues of the tooth, there are only a limited number of
studies on the detailed internal structure of human
subgingival plaque (Schroeder 1970, Listgarten et al.
1975, Listgarten 1976, Westergaard et al. 1978). From
these it is evident that in many respects subgingival
plaque resembles the supragingival variety, although
the predominant types of microorganisms found vary
considerably from those residing coronal to the gingi-
val margin.

Between subgingival plaque and the tooth an elec-
tron-dense organic material is interposed, termed a
cuticle (Fig. 3-20). This cuticle probably contains the
remains of the epithelial attachment lamina originally
connecting the junctional epithelium to the tooth, with
the addition of material deposited from the gingival
exudate (Frank & Cimasoni 1970, Lie & Selvig 1975,
Eide et al. 1983). It has also been suggested that the
cuticle represents a secretory product of the adjacent



dentogingi- val region of a dog with experimental
gingivitis. A thin layer of dentogingival plague can be
seen, extending from the supragingival region
approximately %2 mm into the gingival sulcus. (b)
Higher magnification of a region of the plaque shown
in (a). The subgingival plaque has a varying thickness
and the epithelial cells are separated from the surface
by a layer of leukocytes. There are also numerous
leukocytes in the superficial portion of the sulcus
epithelium. The apical termina- tion of the plaque is
bordered by leukocytes separating the epithelium from
direct contact with the plaque bac- teria.

epithelial cells (Schroeder & Listgarten 1977). Infor-
mation is lacking concerning its chemical composi-
tion, but its location in the subgingival area makes it
unlikely that salivary constituents contribute to its
formation.

The subgingival plaque structurally resembles su-
pragingival plaque, particularly with respect to
plaque associated with gingivitis without the forma-
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Fig. 3-20. Semithin section of subgingival plaque. An
electron-dense cuticle bordering the enamel space is
visible to the left. Filamentous bacteria are less than in
supragingival plaque. The surface toward the gingival
tissue contains many spirochetes (between arrows).
Various host tissue cells can be seen on the right side.
Magnification x 775. Bar: 10 pm. From Listgarten (
1976).

d T = s A .
Fig. 3-22. Semithin section of supragingival plaque
with layer of predominantly filamentous bacteria ad-
hering to the enamel (to the left). Lighter staining indi-
cates calcification of part of the plaque close to the
tooth. Magnification x 750. Bar: 10 um. From Listgarten
(1976).

tion of deep pockets (Fig. 3-21a). A densely packed
accumulation of microorganisms is seen adjacent to the
cuticular material covering the tooth surface (Fig. 3-22).
The bacteria comprise Gram-positive and Gram-
negative cocci, rods and filamentous organ-isms.
Spirochetes and various flagellated bacteria may also be
encountered, especially at the apical extension of the
plaque. The surface layer is often less densely
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Fig. 3-24, 3-25. Semithin section of supragingival plague on enamel (E), which has been dissolved prior to section
ing. Filamentous organisms predominate. At the surface some of these organisms are surrounded by cocci. This
configuration resembles a corncob. Magnification x 750 and x 1400. Bars: 10 pm and 1 um. From Listgarten (1976).

packed and leukocytes are regularly interposed be-
tween the plaque and the epithelial lining of the gin-
gival sulcus (Fig. 3-23).

When a periodontal pocket has formed, the appear-
ance of the subgingival bacterial deposit becomes
much more complex. In this case the tooth surface may
either represent enamel or cementum from which the
periodontal fibers are detached. Plaque accumulation
on the portion of the tooth previously covered by
periodontal tissues does not differ markedly from that
observed in gingivitis (Fig. 3-24). In this layer, filamen-
tous microorganisms dominate (Figs. 3-25, 3-26, 3-27),
but cocci and rods also occur. However, in the deeper
parts of the periodontal pocket, the filamentous or-

Fig. 3-23. Light microscopic image of a smear sample
taken from the dentogingival region in a subject who
had abstained from mechanical oral hygiene during 3
weeks. Numerous leukocytes can be observed embed-
ded in a dense accumulation of bacteria.

EVRE P P )

Fig. 3-26. The corncob formations seen at the plaque
surface in Fig. 3-24 and 3-25. Magnification x 1300. Bar:
1 pm. From Listgarten (1976).

ganisms become fewer in number, and in the apical
portion they seem to be virtually absent. Instead, the
dense, tooth-facing part of the bacterial deposit is
dominated by smaller organisms without particular
orientation (Listgarten 1976) (Fig. 3-28).

The surface layers of microorganisms in the peri-
odontal pocket facing the soft tissue are distinctly
different from the adherent layer along the tooth sur-
face, and no definite intermicrobial matrix is apparent
(Figs. 3-28, 3-29). The microorganisms comprise a
larger number of spirochetes and flagellated bacteria.
Gram-negative cocci and rods are also present. The
multitude of spirochetes and flagellated organisms are
motile bacteria and there is no intermicrobial ma-
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Fig. 3-27. Thin section of supragingival plaque on a root surface (to the left). The Gram-positive bacteria are ori-
ented in a palisading arrangement. Magnification x 6400. Bar: 1um. From Listgarten (1976).

trix between them. This outer part of the microbial
accumulation in the periodontal pocket adheres
loosely to the soft-tissue pocket wall (Listgarten 1976)

In cases of juvenile periodontitis (Listgarten 1976,
Westergaard et al. 1978) the bacterial deposits in deep
pockets are much thinner than those found in adult
forms of periodontal disease. Areas of the tooth sur-
face in the periodontal pocket may sometimes even be
devoid of adherent microbial deposits. The cuticular
material has an uneven thickness (Figs. 3-30, 3-31).
The adherent layer of microorganisms varies consid-
erably in thickness and shows considerable variation
in arrangement. It may exhibit a palisaded organiza-
tion of the bacteria (Fig. 3-32). The microorganisms in
this layer are mainly cocci, rods or filamentous bacte-
ria, primarily of the Gram-negative type (Fig. 3-33). A
surface layer with some Gram-positive cocci, fre-
quently associated with filamentous organisms in the
typical corncob configuration, may also be found.

Subgingivally located bacteria appear to have the

capacity to invade dentinal tubules, the openings of
which have become exposed as a consequence of in-
flammatory driven resorptions of the cementum (
Adriaens et al. 1988). Such a habitat might serve as
the source for bacterial recolonization of the subgingi-
val space following treatment of periodontal disease.
The mechanisms involved in such reversed invasion
of the subgingival space are unknown.

The sequential events taking place during the de-
velopment of subgingival plague have not been stud-
ied in man. However, in dogs, subgingival plaque
may develop in the gingival sulcus within a few days,
if oral hygiene is discontinued (Matsson & Attstrom
1979, Ten Napel et al. 1983). From these studies it has
been established that early dental plaque in the dog
has many structural similarities with that occurring in
man. This applies to the supragingival plaque (Fig. 3-
21a) as well as to the subgingival accumulation (Fig.
3-21b). The deposits may either appear as an apical
continuation of the supragingival plaque, or as dis-
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Fig. 3-28. Thin section of subgingival plaque from a deep periodontal pocket. Small microorganisms predominate,
many of which are spirochetes. Magnification x 13 000. Bar: 1 pm. From Listgarten (1976).

Fig. 3-29. Thin section of subgingival plaque from a deep periodontal pocket with many spirochetes (S), which are
recognized by their axial filaments. In the lower part of the figure is a curved organism with flagella at its concave
surface. Magnification x 25 000. Bar: 0.5 gm. From Listgarten (1976).
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crete aggregates at some distance from the supragingi-
val deposit. Old established subgingival plaque shows
considerable variation in bacterial composition between
dogs: in some, a subgingival microbiota dominated by
spirochetes is seen; in others, colonies of Gram-
negative cocci and rods are found in the
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Fig. 3-30. Thin section of deposit in deep pocket of pa-
tient with juvenile periodontitis. The cementum (C) is
covered with cuticular material and cellular remnants.
Magnification x 5500. Bar: 1 pm. From Westergaard et
al. (1978).

Fig. 3-31. Thin section of deposit in deep pocket of pa-
tient with juvenile periodontitis. A cuticle of uneven
thickness is seen to the right on the cementum. A small
colony of degenerating bacteria adheres to the cuticle
in the upper part of the illustration, and below a single
rod-shaped microorganism is partly embedded in the
cuticle. Magnification x 5500. Bar: 1 pm. From Wester-
gaard et al. (1978).

Fig. 3-32. Thin section of plaque in deep pocket of pa-
tient with juvenile periodontitis. Densely packed Gram-
positive rods grow perpendicular to the cementum to
the right in the illustration. Magnification x 23 000. Bar:
0.5 um. From Westergaard et al. (1978).

gingival crevice, whereas spirochetes are virtually ab-
sent (Soames & Davies 1975, Theilade & Attstrom
1985). A characteristic feature of subgingival plaque is
the presence of leukocytes interposed between the
surfaces of the bacterial deposit and the gingival sul-
cular epithelium (Fig. 3-34). Some bacteria may be
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Fig. 3-33. Thin section of plaque in deep pocket of patient with juvenile periodontitis. The bacterial flora is charac
terized by cocci, rods or filamentous organisms, primarily of the Gram-negative type. Magnification x 9200. Bar: 1
pum. From Westergaard et al. (1978).




found between the epithelial cells. Evidence of phago-
cytosis (by polymorphonuclear leukocytes) is fre-
quently encountered (Fig. 3-35).

Although subgingival plaque formation in the dog
may not develop identically to that in man, the dog may
still serve as a convenient model for investigating the
basic phenomena governing the formation of sub-
gingival plaque (Schroeder & Attstrom 1979).
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Fig. 3-35. Thin section of part of a leukocyte situated between subgingival plaque and the junctional epithelium of
the dog. The large membrane bound compartment of the leukocyte cytoplasm contains a phagocytized Gram-nega-
tive microorganism. Another bacterium is in close apposition to the cytoplasmic membrane of the leukocyte. Mag-
nification x 21 500. Bar: 0.5 km. From Theilade & Attstrom (1985).

Fig. 3-36. Peri-implant infection. (
a) Human explant of an ITI®den-
tal implant affected by a peri-im-
plantitis with an infrabony lesion.
Adhering plaque closely resem-
bles the structure of subgingival
microbiota encountered in ad-
vanced periodontitis. (b) Higher
magnification of plaque adhering
to the implant surface.

In summary, there are four distinct subgingival
ecologic niches which are probably different in their
composition:

1. the tooth (or implant) surface

2. the gingival exudate fluid medium

3. the surface of epithelial cells and

4. the superficial portion of the pocket epithelium.

Fig. 3-34. Thin section of old subgingival plague in a dog with long-standing gingivitis. The most apical colony
consists primarily of spirochetes attached to a dense cuticle and surrounded by migrated leukocytes. Single micro-
organisms are seen between them (arrows). Magnification x 2800. Bar: 1 um. From Theilade & Attstrom (1985).
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Fig. 3-37. Abundance of supragingival calculus deposits. (a) Gross deposits as a result of long-term neglect of oral
hygiene. Two mandibular incisors have been exfoliated. (b) Supragingival plaque usually covering the lingual as-
pect of mandibular incisors. Note the intense inflammatory reaction adjacent to the deposits. (c) Same patient and
region as in Fig. 3-37b following removal of the calculus. The gingival tissues demonstrate healing.

The composition of the bacteria in these niches has still
not been completely investigated. The influence of the
different bacterial compartments on the pathogenesis
of the disease process is generally unknown.

Peri-implant plaque

Biofilms form not only on natural teeth, but also on
artificial surfaces exposed to the oral environment. As
a consequence, the formation of bacterial plaque on
oral implants deserves some attention. Although a
number of studies have characterized the plaque de-
posits of the human peri-implant sulcus or pocket
using either dark field microscopy (Mombelli et al.
1988, Quirynen & Listgarten 1990) or microbiologic
culturing techniques (Rams et al. 1984, Mombelli et al.
1987, 1988, Apse et al. 1989, Leonhardt et al. 1992), no
studies have attempted to document the structure of
the supramucosal or the peri-implant (submucosal)
microbiota. However, the similarities between peri-
implant and subgingival microbial deposits have
clearly been demonstrated in cross-sectional (Mom-
belli et al. 1987, 1995) and longitudinal studies (Mom-
belli et al. 1988, Pontoriero et al. 1994), and it may be
anticipated that the structure of peri-implant plaque
deposits may resemble that encountered in the sub-
gingival environment. Micrographs from an implant

retrieved because of a peri-implant infection may pro-
vide some evidence for the similarity between the
structural image of the submucosal peri-implant mi-
crobiota (Fig. 3-36).

DENTAL CALCULUS

Although calculus formation has been reported to
occur in germ-free animals as a result of calcification
of salivary proteins, dental calculus or tartar usually
represents mineralized bacterial plaque.

Clinical appearance, distribution and clinical
diagnosis

Supragingivally, calculus can be recognized as a
creamy-whitish to dark yellow or even brownish mass
of moderate hardness (Fig. 3-37). The degree of calcu-
lus formation is not only dependent on the amount of
bacterial plaque present but also on the secretion of
the salivary glands. Hence, supragingival calculus is
predominantly found adjacent to the excretion ducts
of the major salivary glands, such as the lingual aspect
of the mandibular anterior teeth and the buccal aspect
of the maxillary first molars, where the parotid gland



Fig. 3-39. Subgingival calculus presents as a black-brownish hard mass if the gingival margin is retracted or re-
flected during a surgical procedure (a). Healing of the site following removal of all hard deposits (b).

ducts open into the oral vestibule. The duct openings
of the submandibular glands are located in the former
region. It should be noted that calculus continually
harbors a viable bacterial plaque (Zander et al. 1960,
Theilade 1964, Schroeder 1969).

Subgingivally, calculus may be found by tactile
exploration only, since its formation occurs apical to
the gingival margin and, hence, is usually not visible
to the naked eye. Occasionally, subgingival calculus
may be visible in dental radiographs provided that the
deposits present an adequate mass (Fig. 3-38). Small
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Fig. 3-38. Subgingival calculus may be visible (arrows)
on radiographs if abundant deposits are present.
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Fig. 3-40. Plaque- and calculus-free zone coronal to the
epithelial attachment. SP: Subgingival plaque bacteria.
PFZ: Plaque-free zone. EA: Remnants of junctional epi-
thelium.

deposits or residual deposits following root instru-
mentation may barely be visualized radiographically.
If the gingival margin is pushed open by a blast of air
or retracted by a dental instrument, a brownish to
black calcified hard mass with a rough surface may
become visible (Fig. 3-39). Again, this mineralized
mass reflects predominantly bacterial accumulations
mixed with products from gingival crevicular fluid and
blood. Consequently, subgingival calculus is found in
most periodontal pockets, usually extending from the
cemento-enamel junction and reaching close
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Fig. 3-41. Seven-day-old calcified plaque. Observe the
isolated calcification centers indicated by the black ar
eas (van Kossa stain).

to the bottom of the pocket. However, a band of ap-
proximately 0.5 mm is usually found coronal to the
apical extension of the periodontal pocket (Fig. 3-40).
This zone appears to be free from mineralized deposits
owing to the fact that gingival crevicular fluid is
exudating from the periodontal soft tissues and acting
as a gradient against the microbial accumulation. Like
supragingival calculus, subgingival calculus also pro-
vides an ideal environment for bacterial adhesion (
Zander et al. 1960, Schroeder 1969).

Plaque mineralization varies greatly between and
within individuals and — as indicated above — also
within the different regions of the oral cavity. Not only
the formation rate for bacterial plaque (amount of
bacterial plaque per time and tooth surface), but also
the formation rate for dental calculus (time period
during which newly deposited supragingival plaque
with an ash weight of 5-10% becomes calcified and
yields an ash weight of approximately 80%) is subject
to great variability In some subjects, the time required
for the formation of supragingival calculus is 2 weeks,
at which time the deposit may already contain ap-
proximately 80% of the inorganic material found in
mature calculus (Fig. 3-41) (Miihlemann & Schneider
1959, Mandel 1963, Muhlemann & Schroeder 1964). In
fact, evidence of mineralization may already be pre-

Fig. 3-42. Thin section of enamel surface (E) with overlying calculus. The enamel and calculus crystals are in inti

sent after a few days (Theilade 1964). Nevertheless, the
formation of dental calculus with the mature crystal-
line composition of old calculus may require months
to years (Schroeder & Baumbauer 1966). Supragingi-
val plaque becomes mineralized saliva and subgingi-
val plaque in the presence of the inflammatory
exudate in the pocket. It is, therefore, evident that
subgingival calculus represents a secondary product
of infection and not a primary cause of periodontitis.

Attachment to tooth surfaces and implants

Dental calculus generally adheres tenaciously to tooth
surfaces. Hence, the removal of subgingival calculus
may be expected to be rather difficult. The reason for
this firm attachment to the tooth surface is the fact that
the pellicle beneath the bacterial plaque also calcifies.
This, in turn, results in an intimate contact with
enamel (Fig. 3-42), cementum (Fig. 3-43) or dentin
crystals (Fig. 3-44) (Kopczyk & Conroy 1968, Selvig
1970). In addition, the surface irregularities are also
penetrated by calculus crystals and, hence, calculus is
virtually locked to the tooth. This is particularly the
case on exposed root cementum, where small pits and
irregularities occur at the sites of the previous inser-
tion of Sharpey's fibers (Bercy & Frank 1980). Uneven
root surfaces may be the result of carious lesions and
small areas of cementum may have been lost due to
resorption, when the periodontal ligament was still
invested into the root surface (Moskow 1969). Under
such conditions it may become extremely difficult to
remove all calculus deposits without sacrificing some
hard tissues of the root.

Although some irregularities may also be encoun-
tered on oral implant surfaces, the attachment to com-
mercially pure titanium generally is less intimate than
to root surface structures. This in turn, would mean
that calculus may be chipped off from oral implants (
Fig. 3-45) without detriment to the implant surface (
Matarasso et al. 1996).

mate contact, and the latter extends into the minute irregularities of the enamel. Magnification x 37 500.

Bar: 0.1 um. From Selvig (1970).



Fig. 3-43. Thin section of cementum surface (C) with
overlying calculus. The calculus is closely adapted to
the irregular cementum and is more electron-dense and
therefore harder than the adjacent cementum. To the
right in the illustration, part of an uncalcified micro-
organism. Magnification x 32 000. Bar: 0.1 yu.m. From
Selvig (1970).

Mineralization, composition and structure

The mineralization starts in centers which arise in-
tracellularly in bacterial colonies (Fig. 3-46) or ex-
tracellularly from matrix with crystallization nuclei (
Fig. 3-47). Recent and old calculus consists of four
different crystals of calcium phosphate (for review see
Schroeder 1969):

1. CaH (PO4) x 2 H,0 = Brushite (B)

2. CadH (PO4)3 x 2 H20 = Octa calcium phosphate (
OCP)

3. Cab (PO4)3 x OH = Hydroxyapatite (HA)

4. a-Ca3 (PO4)2 = Whitlockite (W)

Supragingival calculus is clearly built up in layers and
yields a great heterogeneity from one layer to another
with regard to mineral content. On average, the min-
eral content is 37%, but ranges from 16% to 51%, with
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Fig. 3-44. Thin section of dentin (D) surface with overly-
ing calculus. The interface between the calculus and
dentin cannot be precisely determined because the cal-
culus crystals fill the irregularities of the dentin sur-
face, which is devoid of cementum as a result of a pre-
vious scaling of the root surface. The circular profiles in
the calculus completely surround calcified bacteria.
Magnification x 19 000. Bar: 1 gm. From Selvig (1970).

Fig. 3-45. Calculus deposit on an oral implant in a pa-
tient without regular maintenance care.

some layers yielding a maximal density of minerals of
up to 80% exceptionally (Kani et al. 1983, Friskopp &
Isacsson 1984). The predominant mineral in exterior
layers is OCP, while HA is dominant in inner layers of
old calculus. W is only found in small proportions (
Sundberg & Friskopp 1985). B is identified in recent
calculus, not older than 2 weeks, and appears to form
the basis for supragingival calculus formation. The
appearance of the crystals is characteristic for OCP as
forming platelet-like crystals, for HA as forming
sandgrain or rod-like crystals, while W presents with
hexagonal (cuboidal, rhomboidal) crystals (Kodaka et
al. 1988).

Subgingival calculus appears somewhat more ho-
mogeneous since it is built up in layers with an equally
high density of minerals. On average the density is
58% and ranges from 32% to 78%. Maximal values of
60-80% have been found (Kani et al. 1983, Friskopp &
Isacsson 1984). The predominant mineral is always W,
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Fig. 3-46. Thin section of old plaque. A degenerating or
ganism is surrounded by intermicrobial matrix in
which initial mineralization has started by the deposi-
tion of small needle-shaped electron-dense apatite crys
tals. Magnification x 26 500. Bar: 0.5 gm. From
Zander et al. (1960).

although HA has been found (Sundberg & Friskopp
1985). W contains small proportions (3%) of magnesia
(McDougall 1985).

In the presence of a relatively low plaque-pH and a
concomitant high Ca/P-ratio in saliva, B is formed
which may later on develop into HA and W. When
supragingival plague mineralizes, OCP forms and is
gradually changed into HA. In the presence of alkaline
and anaerobic conditions and concomitant presence
of magnesia (or Zn and CO,), large amounts of W are
formed, which are a stable form of mineralization.

Clinical implications

Although strong associations between calculus de-
posits and periodontitis have been demonstrated in
experimental (Wrhaug 1952, 1955) and epidemiol-
ogic studies (Lovdal et al. 1958), it has to be realized
that calculus is always covered by an unmineralized
layer of viable bacterial plaque. It has been debated
whether or not calculus may exert a detrimental effect
on the soft tissues owing to its rough surface. How-
ever, it has clearly been established that surface rough
ness alone does not initiate gingivitis (Wa?rhaug
1956). On the contrary, in monkeys a normal epithelial
attachment with the junctional epithelial cells forming
hemidesmosomes and a basement membrane on cal-
culus could be established (Listgarten & Ellegaard
1973) if the calculus surface had been disinfected us-
ing chlorhexidine (Fig. 3-48). Furthermore, it has been
demonstrated that autoclaved calculus may be encap-
sulated in connective tissue without inducing marked

Fig. 3-47. Thin section of old mineralizing plaque. The
intermicrobial matrix is totally calcified, and many mi
croorganisms show intracellular crystal deposition.

Magnification x 9500. Bar: 1 gm. From Theilade (1964).

inflammation or abscess formation (Allen & Kerr
1965).

These studies clearly exclude the possibility of
dental calculus being a primary cause of periodontal
diseases. The effect of calculus seems to be secondary
by providing an ideal surface configuration condu-
cive to further plague accumulation and subsequent
mineralization.

Nevertheless, calculus deposits may have devel-
oped in areas with difficult access for oral hygiene or
may — by the size of the deposits — jeopardize proper
oral hygiene practices. Calculus may also amplify the
effects of bacterial plague by keeping the bacterial
deposits in close contact with the tissue surface,
thereby influencing both bacterial ecology and tissue
response (Friskopp & Hammarstrom 1980).

Well-controlled animal (Nyman et al. 1986) and
clinical (Nyman et al. 1988, Mombelli et al. 1995) stud-
ies have shown that the removal of subgingival plaque
on top of subgingival calculus will result in healing of
periodontal lesions and the maintenance of healthy
gingival and periodontal tissues, provided that the
supragingival deposits are meticulously removed on a
regular basis. One of these studies (Mombelli et al.
1995) clearly demonstrated that the diligent and com-
plete removal of subgingival plaque on top of miner-
alized deposits after chipping off gross amounts of
calculus showed almost identical results in the com-
position of the microbiota and the clinical parameters
to those obtained with routine removal of subgingival
calculus by root surface instrumentation. Again, it has
to be realized that meticulous supragingival plaque
control guarantees the depletion of the supragingival



bacterial recolonization.

reservoir for subgingival
These studies have clearly elucidated the role of sub-
gingival calculus as a plaque-retaining factor.

In summary, dental calculus represents mineralized
bacterial plaque. It is always covered by unmin-
eralized viable bacterial plaque, and hence, does not
directly come into contact with the gingival tissues.
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INTRODUCTION

Periodontal diseases are infections that are caused by
microorganisms that colonize the tooth surface at or
below the gingival margin. It is estimated that about
500 different species are capable of colonizing the
mouth and any individual may typically harbor 150 or
more different species. Counts in subgingival sites
range from about 108 in healthy, shallow sulci to > 108
in deep periodontal pockets. Numbers in supragingi-
val plague can exceed 10° on a single tooth surface.
Thus, while hundreds of millions or even billions of
bacteria continually colonize the tooth at or below the
gingival margin throughout life, most periodontal
sites in most individuals are not exhibiting new loss
of the supporting structures of the teeth at any given
time. This recognition is critical. The ecological rela-
tionships between the periodontal microbiota and its
host by and large are benign in that damage to the
supporting structures of the tooth is infrequent. Occa-
sionally, a subset of bacterial species are either intro-
duced, overgrow or exhibit new properties that lead
to the destruction of the periodontium. The resulting
stressed equilibrium is usually spontaneously cor-
rected, or corrected by therapy. In either instance,
microbial species continue to colonize above and be-
low the gingival margin, hopefully in a new and "
peaceful” equilibrium.

Similarities of periodontal diseases to other
infectious diseases

Our concepts of infectious diseases often appear to be
influenced by our experiences with acute infections,
particularly upper respiratory infections. In acute in-
fections, an agent is acquired by exposure to an indi-
vidual harboring that agent or from the environment.
The agent establishes within tissues or on mucous
membranes or skin. Within a short time, signs or
symptoms of a disease appear at the site of introduc-
tion or elsewhere in the individual. A "battle" occurs
between the parasite and the host resulting in increas-
ingly obvious clinical signs and symptoms. This host-
bacterial interaction is often resolved within a short
time, usually, but not always, in favor of the host.
Thus, daily experience suggests that colonization by
a pathogen is rapidly followed by expression of dis-
ease. While certain infections follow this pattern, more
commonly, colonization by a pathogenic species does
not lead to overt disease, at least immediately. For
example, 15% of the American population is colonized
by Neisseria meningitid is (Caugant et al. 1988), but only
1-2 cases of meningitis occur per 100 000 of the popu-
lation (Morbidity and Mortality Weekly Report, 1996).
Mycobacterium tuberculosis colonizes about 5% of
Americans (Sudre et al. 1992), but only 8-10 new cases
of tuberculosis per 100 000 are reported each year
(Morbidity and Mortality Weekly Report, 1996). Finally,
about one third of the adult population is colonized
by Hemophilus influenzae (Kilian & Frederiksen 1981)
but only a tiny fraction exhibit disease. Even the



highly virulent HIV virus may be detected in indi-
viduals for years prior to the development of clinical
symptoms.

In a similar fashion, individuals may be colonized
continuously by periodontal pathogens at or below
the gingival margin and yet not show evidence of
ongoing or previous periodontal destruction. Many of
the organisms that colonize such sites are members of
species thought to be periodontal pathogens. In spite
of their presence, periodontal tissue damage does not
take place. This is not an anomaly. This phenomenon
is consistent with other infectious diseases in which it
may be observed that a pathogen is necessary but not
sufficient for a disease to occur.

Infectious diseases in a given organ system are
caused by one or more of a relatively finite set of
pathogens. Further, different species have different
tissue specificities and cause diseases in different sites
in the body. Lung infections may be caused by a wide
range of species that include Streptococcus pneumoniae,
M. tuberculosis, Klebsiella pneumoniae, Legionella pneu-
mophilia and others. Infections of the intestine are
caused by Salmonella typhi, Shigella dysenteriae, Vibrio
cholera, Escherichia coliand Campylobacter species. In a
similar fashion periodontal diseases appear to be
caused by a relatively finite group of periodontal
pathogens acting alone or in combination. Such spe-
cies include Actinobacillus actinomycetemcomitans, Bac-
teroides forsythus, Campylobacter rectus, Eubacterium no-
datum, Fusobacterium nucleatum, Peptostreptococcus mi-
cros, Porphyromonas gingivalis, Prevotella intermedia,
Prevotella nigrescens, Streptococcus intermedius and Tre-
ponema Sp. (Haffajee & Socransky 1994).

There are a number of other common themes ob-
served in different infectious diseases, particularly
those that affect mucous membranes, such as the need
to attach to one or more surfaces, the need to "sense"
the environment and turn on or off various virulence
factors and the need to overcome or evade host de-
fense mechanisms. Infectious agents have evolved a
set of common strategies to perform these tasks and
the host has developed a series of responses to combat
these infections. Thus, periodontal diseases are infec-
tious diseases that have many properties that are simi-
lar to bacterial infections in other parts of the body and
to a large extent can be combatted in similar fashions.

Unique features of periodontal infections

Although periodontal diseases have certain features
in common with other infectious diseases, there are a
number of features of these diseases that are quite
different. In certain ways, periodontal diseases may
be among the most unusual infections of the human.

The major reason for this uniqueness is the unusual
anatomic feature that a mineralized structure, the tooth,

passes through the integument, so that part of it is exposed
to the external environment while part is within the con-

nective tissues. The tooth provides a surface for the
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colonization of a diverse array of bacterial species.
Bacteria may attach to the tooth itself, to the epithelial
surfaces of the gingiva or periodontal pocket, to un-
derlying connective tissues, if exposed, and to other
bacteria which are attached to these surfaces. In con-
trast to the outer surface of most parts of the body, the
outer layers of the tooth do not "shed" and thus
microbial colonization (accumulation) is facilitated.
Thus, a situation is set up in which microorganisms
colonize a relatively stable surface, the tooth, and are
continually held in immediate proximity to the soft
tissues of the periodontium. This poses a potential
threat to those tissues and indeed to the host itself.

The organisms that cause periodontal diseases re-
side in biofilms that exist on tooth or epithelial sur-
faces. The biofilm provides a protective environment
for the colonizing organisms and fosters metabolic
properties that would not be possible if the species
existed in a free-living (planktonic) state. Periodontal
infections and another biofilm induced disease, dental
caries, are arguably the most common infectious dis-
eases affecting the human. The onset of these diseases
is usually delayed for prolonged periods after initial
colonization by the pathogen(s). The course of these
diseases typically runs for years. The etiologic agents
in most instances appear to be members of the indige-
nous microbiota and, thus, the infections might be
thought of as endogenous. The source of the infecting
agents for any given individual is usually unknown
although transfer from parents or significant others is
thought to play a primary role (Petit et al. 1993a,b,
Saarela et al. 1993, van Steenbergen et al. 1993, Preus
et al. 1994). The major characteristics of these diseases
are that they are caused by organisms that reside in
biofilms outside the body. Their treatment is complex
in that physical, antimicrobial and ecological ap-
proaches are required.

The presence of a tooth increases the complexity of
the host parasite relationship in a number of ways. The
bacteria colonizing the tooth are by and large outside
the body where they are less able to be controlled by
the potent mechanisms which operate within the tis-
sues. The environment within a plaque may be con-
ducive for microbial survival, but it is unlikely to be a
particularly effective environment for the host to seek

out and destroy microorganisms. Factors such as hy-
drogen ion concentration (pH), oxidation reduction poten-

tial (Eh), can affect the

perform-

ance of host defense mechanisms. In addition, the
tooth provides "sanctuaries" in which microorgan-
isms can hide, persist at low levels during treatment
and then re-emerge to cause further problems. Bacte-
ria in dentinal tubules, flaws in the tooth, or areas that
were demineralized by bacteria are not easily ap-
proached by the much larger host cells. In a similar
fashion, non-cellular host factors must face diffusion
barriers, lytic enzymes and absorption by the mineral
structure of the tooth. Mechanical debridement other
than vigorous removal of tooth material cannot reach

and proteolytic enzymes,
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organisms within the tooth. Chemotherapeutic agents
will also have difficulty in reaching the organisms.

Taken together, the infections which affect the tooth
and its supporting structures present a formidable
problem for both the host and the therapist. The
unique anatomical features of this "organ system"
must be borne in mind as we attempt to unravel the
etiology and pathogenesis of periodontal diseases and
plan treatment or prevention strategies for their con-
trol.

HISTORICAL PERSPECTIVE

The search for the etiologic agents of periodontal dis-
eases has been in progress for over a century. The
search started in the "golden age of microbiology" (
approx. 1880-1920), when the etiologic agents of
many medically important infections were deter-
mined. It is not surprising that parallel investigations
of the etiology of periodontal diseases were initiated
in this era. However, these investigations were not as
successful as some of the investigations of extraoral
infectious diseases. It seems worthwhile to briefly
review the findings of the early era and to understand
the effect that the inconclusive nature of many of the
studies had on the concepts of etiology and treatment
of disease. The references for this section may be found
in Socransky & Haffajee (1994).

The early search

Investigators in the period from 1880 to 1930 sug-
gested four distinct groups of microorganisms as pos-
sible etiologic agents: amoeba, spirochetes, fusi forms
and streptococci. The basis of this determination was
primarily the seeming association of these organisms
with periodontal lesions. The identification of a sus-
pected pathogen was heavily influenced by the nature
of the techniques available. The major techniques at
that time were wet mount or stained smear micros-
copy and limited cultural techniques. The different
techniques suggested different etiologic agents. This
is a situation not unlike that found today. While a
greater variety of improved techniques are available,
different techniques can emphasize the importance of
different organisms.

Amoeba

Certain groups of investigators used stained smears
to seek amoeba in bacterial plaque. They found higher
proportions of amoebae in lesions of destructive peri-
odontal diseases than in samples taken from sites from
healthy mouths or mouths with gingivitis. Local
therapies for this organism included the use of dyes
or other antiseptic agents to decrease the numbers of
amoebae in the oral cavity. Other approaches em-
ployed agents such as the emitic, emitin, administered

systemically or locally. The role of amoeba in peri-
odontal disease was questioned by some authors be-
cause amoeba were found in sites with minimal or no
disease and could not be detected in many sites with
destructive disease, and because of the failure of emi-
tin to ameliorate the symptoms of the disease.

Spirochetes

Other investigators used wet mount preparations or
specific stains for spirochetes when they examined
dental plaque. They reported higher proportions of
spirochetes and other motile forms in lesions of de-
structive disease when compared with control sites in
the same or other individuals. This finding led to the
suggestion that spirochetes may be etiologic agents of
destructive periodontal disease. Therapies were pro-
posed that sought to control disease by the elimination
or suppression of these microorganisms including the
systemic administration of Neosalvarsan (compound
606), the anti-spirochetal agent used to treat syphilis,
coupled with the use of subgingival scaling to control
destructive periodontal disease. Other investigators
employed bismuth compounds to treat oral spiroche-
tal infections. Many investigators claimed success in
controlling advanced destructive periodontal disease
by combining local and systemic therapy. Others
questioned the relationship of spirochetes to peri-
odontal diseases.

Fusiforms

The third group of organisms which were frequently
suggested to be etiologic agents of destructive peri-
odontal diseases, including Vincent's infection, were
the spindle-shaped fusiforms. These organisms were
originally recognized on the basis of their frequent
appearance in microscopic examination of subgingi-
val plague samples. The organisms were first related
to periodontal disease by Plaut (1894). Vincent (1899)
distinguished certain pseudomembraneous lesions of
the oral cavity and throat from diphtheria and recog-
nized the important role of fusiforms and spirochetes
in this disease. In honor of this investigator the infec-
tion became known as Vincent's infection. The impor-
tant role of spirochetes and fusiforms in Vincent's
infection was widely recognized in the succeeding
two decades.

As a footnote to this section, it is worth noting that
ANUG appears to have been declining in many "first
world countries” for many decades. Many older prac-
titioners can remember periods when they would see
several cases of ANUG a month or even a week.
Detection of this disease is much less common today.
In reviewing the earlier literature, we were struck with
how common the disease appeared to be from about
1915 to 1930. Most of us are aware of the devastation
this disease caused in the combat troops of World War
I, when the disease was commonly called Trench
mouth (due to its frequent occurrence in troops sta-
tioned in the trenches of the battlegrounds). What we
are less aware of is how common the disease became



in countries out of the war zone (e.g. the US) after
World War |I. For example, Daley (1927a,b) examined
over 1000 patients who came to Tufts Dental College
in Boston for operative dentistry (not periodontal
problems). He found Vincent's infection in one in
three people using clinical criteria and stained smears
seeking the presence of fusiforms and spirochetes.
Daley carefully described the lesions in terms accept-
able today; i.e. as an ulcerated lesion that bled easily
on probing and had a distinctive fetid odor. He further
pointed out that the disease was rare in Boston prior
to 1917, at which time the troops began to return home.
He described an outbreak stemming from a local bar-
racks, which led to 75 cases being treated at Tufts
within 48 hours. Daley and others in the era felt that
the severe outbreak after the war was due to the
transmission of more virulent bacteria among an un-
protected (not immune) population. Assuming that
the disease described in this era was ANUG, it is
interesting to note that there was a virtual epidemic.
This is particularly intriguing in that it supports the
notion that periodontal pathogens can be readily
transmitted from one person to another, as modern
molecular techniques are documenting today.

Streptococci

The fourth group of microorganisms which were pro-
posed as etiologic agents of periodontal diseases in
this era were the streptococci. These microorganisms
were proposed on the basis of cultural examination of
samples of plaque from subgingival sites of periodon-
tal disease. The selection of the streptococci may have
been predicated upon the fact that these were the only
species that could be consistently isolated from perio-
dontitis lesions using the cultural techniques of that
era. Among this group, the streptococci would have
been most prominent. Since there were no methods
available at that time for the specific control of strep-
tococci, workers turned to non-specific agents such as
intramuscular injection of mercury or to the use of
vaccines for the control of periodontal diseases.

Vaccines

For the first three decades of the twentieth century,
vaccines were commonly employed by physicians and
dentists in attempts to control bacterial infections.
Three types of vaccines were employed for the control
of periodontal diseases. These included vaccines pre-
pared from pure cultures of streptococci, and other
oral organisms, autogenous vaccines and stock vac-
cines such as Van Cott's vaccine, Goldenberg's vaccine
or Inava Endocorps vaccine. These vaccines were ad-
ministered systemically or locally in the periodontal
tissues.

Autogenous vaccines were prepared from the den-
tal plaque of patients with destructive periodontal
diseases. Plaque samples were removed from the dis-
eased site, "sterilized" by heat and/or by immersion
in iodine or formalin solutions, then re-injected into
the same patient, either in the local periodontal lesion

MICROBIOLOGY OF PERIODONTAL DISEASE - 109

or systemically. Proponents of all three techniques
claimed great efficacy for the vaccination methods
employed, while others using the same techniques
were more skeptical.

Other forms of therapy directed against oral
microorganisms

The difficulty in controlling microorganisms in the
absence of specific antimicrobial agents gave rise to a
series of rather remarkable treatment procedures. For
example, ultraviolet light was widely used to attempt
to control the oral microbiota and to improve the
well-being of the local tissue (for review see Ras-
mussen 1929). Other measures were somewhat more
dramatic and in some instances rather frightening.
Dental practitioners used electrochemical techniques,
caustic agents such as phenol, sulfuric, trichloracetic
or chromic acids, nascent copper and castor oil soap
(sodium ricolineate), and even radium was used to
combat root canal infections. In the last instance ra-
dium at levels of up to 0.135 millicuries was placed in
canals to "sterilize” them. As might be expected, the
reports were glowing. The recent interest in control-
ling the epithelium in order to maximize re-attach-
ment had antecedents in this era. One technique
which appears to have been commonly employed was
the use of sodium sulfide to "dissolve" the epithelial
lining of the pocket and permit reattachment.

Invasion — the early years

One of the more interesting phenomena of research is
the fact that research workers keep rediscovering the
same phenomena in a cyclical fashion. Invasion of the
periodontal tissues by bacteria was thought to be
important in the pathogenesis of periodontal diseases
in the early 1900s, was forgotten and then re-discov-
ered.

Beckwith et al. (1925) used stains specific for bacte
ria to study biopsy specimens from prisoners at San
Quentin who had periodontitis. They regularly ob-
served bacteria both within the epithelium and in the
underlying tissues. Bacteria in the epithelium were
usually streptococci or "diptheroids”. Gram-negative
rods were observed in the connective tissue. They
noted the rare occurrence of spiral forms in the tissues,
although they were routinely detected in the plaque
overlying the tissues. Other investigators also showed
invasion into periodontal tissues. Invasion of spiro-
chetes deep into the lesions of Vincent's infection was
clearly documented. It was thought that the spiro-
chetes moved into the connective tissues first and
were followed by fusiform-shaped species.

Comment

Over this period, literally hundreds of papers were
published which suggested certain specific etiologic
agents of periodontal diseases or advocated specific
therapies directed at microbial control. In spite of this
enthusiasm, the concept of the infectious nature of
periodontal diseases and the recognition that treat-
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ment should be directed at the causative agents, dis-
appeared. Reasons for the demise of this promising
area of research could have included the possibility of
incorrect etiologic agents, inadequate therapies, mul-
tiplicity of diseases and competing theories. A more
likely scenario was the failure of early researchers (
and this is still true today) to recognize that periodon-
tal diseases represent an array of infections each re-
quiring different specific therapies. Indeed, a similar
situation exists today where a given adjunctive anti-
biotic therapy is effective in some individuals and not
others. Finally, competing theories of the etiology of
periodontal diseases in this era appeared to, tempo-
rarily at least, gain popularity, due primarily to their
nebulous and untestable nature. Such hypotheses as "
diffuse alveolar atrophy", and "continuing eruption”,
"lack of function” and "constitutional defects"”
became acceptable alternatives (to some) to the recog-
nition of the infectious nature of periodontal diseases.

The decline of interest in microorganisms

The initial enthusiasm for the hunt for the etiologic
agents of destructive periodontal diseases slowly sub-
sided and by the mid-1930s there were virtually no
workers involved in this quest. This state was elo-
quently described by Belding & Belding (1936) in the
aptly titled "Bacteria — Dental Orphans". During the
period from the mid-1920s to the early 1960s, the
attitude toward the etiology of periodontal disease
changed. In the first two decades of this period it was
thought that periodontal disease was due to some
constitutional defect on the part of the patient, to
trauma from occlusion, to disuse atrophy or to some
combination of these factors. Bacteria were thought to
be merely secondary invaders in this process or at
most, contributors to the inflammation observed in
periodontal destruction.

Non-specific plaque hypothesis

Treatment of patients based on the notion of constitu-
tional defects or trauma from occlusion was not effec-
tive in controlling periodontal diseases. Clinicians rec-
ognized that plague control was essential in the satis-
factory treatment of periodontal patients. During the
late 1950s, a group of clinicians, sometimes referred to
as "plaque evangelists”, heavily emphasized the need
for plaque control in the prevention and treatment of
periodontal diseases. Thus, once again bacteria were
thought to play a role in the etiology of destructive
periodontal disease, but as non-specific causative
agents. According to this "non-specific plaque" hy-
pothesis, any accumulations of microorganisms at or
below the gingival margin would produce irritants
leading to inflammation. The inflammation in turn
was responsible for the periodontal tissue destruction.
The specific species of microorganisms that accumu-

lated on the teeth was not considered to be particularly
significant providing that their numbers were suffi-
ciently large to trigger a destructive process.

Mixed anaerobic infections

Beginning in the late 1920s, a series of oral and medical
microbiologists believed that periodontal disease was
the result of "mixed infections". This hypothesis had
been considered since the late 1800s when microscopic
observations by Vincent in France suggested that cer-
tain forms of periodontal disease, particularly acute
necrotizing ulcerative gingivitis (ANUG), were due to
a complex of microorganisms dominated by fusiforms
and spirochetes. These infections were known as fuso-
spirochetal infections. In the early 1930s, investigators
found that mixtures of microorganisms taken from
lung infections or subgingival plague would induce
lesions when subcutaneously injected into various
experimental animals. A combination of a fusiform, a
spirochete, an anaerobic vibrio and an alpha
hemolytic streptococcus could cause transmissible in-
fections in the guinea pig. Later investigators failed to
reproduce their results either with the above combi-
nation of microorganisms or with many other combi-
nations they tested. They did demonstrate, however,
that mixed infections were due to bacteria (rather than
a virus).

Macdonald and co-workers (1956) were later able
to produce transmissible mixed infections in the
guinea pig groin using combinations of pure cultures.
The critical mixture of four organisms included a Bac-
teroides melaninogenicus strain, a Gram-positive an-
aerobic rod and two other Gram-negative anaerobic
rods. This combination of organisms was completely
different from those used by earlier investigators to
cause transmissible infections. These results led to the
concept that mixed infections might be "bacteriologi-
cally non-specific but biochemically specific”. In other
words, any combination of microorganisms capable
of producing an array of destructive metabolites could
lead to transmissible infections in animals and, by
extension, to destructive periodontal infections in hu-
mans. Later experiments suggested that members of
the B. melaninogenicus group were the key species in
these infections.

Return to specificity in microbial etiology of
periodontal diseases

In the 1960s, interest in the specific microbial etiology
of periodontal disease was rekindled by two groups of
experiments. The first demonstrated that periodontal
disease could be transmitted in the hamster from
animals with periodontal disease to animals without
periodontal disease by caging them together. Swabs
of plaque or feces from diseased animals were effec-
tive in transmitting the disease to animals free of



disease. It was demonstrated that a pure culture of an
organism that later became known as Actinomyces
viscosus was capable of causing destructive periodon-
tal disease in animals free of disease. Other species
isolated from the plaques of hamsters with periodon-
tal disease did not have this capability.

At about the same time, it was demonstrated that
spirochetes with a unique ultrastructural morphology
could be detected in practically pure cultures in the
connective tissue underlying lesions of ANUG and
within the adjacent epithelium. Control tissue taken
from healthy individuals and individuals with other
forms of disease did not exhibit a similar tissue inva-
sion. To date, the spirochete associated with ANUG
has not been cultivated.

Such findings suggested that there might be more
specificity to the microbial etiology of periodontal
disease than had been accepted for the previous four
decades. However, the emphasis in the 1960s was on
the mechanical control of plague accumulation. This
approach was consistent with the prevailing concept
that periodontal disease was due to a non-specific
accumulation of bacteria on tooth surfaces. This con-
cept is very much in evidence today and still serves as
the basis of preventive techniques in most dental prac
tices. It is also clear that non-specific plaque control
is not able to effectively prevent all forms of
periodontal disease.

The transmissibility studies stimulated a new con-
cept of periodontal diseases. The organisms which
were responsible for the periodontal destruction ob-
served in the hamster clearly differed from other or-
ganisms by their ability to form large amounts of
bacterial plague both in the hamster and in in vitro test
systems. A concept emerged that microorganisms that
were capable of forming large amounts of plaque in
vivo and in vitro should be considered as prime sus-
pects in the etiology of periodontal diseases. Human
isolates of Actinomyces species were shown to have
this ability in vitro and led to plaque formation and
periodontal destruction in animal model systems.
These findings reinforced the notion that organisms
that formed abundant plaque were responsible for
destructive periodontal disease. Unfortunately, later
research findings revealed major discrepancies in this
hypothesis.

Changing concepts of the microbial etiology
of periodontal diseases

By the end of the 1960s it was generally accepted that
dental plaque was in some way associated with hu-
man periodontal disease. It was believed that the pres-
ence of bacterial plaque initiated a series of as yet
undefined events that led to the destruction of the
periodontium. The composition of plaque was
thought to be relatively similar from patient to patient
and from site to site within patients. Variability was
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recognized, but the true extent of differences in bacte-
rial composition was not appreciated. It was thought
that the major event triggering destructive periodon-
tal disease was an increase in mass of bacterial plaque,
possibly accompanied by a diminution of host resis-
tance. Indeed, in the mid 1960s the classic studies of
Loe, Theilade and co-workers (Loe et al. 1965, 1967,
Theilade et al. 1966) convincingly demonstrated that
plague accumulation directly preceded and initiated
gingivitis. Many investigators believed that gingivitis
was harmful and led to the eventual destruction of the
periodontal tissues, probably by host-mediated
events.

Yet, certain discrepancies continued to baffle clini-
cians and research workers alike. If all plaques were
more or less alike and induced a particular systemic
response in the host, why was periodontal destruction
localized, taking place adjacent to one tooth but not
another? If plaque mass was a prime trigger for peri-
odontal destruction, why did certain subjects accumu-
late much plaque, frequently accompanied by gingi-
vitis, but fail, even after many years, to develop de-
struction of the supporting structures? On the other
hand, why did some individuals with little detectable
plague or clinical inflammation develop rapid peri-
odontal destruction? If inflammation was the main
mediator of tissue destruction, why were so many
teeth retained in the presence of continual gingivitis?
One explanation may have been that there were incon
sistencies in the host response, or disease required
the superimposition of local factors such as trauma
from occlusion, overhanging fillings, etc. Other
explanations can be derived from more recent
studies of the microbiology of periodontal diseases.

The recognition of differences in the composition of
bacterial plaque from subject to subject and site to site
within subjects led to a series of investigations. Some
studies attempted to determine whether specific mi-
croorganisms were found in lesion sites as compared
to healthy sites. Other studies sought differences in the
microorganisms in subgingival plague samples taken
from subjects with clinically different forms of peri-
odontal disease. Newman and co-workers (1976,
1977) and Slots (1976) demonstrated that the microbial
composition of subgingival plaque taken from dis-
eased sites differed substantially from the samples
taken from healthy sites in subjects with localized
juvenile periodontitis (UP). Tanner et al. (1979) and
Slots (1977) demonstrated that the microbiota recov-
ered from lesion sites from subjects with adult perio-
dontitis differed from the microbiota from healthy
sites in the same subjects and also from lesion sites in
LJP subjects. These studies along with the demonstra-
tion that subjects with LJP could be treated success-
fully with local debridement and systemic antibiotics
provided the initial impetus to perform larger scale
studies attempting to relate specific microorganisms
to the etiology of different periodontal diseases.
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Fig. 4-1. Example of checkerboard DNA-DNA hybridization being used to detect 40 bacterial species in 28 sub-
gingival plague samples from a single patient. The vertical lanes are the plaque samples nhumbered from 11 (upper
right central incisor) to 47 (lower right second molar). In this subject, teeth 16, 17, 21 and 37 were missing. The two
vertical lanes on the right are standards containing either 10° or 10° cells of each test species. The horizontal lanes
contained the indicated DNA probes in hybridization buffer. A signal at the intersection of the vertical and horizon
tal lanes indicates the presence of a species. The intensity of the signal is related to the number of organisms of
that species in the sample. In brief, samples of plaque were placed into individual Eppendorf tubes and the DNA
re-leased from the microorganisms by boiling in NaOH. After neutralization, the released DNA was transferred to
the surface of a nylon membrane using the 30 channels of a Minislot device (Immunetics, Cambridge, MA). The
DNA was fixed to the membrane by UV light and baking and placed in a Miniblotter 45 (Immunetics) with the
lanes of DNA at right angles to the 45 channels of the Miniblotter device. Whole genomic DNA probes labelled
with digoxigenin were placed in hybridization buffer into 40 of the lanes and hybridized overnight. After
stringency washing, the signals were detected using phosphatase-conjugated antibody to digoxigenin and
chemifluorescence substrates. Signals were compared to the standards using a Storm Fluorimager and
converted to counts.

CURRENT SUSPECTED found more frequently and in higher numbers in cases
PATHOGENS OF DESTRUCTIVE of the infection than in individuals without overt dis-

ease or with different forms of disease. However, peri-
PERIODONTAL DISEASES odontal microbiologists do not expect to find the
pathogen in "all cases of the disease" because they
o o . currently cannot distinguish “all cases of the disease".
Criteria for defining periodontal pathogens The criterion of elimination is based on the concept
that elimination of a species should be accompanied by
For more than a century, the classical "Koch's postu- a parallel remission of disease. If a species is elimi-
lates" have been used to define a causal relation be- nated by treatment and the disease progresses, or if the
tween an infectious agent and a disease. These postu- level of a species remains high or increases in a site and
lates were: (1) the agent must be isolated from every the disease stops, doubt would be cast on that species’
case of the disease, (2) it must not be recovered from role in pathogenesis. This criterion (like all of the
cases of other forms of disease or non-pathogenically, others) has certain problems in that therapy rarely (if
and (3) after isolation and repeated growth in pure ever) eliminates only one species at a time. The
culture, the pathogen must induce disease in experi- criterion of host response, particularly the immu-
mental animals (Carter 1987). The criteria for defining nological response, appears to be of value in defining
pathogens of destructive periodontal diseases initially periodontal pathogens. If a species (or its antigens)
were based on Koch's postulates but have been gains access to underlying periodontal tissues and
amended and extended in recent years. These criteria causes damage, it seems likely that the host will pro-
include association, elimination, host response, viru- duce antibodies or a cellular immune response that is
lence factors, animal studies and risk assessment. The directed specifically to that species. Thus, the host
discrimination of a pathogen from a non-pathogenic response could act as a pointer to the pathogen(s).
species is not based on a single criterion but rather on  Biochemical determinants (virulence factors) may also
a "weight of evidence" evaluation. provide valuable clues to pathogenicity. Potentially
The criterion of association is really the same as damaging metabolites produced, or properties
Koch's first two postulates; i.e. the species should be
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Table 4-1. Summary of some of the types of data that suggest that Actinobacillus actinornycetenicomitans may
be an etiologic agent of destructive periodontal diseases (for literature citations see text and Haffajee &

Socransky 1994)

Associafion
health, gingivitis and edentulous subjects or sites
Elevated in some adult periodontitis lesions
Elevated in active lesions of juvenile periodontitis
Detected in prospective studies

Elevated in lesions of Iocalized juvenile periodontitis, pre-pubertal or adolescent periodontal disease Lower in

Detected in apical areas of pocket or in tissues from LJP lesions

Elimination
Recurrent lesions harbored the species

Elimination or suppression resulted in successful therapy

Host response

Elevated antibody in serum or saliva of LIP patients

Elevated antibody in serum or saliva of chronic periodontitis patients

Elevated local antibody in UP sites

Virulence factors

Leukotoxin; collagenase; endotoxin; epitheliotoxin; fibroblast inhibitory factor; bone resorption inducing factor; induction of cytokine

production from macrophages; modification of neutrophil function; degradation of immunoglobulins; cytolethal distending toxin (Cdt);

induces apoptotic cell death

Invades epithelial and vascular endothelial cells in vitro and buccal epithelial cells in vivo

Animal studies Induced disease in gnotobiotic rats

Subcutaneous abscesses in mice

Table 4-2. Summary of some of the types of data that suggest that Porph yromonas gingivalis may be an etio-
logic agent of destructive periodontal diseases (for literature citations see text and Haffajee & Socransky 1994)

Association Elevated in lesions of periodontitis

Lower in sites of health, gingivitis and edentulous subjects

Elevated in actively progressing lesions

Elevated in subjects exhibiting periodontal disease progression

Detected in cells or tissues of periodontal lesions

Presence indicates inc'eased risk for alveolar bone loss and attachment level loss

Elimination Elimination resulted in successful therapy

Recurrent lesions harbored the species

Successful treatment lowered level and/or avidity of antibody

Host response
local antibody in periodontitis

Elevated antibody in serum or saliva in subjects with various forms of periodontitis Altered

Virulence factors

Collagenase; endotoxin; proteolytic trypsin-like activity; fibrinolysin; hemolysin; other proteases including gingipain; Phospholipase A;

degrades immunoglobulin; fibroblast inhibitory factor; H2S; NH3, fatty acids; factors that adversely affect PMNs; capsular
polysaccharide; bone resorption inducing factor; induction of cytokine production from various host cells; generates chemotactic
activities; inhibits migration of PMNs across epithelial barriers; invades epithelial cells in vitro

Animal studies

Important in experimental pure or mixed subcutaneous infections

Induced disease in gnotobiotic rats

Studies in sheep, monkeys and dogs

Immunization diminished disease in experimental animals

possessed, by certain species may be suggestive that
that species could play a role in the disease process.

Animal model systems provide suggestive evi-
dence that a microbial species may play a role in
human disease. Particularly noteworthy are studies of
experimentally induced disease in dogs or monkeys,
which can be manipulated to favor selection of single
or subsets of species that may or may not induce

pathology. These models usually suggest a possible
etiologic role of a species indigenous to the test animal
that may have analogues in the human subgingival
microbiota. Finally, technological developments, such
as checkerboard DNA—DNA hybridization (Fig. 4-1)
and PCR, now permit assessment of specific microor-
ganisms in large numbers of subgingival plague sam-
ples. This allows prospective studies to be performed
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Table 4-3. Summary of some of the types of data that suggest that Bacteroides forsythus may be an etiologic
agent of destructive periodontal diseases (for literature citations see text and Haffajee & Socransky 1994)

Association Elevated in Tesions of periodontitis

Lower in sites of health or gingivitis

Elevated in actively progressing lesions

Elevated in periodontal abscesses

Increased in subjects with refractory periodontitis

Detected in epithelial cells of periodontal pockets

Presence indicates increased risk for alveolar bone loss, tooth and attachment level loss

Elimination Elimination resufted in successful therapy Recurrent
lesions harbored the species Reduced in

successfully treated peri-implantitis

Host response

Elevated antibody in serum of periodontitis subjects and very high in a subset of subjects with refractory periodontitis

Virulence factors
epithelial cells in vitro and in vivo

Endotoxin; fatty acid and methylglyoxal production; induces apoptotic cell death; cytokine production from various host cells; invades

Animal studies

disease in gnotobiotic rats

Increased levels in ligature-induced periodontitis and peri-implantitis in dogs Induced

in which the risk of periodontal disease progression
conferred by the presence of an organism at given
levels may be assessed.

Periodontal pathogens

The World Workshop in Periodontology (Consensus
report 1996) designated A. actinomycetemcomitans, P.
gingivalis and B. forsythus as periodontal pathogens.
Tables 4-1 to 4-3 summarize some of the data that
indicate an etiologic role of these species in periodon-
tal diseases, categorized according to the criteria de-
fined above. The summary is by no means exhaustive
but does indicate that a growing literature suggests
some reasonable candidates as etiologic agents of de-
structive periodontal diseases.

Actinobacillus actinomycetemcomitans

One of the strongest associations between a
suspected pathogen and destructive periodontal
disease (at least in terms of number of publications) is
provided by A. actinomycetemcomitans. This is a small,
non-motile, Gram-negative, saccharolytic,
capnophilic, round-ended rod that forms small,
convex colonies with a "star-shaped" center when
grown on blood agar plates (Fig. 4-2). This species
was first recognized as a possible periodontal
pathogen by its increased frequency of detection and
higher numbers in lesions of localized juvenile
periodontitis (Newman et al. 1976, Slots 1976,
Newman & Socransky 1977, Slots et al. 1980,
Mandell & Socransky 1981, Zambon et al. 1983a,
Chung et al. 1989) when compared with numbers in
plaque samples from other clinical conditions includ-
ing periodontitis, gingivitis, and health. Soon after, it
was demonstrated that the majority of subjects with
LIP had an enormously elevated serum antibody re-

sponse to this species (Genco et al. 1980, Listgarten et
al. 1981, Tsai et al. 1981, Altman et al. 1982, Ebersole et
al. 1982, 1987) and that there was local synthesis of
antibody to this species (Schonfeld & Kagan 1982,
Ebersole et al. 1985, Smith et al. 1985, Tew et al. 1985a).
When subjects with this form of disease were treated
successfully, the species was eliminated or lowered in
level, while treatment failures were associated with
failure to lower the numbers of the species in treated
sites (Slots & Rosling 1983, Haffajee et al. 1984, Chris
tersson et al. 1985, Kornman & Robertson 1985, Man-
dell et al. 1986, Preus 1988, Shiloah et al. 1998, Tinoco
et al. 1998). The species produced a number of poten-
tially damaging metabolites including a leukotoxin (
Baehni et al. 1979), a cytolethal distending toxin (Saiki
et al. 2001, Shenker et al. 2001) and induced disease in
experimental animals (Irving et al. 1978). A. actinomy-
cetemcomitans has been shown, in vitro, to have the
ability to invade cultured human gingival epithelial
cells (Blix et al. 1992, Sreenivasan et al. 1993), human
vascular endothelial cells (Schenkein et al. 2000) and
buccal epithelial cells in vivo (Rudney et al. 2001).
Further, studies have shown that A. actinomycetem-
comitans induced apoptotic cell death (Arakawa et al.
2000, Kato et al. 2000).

Perhaps the strongest association data came from
studies of "active lesions" in which the species was
elevated in actively progressing periodontal lesions
when compared with non-progressing sites (Haffajee
et al. 1984, Mandell 1984, Mandell et al. 1987) and in
prospective studies of as yet undiseased siblings of
LJP subjects (DiRienzo et al. 1994). A. actinomycetem-
comitans was also elevated in studies of disease pro-
gression in young Indonesian subjects (Timmerman et
al. 2001). Collectively, the data suggest that A. acti-
nomycetemcomitans is a probable pathogen of LIP.
However, this should not be interpreted as meaning
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that it is the sole cause of this clinical condition since
a subset of subjects with LJP did not exhibit this spe-
cies in samples of their subgingival plague and had no
elevated antibody response to the species (Loesche et
al. 1985, Moore 1987).

The possibility that only a subset of A. actinomy-
cetemcomitans clonal types is responsible for localized
juvenile periodontitis was raised by recent studies.
Strains of A. actinomycetemcomitans were isolated from
members of 18 families with at least one member with
active LJP as well as from 32 control subjects. Restric
tion fragment length polymorphisms (RFLP) indi-
cated 13  distinct RFLP  groups of A.
tans (DiRienzo & McKay 1994). Isolates from LJP sub-
jects fell into predominantly RFLP pattern II, while
RFLP patterns XIII and XIV were seen exclusively in
isolates from periodontally healthy subjects. Further,
disease progression was related strongly to the pres-
ence of RFLP group Il (DiRienzo et al. 1994).

Haubek et al. (1996) demonstrated that strains of A.
actinomycetemcomitans isolated from families of Afri-
can origin living in geographically different areas
were characterized by a 530 base pair deletion in the
leukotoxin gene operon leading to a significantly in-
creased production of leukotoxin. They speculated
that this virulent clonal type found in individuals of
African origin may account for an increased preva-
lence of LJP in African-Americans and other individu
als of African descent. The same investigators found a
strong association between the presence of A. acti-
nomycetemcomitans with the 530 bp deletion and early
onset periodontitis in Moroccan school children, but
no association between the presence of A. actinomy-
cetemcomitans without the deletion and early onset
periodontitis (Haubek et al. 2001). This deletion was
not detected in any strains of A. actinomycetemcomitans
isolated from adult Chinese subjects (Mombelli et al.
1999, Tan et al. 2001) or Asian subjects in the US (
Contreras et al. 2000). Subjects harboring A. actinomy-
cetemcomitans with the 530 bp deletion were 22.5 times
more likely to convert to LJP than subjects who had A.
actinomycetemcomitans Vvariants containing the full
length leukotoxin promoter region (Bueno et al. 1998).

A. actinomycetemcomitans has also been implicated
in adult forms of destructive periodontal disease, but
its role is less clear. The species has been isolated from
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Fig. 4-2. Photograph of a primary isolation plate of a
subgingival plaque sample from a diseased site in a
subject with LJP. A dilution of the plague sample was
grown for 7 days at 35°C on an enriched blood agar
plate in an atmosphere of 80% N,, 10% H, and 10%
CO,. The majority of the small, round, convex colonies
on this plate are isolates of Actinobacillus
actinomycetemcomitans.

adult periodontitis lesions, but less frequently and in
lower numbers than from lesions in LJP subjects (
Rodenburg et al. 1990, Slots et al. 1990a). In addition,
its numbers in plaque samples from adult lesions were
often not as high as those observed for other suspected
pathogens in the same plagque samples. The most
frequently isolated serotype of A. actinomycetemcomi-
tans from lesions of LJP in American subjects was
serotype b (Zambon et al. 1983b), whereas serotype a
was more commonly detected in samples from adult
subjects (Zambon et al. 1983a). This finding was cor-
roborated indirectly by examination of serum anti-
body levels to the two serotypes. Most elevated re-
sponses to A. actinomycetemcomitans in LJP subjects
were to serotype b while elevated responses to sero-
type a were more common in subjects with adult
periodontal disease (Listgarten et al. 1981). Some sub-
jects in each group exhibited elevated serum antibody
responses to both serotypes. In Finnish subjects, sero-
types a and b were more frequently isolated from
subjects with periodontal disease and serotype ¢ from
periodontally healthy subjects (Asikainen et al. 1991).
However, this pattern of serotype distribution was not
observed in Korea (Chung et al. 1989) or Japan (Saito
et al. 1993) where A. actinomycetemcomitans serotype c
was frequently observed in plaque samples from sites
of periodontal pathology. Recently, two other sero-
types, d and e, have been recognized (Dogan et al.
1999, Mombelli et al. 1999).

Antibody data and data from the treatment of A.
actinomycetemcomitans infected patients with adult or
refractory periodontitis provide the most convincing
evidence of a possible etiological role of A. actinomy-
cetemcomitans in adult forms of periodontal disease. 36
of 56 adults with destructive periodontal disease ex-
amined at multiple time periods at The Forsyth Insti-
tute exhibited an elevated serum antibody response to
A. actinomycetemcomitans serotypes a and/or b. Ele-
vated responses to other suspected periodontal patho-
gens were far less common. van Winkelhoff et al. (
1992) treated 50 adult subjects with "severe general-
ized periodontitis" and 40 subjects with refractory
periodontitis who were culture-positive for A. acti-
nomycetemcomitans using mechanical debridement and
systemically administered amoxicillin and
metronidazole. Only 1 of 90 subjects was culture posi-
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five for A. actinomycetemcomitans 3-9 months post-
therapy (van Winkelhoff et al. 1992) and 1 of 48 sub-
jects was culture positive 2 years post-therapy (Pavicic
et al. 1994). There was a significant gain in attachment
level and decrease in probing pocket depth in virtually
all patients after therapy.

Porphyromonas gingivalis

p. gingivalis is a second consensus periodontal patho-
gen. Isolates of this species are Gram-negative, an-
aerobic, non-motile, asaccharolytic rods that usually
exhibit coccal to short rod morphologies. p. gingivalis
is a member of the much investigated "black-pig-
mented Bacteroides" group (Fig. 4-3). Organisms of this
group form brown to black colonies (Oliver & Wherry
1921) on blood agar plates and were initially grouped
into a single species, B. melaninogenicus (Bacterium
melaninogenicum, Burdon (1928)). The black-pig-
mented Bacteroides have a long history of association
with periodontal diseases since the early efforts of
Burdon (1928) through the mixed infection studies of
Macdonald and co-workers (1960) to the current in-
tense interest. In the late 1970s, it was recognized that
the black-pigmented Bacteroides contained species that
were asaccharolytic (eventually p. gingivalis), and
either had an intermediate level of carbohydrate fer-
mentation (which eventually led to a group of species
including p. intermedia) or were highly saccharolytic (
leading to the group that includes Prevotella melanino-
genica).

Early interest in p. gingivalis and other black-pig-
mented Bacteroides arose primarily because of their
essential role in certain experimental mixed infections
(Macdonald et al. 1956, 1963, Socransky & Gibbons
1965) and their production of an unusually large array
of virulence factors (Table 4-2, Haffajee & Socransky
1994, Deshpande & Khan 1999). Members of these
species produce collagenase, an array of proteases (
including those that destroy immunoglobulins),
hemolysins, endotoxin, fatty acids, NH;, H,S, indole
etc. p. gingivalis can inhibit migration of PMNs across
an epithelial barrier (Madianos et al. 1997) and has
been shown to affect the production or degradation of
cytokines by mammalian cells (Darveau et al. 1998,
Fletcher et al. 1998, Sandros et al. 2000). Studies initi-
ated in the late 1970s and extending to date strength-

Fig. 4-3. Photograph of part of a primary isolation plate
of a subgingival plaque sample from a subject with
adult periodontitis. The medium and growth condi-
tions were as described in Fig. 4-2. The black-pig-
mented colony is an isolate of Porphyromonas gingivalis.

ened the association of p. gingivalis with disease and
demonstrated that the species was uncommon and in
low numbers in health or gingivitis but more fre-
quently detected in destructive forms of disease (Table
4-2, Haffajee & Socransky 1994, O'Brien-Simpson et al.
2000). This species has also been shown to be increased
in numbers and/or frequency of detection in deterio-
rating periodontal sites (Dzink et al. 1988, Lopez 2000,
Kamma et al. 2001) or in subjects exhibiting periodon-
tal disease progression (Albandar et al. 1997). The
species has been shown to be reduced in successfully
treated sites but is commonly encountered in sites that
exhibit recurrence of disease or persistence of deep
periodontal pockets post-therapy (Bragd et al. 1987,
Haffajee et al. 1988a, van Winkelhoff et al. 1988, Ber-
glundh et al. 1998, Shiloah et al. 1998, Winkel et al.
1998, Takamatsu et al. 1999, Chaves et al. 2000, Mom
belli et al. 2000). p. gingivalis has been associated with
an increased risk of periodontal disease severity and
progression (Beck et al. 1990, 1992, 1997, Grossi et al.
1994, 1995).

p. gingivalis has been shown to induce elevated
systemic and local immune responses in subjects with
various forms of periodontitis (Table 4-2, Mahanonda
et al. 1991, Haffajee & Socransky 1994, O'Brien-Simp
son et al. 2000). Indeed, there has been a remarkably
intense effort in many laboratories in the last few
years, not only to compare the level of antibody re-
sponse in subjects with and without disease, but to
examine relative avidities of antibody (Lopatin &
Blackburn 1992, Whitney et al. 1992, Mooney et al.
1993), subclass of antibody (Lopatin & Blackburn
1992, Wilton et al. 1992), the effect of treatment (Chen
et al. 1991, Johnson et al. 1993) and the nature of the
antigens which elicit the elevated responses (Ogawa
et al. 1989, Yoshimura et al. 1989, Curtis et al. 1991,
Papaioannou et al. 1991, Duncan et al. 1992, Schifferle
et al. 1993). Noteworthy in this regard are the obser-
vations of Ogawa et al. (1989), which indicate that an
average of approximately 5% of plasma cells in lesions
of advanced periodontitis form antibody to the fim-
briae of p. gingivalis. The consensus of the antibody
studies is that many, but not all, subjects who have
experienced periodontal attachment loss exhibit ele-
vated levels of antibody to antigens of p. gingivalis
suggesting that this species gained access to the un-



derlying tissues and may have initiated or contributed
to the observed pathology.

p. gingivalis-like organisms are also strongly related
to destructive periodontal disease in naturally occur-
ring or ligature-induced disease in dogs, sheep or
monkeys (Table 4-2). The species or closely related
organisms were higher in number in lesion sites than
in non-lesion sites in naturally occurring disease.
When disease was induced by ligature in dogs or
monkeys, the level of the species rose at the diseased
sites concomitant with the detection of disease. Of
great interest were the observations of Holt et al. (1988)
who demonstrated that a microbiota suppressed by
systemic administration of rifampin (and without de-
tectable p. gingivalis) would not cause ligature-in-
duced disease, but the reintroduction of p. gingivalis to
the microbiota resulted in initiation and progress of
the lesions. Ligature-induced periodontitis and peri-
implantitis in dogs were also accompanied by a sig-
nificant increase in the detection of p. gingivalis (Nociti
et al. 2001). Like A. actinomycetemcomitans, P.
gingivalis
has been shown to be able to invade human gingival
epithelial cells in vitro (Lamont et al. 1992, Duncan et
al. 1993, Sandros et al. 1993) and buccal epithelial cells
in vivo (Rudney et al. 2001) and has been found in
higher numbers on or in epithelial cells recovered
from the periodontal pocket than in associated plaque
(Dzink et al. 1989). Attachment to and invasion of
epithelial cells appears to be mediated by the p. gingi-
valis fimbriae (Njoroge et al. 1997, Weinberg et al.
1997). Finally, studies in monkeys and gnotobiotic rats
have indicated that immunization with whole organ-
isms or specific antigens affected the progress of the
periodontal lesions. In most instances, periodontal
breakdown was decreased (Evans et al. 1992, Persson
et al. 1994). However, in one study the disease severity
was increased after immunization (Ebersole et al.
1991). The differences in results may have been due to
differences in animal species, the protocol used for
induction of periodontal disease, antigen preparation
or method of immunization. From the viewpoint of
this section, the studies demonstrate that altering the
host—P. gingivalis equilibrium by raising the level of
specific antibodies to P. gingivalis antigens markedly
affected disease outcome. Such data reinforce the im-
portance of this bacterial species in periodontal dis-
ease, at least in the animal model systems employed.

Bacteroides forsythus

The third consensus periodontal pathogen, B.
forsythus, was first described in 1979 (Tanner et al.
1979) as a "fusiform" Bacteroides. This species was
difficult to grow, often requiring 7-14 days for minute
colonies to develop. The organism is a Gram-negative,
anaerobic, spindle-shaped, highly pleomorphic rod.
The growth of the organism was shown to be en-
hanced by co-cultivation with F. n ucleatu in and indeed
commonly occurs with this species in subgingival
sites (Socransky et al. 1988). The species was shown to
have an unusual requirement for N-acetylmuramic
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acid (Wyss 1989). Inclusion of this factor in culture
media markedly enhanced growth. The organism was
found in higher numbers in sites of destructive peri-
odontal disease or periodontal abscesses than in gin-
givitis or healthy sites (Lai et al. 1987, Herrera et al.
2000, Papapanou et al. 2000). In addition, B. forsythus
was detected more frequently and in higher numbers
in active periodontal lesions than inactive lesions (
Dzink et al. 1988) (Table 4-3). Further, subjects who
harbored B. forsythus were at greater risk for alveolar
bone loss, attachment loss and tooth loss compared
with subjects in whom this species was not detected (
Machtei et al. 1999). This species has been shown to
produce trypsin-like proteolytic activity (BANA test
positive, Loesche et al. 1992), methylglyoxal (Kashket
et al. 2002) and induce apoptotic cell death (Arakawa
et al. 2000).

Initially, B. forsythus was thought to be a relatively
uncommon subgingival species. However, the studies
of Gmur et al. (1989) using monoclonal antibodies to
enumerate the species directly in plaque samples, sug-
gested the species was more common than previously
found in cultural studies and its levels were strongly
related to increasing pocket depth. Lai et al. (1987)
corroborated these findings using fluorescent-la-
belled polyclonal antisera and demonstrated that B.
forsythus was much higher in subgingival than su-
pragingival plaque samples. Data of Tanner et al. (
1998) suggested that B. forsythus was a major species
found at sites that converted from periodontal health
to disease. B. forsythus was found at higher levels at
sites which showed breakdown after periodontal ther-
apy than sites which remained stable or gained attach-
ment (Shiloah et al. 1998). B. forsythus has also been
shown to be decreased in frequency of detection and
counts after successful periodontal therapy including
SRP (Haffajee et al. 1997, Takamatsu et al. 1999, Darby
et al. 2001), periodontal surgery (Levy et al. 2002), or
systemically administered antibiotics (Winkel et al.
1998, 2001, Feres et al. 2000,). Successful treatment of
peri-implantitis with local delivery of tetracycline was
accompanied by a significant decrease in the fre-
quency of detection of B. forsythus (Mombelli et al.
2001). Ligature-induced periodontitis and peri-im-
plantitis in dogs were accompanied by a significant
increase in the frequency of detection of B. forsythus (
Nociti et al. 2001). Finally, the persistent presence of
B. forsythus at sites in subjects with low severity of
chronic periodontitis indicated a 5.3 times greater
chance of having at least one site in their mouths
losing attachment compared with subjects with occa-
sional or no presence of this species (Tran et al. 2001).

Studies using checkerboard DNA-DNA hybridiza-
tion techniques to examine subgingival plague sam-
ples confirmed the high levels of B. forsythus detected
using fluorescent-labelled antisera and demonstrated
that B. forsythus was the most common species de-
tected on or in epithelial cells recovered from peri-
odontal pockets (Dibart et al. 1998). It was infre-
quently detected in epithelial cell samples from
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healthy subjects. Double-labelling experiments dem-
onstrated that B. forsythus was both on and in peri-
odontal pocket epithelial cells indicating the species
ability to invade. Listgarten et al. (1993) found that the
species most frequently detected in "refractory" sub-
jects was B. forsythus. Serum antibody to B. forsythus
has been found to be elevated in a number of perio-
dontitis patients (Taubman et al. 1992) and was often
extremely elevated in a subset of refractory periodon-
tal disease subjects.

The role of this species in periodontal diseases has
been clarified by studies in numerous laboratories
involving non-cultural methods of enumeration such
as DNA probes, PCR or immunologic methods. For
example, Grossi et al. (1994, 1995) considered B.
forsythus to be the most significant microbial risk fac-
tor that distinguished subjects with periodontitis from
those who were periodontally healthy.

Spirochetes

Spirochetes are Gram-negative, anaerobic, helical-
shaped, highly motile microorganisms that are com-
mon in many periodontal pockets (Fig. 4-4). The role
of spirochetes in the pathogenesis of destructive peri-
odontal diseases deserves extended comment.
Clearly, a spirochete has been implicated as the likely
etiologic agent of acute necrotizing ulcerative gingivi-
tis by its presence in large numbers in tissue biopsies
from affected sites (Listgarten & Socransky 1964, List
garten 1965). The role of spirochetes in other forms
of periodontal disease is less clear. The organisms
have been considered as possible periodontal
pathogens since the late 1800s and in the 1980s
enjoyed a resurgence of interest for use as possible
diagnostic indicators of disease activity and/or
therapeutic efficacy (Keyes & Rams 1983, Rams &
Keyes 1983). The major reason for the interest in this
group of organisms has been their increased numbers
in sites with increased pocket depth. Healthy sites
exhibit few, if any, spirochetes, sites of gingivitis
but no attachment loss exhibit low to moderate
levels, while many deep pockets harbor large
numbers of these organisms.

The major difficulty encountered in defining the
role of spirochetes has been the difficulty in distin-
guishing individual species. At least 15 species of
subgingival spirochetes have been described, but in

Fig. 4-4. Photomicrograph of a sample of subgingival
plaque from subjects with advanced adult periodonti
tis viewed by darkfield microscopy. The sample is
dominated by large spirochetes with the typical cork
-screw appearance.

most studies of plaque samples, spirochetes are com-
bined in a single group or groups based on cell size; i.
e. small, medium or large. Thus, while there may be
pathogens among the spirochetes, their role may have
been obscured by unintentionally pooling their num-
bers with non-pathogenic spirochetes. This would be
similar to combining in a single count, organisms with
coccal morphologies, such as P. gingivalis, Veillonella
parvula and Streptococcus sanguis. In spite of the limi-
tations of combining spirochetes into a single mor-
phogroup, spirochetes have been related with in-
creased risk at a site for the development of gingivitis (
Riviere & DeRouen 1998) and periodontitis (Riviere
et a1.1997). The need to evaluate the role of individual
species of spirochetes in periodontal diseases is rein-
forced by studies of serum antibody responses to dif-
ferent species. When antibody responses to individual
species were examined in subjects with adult or juve-
nile periodontitis or a healthy periodontium, different
responses were observed to different species. Certain
spirochetal species elicited an elevated response in
one or more of the groups with destructive periodon-
tal disease (Mangan et al. 1982, Tew et al. 1985c, Lai et
al. 1986), while others were related to depressed anti-
body responses in certain patient groups (Steinberg &
Gershoff 1968, Tew et al. 1985c). Such data suggest that
pooling spirochete species into a collective group may
obscure meaningful host—parasite interactions.

More recently, specific species of spirochetes have
been related to periodontal breakdown. Treponema
denticola was found to be more common in periodon-
tally diseased than healthy sites, more common in
subgingival than supragingival plague (Simonson et
al. 1988, Riviere et al. 1992, Albandar et al. 1997, Haf-
fajee et al. 1998, Yuan et al. 2001) and more common
in healthy sites that progressed to gingivitis (Riviere
& DeRouen 1998). T. denticola was shown to decrease
in successfully treated periodontal sites, but not
change or increase in non-responding sites (Simonson
et al. 1992). Cultural studies suggested that T. denticola
and a "large treponeme” were found more frequently
in patients with severe periodontitis than in healthy or
gingivitis sites (Moore et al. 1982). Riviere et al. (
1991a,b,c, 1992) employed a monoclonal antibody
directed against Treponema pallidum, the etiologic
agent of syphilis, to examine supra and subgingival



plague samples and/or tissues from healthy, perio-
dontitis and ANUG subjects. This antibody cross-re-
acted with antigens of uncultivated spirochetes in
many of the plaque samples. These "pathogen-related
oral spirochetes" (PROS) were the most frequently
detected spirochetes in supra and subgingival plaques
of periodontitis patients and were the most numerous
spirochetes in periodontitis lesion sites. Their pres-
ence in periodontally healthy sites related to an in-
creased risk of development of periodontitis (Riviere
et al. 1997). The PROS were also detected in plaque
samples from ANUG (Riviere et al. 1991c) and tissue
biopsies from ANUG lesions using immunohisto-
chemical techniques (Riviere et al. 1991a). PROS were
also shown to have the ability to penetrate a tissue
barrier in in vitro systems (Riviere et al. 1991b). This
property was shared with 1. pallidum but not with
other cultivated species of oral spirochetes such as T.
denticola, Treponema socranskii, Treponema pectinovorum
or Treponema vincentii. These studies and others sug-
gest that certain species of spirochetes are important
in the pathogenesis of ANUG and certain forms of
periodontitis. Precise evaluation of the role of individ-
ual spirochete species appears to be realistic based on
their detection in plagque samples by immunologic,
PCR or DNA probe techniques. Indeed, enumeration
of even uncultivable spirochete taxa is possible using
oligonucleotide probes (Tanner et al. 1994) or specific
antibody as described above. Studies performed using
such techniques permit better distinction of species of
spirochetes and a clearer understanding of their pos-
sible role in disease.

Prevotella intermedia/Prevotella nigrescens

Table 4-3 summarizes some of the data that suggest a
possible role of other subgingival species in the patho-
genesis of destructive periodontal diseases. At present
the data for other species are more limited, but these
organisms appear to merit further investigation (Zam-
bon 1996). p. intermedia is the second black-pigmented
Bacteroides to receive considerable interest (Fig. 4-5).
The levels of this Gram-negative, short, round-ended
anaerobic rod have been shown to be particularly
elevated in acute necrotizing ulcerative gingivitis (
Loesche et al. 1982), in certain forms of periodontitis
(Tanner et al. 1979, Dzink et al. 1983, Moore et al. 1985,
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Fig. 4-5. Photograph of part of a primary isolation plate
of a subgingival plaque sample from a subject with
adult periodontitis. The medium and growth condi-
tions were as described in Fig. 4-2. The dark-pig-
mented colonies are isolates of Prevotella intermedia.

Maeda et al. 1998, Herrera et al. 2000, Papapanou et
al. 2000), and in progressing sites in chronic periodon-
titis (Tanner et al. 1996, Lopez 2000), and has been
detected by immunohistological methods in the inter-
cellular spaces of periodontal pocket biopsies from
rapidly progressive periodontitis subjects (Hillmann
et al. 1998). Isolates of this species can induce alveolar
bone loss in rats (Yoshida-Minami et al. 1997). Persist
ence of p. intermedia/nigrescens after standard mechani-
cal therapy has been shown to be associated with a
large proportion of sites exhibiting bleeding on prob-
ing (Mombelli et al. 2000). Berglundh et al. (1998)
demonstrated that improved clinical parameters after
the use of mechanical therapy and systemically ad-
ministered amoxicillin and metronidazole were asso-
ciated with a decrease of periodontal pathogens in-
cluding p. intermedia. Successful treatment of peri-im-
plantitis with local delivery of tetracycline also signifi-
cantly decreased the frequency of detection of p. inter-
media/nigrescens (Mombelli et al. 2001).

This species appears to have a number of the viru-
lence properties exhibited by p. gingivalis and was
shown to induce mixed infections on injection in labo-
ratory animals (Hafstrom & Dahlen 1997). It has also
been shown to invade oral epithelial cells in vitro (
Dorn et al. 1998). Elevated serum antibodies to this
species have been observed in some but not all sub-
jects with refractory periodontitis (Haffajee et al.
1988b). Strains of "p. intermedia" that show identical
phenotypic traits have been separated into two spe-
cies, p. intermedia and p. nigrescens (Shah & Gharbia
1992). This distinction makes earlier studies of this "
species" difficult to interpret since data from two
different species may have been inadvertently pooled.
However, new studies which discriminate the species
in subgingival plague samples might strengthen the
relationship of one or both species to periodontal
disease pathogenesis.

Fusobacterium nucleatum

F. nucleatum is a Gram-negative, anaerobic, spindle-
shaped rod that has been recognized as part of the
subgingival microbiota for over 100 years (Plaut 1894,
Vincent 1899). This species is the most common isolate
found in cultural studies of subgingival plague sam-
ples comprising approximately 7-10% of total isolates
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from different clinical conditions (Dzink et al. 1985,
1988, Moore et al. 1985). F. nucleatum is prevalent in
subjects with periodontitis (Papapanou et al. 2000,
Socransky et al. 2002) and periodontal abscesses (Her
rera et al. 2000). Successful treatment of peri-implan-
titis with local delivery of tetracycline was associated
with a significant reduction in frequency of detection
in several species including F. nucleatum (Mombelli et
al. 2001). Invasion of this species into human gingival
epithelial cells in vitro was accompanied by an in-
creased secretion of IL-8 from the epithelial cells (Han
et al. 2000). The species can induce apoptotic cell death
in mononuclear and polymorphonuclear cells (Jewett
et al. 2001) and cytokine, elastase and oxygen radical
release from leukocytes (Sheikhi et al. 2000).
Although there were differences detected in levels
of this species between active and inactive periodontal
lesions (Dzink et al. 1988), the differences may have
been minimized by the inadvertent pooling of subspe-
cies of F. nucleaturn. Support for this contention may
be derived from the antibody responses in subjects
with different forms of periodontal disease to different
homology groups of F. nucleatum (Tew et al. 1985h). It
is anticipated that a clearer understanding of the role
of F. nucleatum will be achieved when subspecies such
as F. nucleatum ss nucleatum, F. nucleatum ss polymor-
phum, F. nucleatum ss vincentii and F. periodonticum
are
individually evaluated for their association with dis-
ease status and progression.

Carnpylobacter rectus

c. rectus is a Gram-negative, anaerobic, short, motile
vibrio. The organism is unusual in that it utilizes H,
or formate as its energy source. It was first described
as a member of the "vibrio corroders", a group of short
nondescript rods that formed small convex, "dry
spreading” or "corroding™ (pitting) colonies on blood
agar plates. These organisms were eventually shown
to include members of a new genus Wolinella (most
species have been redefined as Campylobacter), and
Eikenella corrodens. C. rectus has been shown to be
present in higher numbers in disease sites as com-
pared with healthy sites (Moore et al. 1983, 1985,
Lippke et al. 1991, Lai et al. 1992, Papapanou et al.
1997, Macuch & Tanner 2000) and it was found in
higher numbers and more frequently in sites exhibit-
ing active periodontal destruction (Dzink et al. 1985,
1988, Tanner & Bouldin 1989, Rams et al. 1993) or
converting from periodontal health to disease (Tanner
et al. 1998). In addition, C. rectus was found less fre-
quently and in lower numbers after successful peri-
odontal therapy (Tanner et al. 1987, Haffajee et al.
1988a, Levy et al. 2002) or treatment of peri-implantitis
with local delivery of tetracycline (Mombelli et al.
2001). C. rectus was also found in combination with
other suspected pathogens in sites of subjects with
refractory periodontal diseases (Haffajee et al. 1988b)

Like A. actinomycetemcomitans, C. rectus has been
shown to produce a leukotoxin. These are the only two
oral species known to possess this characteristic

(Gillespie et al. 1992). The species is also capable of
stimulating human gingival fibroblasts to produce IL-
6 and IL-8 (Dongari-Bagtzoglou & Ebersole 1996).
The role of C. rectus has been somewhat difficult to
determine because of the presence in plaque samples
of a number of very closely related organisms such as
Campylobacter showae and Wolinella x (Etoh et al. 1993).

Eikenella corrodens

E. corrodens is a Gram-negative, capnophilic, asac-
charolytic, regular, small rod with blunt ends. It has
been recognized as a pathogen in other forms of dis-
ease, particularly osteomyelitis (Johnson & Pankey
1976), infections of the central nervous system (Em-
merson & Mills 1978, Brill et al. 1982) and root canal
infections (Goodman 1977). This species was found
more frequently in sites of periodontal destruction as
compared with healthy sites (Savitt & Socransky 1984,
Muller et al. 1997, Yuan et al. 2001). In addition, E.
corrodens was found more frequently and in higher
levels in active sites (Dzink et al. 1985, Tanner et al.
1987) and in sites of subjects who responded poorly to
periodontal therapy (Haffajee et al. 1988b). Success-
fully treated sites harbored lower proportions of this
species (Tanner et al. 1987). E. corrodens has also been
found in association with A. actinomycetemcomitans in
some lesions of LJP (Mandell 1984, Mandell et al.
1987). In tissue culture systems, E. corrodens has been
shown to stimulate the production of matrix metallo-
proteinases (Dahan et al. 2001) and IL-6 and IL-8 (
Yumoto et al. 1999). While there is some association
of this species with periodontal disease, to date it has
not been particularly strong (Chen et al. 1989).

Peptostreptococcus micros

P. micros is @ Gram-positive, anaerobic, small, asac-
charolytic coccus. It has long been associated with
mixed anaerobic infections in the oral cavity and other
parts of the body (Finegold 1977). Two genotypes can
be distinguished with the smooth genotype being
more frequently associated with periodontitis lesions
than the rough genotype (Kremer et al. 2000). p. micros
has been detected more frequently and in higher num-
bers at sites of periodontal destruction as compared
with gingivitis or healthy sites (Moore et al. 1983,1985,
Herrera et al. 2000, Papapanou et al. 2000, Riggio et al.
2001) and was elevated in actively breaking down
sites (Dzink et al. 1988). The levels and frequency of
detection of the species were decreased at successfully
treated periodontal sites (Haffajee et al. 1988a). Stud-
ies of systemic antibody responses to suspected peri-
odontal pathogens indicated that subjects with severe
generalized periodontitis had elevated antibody lev-
els to this species when compared with healthy sub-
jects or subjects with LIJP (Tew et al. 1985a). In a mouse
skin model system, it was shown that p. micros in
combination with either p. intermedia Or P. nigrescens
could produce transmissible abscesses (van Dalen et
al. 1998).



Selenomonas Species

Selenomonas species have been observed in plaque
samples using light microscopy for many decades.
The organisms may be recognized by their curved
shape, tumbling motility and, in good preparations, by
the presence of a tuft of flagella inserted in the
concave side. The Selenomonas spp. are Gram-nega-
tive, curved, saccharolytic rods. The organisms have
been somewhat difficult to grow and speciate. How-
ever, Moore et al. (1987) described six genetically and
phenotypically distinct groups isolated from the hu-
man oral cavity. Selenomonas noxia was found at a
higher proportion of shallow sites (PD < 4 mm) in
chronic periodontitis subjects compared with similar
sites in periodontally healthy subjects (Haffajee et al.
1998). Further, s. noxia was found to be associated with
sites that converted from periodontal health to disease (
Tanner et al. 1998).

Eubacterium species

Certain Eubacterium species have been suggested as
possible periodontal pathogens due to their increased
levels in disease sites, particularly those of severe
periodontitis (Moore et al. 1982, 1985, Uematsu &
Hoshino 1992, Papapanou et al. 2000). E. nodatum,
Eubacterium brachy and Eubacterium timidum are Gram-
positive, strictly anaerobic, small, somewhat
pleomorphic rods. They are often difficult to cultivate,
particularly on primary isolation, and appear to grow
better in roll tubes than on blood agar plates. Some of
these species elicited elevated antibody responses in
subjects with different forms of destructive periodon-
titis (Tew et al. 1985a,b, Vincent et al. 1986, Martin et
al. 1988). The Eubacterium species appear to be prom-
ising candidates as periodontal pathogens; however,
difficulty in their cultivation has slowed assessment
of their contribution. It seems likely that the role of the
Eubacterium species will be clarified when non-cul-
tural methods are routinely employed for their detec-
tion, as discussed for B. forsythus.

The "milleri" streptococci

Streptococci were frequently implicated as possible
etiologic agents of destructive periodontal diseases in
the early part of the last century. Cultural studies of
the last two decades have also suggested the possibil-
ity that some of the streptococcal species are associ-
ated with and may contribute to disease progression.
At this time, evidence suggests that the "milleri”
streptococci, Streptococcus anginosus, S. constellatus and
S. intermedius might contribute to disease progression
in subsets of periodontal patients. The species was
found to be elevated at sites which demonstrated recent
disease progression (Dzink et al. 1988). Walker and
co-workers (1993) found S. intermedius to be elevated
in a subset of patients with refractory disease at
periodontal sites which exhibited disease progression.
Colombo et al (1998) found that subjects exhibiting a
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poor response to SRP and then to periodontal surgery
with systemically administered tetracycline had
higher levels and proportions of S. constellatus, than
subjects who responded well to periodontal therapy.
The data on streptococci are somewhat limited, but a
continued examination of their role in disease seems
warranted.

Other species

Obviously all periodontal pathogens have not yet
been identified. Interest has grown in groups of spe-
cies not commonly found in the subgingival plaque as
initiators or possibly contributors to the pathogenesis
of periodontal disease, particularly in individuals who
have responded poorly to periodontal therapy.
Species not commonly thought to be present in sub-
gingival plague can be found in a proportion of such
subjects or even in subjects who have not received
periodontal treatment. Emphasis has been placed on
enteric organisms, staphylococcal species as well as
other unusual mouth inhabitants. Slots et al. (1990b)
examined plague samples from over 3000 chronic pe-
riodontitis patients and found that 14% of these pa-

tients harbored enteric rods and pseudomonads. En-
terobacter cloaceae, K. pneurnoniae, Pseudomonas aerugi-

nosa, Klebsiella oxytoca and Enterobacter agglomerans
comprised more than 50% of the strains isolated. This
group of investigators also examined 24 subjects with
periodontal disease in the Dominican Republic and
found that the prevalence of enteric rods in these
subjects was higher than levels found in subjects in the
US (Slots et al. 1991). In the 16 of 24 subjects in which
this group of organisms was detected, they averaged
23% of the cultivable microbiota. Rams et al. (1990,
1992) identified a number of species of staphylococci
and enterococci in subjects with various forms of peri-
odontal disease. The presence of unusual species in
periodontal lesions suggests the possibility that they
may play a role in the etiology of periodontal diseases.
However, such roles must be evaluated in the same
manner as the species discussed earlier in this section.
It is worth noting that systemically administered
ciprofloxacin improved the treatment response of pa-
tients whose periodontal pockets were heavily in-
fected with enteric rods (Slots et al. 1990a).

More recently, viruses including cytomegalo, Ep-
stein Barr, papilloma and herpes simplex have been
proposed to play a role in the etiology of periodontal
diseases, "possibly by changing the host response to
the local subgingival microbiota (Contreras & Slots
1996, 2000, Parra & Slots 1996, Contreras et al. 1997,
1999a,h, Velazco et al. 1999, Hanookai et al. 2000, Ting
et al. 2000). Human cytomegalo, Epstein Barr and
herpes simplex virus were found more frequently in
deteriorating periodontal sites than in control, stable
periodontitis sites in the same subject (Kamma et al.
2001).
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Mixed infections

To this point, attention has been paid to the possible
role of individual species as risk factors for destructive
periodontal diseases. However, microbial complexes
colonizing the subgingival area can provide a spec-
trum of relationships with the host, ranging from
beneficial — the organisms prevent disease, to harmful
— the organisms cause disease. At the pathogenic end
of the spectrum, it is conceivable that different rela-
tionships exist between pathogens. The presence of
two pathogens at a site could have no effect or dimin-
ish the potential pathogenicity of one or other of the
species. Alternatively, pathogenicity could be en-
hanced either in an additive or synergistic fashion. It
seems likely that mixed infections occur in subgingi-
val sites since so many diverse species inhabit this
habitat. Evidence to support this concept has been
derived mainly from studies in animals in which it
was shown that combinations of species were capable
of inducing experimental abscesses, even though the
components of the mixtures could not (Smith 1930,
Proske & Sayers 1934, Cobe 1948, Rosebury et al. 1950,
Macdonald et al. 1956, Socransky & Gibbons 1965). It
is not clear whether the combinations suggested in the
experimental abscess studies are pertinent to human
periodontal diseases. The relationship of microbial
complexes to periodontal diseases will be discussed
in detail below.

THE NATURE OF DENTAL
PLAQUE —
THE BIOFILM WAY OF LIFE

Biofilms colonize a widely diverse set of moist sur-
faces including the oral cavity, the bottom of boats and
docks, and the inside of pipes, as well as rocks in
streams. Infectious disease investigators are interested
in biofilms that colonize a wide array of artificial
devices that have been implanted in the human in-
cluding catheters, hip and voice prostheses and con-
tact lenses. Biofilms consist of one or more communi-
ties of microorganisms, embedded in a glycocalyx,
that are attached to a solid surface. The reason for the
existence of a biofilm is that it allows microorganisms
to stick to and to multiply on surfaces. Thus, attached
bacteria (sessile) growing in a biofilm display a wide
range of characteristics which provide a number of
advantages over single cell (planktonic) bacteria. Ref-
erences to pertinent biofilm literature may be found in
Socransky & Haffajee (2001) and Newman & Wilson (
1999).

The nature of biofilms

Biofilms are fascinating structures. They are the pre-
ferred method of growth for many, perhaps most,
species of bacteria. This method of growth provides a
number of advantages to colonizing species. A major
advantage is the protection that the biofilm provides
to colonizing species from competing microorgan-
isms, from environmental factors such as host defense
mechanisms, and from potentially toxic substances in
the environment, such as lethal chemicals or antibiot-
ics. Biofilms also can facilitate processing and uptake
of nutrients, cross-feeding (one species providing nu-
trients for another), removal of potentially harmful
metabolic products (often by utilization by other bac-
teria) as well as the development of an appropriate
physico chemical environment (e.g. a properly re-
duced oxidation reduction potential).

A crude analogy to the development of a biofilm
might be the development of a city. Successful human
colonization of new environments requires several
important factors including a stable nutrient supply,
an environment conducive to proliferation and an
environment with limited potential hazards. Cities (
like biofilms) develop by an initial "attachment™ of
humans to a dwelling site followed by multiplication
of the existing inhabitants and addition of new inhabi-
tants. Cities and biofilms typically spread laterally
and then in a vertical direction, often forming colum-
nar habitation sites. Cities and biofilms offer to their
inhabitants many benefits. These include shared re-
sources and interrelated activities. Inhabitants of cities
or biofilms are capable of "metabolic processes" and
synthetic capabilities that could not be performed by
individuals in an unattached (planktonic) or nomadic
state. An important benefit provided by a city or
biofilm is protection both from other potential colo-
nizers of the same species, from exogenous species
and from sudden harmful changes in the environ-
ment. Individuals in the "climax community” of a
flourishing city/biofilm can facilitate joint activities
and live in a far more stable environment than indi-
viduals who live in isolation. Cities, like biofilms,
require a means to bring in nutrients and raw materi-
als, and to remove waste products. In cities, these are
usually roads, water or sewage pipes; in biofilms they
may be water channels such as those described below.
Cities have maximum practical sizes based on physi-
cal constraints and nutrient/waste limits; so do
biofilms. Cities that are mildly perturbed, e.g. by a
snow storm or a local fire, usually reform a climax
community that is similar to that which was present
in the first place; as do biofilms. However, major per-
turbations in the environment such as prolonged
drought or a radioactive cloud can lay waste to a city.
Major perturbations in the environment such as a toxic
chemical can severely affect the composition or exist-



ence of a biofilm. Communication between individu-
als in a city is essential to allow inhabitants to interact
optimally. This is usually performed by vocal, written
or pictorial means. Communication between bacterial
cells within a biofilm is also necessary for optimum
community development and is performed by pro-
duction of signaling molecules such as those found in "
quorum sensing" or perhaps by the exchange of
genetic information. The long-term survival of the
human species as well as a species in a biofilm be-
comes more likely if that species (or the human) colo-
nizes multiple sites. Thus, detachment of cells from
biofilms and establishment in new sites is as impor-
tant for survival of biofilm-dwellers as the migration
of individuals and establishment of new cities is for
human beings. Thus, we may regard mixed species
biofilms as primitive precursors to the more complex
organizations observed for eukaryotic species.

Properties of biofilms

Structure

Biofilms are composed of microcolonies of bacterial
cells (15-20% by volume) that are non-randomly dis-
tributed in a shaped matrix or glycocalyx (75-80%
volume). Earlier studies of thick biofilms (> 5 mm) that
develop in sewage treatment plants indicated the
presence of voids or water channels between the mi-
crocolonies that were present in these biofilms. The
water channels permit the passage of nutrients and
other agents throughout the biofilm, acting as a primi-
tive "circulatory" system. Nutrients make contact
with the sessile (attached) microcolonies by diffusion
from the water channel to the microcolony rather than
from the matrix. Microcolonies occur in different
shapes in biofilms which are governed by shear forces
due to the passage of fluid over the biofilm. At low
shear force, the colonies are shaped liked towers or
mushrooms, while at high shear force, the colonies are
elongated and capable of rapid oscillation. Individual
microcolonies can consist of a single species, but more
frequently are composed of several different species.

Exopolysaccharides - the backbone of the biofilm

The bulk of the biofilm consists of the matrix or gly-
cocalyx and is composed predominantly of water and
aqueous solutes. The "dry" material is a mixture of
exopolysaccharides, proteins, salts and cell material.
Exopolysaccharides (EPS), which are produced by the
bacteria in the biofilm, are the major components of
the biofilm making up 50-95% of the dry weight. They
play a major role in maintaining the integrity of the
biofilm as well as preventing desiccation and attack
by harmful agents. In addition, they may also bind
essential nutrients such as cations to create a local
nutritionally rich environment favoring specific mi-
croorganisms. The EPS matrix could also act as a
buffer and assist in the retention of extracellular en-
zymes (and their substrates) enhancing substrate utili-

MICROBIOLOGY OF PERIODONTAL DISEASE « 123

zation by bacterial cells. The EPS can be degraded and
utilized by bacteria within the biofilm. One distin-
guishing feature of oral biofilms is that many of the
microorganisms can both synthesize and degrade the
EPS.

Physiological heterogeneity within biofilms

Cells of the same microbial species can exhibit ex-
tremely different physiologic states in a biofilm even
though separated by as little as 10 microns. Typically,
DNA indicating the presence of bacterial cells is de-
tected throughout the biofilm, but protein synthesis,
respiratory activity and RNA are detected primarily
in the outer layers.

The use of micro-electrodes has shown that pH can
vary quite remarkably over short distances within a
biofilm. Two-photon excitation microscopy of in vitro
plague made up of 10 intra-oral species showed that,
after a sucrose challenge, microcolonies with a pH <
3.0 could be detected adjacent to microcolonies with
pH values > 5.0. The number of metal ions can differ
sufficiently in different regions of a biofilm so that
difference in ion concentration can produce measur-
able potential differences. Bacterial cells within
biofilms can produce enzymes such as 13 lactamase
against antibiotics or catalases, or superoxide dismu-
tases against oxidizing ions released by phagocytes.
These enzymes are released into the matrix producing
an almost impregnable line of defense. Bacterial cells
in biofilms can also produce elastases and cellulases
which become concentrated in the local matrix and
produce tissue damage. Measurement of oxygen and
other gases has demonstrated that certain microcolo-
nies are completely anaerobic even though composed
of a single species and grown in ambient air. Carbon
dioxide and methane can reach very high concentra-
tions in specific microcolonies in industrial biofilms.
Thus, studies to date indicate that sessile cells growing
in mixed biofilms can exist in an almost infinite range
of chemical and physical microhabitats within micro-
bial communities.

Quorum sensing

Some of the functions of biofilms are dependent on the
ability of the bacteria and microcolonies within the
biofilm to communicate with one another. Quorum
sensing in bacteria "involves the regulation of expres-
sion of specific genes through the accumulation of
signaling compounds that mediate inter cellular com-
munication" (Prosser 1999). Quorum sensing is de-
pendent on cell density. With few cells, signaling com
pounds may be produced at low levels; however, auto
induction leads to increased concentration as cell den-
sity increases. Once the signaling compounds reach a
threshold level (quorum cell density), gene expression
is activated. Quorum sensing may give biofilms their
distinct properties. For example, expression of genes
for antibiotic resistance at high cell densities may
provide protection. Quorum sensing also has the po-
tential to influence community structure by encourag-
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ing the growth of beneficial species (to the biofilm)
and discouraging the growth of competitors. It is also
possible that physiological properties of bacteria in
the community may be altered through quorum sens-
ing. Quorum-sensing signaling molecules produced
by putative periodontal pathogens such as p. gingi-
valis, P. intermedia and F. nucleatum have been detected (
Frias et al. 2001).

Signaling is not the only way of transferring infor-
mation in biofilms. The high density of bacterial cells
growing in biofilms facilitates exchange of genetic
information between cells of the same species and
across species or even genera. Conjugation, transfor-
mation, plasmid transfer and transposon transfer have
all been shown to occur in naturally occurring or in
vitro prepared mixed species biofilms. Of particular
interest was the demonstration of transfer of a conju-
gative transposon conferring tetracycline resistance
from cells of one genus, Bacillus subtilis, t0 a Streptococ
cus Species present in dental plague grown as a biofilm
in a constant depth film fermenter.

Attachment of bacteria

The key characteristic of a biofilm is that the micro-
colonies within the biofilm attach to a solid surface.
Thus, adhesion to a surface is the essential first step in
the development of a biofilm. In the mouth, there are
a wide variety of surfaces to which bacteria can attach
including the oral soft tissues, the pellicle-coated teeth
and other bacteria. Many bacterial species possess
surface structures such as fimbriae and fibrils that aid
in their attachment to different surfaces. Fimbriae
have been detected on a number of oral species includ-
ing Actinomyces naeslundii, P. gingivalis, and some
strains of streptococci such as Streptococcus salivarius,
Streptococcus parasanguis and members of the Strepto-
coccus mitis group. Fibrils can also be found on a
number of oral bacterial species. They are morpho-
logically different and shorter than fimbriae and may
be densely or sparsely distributed on the cell surface.

Oral species that possess fibrils include S. salivarius,
S

mitis group, P. intermedia, P. nigrescens and Streptococ-
cus mutans.

Mechanisms of increased antibiotic resistance of
organisms in biofilms
As will be discussed elsewhere in this book, antibiotics
have been and continue to be used effectively in the
treatment of periodontal infections. However, the in-
discriminate use of antimicrobials and biocides has
the potential of leading to the development of resistant
bacteria. It has also been suggested that resistance
from one type of antimicrobial such as a biocide can
be transferred to a different type of antimicrobial such
as an antibiotic. Thus, it is important to understand
the factors leading to antimicrobial resistance in
biofilms such as dental plaque.

It has been recognized for considerable periods of
time that organisms growing in biofilms are more
resistant to antibiotics than the same species growing

in a planktonic (unattached) state. While the mecha-
nisms of resistance to antibiotics of organisms grow-
ing in biofilms are not entirely clear, certain general
principles have been described. Almost without ex-
ception, organisms grown in biofilms are more resis-
tant to antibiotics than the same cells grown in a
planktonic state. Estimates of 1000 to 1500 times
greater resistance for biofilm-grown cells than plank-
tonic grown cells have been suggested, although these
estimates have been considered too high by some
investigators. The mechanisms of increased resistance
in biofilms differ from species to species, from antibi-
otic to antibiotic and for biofilms growing in different
habitats. One important mechanism of resistance ap-
pears to be the slower rate of growth of bacterial
species in biofilms, which makes them less susceptible
to many but not all antibiotics. It has been shown in
many studies that the resistance of bacteria to antibi-
otics, biocides or preservatives is affected by their
nutritional status, growth rate, temperature, pH and
prior exposure to subeffective concentrations of an-
timicrobials. Variations in any of these parameters can
lead to a varied response to antibiotics within a
biofilm. The matrix performs a "homeostatic func-
tion", such that cells deep in the biofilm experience
different conditions such as hydrogen ion concentra-
tion or redox potentials than cells at the periphery of
the biofilm or cells growing planktonically. Growth
rates of these deeper cells will be decreased allowing
them to survive better than faster growing cells at the
periphery when exposed to antimicrobial agents. In
addition, the slower growing bacteria often overex-
press "non-specific defense mechanisms" including
shock proteins and multidrug efflux pumps and dem-
onstrate increased exopolymer synthesis.

The exopolymer matrix of a biofilm, although not a
significant barrier in itself to the diffusion of antibi-
otics, does have certain properties that can retard
diffusion. For example, strongly charged or chemi-
cally highly reactive agents can fail to reach the deeper
zones of the biofilm because the biofilm acts as an
ion-exchange resin removing such molecules from
solution. In addition, extracellular enzymes such as 13
lactamases, formaldehyde lyase and formaldehyde
dehydrogenase may become trapped and concen-
trated in the extracellular matrix, thus inactivating
susceptible, typically positively charged, hydrophilic
antibiotics. Some antibiotics such as the macrolides,
which are positively charged but hydrophobic, are
unaffected by this process. Thus, the ability of the
matrix to act as a physical barrier is dependent on the
type of antibiotic, the binding of the matrix to that
agent and the levels of the agent employed. Since
reaction between the agent and the matrix will reduce
the levels of the agent, a biofilm with greater bulk will
deplete the agent more readily. Further, hydrodynam-
ics and the turnover rate of the microcolonies will also
impact on antibiotic effectiveness.

Alteration of genotype and/or phenotype of the
cells growing within a biofilm matrix is receiving



Fig. 4-6. Clinical photograph of a subject exhibiting
tooth stain and supragingival dental plaque.

increased attention. Cells growing within a biofilm
express genes that are not observed in the same cells
grown in a planktonic state and they can retain this
resistance for some time after being released from the
biofilm. For example, it was demonstrated that cells
of p. aeruginosa liberated from biofilms were consider-
ably more resistant to tobramycin than planktonic
cells, suggesting that the cells became intrinsically
more resistant when growing in a biofilm and retained
some of this resistance even outside the biofilm.

The presence of a glycocalyx, a slower growth rate
and development of a biofilm phenotype cannot pro-
vide a total explanation for the phenomenon of anti-
biotic resistance. These features probably delay elimi-
nation of the target bacteria, allowing other selection
events to take place. Recently, the notion of a subpopu
lation of cells within a biofilm, that are "super-resis-
tant", was proposed. Such cells could explain remark-
ably elevated levels of resistance to certain antibiotics
that have been suggested in the literature.

The oral biofilms that lead to periodontal
diseases

The section on biofilm biology presented above pro-
vides a background to help understand the ecology of
the incredibly complex community of organisms that
colonize the tooth surface and lead to periodontal
diseases. Fig. 4-6 presents a clinical photograph of a
subject with less than optimal home care. Evident in
this photograph is stain on the tooth surfaces that may
have resulted from smoking, coffee or tea drinking. Of
greater concern is the occurrence of a thin film of
bacterial plaque on many of the tooth surfaces, along
with the quite obvious plaque formation in regions
such as the mesial buccal surfaces of the upper left and
lower right canines. These biofilm (plaque) regions are
highlighted in Fig. 4-7, which shows the same denti-
tion after staining with a disclosing solution. The thin
films such as those on the lower incisors might consist
of biofilm communities that are 50 to 100 cells in
thickness. Thicker plaques such as those on the upper
left and lower right canines might consist of biofilms
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Fig. 4-7. Clinical photograph of the subject in Fig. 4-6
after staining with disclosing solution.

that are 300 or more cell layers in thickness. The num-
ber of organisms that reside on the mesial surface of
the upper left or lower right canine probably exceeds
300 million. This number is remarkable in that it ex-
ceeds the entire population of the US. These microbial
communities are very complex. About 500 bacterial
taxa have been detected in subgingival samples from
the oral cavity (Paster et al. 2001). In any given plaque
sample, it is not uncommon to detect 30 or more
bacterial species. Thus, the biofilms that colonize the
tooth surface may be among the most complex
biofilms that exist in nature. This complexity is due in
large part to the non-shedding surface of the tooth,
which permits persistent colonization and the oppor-
tunity for very complex ecosystems to develop. In
addition, the relatively high nutrient abundance as
well as the remarkable ability of oral species to coag-
gregate with one another, as discussed earlier, may
facilitate this complexity.

Fig. 4-8 is a section of human supragingival dental
plaque grown on an epon crown in a human volunteer (
Listgarten et al. 1975, Listgarten 1976, 1999). The
section demonstrates many of the features of biofilms
outlined earlier. Bacterial species adhered to the solid
surface, multiplied and, in this section, formed colum-
nar microcolonies. The heterogeneity of colonizing
species is evident even at a morphological level and
would be emphasized if the cells within the section
had been characterized by cultural or molecular tech-
niques. The surface of the biofilm exhibits morpho-
types that are not evident in deeper layers and empha-
sizes the role that coaggregation plays in the develop-
ment of biofilms. Not evident in this section are the
water channels in biofilms described earlier. This
might be due to preparation or fixation artifacts (Cos-
terton et al. 1999) or it might be because the plaque is
typical of a "dense™ bacterial model. Water channels
have been observed in plaque grown in the human
oral cavity by confocal microscopy (Wood et al. 2000).
This dental biofilm has all of the properties of biofilms
in other habitats in nature. It has a solid substratum,
in this case an epon crown but more typically a tooth,
it has the mixed microcolonies growing in a glycoca-
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Fig. 4-8. Histological section of human supragingival
plaque stained with toluidine blue-methylene blue. The
supragingival plaque was allowed to develop for 3 days
on an epon crown in a human volunteer. The crown
surface is at the left and the saliva interface is to-wards
the right. (Courtesy of Dr. Max Listgarten, University
of Pennsylvania.)

lyx and it has the bulk fluid interface provided by
saliva.

A second biofilm ecosystem is shown in Fig 4-9.
This is a section of human subgingival plaque. The
section is at lower magnification than Fig. 4-8 to per-
mit visualization of regions within the biofilm. The
plaque attached to the tooth surface is evident in the
upper left portion of the section. This tooth-associated
biofilm is an extension of the biofilm found above the
gingival margin and may be quite similar in microbial
composition. A second, possibly epithelial cell-associ-
ated biofilm, may be observed lining the epithelial
surface of the pocket. This biofilm contains primarily
spirochetes and Gram-negative bacterial species (List-
garten et al. 1975, Listgarten 1976, 1999). p. gingivalis
and T. denticola have been detected in large numbers in
periodontal pocket, epithelial cell-associated biofilms
by immunocytochemistry (Kigure et al. 1995). B.
forsythus might also be numerous in this zone, since
high levels of this species have been detected, using
DNA probes, in association with the epithelial cells
lining the periodontal pocket (Dibart et al. 1998).
Between the tooth-associated and epithelial cell-asso-

i

Fig. 4-9. Histological section of human subgingival
den- tal plaque stained with toluidine blue-methylene
blue. The tooth surface is to the left and the epithelial
lining of the periodontal pocket is to the right.
Bacterial plaque attached to the tooth surface is
evident towards the upper left of the section, while a
second zone of or- ganisms can be observed lining the
periodontal pocket wall. (Courtesy of Dr Max
Listgarten, University of Pennsylvania.)

ciated biofilms, a less dense zone of organisms may be
observed. These organisms may be "loosely attached"
or they might be in a planktonic state. The critical
feature of Fig. 4-9 is that there appears to be tooth-as-
sociated and epithelial cell-associated regions in sub-
gingival plaque as well as a possible third weakly or
unattached zone of microorganisms. It is strongly sus-
pected that these regions differ markedly in microbial
composition, physiological state and their response to
different therapies.

Microbial complexes

The association of bacteria within mixed biofilms is
not random, rather there are specific associations
among bacterial species. Socransky et al. (1998) exam-
ined over 13 000 subgingival plaque samples from 185
adult subjects and used cluster analysis and commu-
nity ordination techniques to demonstrate the pres-
ence of specific microbial groups within dental plaque
(Fig. 4-10). Six closely associated groups of bacterial
species were recognized. These included the Acti-



Actinomyces
species

P intermedia

P nigrescens
B micros

F nuc. vincentil

F nuc. nutleatum
F nuc. polymorphur
£ periodonticurn

C. gingivalis
C. sputigena
C. oohracea
C. concisus
- A. actino. a

MICROBIOLOGY OF PERIODONTAL DISEASE « 127

SUBGINGIVAL MICROBIAL
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Fig. 4-10. Diagram of the association among subgingival species (adapted from Socransky et al. 1998). The data
were derived from 13 321 subgingival plague samples taken from the mesial aspect of each tooth in 185 adult sub
jects. Each sample was individually analyzed for the presence of 40 subgingival species using checkerboard DNA-
DNA hybridization. Associations were sought among species using cluster analysis and community ordination
techniques. The complexes to the left are comprised of species thought to colonize the tooth surface and

proliferate at an early stage. The orange complex becomes numerically more dominant later and is thought to
bridge the early colonizers and the red complex species which become numerically more dominant at late stages in

plaque development.

nomyces, a yellow complex consisting of members of
the genus Streptococcus, a green complex consisting of
Capnocytophaga SPECi€S, A. actinomycetemcomitans Se-
rotype a, E. corrodens and Campylobacter concisus and a
purple complex consisting of V. parvula and Actinomy-
ces odontolyticus. These groups of species are early
colonizers of the tooth surface whose growth usually
precedes the multiplication of the predominantly
Gram-negative orange and red complexes (Fig. 4-10).
The orange complex consists of Campylobacter gracilis,
C. rectus, C. showae, E. nodatum, F. nucleatum subspe-
cies, F. periodonticum, P. micros, P. intermedia, P. nigres-
cens and S. constellatus, while the red complex consists
of B. forsythus, P. gingivalis and T. denticola. These two
complexes are comprised of the species thought to be
the major etiologic agents of periodontal diseases.

Similar relationships have been demonstrated in in
vitro studies examining interactions between different
oral bacterial species (Kolenbrander et al. 1999). These
studies of oral bacteria have indicated that cell to cell
recognition is not random but that each strain has a
defined set of partners. Further, functionally similar
adhesins found on bacteria of different genera may
recognize the same receptors on other bacterial cells.
Most human oral bacteria adhere to other oral bacte-
ria. This cell to cell adherence is known as coaggrega
tion.

Factors that affect the composition of
subgingival biofilms

Although this chapter emphasizes the effect that mi-
croorganisms have on their habitat, periodontal tis-
sues, it is important to understand that the habitat has a
major effect on the composition, metabolic activities
and virulence properties of the colonizing microor-
ganisms. The importance of this axiom that the micro-
organisms affect the habitat and the habitat affects the
microorganisms has recently begun to be fully appre-
ciated. Thus, modifications of the supra and subgingi-
val microbiota certainly affect the outcome, periodon-
tal health or disease; but changes in the host or local
habitat also affect the composition and activities of the
microbiota. Understanding this relationship should
help to lead us into better approaches to diagnosing
the etiology and contributing factors of a patient's
disease and to optimizing appropriate therapy. In this
section we will provide examples of some of the fac-
tors that are known to modify subgingival microbial
composition.

Periodontal disease status

Perhaps the most influential factor on the composition
of the subgingival microbiota is the periodontal dis-
ease status of the host. Fig. 4-11 presents the percent-
age of sites colonized and counts of 40 subgingival
taxa in subjects with chronic periodontitis or peri-
odontal health (Haffajee et al. 1998). Clearly, the major
difference between health and disease was the in-
creased prevalence and counts of the red complex
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Fig. 4-11. Stacked bar charts of the mean prevalence (% of sites colonized) and levels of 40 subgingival species
evaluated in 27 periodontally healthy and 115 untreated periodontitis subjects. The species were ordered according
to the microbial complexes described by Socransky et al. (1998). The percentage of sites colonized at different levels
by each of the 40 species examined was computed for each subject and then averaged across subjects in the two
groups. Significance of differences in mean counts and prevalence between groups was evaluated using the Maim-
Whitney test. For counts: * = p < 0.05, ** = p < 0.01 and *** = p < 0.001; for prevalence, # = p < 0.05, ## =p < 0.01
and ### = p < 0.001 after adjusting for multiple comparisons (Socransky et al. 1991).
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Fig. 4-12. Bar charts of the mean counts (x 10° + SEM) of six subgingival species at selected pocket depths. B.
forsythus and p. gingivalis are representative of the red complex, F. nucleatum ss vincentii and p. intermedia are repre-
sentative of the orange complex species, and s.sanguis and A. naeslundii genospecies 2 are typical of the remaining
cluster groups. The mean counts of each species at each pocket depth category were computed for each subject and
then averaged across subjects. Significance of differences among pocket depth categories was tested using the
Kruskal-Wallis test.
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Fig. 4-13. Bar charts of the mean counts (x 10° = SEM) of six subgingival species at sites positive or negative for gin-
gival redness, BOP and suppuration. B.forsythus, P. gingivalis and T.denticola are representative of the red complex,
while F. nucleatum ss vincentii, P. micros and P. intermedia are representative of the orange complex species. The
mean counts of each species at positive or negative sites for each parameter were computed for each subject
and then averaged across subjects. The left bars (yellow) represent the sites negative for the clinical parameters
and the right bars (red) represent the positive sites. These six species were significantly higher at positive sites for
all three clinical parameters using the Wilcoxon signed ranks test.

species, B. forsythus, P. gingivalis and T. denticola, in
subjects with periodontal disease. In addition, other
putative periodontal pathogens including P. micros
and C. showae, members of the orange complex, were
also more prevalent in periodontitis subjects.

The local environment

One host factor that influences the subgingival envi-
ronment is pocket depth. Fig. 4-12 indicates that the
prevalence and levels of subgingival species may dif-
fer at sites of different pocket depths. Red complex
species, B. forsythus, P. gingivalis and T.denticola (data
not shown), increased strikingly in prevalence and
numbers with increasing pocket depth. All orange
complex species also demonstrated this relationship.
s. sanguis and A. naeslundii genospecies 2 were typical
of the majority of species in the other four complexes
that showed little relationship to pocket depth. Thus,
red and orange complex species are not only related
to periodontal disease status in a subject, but to dis-
ease status at the periodontal site. The species of the
red and orange complexes are also elevated at sites
exhibiting gingival inflammation, as measured by
gingival redness, bleeding on probing and suppura-
tion (Fig. 4-13). Other species did not show this rela-
tionship.

Transmission

In planning control of periodontal pathogens, it is
essential to clarify their source. If an individual were
fortunate enough not to encounter virulent periodon-
tal pathogens, he or she would exhibit minimal peri-
odontal disease even if susceptible. However, most
individuals have acquired strains of suspected peri-
odontal pathogens at some time in their lives. For the
most part, it appears that subgingival species found

in humans are unique to that environment. The sub-
gingival species, by and large, are not commonly en-
countered in the environment (e.g. soil, air, water) or
indeed in the subgingival microbiota of other animal
species. (There are exceptions, such as the detection of
the same strain of A. actinomycetemcomitans in a patient
with LJP and in the family dog (Preus & Olsen 1988).)
Thus, the typical pattern requires the transmission of
periodontal pathogens from the oral cavity of one
individual to the oral cavity of another. Two types of
transmission are recognized: "vertical", that is trans-
mission from parent to offspring, and "horizontal", i.
e. passage of an organism between individuals out-
side the parent—offspring relationship.

Evidence for both forms of transmission has been
provided using molecular epidemiology techniques.
The usual approach of these techniques is to isolate
DNA from strains of a given species recovered from
different individuals. The DNA is cut with restriction
endonucleases, run on agarose gel electrophoresis and
the resulting fingerprint patterns compared, either
directly or with the help of various DNA probes.
When these techniques were employed on isolates
from subgingival plaque, it was demonstrated that A.
actinomycetemcomitans and p. gingivalis strains isolated
from parents and children within the same family
exhibited identical restriction endonuclease patterns.
Different patterns were found for strains isolated from
different families (DiRienzo & Slots 1990, Alaluusua
et al. 1993, Petit et al. 1993a,b). In other studies it was

found that A. actinomycetemcomitans and p. gingivalis
strains isolated from husband and wife had the same
restriction endonuclease patterns or ribotypes indicat-
ing that these species could be transmitted within
married couples (Saarela et al. 1993, van Steenbergen
et al. 1993).
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Fig. 4-14. Bar charts of the counts (x 10°), proportions and percentage of sites colonized in supragingival plaque
samples taken from 22 periodontally healthy and 23 subjects with adult periodontitis. The bars represent the mean
values and the whiskers the SEM. Supragingival plaque samples were taken from the mesial surface of each tooth,
excluding third molars and individually processed for their content of 40 bacterial species using checkerboard
DNA-DNA hybridization. The left bars represent health and the right bars disease. The species are arranged

within microbial complexes described by Socransky et al

. (1998) and are color coded accordingly. Significance of

difference between health and disease was determined using the Mann-Whitney test and adjusted for multiple

comparisons (Socransky et al. 1991).

The above data should not be surprising in view of
the fact that periodontal pathogens have to come from
somewhere, and the most likely source would appear to
be a family member, whether spouse, sibling or
parent. However, while intra-family transmission has
been demonstrated, it appears likely that transmission
of pathogens also occurs between unrelated individu-
als. Earlier, the transmission of ANUG was described
both within troops in trenches in World War | and in
communities outside the war zone after World War I.
If such reports are accurate, then it appears that peri-
odontal pathogens can be transmitted rather readily,
perhaps even on casual contact. Thus, while there has
been an intuitive feeling that the oral microbiota is
relatively stable within an individual, it seems likely
that new species or different clonal types of the same
species can be introduced into an individual at various
stages of his or her life. For example, in the experi-
ments outlined above, one spouse acquired A. acti-
nomycetemcomitans Or P. gingivalis from their spouse.
This species might not have been present in the recipi-
ent and thus its introduction represented the acquisi-
tion of a new species. Alternatively, the new clonal

type might have replaced or been added to a pre-
viously existing clonal type of the same species. In any
of these events, the studies demonstrated that acqui-
sition of new strains of pathogenic species can occur
at both young and older ages. If the newly acquired
strain is more virulent than the pre-existing strain of
that species, then a change in disease pattern could
occur.

The recognition that transmission of pathogens
may occur relatively frequently in both younger and
older individuals must influence our approach to
therapy. If a species were established in young indi-
viduals only and were maintained throughout life,
then treatment would involve "battling” that organ-
ism(s) and possibly repeated recurrences due to that
organism over a lifetime. If pathogens are readily
transmitted from person to person, at any age, then
new infections may prove to be the rule and therapeu-
tic approaches altered to reflect this situation. Molecu-
lar fingerprinting techniques should be invaluable in
distinguishing recurrences from new infections and
guiding approaches to therapy.
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Fig. 4-15. Bar charts of the counts (x 10%), proportions and percentage of sites colonized in subgingival plaque sam-
ples taken from 22 periodontally healthy and 23 subjects with adult periodontitis. The format of the figure is as de-

scribed for Fig. 4-14.
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Fig. 4-16. Bar charts of the counts (x 10°), proportions and percentage of sites colonized by the red complex species,
B. forsythus, P. gingivalis and T. denticola in supra and subgingival plague samples taken from 22 periodontally
healthy and 23 subjects with adult periodontitis. Significance of difference between health and disease was deter-
mined using the Mann-Whitney test and adjusted for multiple comparisons (Socransky et al. 1991).
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Fig. 4-17. Pie charts of the mean percentage DNA probe count of microbial groups in supra and subgingival plaque
samples from 22 periodontally healthy and 23 periodontitis subjects. The species were grouped into seven micro-
bial groups based on the description of Socransky et al. (1998). The areas of the pies were adjusted to reflect the
mean total counts at each of the sample locations. The significance of differences in mean percentages of the supra

and subgingival complexes in health and disease was tested using the Kruskal Wallis test. The "red",

orange" and

Actinomyces species were significantly different at p < 0.001 and the "green™ complex species differed at p < 0.05 af-
ter adjusting for seven comparisons. The "other" category represents probes to species that did not fall into a com-
plex as well as probes to new species whose relationships with other species have not yet been ascertained.

Microbial composition of supra and
subgingival biofilms

The bacteria associated with periodontal diseases re-
side within biofilms both above and below the gingi-
val margin. The supragingival biofilm is attached to
the tooth surface and is predominated by Actinomyces
species in most plaque samples. Fig. 4-14 provides the
counts, proportions and prevalence (% of sites colo-
nized) of 40 taxa grouped according to microbial com-
plexes (Socransky et al. 1998) in supragingival plague
samples from periodontally healthy and periodontitis
subjects (Ximenez-Fyvie et al. 2000). The Actinomyces
predominate in both health and disease irrespective of
the method of enumeration. Further, all taxa exam-
ined could be found (on average) in both health and
disease although counts and proportions of periodon-
tal pathogens were significantly higher in the perio-
dontally diseased subjects.

As described above, the nature of subgingival
biofilms is more complex with both a tooth-associated
and tissue-associated biofilm separated by loosely
bound or planktonic cells. Fig. 4-15 presents the
counts, proportions and prevalence of 40 taxa in sub-
gingival plaque samples from periodontally diseased
and periodontally healthy individuals (Ximenez-Fy-
vie et al. 2000). Similar to supragingival plaque, the
dominant species subgingivally are the Actinomyces,
but significantly higher counts, proportions and
prevalence of red and orange complex species were
found in the samples from the periodontitis subjects.
Data for the red complex species are provided in Fig.
4-16, which highlights the increased levels, propor-

tions and prevalence of these species in both supra and
subgingival plaque of periodontitis subjects when
compared with similar samples from periodontally
healthy individuals. Fig. 4-17 summarizes the major
differences in microbial complexes between supra and
subgingival plaque in health and periodontitis. As one
moves from the supragingival to the subgingival en-
vironment and from health to disease, there is a sig-
nificant decrease in the Actinomyces species and an
increase in the proportion of members of the red
com-

plex (B. forsythus, P. gingivalis and T. denticola). Knowl-
edge of the differences between health and disease
should help the therapist to define microbial end-
points in the treatment of periodontal infections.

PREREQUISITES FOR
PERIODONTAL DISEASE
INITIATION AND PROGRESSION

It is a common feature of many infectious diseases that
a pathogenic species may colonize a host and yet the
host may not manifest clinical features of that disease
for periods of time varying from weeks to decades or
ever. Thus, it appears that periodontal disease pro-
gression is dependent on the simultaneous occurrence
of a number of factors (Socransky & Haffajee 1992,
1993). The host must be susceptible both systemically
and locally. The local environment has to contain bac-
terial species which enhance the infection or at very
least do not inhibit the pathogen's activity. The envi-



ronment also must be conducive to the expression of
virulence factors by the pathogen. This might take the
form of affecting the regulation of virulence factor
expression or stressing the organism so that it mani-
fests properties which lead to tissue damage. The
pathogen(s) must achieve sufficient numbers to initi-
ate or cause progression of the infection in that par-
ticular individual in the given local environment. For-
tunately, the simultaneous occurrence of all these fac-
tors does not happen frequently or else periodontal
disease would be more prevalent and severe in the
population.

The virulent periodontal pathogen

Detection of suspected periodontal pathogens in
plague samples from periodontally healthy mouths (
Dahlen et al. 1989, McNabb et al. 1992, Haffajee et al.
1998) or healthy sites in periodontally diseased
mouths (Socransky et al. 1991) raises the question as
to whether all strains of a pathogenic species are viru-
lent. A major recognition of the last decade was that
all clonal types of a pathogenic species are not equally
virulent. For many medically important pathogenic
species, a very small proportion of clonal types ac-
count for the majority of the disease that is observed (
briefly reviewed in Socransky & Haffajee 1991, 1992).
Studies of the pathogenic potential of different strains
of P. gingivalis in animal model systems support the
notion of strain differences in virulence (Grenier &
Mayrand 1987a, van Steenbergen et al. 1987, Marsh et
al. 1989, Neiders et al. 1989, Sundqvist et al. 1991,
Baker et al. 2000). Certain clonal types of P. gingivalis
were detected more frequently in samples from peri-
odontitis subjects than control periodontally healthy
subjects, suggesting an association of more virulent
clonal types with disease (Griffen et al. 1999). These
studies highlight the fact that there are major differ-
ences in virulence of different isolates of P. gingivalis
and suggest that in some instances when suspected
pathogens are found in periodontally healthy sites, the
strains may be avirulent. P. gingivalis fimA gene
encoding fimbrillin, a subunit of fimbriae, has been
classified into five genotypes (Types I-V) based on
their nucleotide sequences. Amano et al. (2000) exam-
ined the P. gingivalis finiA genotypes in dental plaque
samples from 380 periodontally healthy adults and
139 periodontitis patients. Type | and Type V geno-
types were most common in P. gingivalis-positive
healthy adults, while Type Il and Type IV were far
more common in subjects with periodontitis. Such
data suggest that fimA genotype may be an important
factor influencing the pathogenicity of p. gingivalis.
Another requirement for a pathogen to express
virulence is that the organism possesses all of the
necessary genetic elements. Some of these elements
might be missing in a strain inhabiting the gingival
crevice area, but could be received from other strains
of that species (or possibly other species) via phage,
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plasmids or transposons. Thus, periodontally healthy
sites might be colonized with periodontal pathogens
without a full complement of genes needed to lead to
tissue destruction.

Finally, the pathogen must be in the right location
in a site (e.g. at the apical area of the pocket or adjacent
to the epithelium) in sufficient numbers to initiate
disease. There are probably minimum numbers of a
pathogen needed to initiate disease.

The local environment

If periodontal disease progression is a comparatively
infrequent phenomenon, most of the resident species
are likely to be host-compatible and in some instances
may be actively beneficial to the host. Thus, microbial
interactions play a role in the nature of species that
colonize a site and ultimately on the outcome of health
or disease. Some interactions might be harmful, lead-
ing to mixed infections as discussed earlier. Others
might be more beneficial to the host. Host-compatible
species could colonize sites that otherwise would be
colonized by pathogens. They might "dilute" the
number of pathogens in a pocket, compete for or alter
binding sites for pathogens or destroy virulence fac-
tors produced by pathogens (Socransky & Haffajee
1991).

One carefully studied interbacterial antagonism has
implications for our understanding of the ecology of
destructive periodontal diseases. Hillman and co-
workers (1982, 1985, 1987) became interested in the
long-term stability of LJP lesions after treatment with
surgery and systemic tetracycline. They surmised that
a microbiota was established after treatment that was
antagonistic to the return of the presumed pathogen
A. actfinonrycetenrcomitans. Such proved to be the case.
It was shown that certain species such as S. sanguis,
Streptococcus uberis and A. naeslundii genospecies 2
produced factors that were inhibitory to the growth of
A. actinoniyceiemcornitans (Hillman et al. 1985). These
species were absent or in low numbers in lesion sites
of LJP prior to therapy but in elevated numbers after
therapy. The mechanism of inhibition was shown to
be hydrogen peroxide formation by the "beneficial"
species (Hillman & Socransky 1987), which either di-
rectly, or via a host peroxidase system (Tenovuo &
Pruitt 1984), inhibited the pathogen. Stevens et al. (
1987) and Hammond et al. (1987) demonstrated the
reverse antagonism. A. actinornycetemcomitnns was
shown to specifically inhibit the growth of S. sanguis,
S. uberis and A. naeslundii genospecies 2 (but not other
species) by the production of a bacteriocin. This mu-
tual antagonism is highly specific and its outcome
may strongly influence whether a subject or a site will
exhibit disease due to A. actinomycetentcomitans. Such
interactions demonstrate the potent role that resident
microbial species play in permitting or preventing the
establishment or spread of pathogenic species. The
tremendous controlling pressure of the resident mi-
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crobiota is reinforced when an investigator attempts
to implant a human oral isolate into the microbiota of a
conventional animal or purposely attempts to implant
strains isolated from one human into the sub-gingival
plaque of another.

The local subgingival environment can affect dis-
ease pathogenesis in other ways. One of the more
intriguing ways centers around the recognition that
virulent strains of pathogenic species do not always
express their virulence factors (Socransky & Haffajee
1991). Often, a global "regulon” simultaneously turns
on or off the production of multiple virulence factors.
The "regulon” is affected by specific factors in the local
environment such as temperature, osmotic pressure,
or the concentration of iron, magnesium or calcium.
The effect of environment on protein expression has
been shown in subgingival species. For example, the
level of iron in the environment will affect the expres-
sion of outer membrane proteins of p. gingivalis and
will also affect virulence of the strain in animal model
systems (McKee et a1.1986, Barua et al. 1990, Bramanti
& Holt 1990). Even the presence of specific other spe-
cies might lead to expression of virulence genes by
pathogenic species. For example, the production of a
surface protein by Streptococcus cristatus caused re-
pression of the p. gingivalis fim A gene, possibly influ-
encing the development a pathogenic plaque (Xie et
al. 2000). The effect of environment on virulence factor
expression seems a fertile area for investigation. It
may help to explain the long lag phase that occurs
prior to disease initiation. Conceivably, a pathogen
may reside quietly in an area for years as a compatible
member of the microbiota. However, some stress gen-
erated by a change in the environment might influence
that organism to express long-hidden, rather damag-
ing factors.

Host susceptibility

For a period of time considerably longer than the
search for microbial etiologic agents of periodontal
diseases, dental practitioners have hypothesized that
differences in disease pattern or severity may be due
to differences in host susceptibility (in earlier years
termed resistance). In spite of these hypotheses, it is
remarkable how few "host susceptibly factors" have
been identified. With increased research in this area
and better methods for comparing populations, a
number of host or environmental factors have been
suggested that impact on the initiation and rate of
progression of periodontal diseases. Such factors in-
clude defects in polymorphonuclear leukocyte levels
or function, a poorly regulated immunological re-
sponse, smoking, diet and various systemic diseases (
Genco et al. 1986, Bergstrom & Eliasson 1987, Green-
span et al. 1989, Williams et al. 1990, de Pommereau
et al. 1992, Greenspan & Greenspan 1993, Seppala et
al. 1993, Thorstensson & Hugoson 1993).

HIV infection

Debilitating systemic illness can alter the host's ability
to cope with infections and may exacerbate existing
infections. In early studies, it appeared that periodon-
tal diseases were more prevalent and severe in HIV
positive individuals than patients who were not in-
fected with HIV (Greenspan et al. 1989, Williams et al.
1990, Greenspan & Greenspan 1993). In some HIV
positive subjects, unusual necrotic, rapidly destruc-
tive periodontal lesions were observed. These obser-
vations led to speculation that either unusual patho-
genic species were involved or that the modification
of host resistance was so severe that it led to extreme
tissue destruction. Examination of plaque samples
taken from periodontitis sites in HIV positive indi-
viduals indicated that the subgingival microbiota was
very similar to that seen in non-HIV infected perio-
dontitis subjects, except that occasionally unusual or-
ganisms were encountered (Murray et al. 1989, 1991,
Zambon et al. 1990, Rams et al. 1991, Moore et al. 1993).
Further, suspected periodontal pathogens including P.
gingivalis, P. intermedia, F. nucleatum and A. actinomy-
cetemcomitans were found more frequently in perio-
dontitis sites in HIV infected subjects than in either
gingivitis and in particular healthy sites in these sub-
jects (Murray et al. 1989). Rams et al. (1991) in a study
of 14 HIV infected individuals with periodontitis
found that A. actinomycetemcomitans, C. rectus, P. micros
and p. intermedia each averaged 7-16% of the cultiva-
ble microbiota in patients positive for the species. In
addition, levels of spirochetes were high, while levels
of candida albicans and Gram-negative enteric rods
were low. Thus, the microbiota of lesions in HIV posi-
tive individuals was quite similar to that in HIV nega-
tive subjects. However, not all HIV positive subjects
exhibit periodontal disease, and certainly not the ex-
tremely rapid form of disease. In addition, patients
with the mild or rapid forms of disease are success-
fully treated using conventional periodontal therapies
including local debridement, antiseptic mouthwashes
and local and/or systemically administered antimi-
crobial agents (Williams et al. 1990, Winkler & Robert
-son 1992, Greenspan & Greenspan 1993).

Diabetes

Another systemic illness which has been associated
with increased prevalence and incidence of periodon-
tal disease is diabetes. Many studies (de Pommereau
et al. 1992, Seppala et al. 1993, Thorstensson & Hu-
goson 1993), but not all (Barnett et al. 1984, Rylander
et al. 1987) indicated that periodontitis is more severe
in juvenile or adult diabetic subjects than non-diabetic
controls. Microbiological studies of diabetic subjects
have indicated that similar periodontal pathogens
were found in diseased sites of diabetic subjects as in
non-diabetic periodontal patients. A. actinomycetem-
comitans, Capnocytophaga Sp. and "anaerobic vibrios"
were found to be elevated in subgingival plaque sam-
ples from juvenile diabetic subjects (Mashimo et al.
1983), while Sastrowijoto et al. (1989) found that A.



actinornyceterncornitans, P. gingivalis and P. intermedia
were elevated in diseased sites of adult diabetic sub-
jects. Mandell et al. (1992) found that a number of
suspected periodontal pathogens were elevated at
disease sites in poorly controlled insulin-dependent
diabetics including p. intermedia, P. inelaninogenica, C.
gracilis, E. corrodens, F. nucleatum and C. rectus, when
compared with healthy sites in the same subject. Simi-
lar species were found in adult periodontitis patients
with non-insulin-dependent diabetes. p. intermedia
was the most frequently detected species, while C.
rectus and p. gingivalis were also very common (Zam-
bon et al. 1988).

The intriguing aspect of the studies of HIV positive
and diabetic subjects, is that periodontal lesions, for
the most part, appeared to be related to already sus-
pected periodontal pathogens and not to some novel
species. Studies such as these suggest that altered host
susceptibility may change the rate of disease progres-
sion in affected individuals, but by and large the
periodontal pathogens are likely to be the same as
those found in uncompromised subjects.

Smoking

The deleterious effects of cigarette smoking on the
periodontium have been reported in numerous stud-
ies (briefly reviewed in Haffajee & Socransky (2000)).
It has been shown that cigarette smokers have more
bone loss, attachment loss, deeper periodontal pock-
ets and less gingival bleeding than non-smokers. As
described in an earlier section, suspected or known
periodontal pathogens were more prevalent, i.e. colo-
nized a larger proportion of sites, in current smokers
than in past or never smokers. On average, this in-
creased extent of colonization was from 10-25%, i.e. 3
to 7 teeth (of 28) in each subject. The species that
differed significantly between smokers and non-
smokers were primarily species of the red and orange
complexes. The increased extent of colonization ap-
peared to occur primarily at shallow periodontal
pockets (< 4 mm) rather than deeper pockets. The
difference in prevalence of these species helps to ex-
plain the greater severity of periodontal destruction in
smokers than in non-smokers, since more sites are at
risk (colonized by potential pathogens) in subjects
who smoke. The reason for this difference in coloniza
tion pattern is not clear. Cigarette smoke could
directly affect the pathogens or their local habitats.
Tobacco usage also could affect the host's ability to
control the infection by diminishing the local and
systemic immune response. Whatever the reason, the
widespread colonization of potential pathogens even
at clinically healthy sites is likely to lead to future
tissue damage at these sites. Further, the greater
extent of colonization by periodontal pathogens,
could complicate  periodontal  therapy  since
elimination or control of species would be more
difficult.
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MECHANISMS OF
PATHOGENICITY

Essential factors for colonization of a
subgingival species

For a periodontal pathogen to cause disease, it is
essential that the pathogen be able to (1) colonize the
subgingival area and (2) produce factors that either
directly damage the host tissue or lead to the host
tissue damaging itself. To colonize subgingival sites,
a species must be able to (1) attach to one or more of
the available surfaces, (2) multiply, (3) compete suc-
cessfully against other species desiring that habitat,
and (4) defend itself from host defense mechanisms.

Adhesins

To establish in a periodontal site, a species must be
able to attach to one or more surfaces including the
tooth (or host-derived substances binding to the
tooth), the sulcular or pocket epithelium or other bac-
terial species attached to these surfaces. Studies of
bacterial adhesion have demonstrated specificity in
the involved mechanisms. At the simplest level there
are one or more specific receptors on the host cell or
other surfaces to which specific "adhesin™ molecule(s)
on the bacterial surface may attach. It has been dem-
onstrated that there is a multiplicity of receptors on
tooth surfaces, epithelial or other mammalian cells
and other bacteria. Some of the adhesins that have
been identified on subgingival species include fim-
briae (Cisar et al. 1984, Clark et al. 1986, Sandberg et
al. 1986, 1988, Isogai et al. 1988) and cell associated
proteins (Murray et al. 1986, 1988, Mangan et al. 1989,
Weinberg & Holt 1990). Receptors on tissue surfaces
include galactosyl residues (Cisar et al. 1984, Murray
et al. 1988, Sandberg et al. 1988, Mangan et al. 1989),
sialic acid residues (Murray et al. 1986), proline rich
proteins or statherin (Clark et al. 1986) and Type | or
IV collagens (Naito & Gibbons 1988, Winkler et al.
1988).

Coaggregation

While many species attach directly to host surfaces,
other species attach to bacteria attached to such sur-
faces. This phenomenon is called coaggregation. It has
been shown that there is specificity in the attachment
of one species to another in in vitro systems and in vivo (
Kolenbrander & Andersen 1989, Kolenbrander et al.
1989, Kaufman & DiRienzo 1989). In some instances,
coaggregation between non-coaggregating species
may be mediated by cellular constituents (e.g. ves-
icles) of a third species (Grenier & Mayrand 1987b,
Ellen & Grove 1989). Further, the mechanism of attach
ment of cells of a given pair of species appears to be
mediated by specific receptor—adhesin interactions.
Many of these interactions are lectin-like in that they
are based on the attachment of a specific protein on
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the surface of one species to a specific carbohydrate
on the surface of the other (Kinder & Holt 1989, Kolen
brander & Andersen 1989, Kolenbrander et al. 1989,
Abeygunawardana et al. 1990), but other mechanisms
exist (Kolenbrander et al. 1989, Kolenbrander & An-
dersen 1990). For example, the S. sauguism—A. naes-
lundii genospecies 2 interaction was shown to be due
to the attachment of a fimbrial-associated lectin on A.
naeslundii genospecies 2 to a polysaccharide with a
repeating heptasaccharide on S. sanguis (Abey-
gunawardana et al. 1990). In certain instances more
than one type of adhesin—receptor interaction has
been detected between a species pair. It is of interest
that the same galactose-binding adhesin of F. nuclea-
turn to p. gingivalis and A. actinomycetemcomitans also
binds the cell to human epithelial cells and fibroblasts
(Weiss et al. 2000).

Multiplication

The gingival crevice and/or periodontal pocket might
be considered a lush area for microbial growth, but is
in fact a rather stringent environment for a bacterial
species to live. The mean temperature of the area
averages about 35°C and ranges from 30°—38°C (Haf
fajee et al. 1992), eliminating whole classes of
potential colonizing organisms such as thermophiles
and psychrophiles. The pH is rather restricted (pH 7.
0—8.5) (Forscher et al. 1954, Kleinberg & Hal11969,
Cimasoni 1983) and numerous microbial species find
this range unacceptable. Oxidation reduction potential
measurements vary from an Eh of about -300 to +310
my at pH 7.0 (Onisi et al. 1960, Kenney & Ash 1969).
The wide range of Eh provides suitable
microenvironments for numerous bacterial species,
although extremes of Eh in a local environment could
be limiting to certain species.

The selective physical environment of the gingival
crevice area is accompanied by limited nutritional
availability. Three sources of nutrient are available to
subgingival organisms (diet, host and other subgingi-
val species). Certain nutrients essential to some bacte-
rial species must be formed by other species in that
area (e.g. vitamin K analogues) (Gibbons & Macdon-
ald 1960). However, the precursors to such substances
and certain specific growth factors such as hemin (
Evans 1951, Gibbons & Macdonald 1960) must be
derived from the host. Gingival crevice fluid is not
particularly rich in nutrients, creating a major compe-
tition for the small amounts available. In addition,
nutrients delivered in relative abundance to the outer
layers of plaque may not reach deeper layers.

Interbacterial relationships

Bacterial interactions play important roles in species
survival. Some inter-species relationships are favor-
able, in that one species provides growth factors for,
or facilitates attachment of, another. Other relation-
ships are antagonistic due to competition for nutrients
and binding sites or to the production of substances
which limit or prevent growth of a second species.

A number of types of inter-species interactions have
been described. The inter-species agglutinations de-
scribed above are an important means of bacterial
attachment for some species. Bacterial attachment
may also be influenced by the production of extracel-
lular enzymes by one set of organisms which uncover
binding sites fostering the attachment of a second set
of organisms. For example S. mitis and S. sanguis bind
in comparable levels to intact epithelial cells, as do
strains of P. gingivalis and p. intermedia. However, if
epithelial cells are exposed to bacterial neuraminidase
the attachment of the streptococci is diminished, but
attachment of the p. gingivalis and p. intermedia strains is
enhanced (Gibbons 1989). It is suspected that re-
moval of sialic acid reveals galactosyl residues that
foster attachment of the suspected pathogens. This
mechanism may account for the greater level of such
species on cells from periodontal pockets than from
healthy sulci (Dzink et al. 1989).

Other beneficial interactions are mediated by one
species providing growth conditions favorable to an-
other. Such conditions include altered physico-chemi-
cal parameters such as Eh (Socransky et al. 1964), pH (
Kleinberg & Hall 1969), or temperature (Haffajee et al.
1992). One of the more important environmental pa-
rameters is the oxygen level. Subgingival species dif-
fer in their ability to grow in the presence or absence
of oxygen. Obligate aerobes require oxygen for
growth and cannot multiply in its absence. Obligately
anaerobic species are killed by even low levels of
oxygen, while facultative species can grow in either
situation. Dental plaque provides a spectrum of envi-
ronments with high levels of oxygen available on
outer surfaces and adjacent to periodontal tissues, but
low levels of oxygen and a low oxidation reduction
potential within the plaque. The differences in mi-
croenvironments are due in part to location within the
periodontal pocket and in part due to the intense
reducing abilities of many subgingival species. The
survival of some anaerobic species may be due to the
presence of facultative or aerobic species that utilize
oxygen and or detoxify its potentially cell damaging
activated radicals such as the hydroxyl radicals. Sub-
gingival species also provide specific growth factors
utilized by other species including branched chain
fatty acids and polyamines (Socransky et al. 1964),
analogues of vitamin K (Gibbons & Macdonald 1960),
lactate (Rogosa 1964), formate or hydrogen (Tanner &
Socransky 1984).

Colonization of a pathogenic species in the pres-
ence of a species that produces substances antagonis-
tic to its survival presents a different challenge to a
pathogen. Antagonistic substances vary from those
that affect binding (e.g. the enzymes that favored P.
intermedia above probably adversely affected S. mitis)
to those that kill the species. Factors that kill other
species include bacteriocins (Rogers et al. 1979, Ham-
mond et al. 1987, Stevens et al. 1987), H,0, (Holmberg
& Hallander 1973, Hillman et al. 1985) and organic
acids (Mashimo et al. 1985). These factors may be



considered as virulence factors since they suppress the
growth of competing species or different clonal types
of the same species (Hillman & Socransky 1989). De-
fense against such factors varies. The simplest way to
avoid such factors is to find sites that are not colonized
by antagonistic species. A second method is to pro-
duce factors that destroy the antagonistic species. For
example, S. sanguis produces H,0, which inhibits the
growth of A. actinomycetemcomitans (Hillman et al.
1985), while A. actinomycetemcomitans produces a bac
teriocin that inhibits S. sanguis (Hammond et al. 1987,
Stevens et al. 1987). Thus, the bacteriocin that protects
the suspected pathogen A. actinomycetemcomitans
from the deleterious effect of the more commonly
detected S. sanguis must be considered to be a viru-
lence factor.

Overcoming host defense mechanisms

Subgingival plaque microorganisms appear to over-
grow and lead to severe disease in immune-corn-
promized hosts, particularly those with neutrophil
disorders (Genco et al. 1986, Shenker 1987, Winkler et
al. 1989). Such findings suggest that host defense
mechanisms are important in limiting the numbers of
bacteria in subgingival plaque and preventing tissue
damage.

A bacterial species has a number of host-derived
obstacles to overcome when colonizing a subgingival
site. These include the flow of saliva and gingival
crevice fluid and mechanical displacement by chew-
ing and speaking. Substances in saliva and gingival
crevice fluid may aid in the prevention of colonization
by blocking the binding of bacterial cells to mammal-
ian surfaces. Such factors include specific antibodies,
salivary glycoproteins, mucins and proline rich pro-
teins, which may act as non-specific blocking agents (
Gibbons 1984).

Once a bacterial cell has successfully attached to a
surface in the subgingival area, other host mecha-
nisms come into play. Desquamation of epithelial cells
presents a new cleansing mechanism, which is over-
come by certain species by their ability to bind to
underlying epithelial cells (Freter 1985). Other species
are able to invade the epithelial cells (Finlay & Falkow
1989) and may multiply intracellularly and spread to
adjacent cells.

Specific antibody in the subgingival area could act
by preventing bacterial attachment or, in some in-
stances, by making the bacterial cell susceptible to
various phagocytic or killing mechanisms. A number
of subgingival species have evolved mechanisms for
evading the effect of specific antibody. Species includ
ing p. gingivalis, P. intermedia, P. melaninogenica and
Capnocytophaga species possess 1gG and IgA proteases
that can destroy antibody (Kilian 1981, Saito et al.
1987, Grenier et al. 1989). Other species are capable of
evading antibody by changing their surface antigens
(Gibbons & Quereshi 1980) or possibly by mimicking
the host's antigens (Ellen 1985).

Polymorphonuclear leukocytes affect subgingival
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species in at least two ways: by phagocytosing and
ultimately killing bacterial cells or by releasing their
lysosomal enzymes into the crevice or pocket. A num-
ber of bacterial mechanisms exist that might counter-
act these effects, including the production of leuko-
toxin by A. actinomycetemcomitans (Baehni et al. 1979)
and capsules by p. gingivalis and other species that
inhibit phagocytosis (Okuda & Takazoe 1988). In ad-
dition, a number of species have developed strategies
to interfere with the killing mechanisms of the poly-
morphonuclear leukocytes (Boehringer et al. 1986,
Seow et al. 1987, 1989, Sela et al. 1988, Yoneda et al.
1990).

If a species enters the underlying connective tissue,
it has moved into the area where the host's defense
mechanisms are the most formidable. Polymorphonu-
clear leukocytes and antibodies are joined by macro-
phages and various types of lymphocytes, completing
an awesome array of antagonistic cells and their bio-
logically active substances. To be successful in this
area a species would have to have evolved sophisti-
cated mechanisms to evade, hide from or destroy
opposition. Some of the periodontal pathogens may
have devised such mechanisms. For example, it has
been shown that A. actinomycetemcomitans leukotoxin
affects not only polymorphonuclear leukocytes and
monocytes (Baehni et al. 1979) but also kills mature T
and B lymphocyte cell lines (Simpson et al. 1988) or
facilitates a non-lethal suppression of immune cells (
Rabie et al. 1988). Other species such as p. interredia,
Porphyromonas endodontalis and T. denticola have been
shown to produce substances that suppress immune
mechanisms (Shenker et al. 1984, Ochiai et al. 1989,
Shenker & Slots 1989).

Finally, artificial agents including antiseptics and
antibiotics have been developed that augment the
host's natural defense mechanisms against bacterial
pathogens. In turn the microorganisms have evolved
mechanisms of resistance to these agents and added
insult to injury by having the ability to pass these
resistance factors to one another even across species (
Guiney & Bouic 1990).

Factors that result in tissue damage

The set of properties that result in a species causing
periodontal tissue loss in destructive periodontal dis-
eases is poorly understood. Some or all tissue damage
may result from an immunopathologic reaction trig-
gered by a species which is sustained until the species
is eliminated or suppressed. However, the fact that
disease progression is rare and is associated with spe-
cific species, and that inflammation without attach-
ment loss is common, suggests specificity in the prop-
erties of organisms that lead to tissue damage. Two
general mechanisms of pathogenesis have been hy-
pothesized. The first involves invasion by subgingival
species. The second suggests a "long-range" attack
where cells of the pathogenic species remain in the
pocket but fragments of cells as well as other "viru-
lence factors" enter the underlying periodontal tissues
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and either directly damage the tissues or cause "im-
mune pathology" (Allenspach-Petrzilka & Guggen-
heim 1982, Fillery & Pekovic 1982, Gillett & Johnson
1982, Sanavi et al. 1985, Saglie et al. 1986, 1988, Chris
tersson et al. 1987, Liakoni et al. 1987, Listgarten 1988)

Invasion

The possibility of invasion in periodontal infections
gained credence with the unequivocal demonstration
of invasion by a spirochete with a unique ultrastruc-
tural morphology during active episodes of acute ne-
crotizing ulcerative gingivitis (Listgarten & Socransky
1964, Listgarten 1965). Other instances of invasion
have been reported in tissues obtained from advanced
periodontitis (Frank & Voegel 1978), LJP (Gillett &
Johnson 1982, Christersson et al. 1987) and progress-
ing periodontal lesions (Saglie et al. 1988).

As discussed earlier, strains of A. actiuomycetem-
comitans and P. gingivalis have been shown to be capa-
ble of invading epithelial cells derived from human
periodontal pockets or gingival sulci. Other studies
demonstrated that B. forsythus was present in high
numbers in preparations of human periodontal pocket
epithelial cells, and cells of this species could be
detected within the epithelial cells. The property of
invasion of epithelial cells is a common property of a
wide range of mucosal pathogens including members
of the genera Salmonella, Shigella, Yersinia, Escherichia
and Listeria. The mechanisms of attachment to and
subsequent entry differ from species to species. How-
ever, the ability to enter into and survive within hu-
man cells confers an advantage to potential pathogens
in that they are protected from many of the host's
defense mechanisms.

Adherence to underlying tissues such as basement
membrane and various types of collagen has been
demonstrated (Winkler et al. 1987, 1988, Naito & Gib-
bons 1988). Strains of F. nucleatum and P. gingivalis
adhere well to preparations of basement membrane
and Type 1V collagen. p. gingivalis also adheres well to
Type | collagen, a property that may be useful in
invasion of deeper tissues.

Deeper invasion may be important in progression
of disease and could be facilitated by the property of
motility. The flexible, sinuous spirochete has the
physical tools to move through amorphous jelly-like
intercellular matrix. If other virulence factors were
present, it is likely that spirochetes and other motile
forms such as Selenomonas and Campylobacter would
have unique invasive capacities.

Factors that cause tissue damage

The microbial substances that lead to damage of the
periodontal tissues are poorly understood, in large
part because so many potential "virulence factors"
have been described for subgingival species and their
roles inadequately evaluated. Virulence factors can be
arbitrarily divided into three categories: substances
that damage tissue cells (e.g. H,S), substances that
cause cells to release biologically active substances

(e.g. lipopolysaccharide) and substances that affect
the intercellular matrix (e.g. collagenase). There is an
unfortunate overlap in this categorization, since some
substances elicit more than one response. Further,
factors that affect the cells involved in host defense
mechanisms may inhibit protective responses and/or
lead to the production of substances that can directly
damage the tissues.

Some of the suspected virulence factors produced
by three periodontal pathogens are summarized in
Tables 4-1 to 4-3. Enzymes produced by subgingival
species appear to be able to degrade virtually all of the
macromolecules found in periodontal tissues. The
periodontal pathogen, P. gingivalis, produces an un-
usually wide array of proteases including those that
degrade collagen (Gibbons & Macdonald 1961, Smal-
ley et al. 1988, Winkler et al. 1988, fin et al. 1989),
immunoglobulins (Kilian 1981, Saito et al. 1987,
Grenier et al. 1989) and fibronectin (Wikstrom & Linde
1986, Smalley et al. 1988, Lantz et al. 1990). Of particu
lar interest are the cysteine proteinases commonly
referred to as ARG-gingipain and LYS-gingipain,
which are important to the organism in order to break
down proteins to peptides and amino acids necessary
for its growth (Kadowaki et al. 2000). These protei-
nases are also important in the processing/maturation
of cell surface proteins of P. gingivalis such as fimA
fimbrillin. Other species produce additional or other
lytic enzymes. It might be argued that enzymes pro-
duced by bacterial species might not be necessary to
the pathogenesis of periodontal diseases since similar
enzymes can be derived from host tissue. However, if a
specific lytic enzyme is essential to disease progres-
sion, current data suggest that some subgingival spe-
cies would form it.

A wide variety of cell preparations or substances
has been shown to adversely affect the growth and/or
metabolism of mammalian cells in tissue culture.
Some of the substances are low molecular weight
end-products of metabolism such as H2S, NH,, fatty
acids or indole (Socransky 1970, Singer & Buckner
1981, van Steenbergen et al. 1986). Other factors are
less defined and constitute factors present in the ex-
tracellular milieu of bacterial cultures or extracts of the
bacterial cells themselves. The importance of this
group of inhibitory factors in the pathogenesis of dis-
ease is unclear. However, even minor inhibitions of
cell metabolism might adversely affect structural in-
tegrity of the periodontal tissues.

It has been known for some time that certain bacte-
rial products can induce organ cultures or tissue cells,
including cells involved in host defense, to elaborate
biologically active substances. One such factor de-
rived from cultured white blood cells was initially
described as osteoclast activating factor, since it accel-
erated bone resorption in tissue culture systems (Hor-
ton et al. 1972), but was later recognized as inter-
leukin-113 (Dewhirst et al. 1985). Production of this
factor was shown to be induced in a number of ways
including stimulation by bacterial lipopolysaccha-



rides or whole cells (Uchida et al. 2001). Numerous
other biologically active mediators including Pro-
staglandins, tumor necrosis factor, thymocyte activat-
ing factor, IL-8 (Uchida et al. 2001) and chemotactic
factors have been shown to be formed in response to
the addition of bacterial cells or their products to
mammalian cells in tissue culture (Bom-van Noorloos
et al. 1986, Millar et al. 1986, Garrison et al. 1988,
Hanazawa et al. 1988, Lindemann 1988, Lindemann et
al. 1988, Takada et al. 1988, Sismey-Durrant et al. 1989,
Uitto et al. 1989). p. gingivalis can perturb the cytokine
network not only by stimulating the release of cytok-
ines from host cells, but by removing them from its
local environment (Fletcher et al. 1997).

FINAL COMMENTS

Infections of any organ system are caused by a rela-
tively finite set of pathogens sometimes working in-
dividually, occasionally in small mixtures. For exam-
ple, lung infections may be caused by any of a variety
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INITIATION AND PROGRESSION OF
PERIODONTAL DISEASE

Introduction

Current concepts regarding the etiology and patho-
genesis of periodontal disease are derived mainly
from the results of epidemiological studies, analyses
of autopsy and biopsy material, clinical trials and
animal experimentation. Findings from epidemiologi-
cal studies have consistently revealed that the experi-
ence and extent of periodontal disease increases with
age and with inadequate oral hygiene (see Chapter 3).
Studies on the extent and severity of periodontal dis-
ease involvement have changed our view on the
prevalence and progression of destructive periodon-
tal disease. Relatively few subjects in each age group
suffer from advanced periodontal destruction and
these few subjects account for most of the sites which
are severely periodontally involved (Loe et al. 1986,
Papapanou et al. 1988, Yoneyama et al. 1988, Jenkins
& Kinane, 1989). hl addition, longitudinal studies us-
ing large thresholds for declaring disease detection
have shown that relatively few sites undergo exten-
sive periodontal destruction within a given observa-
tion period and these are found in only a small subset
of the population (Haffajee et al. 1983a,b, Lindhe et al.
1983, Jenkins et al. 1988). Socransky et al. (1984) sug
gested that periodontitis progresses in episodes of
exacerbation and remission (the burst hypothesis).
More recent studies have suggested that the progres-
sion may be more continuous than episodic and that

detection of "bursts" may be due to an inadequate
resolution of clinical measurements (Jeffcoat & Reddy
1991).

 In summary, periodontal disease is subject related;
only a few individuals experience advanced de-
struction affecting several teeth; and the progres-
sion of the disease is probably continuous with brief
episodes of localized exacerbation and remission.

Initiation of periodontal disease

Most normal subjects maintaining a high standard of
oral hygiene are not likely to develop advanced peri-
odontal disease. Experimental, short-term clinical
studies have shown that microorganisms quickly start
to colonize clean tooth surfaces once an individual
abstains from mechanical tooth cleaning; within a few
days microscopical and clinical signs of gingivitis are
then apparent. These inflammatory alterations are re-
solved or reversed when adequate tooth-cleaning
measures are resumed (Loe et al. 1965). Thus, micro-
organisms which form the dental biofilm contain or
release components which induce gingivitis. Consis-
tent with this conclusion is the finding that topical
applications of soluble plaque extracts produce in-
flammatory alterations in gingival tissues (Hellden &
Lindhe 1973). Long-term clinical trials have under-
lined the importance of removing the subgingival
biofilm in order to successfully treat periodontal dis-
ease in humans (Ramfjord et al. 1968, Lindhe & Ny-
man 1975, 1984, Axelsson & Lindhe 1978, 1981).
Furthermore, animal experiments (especially in
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Fig. 5-1. (a) Overview of a buccal-lingual section of a normal (pristine) beagle dog gingiva. The oral epithelium (

4

OE) is continuous with the junctional epithelium GE), which is facing the enamel surface. CT = connective tissue;
CEJ = cemento-enamel junction. (b) Detail of 5-1a. The oral epithelium is continuous with a thin junctional epithe-
lium. Note the presence of neutrophils in the outer portion of the junctional epithelium. (¢) The junctional epithe-
lium is only 10-15 cell layers thick and permeable for bacterial products. (d) Micrograph of a buccal-lingual
section of a normal (pristine) beagle dog gingiva illustrating the vasculature of the gingival unit. A thin vascular
network is present beneath the junctional epithelium. (e) The thin vascular network (plexus) is shown in a mesial-

distal section.

dogs and non-human primates) have confirmed the
infectious etiology of gingival/periodontal lesions.
Long-term observations in beagles, for example, indi-
cate that gingivitis develops only in animals that ac-
cumulate plaque. The inflammatory changes may re-
main confined to the gingival area for several years,
but at some sites gingivitis eventually shifts to de-
structive periodontal disease resulting in loss of con-
nective tissue attachment and alveolar bone (Saxe et
al. 1967, Lindhe et al. 1975).

It is implied that most forms of periodontal disease
are plaque-associated disorders which start as an overt
inflammation of the gingiva. If left untreated, in

certain susceptible individuals, inflammation may
spread to involve deeper portions of the periodontium.
It is not presently understood why, in some patients,
lesions remain localized to the marginal portion of the
gingival tissues, whilst in others they progress to
involve the loss of connective tissue attachment and
supporting alveolar bone. The same arguments are
true for individual sites within a susceptible individual.
Clearly some imbalance of the host-microbial
relationship is occurring in the destructive lesions,
which may be unique to that site and to periodontally
susceptible individuals generally.
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Fig. 5-2. (a) Microphotograph of a buccal-lingual section of a normal beagle dog gingiva. A filter paper-strip has

@

been introduced between the junctional epithelium and the tooth. An increased permeability of the gingival vessels
has occurred. The increased vascular permeability is in this case identified by the presence of carbon particles
which prior to biopsy were injected intravenously. The carbon particles have become trapped in the open endothe
lial junctions, and so-called vascular labelling has occurred. (b) A mesio-distal section of the same gingival unit

as in Fig. 5-2a. (c¢) Higher magnification of Fig. 5-2b (from Egelberg 1967).

Normal “clinically healthy" gingiva and

"experimental gingivitis"

Normal gingiva is characterized clinically by its pink
color and firm consistency and the gingival margin
exhibits a scalloped outline. The interdental papillae
are firm, do not bleed on gentle probing and fill the
space below the contact areas. The gingiva often ex-
hibits a stippled appearance and there is a knife edge
margin between tooth and soft tissue. Normal gingi-
vae are theoretically free from histological inflamma-
tion but this "ideal" condition can only be established
experimentally in humans after supervised meticu-
lous daily plaque control for several weeks. Such fas-
tidious and time consuming oral hygiene measures
are uncommon and thus the gingivae we would rou-
tinely classify as "clinically healthy gingivae" are not
as histologically perfect as the "normal gingivae" de-
scribed. Clinically healthy gingivae would be typi-
cally that level of health which could be attained by
patients regularly practising a good standard of
plaque control.

Normal gingiva which is free from “significant”
accumulations of inflammatory cells may be better
described as "pristine gingiva". Thus, in the research
literature we have to deal with two types of healthy
gingivae, a super healthy or "pristine" state which

histologically has little or no inflammatory infiltrate,
and the “clinically healthy" gingiva which looks simi-
lar clinically but histologically features an inflamma-
tory infiltrate, and is the healthy gingiva we would see
clinically in everyday situations. The oral surface of "
clinically healthy gingivae" consists of keratinized
oral epithelium that is continuous with the junctional
epithelium (Fig. 5-1a) and is firmly attached to the
tooth surface by hemidesmosomes. Neutrophils and
macrophages can be seen in the junctional epithelium.
Supporting the oral and junctional epithelia is connec-
tive tissue containing prominent collagen fibers which
maintain the form of the tissues in health and assist
the relatively weak hemidesmosomal attachment of
the junctional epithelium to the tooth. Below the junc-
tional epithelium is a vascular network which sup-
plies the epithelium with various nutrients and de-
fense cells and molecules (Fig. 5-1d).

The clinically healthy gingiva features an infiltrate
of inflammatory cells, predominantly neutrophils as-
sociated with the junctional epithelium and lympho-
cytes in the subjacent connective tissue (Page &
Schroeder 1976). Even in this very early stage of in-
flammation, which is not clinically detectable, colla-
gen depletion within the infiltrated area is noted along
with an increase in vascular structures. Exudative and
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transudative fluid and plasma proteins arrive in the
gingival crevice region having left the vessels and
travelled through the tissues to create the gingival
crevicular fluid (GCF) (Egelberg 1967, Cimasoni 1983)
(Figs. 5-1 and 5-2). The infiltrate at this stage may
occupy as much as 5% of the connective tissue volume
and is composed of monocytes, macrophages, lym-
phocytes and neutrophils. These cells are found in the
junctional epithelium as well as in the connective
tissue of clinically healthy gingivae (Fig. 5-3). Neutro-
phils predominate in the crevice region and appear to
migrate continuously through the junctional epithe-
lium into the sulcus (Fig. 5-4). The recruitment of
leukocytes (predominantly PMNs) from the tissues to
the crevice is due both to the chemoattractant actions
of the host systems (interleukin-8, complement com-
ponent C5a, leukotriene B4 etc., see below) and prod-
ucts derived from the biofim (formyl methionyl leucyl
phenylalanine, lipopolysaccharide etc). With further
deposition of plaque and the development of overt
gingivitis, there is a marked increase in leukocytes
recruited to the area (Attstrom, 1971, Moughal et al.
1992). One additional effect of the inflammation

Fig. 5-3. Leukocytes in the junctional epithelium. Ob-
serve that the volume of leukocytes decreases in apical
direction and approaches 0 in the most apical portion.
Within the junctional epithelium, the mononuclear leu
kocytes are located in more basal layers, while the
neutrophilic granulocytes are present primarily in the
superficial portions of the junctional epithelium.

Fig. 5-4. Immunostained section showing neutrophils
in the junctional epithelium of healthy gingiva.

which encourages rapid accumulation of leukocytes
is the pro-inflammatory cytokine-mediated upregula-
tion of adhesion molecules on the endothelial cells.
This encourages leukocytes, particularly PMNSs, in the
early stages to adhere to postcapillary venules and
begin migrating through the vessel and chemotacting
to the gingival crevice. This upregulation of adhesion
molecules (ICAM-1 and ELAM-1) occurs during "ex-
perimental gingivitis" (Loe et al. 1965) with a con-
comitant increase in leukocyte infiltration which cor-
responds with days of plaque accumulation (Kinane
et al. 1991, Moughal et al. 1992) (Fig. 5-5).

Clinically healthy gingiva appears to deal with
microbial challenges without progressing to a dis-
eased state, probably because of several defensive
factors which include:

1. Regular shedding of epithelial cells into the oral
cavity

2. Intact epithelial barrier

3. Positive fluid flow of the gingival crevice which
may remove non-attached microorganisms and
noxious products
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Fig. 5-5. (a) ICAM-1 immunohistochemical staining of a gingival biopsy sample during an experimental gingivitis
study in humans after day 7. ICAM-1 positive blood vessels and junctional epithelium can be clearly seen.

(b) Higher magnification of Fig 5-5a showing the extensive junctional epithelium staining. (c) Higher magnification of
Fig 5-5a showing the ICAM-1 positive vessels within the connective tissue.

4. Antimicrobial effect of antibodies

5. Phagocytic function of neutrophils and macro-
phages

6. Detrimental effect of complement on the micro-
biota.

All of these factors may operate at the same time to
reduce the bacterial load and thus prevent an over-re-
sponse of the tissue defense systems which could
result in the formation of a lesion. The host-microbial
interplay which constitutes the clinically healthy situ-
ation must clearly change if gingivitis and periodon-
titis is to follow. Gingivitis will follow if there is suffi
cient plague accumulation such that microbial prod-
ucts will initiate a substantive inflammatory response.
This response can be modified by hormones as in the
case of puberty or pregnancy (resulting in edematous
gingivitis) or by drugs such as phenytoin, cyclosporin
or nidefipine (which induce gingival overgrowth).
Gingivitis lesions are accompanied by more pro-
nounced loss of collagen albeit in discrete areas. The
gingivitis response will also initiate and perpetuate

immune responses to the oral microorganisms but the
level of this early response, particularly at the local
site, will be considerably less than the gross tissue
destruction and bone loss seen in more advanced
periodontitis lesions. Gingivitis may persist at sites for
many years without appreciable loss of periodontal
attachment, destruction of periodontal ligament or
evidence of bone loss. Clearly certain individuals (and
sites) go on to develop periodontitis from gingivitis
lesions whilst others remain resistant and merely ex-
hibit gingivitis responses to the accumulating plaque
microorganisms. Investigations of periodontal mani-
festations of systemic disease suggest that individuals
with obvious defects of the inflammatory system, e.g.
neutrophil depletion or dysfunction, may rapidly de-
velop severe periodontitis. In addition, there appears
to be a genetic predisposition to both aggressive and
chronic forms of periodontitis (Michalowicz et al.
2000, Hodge & Michalowicz 2001). There is an accu-
mulating body of evidence which suggests that the
host's immune response to periodontopathogens may
be quite different in those affected by chronic perio-
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Fig. 5-6. Gingival alterations which occurred during a 28-day period of plaque accumulation and gingivitis devel-
opment in beagles. (a) Normal gingival. (b) Day 4. (c) Day 7. (d) Day 14. (e) Day 21. (f) Day 28 of undisturbed
plaque accumulation. Note the gradually developing plaque on the tooth surfaces and the inflammatory changes
in the gingiva. The vascular reaction is illustrated by a gradually increasing number of vessels in the gingival mar
-gin. (g) Gingival index (GI), plaque index (PLI) and gingival exudate alterations (exudate) that occurred during
the experimental gingivitis period. (h) In gingival biopsies obtained at various time intervals it can be seen that
the inflammatory cell infiltrate (ICT) in the gingiva gradually increased in size.

dontitis and those resistant to this disease, who would
not progress beyond gingivitis. There is also evidence
that "protective" antibodies increase following a
course of initial periodontal therapy, whereas those
individuals with a poor outcome following periodon-
tal therapy have antibodies which are less functional (
Mooney et al. 1995).

Initial, early, established and advanced
lesions

Introduction

Within 10-20 days of plaque accumulation, clinical
signs of gingivitis are established in most individuals,
although this varies greatly with some individuals
being intrinsically more resistant and others more

prone to overt gingivitis (Van der Weijden et al. 1993).
This gingivitis appears as gingival redness, swelling
and an increased tendency of the soft tissue to bleed on
gentle probing (Fig. 5-6). Even at this stage clinical
signs are reversible following removal of microbial
plaque by effective plaque control measures (Loe et al.
1965, Lindhe & Rylander 1975).

Histopathological features of gingival inflammation
The clinical changes may appear subtle in the early
stages of gingivitis but the underlying histopathologi-
cal changes are quite marked. Alterations in the vas-
cular network occur with many capillary beds being
opened up. Exudative fluid and proteins swell the
tissues and an influx of inflammatory cells in the
connective tissue occurs subjacent to the junctional
epithelium. The inflammatory cell infiltrate mainly
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Table 5-1. Size (% volume) of various components of the normal connective tissue (NCT) and the infiltrated
connective tissue (ICT) at various days (4, 14 and 28) after onset of plaque formation (from Lindhe & Rylan-

der 1975)
Normal connective Infiltrated connective tissue (ICT) %
tissue (NCT) %
Parameter (Day O} Day 4 Day 14 Day 28
Size of infiltrate 0 5 15 37
Collagen filters 60 20 24 30
Fibroblasts 13 8 7 7
Vessels 7 22 14 16
Residual tissue 20 40 45 36
Neutrophils 0.5 8 4 1
Plasma cells
Lymphocytes .
Macrophages 0.1 3 0.1 3
Fig. 5-7. Composition of the gingiva (GT), non-infil-
trated (NCT) and infiltrated (ICT) gingival connective
3 3 . . A .
Vy mm3/100 mm tissue on day 0 (normal gingiva) and on day 28 of gin-
e 5 GT NCT* GT ICT: givitis in beagles. Note that the infiltrated connective
- tissue portion amounts to 17% of the free gingival mar
OE 375 o OE 33.1 30.2 -gin on day 28 and that the collagen content is reduced
60.2 oY 73 from approximately 60% on day 0 to 30% on day 28 in
50 - JE:E o L1093 the area where the inflammatory infiltrate has become
i V159 established. Note also that in this area (on day 28) a re-
uer F:;f vas | ses n duction in fibroblast proportion has occurred, as well
' e 0.9 357 as an increase of vessels and residual tissue. OE: oral
: epithelium, JE: junctional epithelium, NCT: non-infil-
Day 0 Day 28 trated connective tissue, ICT: infiltrated connective tis-

comprises lymphocytes, macrophages and neutro-
phils. As the cellular infiltrate develops, the structural
and cellular composition of the tissues changes. An
experimental gingivitis study in dogs has compared
the cellular and structural composition of the affected
area before and during the development of gingivitis
over a period of 28 days (Lindhe & Rylander 1975).
Plagque was allowed to accumulate on the teeth of dogs
with initially normal gingiva, and biopsy samples
were taken at various times. The normal tissue (Day
0) is referred to below as non-infiltrated connective
tissue (NCT) and the altered area as the infiltrated
connective tissue (ICT) (Table 5-1).

At Day 0 of this dog experiment the normal gingival
unit has virtually no inflammatory cells (Fig. 5-7) and
is comprised of approximately 40-45% epithelium and
55-60% connective tissue. The NCT zone consists of
collagen (60%), fibroblasts (13%), vessels (7%) and
other tissue constituents, such as intercellular matrix
and nerves (20%). Following plaque accumulation,
neutrophils and mononuclear leukocytes readily mi-

sue, CO: collagen fibers, FI: fibroblasts, V: vascular
structures, L: leukocytes, R: residual tissue. (From
Lindhe & Rylander 1975)

grate to this area and the ICT begins to form and
increase in volume over the 28-day period. At this 28-
day interval the ICT is comprised of lymphocytes,
plasma cells and macrophages (Fig. 5-7) which adhere
to the collagen matrix and remain in the tissue,
whereas neutrophils continue to migrate into the gin-
gival sulcus. With the extensive influx of leukocytes, a
marked reduction in the amount of collagen and
fibroblasts occurs and the volume of residual tissue (
intercellular matrix, degraded collagen, exudate ma-
terial, degenerated or dead cells) and small blood
vessels increases.

In 1976, Page and Schroeder classified the progres-
sion of gingival and periodontal inflammation on the
basis of the then available clinical and histopathologi-
cal evidence. They divided the progressing lesion into
four phases: initial, early, established and advanced stages
or lesions. The initial and early lesion descriptions
were thought to reflect the histopathology of clinically
early stages of gingivitis, while the established lesion
reflected the histopathology of more
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“chronic" gingivitis. The description of the his-
topathology of the advanced lesion was considered to
reflect the progression of gingivitis to periodontitis.
The evidence on which these descriptions were based
was the prevailing information gleaned predomi-
nantly from animal biopsy material and some human
adolescent samples. Therefore the following account
by Page and Schroeder (1976) of lesion progression is
based very much on data from non-human experi-
ments.

The classical phases of "acute" and "chronic" in-
flammation are not easily applied in periodontal dis-
ease, probably because in most clinically healthy situ-
ations a lesion similar to an acute lesion occurs. Sub-
sequently, chronic inflammatory changes become su-
perimposed so that both acute and chronic elements
co-exist in early, established and advanced lesions. It
is important to repeat that in most clinically "normal”
human gingival biopsies a similar infiltrate can be
seen to that noted in the initial and early gingival
lesions of dogs. The Page and Schroeder system will
be utilized as a framework to outline the histopatho-
genesis of periodontal disease and modern conflicting
views will be outlined. A rational synthesis of opin-
ions will be attempted and a new classification based
on our current understanding of lesion progression
will be presented (Table 5-2).

Fig. 5-8. Schematic illustrations depicting the terminal
vascular bed and the mechanisms of increased vascu-
lar permeability. Under normal conditions the terminal
vessels are freely permeable to small molecules, salt
and water. The intercellular junctions between the en-
dothelial cells are closed. Via the influence of vasoac-
tive mediators the endothelial cells become separated
and increased vascular permeability occurs. Large
molecules and plasma proteins leak into surrounding
tissue. A number of inflammatory mediators present in
plasma are activated when they enter the perivascular
tissue.

Table 5-2. A new classification is outlinec

Clinical condition Histopathologic condition
Histofogic perfection

Pristine gingiva

Initial lesion of Page & Schroeder
Normal health
gingiva

Early gingivitis Early lesion of Page & Schroeder (few

plasma cells)
Established Es_tablllshfet?] Ile_5||0n \_Nltht_no bolne loss nﬁr
gingivitis apical epithelial migration (plasma ce

density between 10% and 30% of
leukocyte infiltrate)

Established lesion with bone loss and
apical epithelial migration from the
amelocemental junction (plasma cell
density > 50%)

Periodontitis

The initial lesion

Inflammation quickly develops as plaque is deposited
on the tooth. Within 24 hours marked changes are
evident in the microvascular plexus beneath the junc-
tional epithelium as more blood is brought to the area.
Dilation of the arterioles, capillaries and venules of the
dentogingival plexus is evident histopathologically.
Hydrostatic pressure within the microcirculation in-
creases and intercellular gaps form between adjacent
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capillary endothelial cells. An increase in the perme-
ability of the microvascular bed results, so that fluids
and proteins exude into the tissues (Fig. 5-8).

As the lesion enlarges, and gingival crevicular fluid
flow increases, noxious substances from microbes will
be diluted both in the tissue and the crevice. Bacteria
and their products may thus be flushed from the
sulcus. Plasma proteins escaping from the microcircu-
lation include defensive proteins such as antibodies,
complement and protease inhibitors and other macro-
molecules with numerous functions, which will be
discussed below. This gingival crevicular fluid (GCF)
can be readily sampled by placing filter strips at the
gingival margin to absorb the exudate. The volume of
the exudate is proportional to the severity of the gin-
gival inflammation present (Fig. 5-6). The absolute
amounts and the concentration of various plasma
proteins, tissue proteases, inhibitors and breakdown
products and leukocyte enzymes in the gingival sul-
cus have been studied extensively. GCF components
are considered as very useful markers of the inflam-
matory process and are currently being developed as
diagnostic markers of periodontal disease.

Simultaneously with these vascular alterations,

Fig. 5-10. Alterations in number of crevicular leuko-
cytes and in gingival fluid during a period of develop
ing gingivitis in beagles. Note the gradual increase
of leukocytes and fluid flow during the experimental
period. (From Attstrom & Egelberg 1970.)

PMN cell migration from the dentogingival vascular
system is enhanced by the adhesion molecules, inter-
cellular adhesion molecule-1 (ICAM-1) and endothe-
lial leukocyte adhesion molecule-1 (ELAM-1) and
other adhesins. These molecules assist PMNs binding
to the post capillary venules and help the cells to leave
the blood vessel (Fig. 5-9). The leukocytes migrate up
a chemoattractant gradient to the crevice and are prob-
ably further assisted in their movement by the adhe-
sion molecules uniquely present on the junctional
epithelial cells (Fig. 5-5) (Moughal et al. 1992) and by
the presence of host and microbial chemotactic factors.
Lymphocytes may be retained in tissues on contact
with antigens, cytokines or adhesion molecules and
thus are not so readily lost through the junctional
epithelium and into oral cavity, as are PMNs. Most
lymphocytes have the ability to produce CD44 (CD =
cluster determinant) receptors on their surfaces,
which permit binding of the cell to the connective
tissue framework. This is consistent with the T and B
cell requirement to remain within the tissues and to
perform cell mediated and humoral immune func-
tions locally.
Probably within 2-4 days of plaque build-up the
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Fig. 5-11. Buccolingual section of the gingiva on day 4 of developing gingivitis in a beagle. Note plaque (P) in the
sulcus region and increased cellularity in the coronal part of the connective tissue below the junctional
epithelium. Note the presence of leukocytes in the coronal part of the junctional epithelium and at the surfaces of

the subgingival plaque.

cellular response is well established and is helped by
chemotactic substances originating from the plaque
microbiota as well as from host cells and secretions.
PMNs move through the connective tissue and the
majority seem to accumulate in the junctional epithe-
lium and gingival sulcus region (Figs 5-9 and 5-10).

The early lesion
The early gingival lesion occurs after approximately
one week of plague accumulation (Fig. 5-11). Only an
approximation of the time required can be given as
marked subject variation occurs in humans although
this may well be less variable in animal models. The
variation seen amongst humans could be due to dif-
ferences in plaque accumulation, both at the site and
subject level, or to differences between individuals in
features such as hormonal levels. Histologically the
vessels below the junctional epithelium remain di-
lated, but their numbers increase due to the opening
up of previously inactive capillary beds (compare Fig.
5-1 and 5-12). The course, size and quantity of mi-
crovasculature units are reflected in the clinical ap-
pearance of the gingival margin during this phase (
Egelberg 1967, Lindhe & Rylander 1975).
Lymphocytes and PMNSs are the predominant infil-
trating leukocytes at this stage and very few plasma

cells are noted within the lesion (Listgarten & Elle-
gaard 1973, Payne et al. 1975, Seymour et al. 1983,
Brecx et al. 1987). The inflammatory cell infiltrate may
at this stage comprise as much as 15% of the connec-
tive tissue volume. Within the lesion fibroblasts de-
generate. This probably occurs by apoptosis and
serves to remove fibroblasts from the area, thus per-
mitting more leukocyte infiltration (Page & Schroeder
1976, Takahashi et al. 1995). Similarly collagen de-
struction occurs in the infiltrated area and is necessary
in order that the tissues can be pushed apart to accom-
modate the infiltrating cells and thus could be consid-
ered as a space creating process. Inflammatory
changes are detectable clinically at this stage and near-
ing the end of the second week of plaque accumula-
tion, a subgingivally located biofilm can be found.

The basal cells of the junctional and sulcular epithe-
lium have now proliferated. This represents an at-
tempt by the body to enhance the innate barrier to
plague (Fig. 5-13). Epithelial rete pegs can be seen
invading the coronal portion of the lesion (Schroeder
1970, Schroeder et al. 1973).

The duration of the early lesion in humans has not
been determined. The early lesion may persist for
much longer than previously thought and the vari-
ability in time required to produce an established
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Fig. 5-12. (a) Buccolingual section of chronically in-
flamed gingiva in a dog. The vessels have been filled
with a contrasting carbon suspension. Note the wide
and tortuous vessels below the junctional epithelium
to the left in the illustration. Compare with the vascula-
ture in healthy gingiva in Fig. 5-10. The pronounced
vascular reaction in this area is a result of plaque accu-
mulation. (b) Mesiodistal section of a gingiva illustrat-
ing the vessels below the junctional epithelium of
chronically inflamed gingiva. Note vascular dilation
and proliferation at the level of the gingival margin (
GM). Note also that vascular proliferation has oc-
curred in the apical part of the vascular plexus (from
Egelberg 1967).

Fig. 5-13. Buccolingual section of the gingiva on day 7
of developing gingivitis in a beagle. Note the subgingi-
val extension of plaque (P), as well as the increased
number of inflammatory cells in the connective tissue
below the dentogingival epithelium.
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Fig. 5-14. Buccolingual section of the gingiva on day 21
of developing gingivitis in a beagle. Compare with Fig.
5-15. Note the extension of the subgingival plaque (P)
as well as the apical extension of the infiltrate (the le-
sion) in the connective tissue.

lesion may reflect susceptibility variance within and
between subjects.

The established lesion

Generally there is a further enhancement of the in-
flammatory state as exposure to plaque continues.
There is increased fluid exudation and leukocyte mi-
gration into the tissues and the gingival crevice. Clini-
cally this lesion will exhibit more edematous swelling
than the "early gingivitis" lesion and could be consid-
ered as "established gingivitis".

The established lesion as defined by Page and
Schroeder is one dominated by plasma cells. This
conclusion was based mainly on data from animal
experiments. However, Brecx et al. (1988) demon-
strated that even following 6 months of oral hygiene
neglect, the plasma cell fraction in human biopsies
comprised only 10% of the cellular infiltrate and was
clearly not the dominant cell type. Thus, the human
established lesion apparently requires much more time
to "mature” than its animal counterparts.

In the established lesion described by Page and
Schroeder (1976), plasma cells are seen situated pri-
marily in the coronal connective tissues as well as

Fig. 5-15. Buccolingual section of the gingiva on day 28
of gingivitis development in a beagle. Note the exten-
sion of the subgingival plague (P) and the increased
number of leukocytes in the connective tissue below
the junctional epithelium. Note rete pegs in the den-
togingival epithelium.

Infiltrated connective tissue

Day

Fig. 5-16. Diagram showing the increase in size of the
infiltrated connective tissue during the development of
gingivitis in beagles (from Mattsson & Attstrom 1979)

around vessels. Collagen loss continues in both lateral
and apical directions as the inflammatory cell infil-
trate expands, resulting in collagen depleted spaces
extending deeper into the tissues which are then avail-
able for leukocytic infiltration (Figs. 5-14, 5-15, 5-16).
During this time the dentogingival epithelium contin-
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Fig. 5-17. Schematic illustration of the changes in the gingival tissues during the development of gingivitis and
periodontitis. The most significant differences are in the extent and composition of the inflammatory infiltrate and
the epithelial proliferation in gingivitis, and the apical migration of epithelium and bone loss seen in periodontitis

lesions.

ues to proliferate and the rete pegs extend deeper into migrate across the epithelium into the gingival pocket.
the connective tissue in an attempt to maintain epi- In comparison to the original junctional epithelium,
thelial integrity and a barrier to microbial entry. The the pocket epithelium is more permeable to the pas-
junctional epithelium is changed and is no longer sage of substances into and out of the underlying
closely attached to the tooth surface. The pocket epi- connective tissues and may in places be temporarily
thelium that now has formed has a heavy leukocyte ulcerated. Fig. 5-17 schematically illustrates the altera
infiltrate, predominantly of PMNs which eventually tions which occur in the epithelium and the connec-
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tive tissue during the development of gingivitis and
periodontitis.

Two types of established lesion appear to exist: one
remains stable and is not progressing for months or
years (Lindhe et al. 1975, Page et al. 1975), while the
second becomes more active and converts to a pro-
gressive and destructive advanced lesion.

The advanced lesion

The final stage in this process is known as the ad-
vanced lesion. As the pocket deepens, probably due
to the epithelium spreading apically in response to
plague irritation and further short-lived and micro-
scopic destructive episodes, plaque continues its api-
cal downgrowth and flourishes in this anaerobic eco-
logical niche. The inflammatory cell infiltrate extends
laterally and further apically into the connective tis-
sues. The advanced lesion has all the characteristics of
the established lesion but differs importantly in that
alveolar bone loss occurs, fiber damage is extensive,
the junctional epithelium migrates apically from the
cemento-enamel junction, and there are widespread
manifestations of inflammatory and immunopatholo-
gical tissue damage. The lesion is no longer localized
to the gingival, and the inflammatory cell infiltrate
extends laterally and apically into the connective tis-
sue of the true attachment apparatus. It is generally
accepted that plasma cells are the dominant cell type
in the advanced lesion (Garant & Mulvihill 1972).
There are major similarities between the established
lesion of "chronic gingivitis" and the advanced lesion
of "chronic periodontitis".

 In summary, in the progression from health to gin-
givitis and on to periodontitis there are many un-
known factors related to timing. In addition, there
is extensive subject and site variability in both exac-
erbating factors and innate susceptibility.

HOST-PARASITE INTERACTIONS

Introduction

Inflammatory and immune reactions to microbial
plague are the predominant features of gingivitis and
periodontitis. The inflammatory reaction is visible
both microscopically and clinically in the affected pe-
riodontium and represents the host's response to the
plague microbiota and its products.

Inflammatory and immune processes operate in the
gingival tissues to protect against local microbial at-
tack and prevent microorganisms from spreading or
invading into the tissues. In some cases these host
defense reactions may be harmful to the host in that
inflammation can damage surrounding cells and con-
nective tissue structures. Furthermore, inflammatory
and immune reactions extending deeper into the con-
nective tissue beyond the base of the pocket may also

include alveolar bone loss in this destructive process.
Thus, these "defensive" processes may paradoxically
account for much of the tissue injury observed in
gingivitis and periodontitis.

Whilst inflammatory and immune reactions within
the periodontal tissues may appear similar to those
seen elsewhere in the body, there are significant differ
ences. To some extent this is a consequence of the
anatomy of the periodontium (see Chapter 1), i.e. the
permeable junctional epithelium that has remarkable
cell and fluid dynamics and that at all times seeks to
preserve epithelial continuity across the hard and soft
tissue interface. In addition, inflammatory and im-
mune processes in periodontal tissues are a response,
not simply to one microbial species, but to large num-
bers of microbes — that reside outside the soft tissue —
and their products acting over a long period.

Periodontal disease has sometimes been referred to
as a "mixed bacterial infection" to denote that more
than one microbial species contributes to the develop-
ment of disease. Microbial species interact, and al-
though some may not be overtly pathogenic they may
still influence the disease process, promoting the viru-
lence potential of other microbes by providing specific
growth or defensive factors for them. The microbiota
in periodontal pockets is in a state of continual flux;
species which are relevant at one stage of disease may
not be important at another. In other words, periodon-
tal destruction may result from combinations of bac-
terial factors which vary over time. This contrasts with
most other classical infectious diseases (e.g. tubercu-
losis, syphilis, gonorrhea) where the host contends
with one organism and the diagnosis of the disease
state is indicated by the presence of this pathogen.

The pathogenicity of microorganisms relates as
much to the particular host's innate and /or inflamma-
tory and/or immune capability, as to the virulence of
the bacteria themselves. For example, periodontal de-
struction could result from microbial enzymes that
directly digest the tissue or from inflammation and / or
from immune reponses to these enzymes. In addition,
destructive responses might result from the host's
inflammatory or immune reaction to normal physi-
ological components of the bacteria such as the
lipopolysaccharides found in the outer membrane of
Gram-negative bacteria.

Epidemiological studies have shown that even
within the same individual, the severity of periodon-
tal tissue injury often varies from tooth to tooth and
from one tooth surface to another. Thus, whilst many
teeth within an individual mouth may exhibit ad-
vanced loss of connective tissue attachment and al-
veolar bone, other teeth or tooth surfaces (sites) may
be almost unaffected and surrounded by a normal
periodontium. Hence, a patient who is susceptible to,
and exhibiting, periodontal disease is not afflicted
with a "homogenous" condition. Each affected site in
his/her mouth represents an "individualized" or "
specific" microenvironment. In some sites, the in-
flammatory lesion may be contained within the
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gingiva (gingivitis) for prolonged periods of time
without any apparent progression of the disease into
deeper tissues. In other sites, active periodontal de-
struction (periodontitis) may occur and may be a con-
sequence of a variety of host and parasite factors, a
discussion of which now follows.

Microbial virulence factors

Periodontal disease is initiated and sustained by fac-
tors (substances) produced by the subgingival micro-
biota (the biofilm). Some of these substances can di-
rectly injure host cells and tissues. Other microbial
constituents may activate inflammatory or cellular
and humoral immune systems which secondarily
damage the periodontium. It is the latter pathway
which accounts for most periodontal injury.

In this context, however, microbial invasion of the
soft tissues should be considered. Invasion of the
dentogingival epithelium by spirochetes was conclu-
sively documented in lesions of necrotizing ulcerative
gingivitis (Listgarten 1965). Although there have been
numerous reports of microbial invasion in other forms
of periodontitis, the significance of these observations
is unclear. In terms of in vivo and in vitro demonstra-
tions of invasion the evidence is conflicting with no
clear understanding emerging. Even if bacteria enter
into the tissues, it is not known whether this repre-
sents true invasion (i.e. microbial colonization and
proliferation within the tissues) or displacement or
translocation of the bacteria from the biofilm into the
soft tissues during late stages of disease. Thus, it is not
known whether microbial invasion presents an im-
portant challenge to the host or is merely artifactual,
or whether the process may actually benefit the host
by early exposure of microbial antigens to the host
immune system so that an effective immune response
can be developed.

Microorganisms produce a variety of soluble en-
zymes in order to digest extracellularly host proteins
and other molecules and thereby produce nutrients
for their growth. They also release numerous metabo-
lic waste products, such as ammonia, indole, hydro-
gen sulfide and butyric acid.

Amongst the enzymes released by bacteria are pm-
teases (proteinases) capable of digesting collagen,
elastin, fibronectin, fibrin and various other compo-
nents of the intercellular matrix of epithelial and con-
nective tissues. One protease that has attracted much
attention is the Argl-protease produced by P. gingi-
valis for which high potency is claimed. This protease,
in addition, has the capability to induce a strong hu-
moral immune response (Aduse-Opoku et al. 1995).
Leukotoxin was in the focus of interest for many years,
but as yet no in vivo evidence exists for its claimed role
in periodontal tissue destruction (Haubek et al. 1995).
This leukotoxin has been researched in both America
and Europe but it appears that the strains investigated
differ (Haubek et al. 1995). It appears that the more

virulent form of A. actinomycetemcomitans which pro-
duces leukotoxin in excess and thus has great capacity
to Kkill leukocytes, is common in the US but virtually
absent in European strains.

Lipopol ysaccharides (LPS) (endotoxins) of Gram-
negative microorganisms are capable of invoking both
the inflammatory and immune responses as they in-
teract with host cells. Many of the functions attributed
to LPS in the past were associated with their cytokine
stimulating actions but also with the many outer
membrane molecules, proteins and enzymes, bound
in the LPS molecules. LPS has also been shown to have
profound effects on the blood coagulation system and
the complement system resulting in altered hemosta-
sis and the formation of various pro-inflammatory
peptides. The reported properties of LPS and of lipo-
teichoic acids (LTA) of Gram-positive organisms are
numerous and may be due to the many other mole-
cules associated with these outer membrane struc-
tures. LPS, LTA and the specific proteins or polysac-
charides produced and released from subgingival
microorganisms activate chemical mediators of in-
flammation to produce vascular permeability and en-
courage, through chemotactic actions, inflammatory
cells to move into the tissues and invoke defense cells
to release pro-inflammatory agents and cytokines.

Immune responses to microorganisms will mainly
be directed against outer membrane proteins and
polysaccharides and against extracellularly released
enzymes and toxins. These immune reactions will
result in further release of cytokines and proinflam-
ma tory mediators which in turn will increase the in-
flammation and thus be more harmful to the host.
Currently interest in specific molecules is increased,
particularly molecules from P. gingivalis, which may
be capable of generating a strong immunological re-
action. These so called immunodominant molecules
include Argl-protease, fimbrillin (types I and Il), heat
shock proteins and various other surface antigens
thought to be capable of inducing an excessive anti-
body response. If these molecules prove to be truly
immunodominant, this could suggest that they are
important pathogenic factors in periodontitis and
thus may be worth targeting in immunological based
therapeutic strategies. One major difficulty in design-
ing and developing an effective periodontal disease
vaccine is the multiplicity of putative periodon-
topathogens, i.e. although one microbial species or
strain may be successfully eradicated, other members
of the extensive flora may replace them and take over
their role in the pathogenic process.

 In summary, microbes are capable of producing a
variety of substances which either directly or indi-
rectly harm the host. The main detrimental effect
may be the host's own immune response to the
foreign antigens which the microbes present.
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Host defense processes

Host parasite reactions can be divided into innate (
non-specific) and adaptive (specific) responses. In-
nate reactions include the inflammatory response and
do not involve immunological mechanisms. Adaptive
reactions that include immunological responses tend
to be more effective as the host response is specifically
"tailored" to the offending pathogen(s).

The innate defense systems

Innate immune mechanisms operate without any pre-
vious contact with the disease-causing microorgan-
ism. These mechanisms include the physical barriers of
the oral mucosal epithelial surfaces and vascular and
cellular aspects of the inflammatory responses.

The epithelial surface is the first region of the perio-
dontium which comes into contact with and responds
to bacteria attaching and colonizing the dento-gingi-
val region. Prevention of attachment and colonisation
is important for the host defenses and this is achieved
through multiple innate mechanisms which include
the washing effect of the saliva and gingival crevicular
fluid (GCF), the constituents of these fluids such as
antibodies and proteases, complement, salivary an-
tibacterial agents and lactoferrin and other salivary
proteins which are detrimental to bacterial growth
and can be bactericidal. The oral mucosa itself is not
simply a barrier but has a chemical composition which
may be detrimental to bacteria. Furthermore, the cells
of the epithelium can respond to the bacteria by (1)
producing and/or releasing cytokines and other
molecules that kill the microbes and (2) releasing other
molecules (such as IL-1) capable of inducing or en-
hancing the inflammatory reaction. The epithelium
can also respond by increasing expression of surface
molecules such as cell adhesion molecules which can
function with cytokines and chemoattractants to bring
leukocytes to the region.

Molecules in saliva such as lactoferrin have several
detrimental effects on bacteria, which include the
binding and restriction of iron in the environment that
prevents microbial growth. In addition, lactoferrin is
also highly cidal for bacteria. Molecules present in the
GCF include complement, which can Kkill bacteria di-
rectly or together with antibodies, and can bring
PMNs to the region (via chemotaxis). The presence of
PMNs may be further detrimental to the bacteria.

The concept that epithelial and other non-leuko-
cytic cells such as endothelial cells and even fi-
broblasts are not involved in specific immune or in-
flammatory reactions has been disproved as we con-
tinually uncover specificity in what we previously
viewed as innate defense systems. Toll-like receptors
on epithelial and endothelial cells which bind micro-
bial lipopolysaccharides and molecules such as de-
fensins (from serum) have specificity to particular bac-
teria. This indicates that even innate responses of the
host can be tailored to particular bacteria. These find-
ings have further influenced the way we currently

view host-microbe interactions in infectious disease.
Host and pathogens have developed together over
millions of years and have learned to mimic and util-
ize each other's systems in highly sophisticated ways.

Inflammatory processes

The host has an extensive repertoire of defensive re-
sponses to ward off invasion by pathogens. Effective
responses either result in a rapidly resolving lesion (e.
g. a staphylococcal abscess which heals) or no lesion at
all (e.g. smallpox infection in a successfully vacci-
nated host). An ineffective response may result in a
chronic lesion which does not resolve (e.g. tuberculo-
sis) or if excessively deployed, in a lesion in which the
host responses contribute significantly to the destruc-
tive process (e.g. rheumatoid arthritis or asthma).

In the classical description of inflammation an area
is presented which appears macroscopically red,
swollen, hot and painful, and with possible loss of
function in specific sites. Redness and heat are due to
vasodilatation and increased blood flow. Swelling is a
result of increased vascular permeability and leakage
of plasma proteins which create an osmotic potential
that draws fluid into the inflamed tissues. Related to
the vascular changes there is an accumulation of in-
flammatory cells infiltrating the lesion. Pain is rarely
experienced in periodontal disease, particularly in the
early stages, but could theoretically occur due to
stimulation of afferent nerves by chemical mediators
of inflammation (necrotizing ulcerative gingivitis
where rapid tissue destruction is typical) and pressure
from vastly increased tissue tension (typical of peri-
odontal abscesses). Impairment of function is classi-
cally illustrated in arthritically swollen joints. An oral
example of impaired function is the reduced opening
or trismus of the mandible sometimes associated with
pericoronitis in the third molar region. A periodontal
example of loss of function would be the reduced
masticatory efficiency of mobile teeth following ad-
vanced tissue destruction in periodontitis.

Molecules, cells and processes

Proteinases (proteases)

Periodontal disease results in tissue degradation, and
thus proteases, both host and microbial, are central to
the destructive processes. Proteinases, or proteases,
cleave proteins by hydrolyzing peptide bonds and may
be classified into two major classes, endopeptidases and
exopeptidases, depending on the location of activity of
the enzyme on its substrate. Endopeptidases cleave
bonds in their substrate within the polypeptide chain,
whereas the exopeptidases cleave their substrate near
the end of the polypeptide chain. Numerous studies
have been conducted in order to assess endopeptidase
activity and concentrations in gingival crevicular
fluid. These studies include both experimental
gingivitis  (where  volunteers  abstain  from
toothbrushing for several weeks), cross-sectional
studies (of periodontitis patients) and longitudinal
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studies before and after periodontal treatment. In
most cases assessment of proteases has been by their
enzyme activity, although immunoassays have also
been used. A reduction of protease levels following
treatment has been obtained in most studies. En-
dopeptidase activity, including collagenase, elastase-
like and trypsin-like, as well as serine and cysteine
proteinases, has also been detected in homogenates of
gingival tissue.

Proteinase inhibitors

Release of proteases in the gingivae and the crevicular
area promotes inflammatory reactions and contrib-
utes to connective tissue damage via several path-
ways. In contrast, proteinase inhibitors would serve as
modulators of protease function in the area and would
dampen the inflammatory process. All the host de-
rived endopeptidases known to be released into the
gingival crevice can be inhibited by the combined
function of alpha-2 macroglobulin (A2-M) and alpha-
1 antitrypsin (AI-AT). In fact, gingival collagenase
inhibition by A2-M has been demonstrated and poly-
morphonuclear leukocyte (PMN) collagenase is in ad-
dition inhibited by AI-AT. Bacterial collagenases can
also be inhibited by human proteinase inhibitors but
there are also possibilities that potent proteinases from
microorganisms such as p. gingiva/is (Arg-1 protease
or gingipain) are capable of degrading these inhibi-
tors.

* In summary, many host and microbial enzymes are
likely to be present in the crevice at any one time.
Realizing the potentially destructive features of
such enzymes, consideration should be given to the
source of these enzymes, their relative proportions
and the inhibitory mechanisms available within the
crevice. The main enzyme activity is host derived
and specific and non-specific inhibitors are plentiful
within the crevice and thus enzyme activity will be
localized and short-lived.

Matrix metalloproteinases (MMP)

Fullmer and Gibson (1966) showed that both epi-
thelial cells and cells in the inflamed gingival connec-
tive tissue are capable of producing collagenase in
tissue culture. The periodontium is structurally com-
prised of fibrous elements including collagen, elastin
and glycoproteins (laminin, fibronectin, proteogly-
cans), minerals, lipids, water and tissue-bound
growth factors. In addition there exists a large variety
of extracellular matrix components including tropo-
collagen, proteoglycans and other proteins (elastin,
fibronectin, laminin, osteocalcin, osteopontin, bone
sialoprotein, osteonectin and tenascin). All of these
matrix components are constantly in a state of turn-
over and thus there is much matrix enzyme activity in
both health, disease and tissue repair and remodeling (
Kinane 2001). Matrix metalloproteinases (MMP) are
responsible for remodeling and degradation of matrix
components. MMPs also degrade interstitial and base-

ment membrane collagens, fibronectin, elastin,
laminin, and the proteoglycan core protein. MMPs are
made in a proenzyme form, and activation is extracel-
lular.

One of the MMPs receiving much attention is the
neutrophil (PMN) collagenase which is found in higher
concentrations in inflamed gingival specimens than in
clinically healthy gingivae. Immunolocalization of tis-
sues for collagenase demonstrated that gingival biop-
sies taken from patients with periodontal disease in-
dicated the presence of the enzyme, whereas gingival
specimens obtained from treated subjects had no en-
zyme present. The increased presence of these MMP
enzymes in diseased over healthy sites (Ohlsson et al.
1973), their increase during experimental gingivitis (
Kowashi et al. 1979) and decrease after periodontal
treatment (Haerian et al. 1995, 1996) suggest that
MMPs are involved in periodontal tissue breakdown.
Among the MMPs both PMN and fibroblast col-
lagenase have the unique ability of cleaving the triple
helix of type I, Il and Ill collagens, thus initiating
extracellular matrix degradation which is not shared
by the other members of the family.

The periodontal ligament is one of the most meta-
bolically active tissues in the body, and collagen me-
tabolism represents most of this activity. The biologi-
cal reason for this activity probably relates to its ability
to adapt to occlusal forces generated during function.
An important feature of connective tissues in general
and the periodontal ligament in particular, is the proc-
ess of constant renewal of the extracellular matrix
components involving matrix metalloproteinase (
MMP). The breakdown of collagen occurs during
inflammation, tissue breakdown, remodeling, tissue
repair or wound healing. This process can occur by
either an intracellular or extracellular route. In peri-
odontal lesions, the balance between synthesis and
degradation is disrupted. Even during early gingivitis
many of the collagen fibers in the overt gingiva are
broken down, to make space for the infiltrating in-
flammatory cells. This process changes a firm, pink
gingiva into a swollen, loose and reddish tissue which
has lost its integrity. When this condition becomes
chronic, progression of the lesion into deeper peri-
odontal structures may occur and then the collagen
fibers of the periodontal ligament are broken down,
together with the supporting alveolar bone. This oc-
curs via an MMP-mediated extracellular digestion.

* In summary, it is evident that the activity of MMPs
and their inhibitors is associated with tissue turn-
over as well as with gingivitis, destructive perio-
dontitis and with the healing of the periodontal
tissues following therapy.

Cytokines

Cytokines are soluble proteins, secreted by cells,
which act as messenger molecules that transmit sig-
nals to other cells. They have numerous actions which
include initiation and maintenance of immune and
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inflammatory responses and regulation of growth and
differentiation of cells. The interleukins are important
members of the cytokine group and are primarily
involved in communication between leukocytes and
other cells, such as epithelia, endothelia and fi-
broblasts, involved in both immune and inflamma-
tory processes. These molecules are released in small
amounts and have a variety of actions on cells which
carry the specific receptor for the particular inter-
leukin. Cytokines are numerous, many have overlap-
ping functions and they are interlinked forming an
active network which controls the host response. Con-
trol of cytokine release and action is complex and
involves inhibitors and receptors. Many cytokines are
capable of acting back on the cell which produced
them so as to stimulate their own production and the
production of other cytokines.

Pro-inflammatory cytokines: Cytokines such as inter-
leukin (IL)-1 a, IL-Ib and tumour necrosis factor (TNF)-a
stimulate bone resorption and inhibit bone formation
in vitro and in vivo. Studies on the mechanism of 1L-1
action on fibroblasts in vitro, suggest that IL-1 can act
on the fibroblasts to promote cellular matrix repair or
destruction.

Chemotactic cytokines: A series of more than 20 mole-
cules have been identified, among which the most
famous and best characterized is interleukin 8 (IL-8),
which has powerful chemotactic functions for leuko-
cytes particulary for neutrophils but also for lympho-
cytes and macrophages. These molecules act to recruit
defense cells to areas where they are needed and are
important in cell mediated responses. The term
chemokine is used to describe these molecules and is
an abridged form of the term "chemotactic cytokine".

Lymphocyte signaling cytokines: T helper cells are
lymphocytes within the tissues which regulate both
the humoral and cell mediated immune responses via
cytokines. The humoral immune response is pro-
moted by a T helper cell type 2 (TH-2) which produces
characteristic cytokines namely I1-4, IL-5, IL-10 and
IL-13. The TH-1 lymphocytes release IL-2 and inter-
feron (IFN)-y which enhance cell mediated responses (
Fig. 5-18). These cytokines provide a precise mecha-
nism for the control of the immune response so that a
sufficient response is produced to deal with the of-
fending pathogen.

Cytokines can influence the immune response
through determining the class of immunoglobulin
being produced, which may have quite a profound
effect on antibody function. For example 1gM mole-
cules are more effective at bacteriolysis and 1gG mole-
cules are more effective at opsonization. The 1gG an-
tibodies exist as four distinct subclasses (IgG1, 19G2,
1gG3 and 1gG4) based on differences in the Fc portion
of these molecules. The antibody subclass influences
antibody function, 1gG2 being less strong in binding
antigen than 1gG1. Several researchers have found
1gG2 to be elevated over IgG1 in patients with severe
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Fig. 5-18. Diagram illustrating the cytokines produced
by type 1 (TH1) and type 2 (TH2) T helper cells.

periodontitis and propose that IgG subclass levels are
important factors in susceptibility to periodontitis (
Wilson et al. 1995).

Prostaglandins

Prostaglandins are arachidonic acid derivatives which
are important mediators of inflammation. Not surpris-
ingly therefore they have been implicated in the
pathogenesis of periodontal disease (Offenbacher et
al. 1993a). The pro-inflammatory cytokines are capa-
ble of inducing macrophages and other cells to pro-
duce copious amounts of prostaglandins, particularly
PGE2 which are potent vasodilators and inducers of
cytokine production by various cells. PGE2 acts on
fibroblasts and osteoclasts, together with cytokines, to
induce MMP production, which is relevant to tissue
turnover and in the destructive process in peridontitis.
Many studies have examined the association of PGE2
with periodontal disease and suggest that its concen-
tration in gingival crevicular fluid increases in gingi-
vitis relative to health and is at very high concentra-
tions during periods of periodontal disease progres-
sion (Offenbacher et al. 1993b).

Polymorphonuclear leukocytes (PMNs)
The PMN is the predominant leukocyte within the
gingival crevice/pocket in both health and disease.
PMNs from the circulation are attracted to the area via
chemotactic stimuli elicited from microorganisms in
the biofilm, and histologically PMNs can be seen trav-
ersing the gingival connective tissue in inflammation.
PMNs are, however, also present in clinically healthy
gingiva and are recruited to this tissue in response to
chemotactic factors in the gingival crevice region.
Attstrom and Egelberg (1970), in an experiment on
dogs, showed that carbon labeled peripheral blood
neutrophils from the circulation migrated into the
gingival crevice and that their migration rate was
higher in inflamed than in healthy crevices. PMN
numbers increase in the gingival crevice with the
development of gingivitis and more PMNs are found
in periodontitis compared to gingivitis sites.

As in other tissues, migration of leukocytes from
the vessels into the gingival connective tissue, and
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Fig. 5-19. Major events in the encounter between PMNs and invading microorganisms: (a) Once PMNs emigrate
from the microcirculation, they migrate toward bacteria under the influence of chemotactic factors. Upon contact
PMNs adhere to the organisms (many types of bacteria must be opsonized to facilitate PMN adherence and phago-
cytosis). (b) Coincident with adhesion, PMNs begin to phagocytose these organisms. This is accomplished as the
plasma membrane flows around and then invaginates to internalize attached organisms which are now contained
within phagosomes. Several bacteria can be phagocytosed simultaneously by the PMN. (c) As these events occur
PMNs demonstrate dramatic metabolic alterations including: an elevation in glycolysis, a marked rise in oxygen
consumption and increased glucose utilization by the hexose monophosphate shunt. Glycolytic metabolism of glu-
cose provides the energy required by phagocytosis and also results in a drop in intracellular pH due to the forma-
tion of lactate. The oxidative burst is largely the result of NADPH oxidase activity (an enzyme associated with the
cell membrane), which oxidizes NADPH to NADP and results in the reduction of oxygen to various free radicals.
These oxidants are released into the phagosome to kill bacteria. The hexose monophosphate shunt provides for the
regeneration of NADPH. At the same time, lysosomes are mobilized toward the developing phagosome and fuse
with the phagosome membrane, giving rise to a phagolysosome. Lysosomal antimicrobial compounds (myeloper-
oxidase, lysozyme, lactoferrin, cationic proteins, etc.) are discharged into the vacuole. The combination of oxidative
and non-oxidative (acid pH, lysosomal agents) pathways explains how PMNs kill ingested organisms. Lysozyme
and neutral proteases (particularly elastase) derived from lysosomes digest and dispose of the dead organisms. Be-
fore invagination is completed, biologically-active products can be released from the phagosome into the external
environment. These agents play a role in extracellular Killing of microorganisms but also may adversely affect sur-
rounding host cells and tissue structures.

through the junctional epithelium into the gingival
crevice, is controlled via adhesion molecules (Fig. 5-9).
Moughal et al. (1992), in a study in which volunteers
were asked to stop normal hygiene practices for several
weeks (an experimental gingivitis study), showed that
vessels in the gingival connective tissue express ELAM-
1 and ICAM-1 both in health and in gingivitis.
Furthermore, PMNs were found in great abundance in
areas expressing intense ELAM-1 and ICAM-1
staining. In addition, the junctional epithelium

stained strongly positive for ICAM-1, suggesting the
importance of this adhesion molecule in allowing PMN
migration through this epithelium into the gingival
crevice.

PMNs in the gingival crevice form the first line of
defense against periodontal pathogens. This is illus-
trated by the fact that qualitative and quantitative
deficiencies, as found in cyclic neutropenia and Chediak
Higashi syndrome, result in gross periodontal tissue
destruction.
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Elastase, a serine protease, is contained in the primary
granules of the PMN. Elastase may cause tissue break-
down and is present with increased activity at sites of
gingival inflammation. Murray et al. (1995) showed
that although there is an increase in the concentration
of elastase with increasing severity of gingivitis (and
periodontitis), the enzyme may not be in an active
form.

Lactoferrin is contained in the secondary granules of
the PMN, is released during PMN migration and is
correlated with PMN activation. Differences in the
relative amounts of elastase (primary granule con-
stituent) and lactoferrin (secondary granule constitu-
ent) were found in periodontal sites with varying
degree of inflammation. A greater proportion of lac-
toferrin to elastase was found in periodontitis than in
gingivitis sites. This variation in the release by PMNs,
of primary and secondary granule enzymes, may in-
dicate alterations in PMN function in different disease
environments.

« In summary, PMNs seem to play a central role in the
pathogenesis of periodontal disease. They play a
primary role in the inflammatory process which, if
effective, may stop the disease process and prevent
the consequent antigenic challenge and the more
destructive immune processes (Fig. 5-19). Tissue
damage from PMNs may be superficial to the un-
derlying attachment apparatus and may be prefer-
able to the stimulation of the immune system that
could cause deeper and more long-term destruc-
tion.

Interaction between endothelial cells and leukocytes

The endothelium which lines the vasculature, struc-
turally and functionally, separates the blood elements
from extravascular tissue. During a local inflamma-
tory response, injury to a tissue site results in release
of chemical mediators of inflammation which change
vascular proteins, and cells of the blood accumulate at
the site of the injury; and localized adhesion of periph
eral blood leukocytes to the endothelial cell lining
occurs. Adhesion of leukocytes is an essential step in
a variety of pathophysiological processes and a key
event in the pathogenesis of certain vascular diseases.
Cellular migration involves three main structures: the
endothelial cells, the cell adhesion molecules (recep-
tors and their ligands) and the extravasating cells.
Adhesion of leukocytes appears to be essential in
controlling cellular traffic into inflamed areas and it
has been proposed that cytokines may play an impor-
tant role in regulation of this traffic. This may be
mediated in part by effects of cytokines on endothelial
cells, both in promoting the expression of endothelial
cell adhesion molecules for leukocytes and in stimu-
lating endothelial cells to facilitate leukocyte migra-
tion through the vessel wall.

The immune or adaptive defense system

Introduction

The hallmark of any immune response is specificity
and is based on the specific antigen-antibody interac-
tion of both the cellular and humoral immune re-
sponses. Immunology has developed rapidly in the
last few years. Advances have occurred in molecular
genetics, cloning of immunogenic cells, studies on cell
surface receptors and their biological functions, regu-
latory mechanisms, effector mechanisms and effector
mediators. Many recent developments in immunol-
ogy have influenced research into immune inflamma-
tory diseases such as periodontal disease.

The humoral immune response

In considering the specific humoral immune response
in periodontal disease, i.e. antibodies directed against
particular oral microorganisms, there are several is-
sues which must be addressed. First, microorganisms
play a decisive role in the development of gingivitis
and periodontitis (see Chapter 4). Second, several mi-
croorganisms in the biofilm may provoke an immune
response but not fulfill other aspects of Socransky's
extended Koch's postulates (Socransky et al. 1984).
Third, species such as p. gingivalis and A. actinomy-
cetemcomitans require particular attention because of
their current strong association with both chronic and
aggressive periodontitis.

It is also important to consider antibody function,
i.e. the ability of an antibody to opsonize bacteria and
to bind strongly (binding strength = avidity) to fim-
briae and hereby prevent bacterial colonization. Con-
sideration should be given to whether local antibody
levels in the gingival crevicular fluid (GCF) or in
serum or both are of importance; and whether local
levels are merely a reflection of serum levels, or
whether significant antibody production by gingival
plasma cells is taking place. This is important in the
determination of subject and site susceptibility to dis-
ease onset and progression. In addition, there is evi-
dence that the subclass of immunoglobulin produced
has a bearing on aspects of its function such as com-
plement fixation and opsonization. Certain studies
have reported a preponderance of 1gG2 production
over 1gG1l in localized aggressive periodontitis. This
means that the functionally (binding strength; avid-
ity) less effective 1gG2 may have some role in render-
ing these patients more susceptible to periodontal
tissue destruction (Wilson et al. 1995). Several studies
suggest that assessments of the titer and avidity (the
binding strength) of a patient's antibody to various
microorganisms in the subgingival biofilm may be
useful in the differential diagnosis and classification
of periodontal diseases (Mooney et al. 1993).

1gG has four subclasses and IgA has two subclasses.
Antibodies of different subclasses have different prop
erties. Thus, 1gG2 antibodies are effective against car-
bohydrate antigens (LPS) whereas the other sub-
classes are mainly directed against proteins. Kinane
et
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Fig. 5-20. Plasma cells within the periodontal gingiva. The mRNA for immunoglobulin production is noted in abun-
dance within the plasma cell cytoplasms indicating that gingival plasma cells have the ability to produce antibod-
ies locally (Kinane et al. 1997).
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Fig. 5-21. Immunostained section of healthy gingiva
showing Langerhans cells in the junctional epithelium.

al. (1997) studied the immunoglobulin subclasses (
IgG1-4 and IgA1-2) produced by plasma cells in the
gingival lesion of periodontitis patients (Fig. 5-20).
The proportions of plasma cells producing 1gG and
IgA subclasses were similar to the proportions of these
immunoglobulin subclasses in serum. lgG1l-produc-
ing plasma cells were predominant (mean 63%) in the
gingival; 23% of all 1gG-producing plasma cells pro-
duced 1gG2 antibodies, while 1gG3 and 1gG4-produc-
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ing cells were present in much smaller numbers (3%
and 10% respectively). Similar proportions of 1gG sub-
class proteins were detected in crevicular fluid of the
same patients.

* In summary, measurement of specific microbial an-
tibodies in longitudinal studies may provide infor-
mation on the relationship between antibody titer
and avidity at both subject and site levels and prog-
nosis.

The cell mediated immune response

Generally cell mediated immunity is initiated when
antigen from subgingival plaque penetrates into the
connective tissue through the junctional epithelium.
Antigen presenting cells, such as the Langerhans cells
within the epithelium (Fig. 5-21), process the antigen
and alter it to a form that is recognizable by the im-
mune system, i.e. the antigenic peptide binds to the
class Il major histocompatibility complex (MHC). The
T-helper cell recognizes this binding between the for-
eign antigen and the self MHC and becomes stimulated.
The T-helper cell proliferates and starts to release
cytokines. The cytokines should be regarded as sig-
nals which act on other cell types (i.e. macrophages, B
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1. Plaque antigens diffuse through
7. Antibody action on microbes in the crevice can result in the junctional epithelium
killing,  aggregation, precipitation,  detoxification,

opsonization and phagocytosis of bacteria

2. Langerhans cells within the epithelium
capture and process the antigens

3. Antigen-presenting cells (Macrophages
and Langerhans cells) leave the gingiva
in the lymphatics

6. Antibodies leave the circulation and are carried
to the crevice in the transudate from the
inflamed and dilated blood vessels

I

4. Antigen-presenting cells reach the
lymph node and begin to stimulate
lymphocytes to produce a specific
immune response

o

Periodontal microbe specific antibodies are
produced by plasma cells within the
lymph nodes and travel back to the
gingiva via blood vessels

~

Antibodies are produced locally by plasma
cells which are controlled by type 2 T-helper
cells (TH2). Cell-mediated immune activity is
regulated by type 1 T-helper cells (TH1)

(2]

. Periodontally specific lymphocytes
home" back to the periodontium and
locate within the tissues where they
begin their humoral and cell- mediated
immune functions

(52}

. Periodontally specific B cells (pre-
plasma cells) and T cells proliferate
within the lymph nodes and enter the
blood stream

Fig. 5-22. (a) Schematic illustration of the systemic humoral immune response to microbial antigens within the
gingival crevice region. (b) Schematic illustration of the local cellular immune response within the gingival
crevice region and how this is invoked by microbial antigens and the mechanism by which pertinent periodontal
immune cells traffic to the periodontium.

cells and other T cells) to stimulate, inhibit or even kill. proliferating and synthesizing cytokines. They may

Through this action inflammation and tissue damage also produce cytokines when stimulated by mitogenic

may result. substances released either by the subgingival micro-
The T-helper cells are following the first exposure biota or by other cells in the inflammatory reaction. to

the foreign material sensitized, and upon re-expo-

sure to the same antigen they respond promptly by
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The protective role of the immune responses

Understanding of the function of the humoral im-
mune responses of the periodontium is incomplete.
For example, it is not known if the plasma cells of the
gingival tissue are producing relevant or totally non-
specific antibodies to the microorganism within the
biofilm.

It is possible that Langerhans cells and other anti-
gen presenting cells are setting up humoral immune
responses within peripheral lymph nodes and that the
antibodies produced in the lymph nodes are arriving
at the gingiva to begin their function (Fig. 5-22a). It is
also possible that a homing mechanism, and/or a local
proliferation of B cells into periodontally relevant
plasma cells, within the gingival tissue can occur (Fig.
5-22b). Evidence for homing of both cellular and hu-
moral immune cells is emerging (Kinane et al. 1993a).

Recruitment of leukocytes into areas of injury or
infection is essential for an effective host defense. The
constant migration of T cells and other leukocytes to
sites throughout the body allows the immune system
to protect the tissues from a variety of antigenic chal-
lenges.

Leukocyte migration into tissues is particularly
prominent during inflammatory responses and results
from the cytokine-induced expression of adhesion
molecules on the surface of vascular endothelial cells
(Kinane et al. 1991) (Fig. 5-9). Endothelial leukocyte
adhesion molecule-1 (ELAM-1) and intercellular
adhesion molecule-1 (ICAM-1) are two adhesion
molecules which appear to be crucial for cellular traf-
ficking (Fig. 5-5). The changes in vascular adhesion
molecule expression and numbers of infiltrating leu-
kocytes during a 21-day experimental gingivitis epi-
sode were investigated immunohistochemically (
Moughal et al. 1992). ELAM-1 and ICAM-1 positive
vessels and T cells and neutrophils were identified
within gingival biopsies taken on days o, 7, 14 and 21.
Vascular endothelium expressed ELAM-1 and ICAM-
1 both in clinically "healthy" tissue (day 0) and in
experimentally inflamed tissue (day 7 to 21). Positive
vessels were found mainly in the connective tissue
subjacent to the junctional epithelium where the high-
est numbers of T cells and neutrophils were also seen.
A gradient of ICAM-1 was found to exist in the junc-
tional epithelium, with the strongest staining on the
crevicular aspect. This observation, together with the
vascular expression of ELAM-1 and ICAM-1 in both
clinically "healthy" and inflamed tissue, suggests that
the adhesion molecules are crucial and that they direct
leukocyte migration towards the gingival crevice (Fig.
5-9). The importance of these mechanisms is high-
lighted by the rapid and severe periodontitis that is
found in patients suffering from leukocyte adhesion
deficiency syndrome (LAD).

Specific antibody responses

P.gingivalis and A. actinomycetemcornitans are consid-
ered to be important pathogens in various types of
periodontal disease (Chapter 4). Several studies have

demonstrated that the antibody titers to these two
organisms are increased in patients with periodontitis
compared with subjects without disease (Kinane et al.
1993b, Mooney & Kinane 1994, Kinane et al. 1999).

Furthermore, Naito et al. (1987) and Aukhil et al. (
1988) demonstrated that the serum titer to p. gingivalis
was reduced in subjects with advanced periodontitis
following successful treatment. In this regard a study
by Mooney et al. (1995) must be recognized. They
reported on specific antibody titer and avidity to P.

gingivalis and A. actinomycetemcomitans in chronic pe-

riodontitis patients before and after periodontal ther-
apy The authors observed that 19G avidities (the bind-
ing strength of the antibodies) to p. gingivalis increased
significantly and specific 1gA levels more than doubled
as a result of treatment. Interestingly, only patients
who had high levels of antibody before treatment
showed a significant increase in antibody avidity. In
addition, patients who originally had high levels of
IgG and IgA to p. gingivalis also had better treatment
outcomes — in terms of a reduced number of deep
pockets and sites which bled on probing - than pa-
tients with initially lower titers.

Initial serostatus (i.e. antibody levels) is probably
dependent on a number of factors including previous
exposure to the subgingival microbiota and the host's
ability to respond to a particular antigen. The effect of
treatment on antibody level and avidity may be the
result of an inoculation (transient bacteremia) effect
that occurs during scaling and root planing. The re-
duction in the amount of bacteria, i.e. the antigen load,
which occurs after subgingival scaling and root plan-
ing, results in the activation of B-cell clones that pro-
duce antibodies of high avidity (binding strength).

The findings described above suggest that peri-
odontal therapy affects the magnitude and quality of
the humoral immune response to periodontal patho-
gens, that this effect is dependent on initial serostatus,
and that, thus, initial serostatus may have a bearing
on treatment outcome.

« In conclusion, the humoral immune response, espe-
cially 1gG and IgA, is considered to have a protec-
tive role in the pathogenesis of periodontal disease
but the precise mechanisms are still unknown. Peri-
odontal therapy may improve the magnitude and
quality of the humoral immune response through a
process of immunization.

Immune regulation processes

The host response to factors released by microbial
plague in periodontal diseases involves a series of
different effector mechanisms that are activated by
the innate immune response. The effector mechanisms
in this first line of defense may be insufficient to
eliminate a given pathogen (e.g. from p. gingivalis).
The adaptive immune response, which is a second line
of defense, is then activated. The adaptive response
improves the host's ability to recognize the pathogen.
Immune memory and clonal expansion of immune
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Fig. 5-23. Immune regulation in periodontal diseases.

cells are the hallmarks of adaptive immunity. Al-
though the effector mechanisms activated by the
adaptive system appear to be similar to those of the
innate system, the antimicrobial activities in adaptive
immunity are specialized functions regulated by lym-
phocytes. This means that the defense mechanisms in
the gingiva are synchronized by the communication
through signals (cytokines) between specific groups
of cells.

The cell types involved in the adaptive response
and which reside in the inflammatory lesion in sites
with periodontitis have been described in several
studies that included a histopathological analysis of
the tissue composition (e.g. Zappa 1995, Berglundh et
al. 1998). It was observed that plasma cells and lym-
phocytes were the most common cell types in the
lesions and that they occupied similar volumes of the
inflammatory cell infiltrate. The lymphocytes in such
lesions were further divided into T cells and B cells
and it was reported that T cells and B cells also oc-
curred in similar proportions.

The following outline provides an overview of T
cell and B cell characteristics and immunoregulatory
mechanisms of importance in periodontitis (Fig. 5-23).

Antigen presentation

The biofilm present in the subgingival niche is consis-
tently challenging the host. The antigens produced
include proteins from Gram-positive bacteria and
lipopolysacharides (LPS) (endotoxins) from Gram-
negative microorganisms. Antigen-presenting cells
(APCs) (Fig. 5-21) have a unique ability to internalize
and process antigens. Different APCs, such as Langer-

(Conventional)

(Autoreactive)

hans cells, dendritic cells, macrophages (and, in the
presence of LPS-containing antigens, also B cells) may
serve as APCs. The processed antigen (a peptide)
inside the APC binds to an important carrying mole-
cule. This molecule, termed class-II molecule of the
major histocompatibility complex (MHC), transports
the peptide to the cell surface. The peptide will thus,
together with the MHC class-Il molecule, become
identifiable (i.e. presented) to T cells.

TCRs

The presentation of the processed antigen involves
interactions with receptors on the T cells; TCRs = T cell
receptors. It is in this context important to realize that
the resulting immune response from this presentation
varies with the build up of the TCR. The TCR is
comprised of two glycoprotein chains, mainly and
(Fig. 5-23). The external portion of these yand & chains
contains a variable segment which has many features
in common with the antigen-binding site at immuno-
globulins. This means that the composition of the
variable segment in the y or the & chain determines the
type of immune reaction that will occur.

It is well known that the composition - or expres-
sion - of the variable chains of TCR - TCR y/8 pheno-
type or genes — is of importance in several autoim-
mune diseases (Bréker et al. 1993) and also in peri-
odontal disease (Nakajima et al. 1996, Yamazaki et al.
1997, Geatch et al. 1997, Berglundh et al. 1998). The
results reported on TCR in periodontitis have consis-
tently revealed that the TCR repertoire of T cells in the
local periodontitis lesions differs from that of T cells
in peripheral blood. In other words, factors present at
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the local site, i.e. antigens released from microorgan-
isms in the subgingival biofilm, may influence the
expression of TCR in the periodontitis lesion (Mathur
et al. 1995). This fact also explains the differences
observed in the distribution of TCR in gingival tissues
(1) before and after periodontal therapy (Berglundh et
al. 1999) and (2) between adult subjects with advanced
chronic periodontitis and children with aggressive
periodontitis (Berglundh et al. 2001).

T cell dependent (mediated) processes

Cytokines produced by T-helper (Th) cells regulate
most systems within adaptive immunity of periodon-
tal disease. T-helper cells occur as Th-1 and Th-2 cells.
Both Th-1 and Th-2 cells express the CD4 marker but
are distinguished from each other by their cytokine
production (cytokine profiles) (Fig. 5-23).

Th-1 cells produce interleukin (IL)-2, interferon (IFN)-
y and tumor necrosis factor (TNF)-a. These cytokines
have several functions and may activate other T cells,
including the so-called cytotoxic T cells.

Cytotoxic T cells (Tc) express the CD8 marker and
serve as guards against microorganisms that are capa-
ble of invading host cells, i.e. virus and invasive bac-
teria. In the infected host cells the antigen (peptide)
produced by the intracellularly located pathogen
binds to MHC class-1 molecules which carry the peptide
to the surface of the infected host cell. The cytotoxic T
cell has the ability to recognize this alteration in the
MHC class-1 molecules and exerts its host defense
action by destroying the cell membrane of the infected
host cell and by activating its nucleases. This cell-
mediated host response orchestrated by the Tc also
includes activation of macrophages.

It is well established that CD8-positive cells are
found in smaller numbers in periodontitis lesions than
CD4-positive cells (Yamazaki et al. 1995, Berglundh et
al. 2002a). It may therefore be anticipated that viruses
and other invasive microorganisms do not constitute a
major part of the antigens in peridodontitis.

B cell regulation processes
The large amounts of soluble and accessible antigens
occurring in the periodontal environment require the
involvement of host defense systems different from
those involved in cell-mediated immunity. Specific
antibodies (immunoglobulins), occurring in fluids
such as plasma or gingival crevicular fluid, have the
ability to bind to the antigen. This type of host defense
is called humoral immune response. By the process of
binding to the antigen the antibody activates different
effector systems, e.g. complement. The activation of the
complement system in turn mediates PMN and
macrophage migration and phagocytosis. The process
in which the antibody contributes to the elimination
of antigens by enhancing phagocytosis is termed op-
son izat ion.

Antibodies are produced by plasma cells that rep-
resent the final stage in B cell proliferation. The acti-
vation and differentiation of B cells require the pres

ence of certain cytokines, IL-4, IL-5 and IL-6, that are
mainly produced by Th-2 cells (Gemmell & Seymour
1998). Since plasma cells and B cells constitute a major
part of the leukocytes in advanced periodontitis le-
sions, it is reasonable to assume that Th-2 functions
may dominate over those dependent on Th-1. In early
studies it was indeed suggested that the immunoregu-
latory mechanisms in the advanced periodontitis le-
sions involve Th-2 cells to a larger extent than Th-1
cells (Seymour et al. 1993, 1996). Several later studies
have, however, failed to confirm this observation (
Yamazaki et al. 1994, 1997, Fujihashi et al. 1996,
Prabhu et al. 1996, Yamamoto et al. 1997). Berglundh
et al. (2002a) reported that the soft tissue lesions in
advanced periodontitis contained similar proportions
of cells expressing cytokine profiles characteristic for
Th-1(IFN-g + IL-2) and Th-2 (IL-4 + IL-6). Current data
thus suggest that chronic periodontitis lesions are
regulated by a combined Th-1 and Th-2 function.

The immunoglobulins produced by plasma cells in
the gingival lesions are mainly directed towards anti-
gens present in the subgingival biofilm. Data have
been presented, however, which indicate that antibod-
ies directed against host tissue components, i.e. auto-
antibodies, may also occur in the gingival lesion (
Hirsch et al. 1988, 1989, Jonsson et al. 1991). Auto-re-
active B cells, also referred to as B-I cells, are associated
with the production of auto-antibodies. Large
amounts of B-1 cells are present in the peripheral
blood of patients with autoimmune disease, such as
rheumatoid arthritis and Sjogreri s syndrome (Youi-
nou et al. 1988). The presence of circulating auto-reac-
tive B cells in periodontitis patients has also been
described. Thus, Afar et al. (1992) and Berglundh et al.
(1998, 2002b) reported that B-1 cells occur in large
numbers in the peripheral blood of patients with ad-
vanced periodontitis. The gingival lesion in patients
with chronic periodontitis also contains a substantial
number of B cells out of which about 30% exhibit
auto-reactive characteristics (Sugawara et al. 1992,
Berglundh et al. 2002b).

In this context it should be recognized that clinically
successful, non-surgical periodontal therapy (i.e. re-
duction of sites with deep pockets and that exhibited
bleeding on probing) failed to alter the proportion of
B-1 cells in peripheral blood (Berglundh et al. 1999). It
was suggested that the elevated levels of B-1 cells in
peripheral blood may not entirely reflect a response to
microorganisms in the subgingival biofilm. Rather, it
appears that the effector systems in the humoral im-
mune response in periodontitis may include produc-
tion of antibodies harmful to the gingival tissues.

Homing — recruitment of specific inflammatory and
immune cells to the periodontium

As explained previously, the recruitment of leuko-
cytes into areas of injury or infection (homing) is
essential for an effective host defense and the constant
migration of leukocytes into the inflamed periodontal
tissues results from the cytokine-induced expression
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of adhesion molecules on the surface of vascular en-
dothelial cells. It has been suggested that Langerhans
cells and other antigen presenting cells set up humoral
immune response functions within peripheral lymph
nodes. Evidence exists, however, that homing of cells
involved in both humoral and cellular immune re-
sponses is pronounced in diseased periodontal tis-
sues. Thus, local proliferation of such leukocytes
seems to play a minor role (Koulouri et al 1999). In
other words, the large number of T cells and B cells
that occur in the periodontitis lesion are attracted to
the diseased site through selective homing and are not
the result of local T and B cell proliferation.

In summary

1. Homing of relevant immune cells takes place
within the periodontal lesion

2. Th-2 cells outnumber Th-1 cells in chronic peri-
odontal lesions

3. Plasma cells are among the most active secretory
cells in the advanced periodontal lesions

4. The ratio of 1gG subclasses are similar in serum
and gingival crevicular fluid

5. An individual's ability to mount a specific
antibody response to microorganisms present in
the sub-gingival biofilm may indicate his/her
susceptibility to the disease and his/her ability to
respond to treatment.

OVERALL SUMMARY

Biofilm formation on the surface of teeth adjacent to
the gingival tissues brings the oral sulcular and junc-
tional epithelial cells into contact with enzymes, waste
products, and surface components of the colonizing
bacteria. The epithelial cells are triggered by the mi-
crobial substances to produce pro-inflammatory cy-
tokines and other chemical mediators of inflamma-
tion. These mediators induce an inflammatory re-
sponse within the gingival tissues, which follows the
classical pathway of inflammation. Thus, the gingiva
becomes edematous as fluid accumulates and cell
infiltration commences. Clinical signs of gingivitis
develop. In the early stages, the PMNs predominate
due to the mobility and flexibility of these cells, and
due to the effects of adhesion molecules on the blood
vessels which preferentially bind PMNSs. In addition, a
chemotactic gradient of bacterial products is establ-
ished — from the gingival crevice into the connective
tissue — and thus PMNs are attracted towards the
gingival crevice. Chemotactic factors include micro-
bial proteins and peptides as well as host factors such
as the chemokines (particularly IL-8), neutrophil pro-
duced molecules such as leukotriene B4 and mole-
cules derived from the complement system (C5a).
PMNs are attracted into the area along with other
leukocytes such as monocytes, macrophages and lym-
phocytes. The macrophages are probably the only

type of cell other than the PMN that have a useful
function in the gingival crevice area; they can phago-
cytose dead and dying PMNs and thus remove them
from the crevice. This is helpful to the host since dying
PMNs will degranulate and release their enzymes in
an uncontrolled manner, and may thus cause more
damage to the host tissues and amplify inflammation.
The scavenging function of the macrophage is there-
fore useful in dampening down inflammation. The
other main function of the macrophage, i.e. the anti-
gen presenting role, cannot operate in the crevice area
since it is not possible for these cells to return to the
host tissues and to the lymphatic system where they
could have exercised this particular function.

The antigen presenting role of macrophages and the
immune functions of B cells and T cells take place
within the connective tissue of the gingiva. Through
the function of certain adhesion molecules, such as
CD44, these immune cells are anchored within the
tissues and are not lost into the crevice (Murakami et
al. 1991). These adhesion molecules are upregulated (
increased in number) during inflammation by various
pro-inflammatory cytokines produced by a variety of
cells. Leukocytes such as B cells and T cells which
need to remain in the connective tissue to per-form
their functions express large numbers of tissue
adhesion molecules, whereas cells such as the PMNSs,
which function in close proximity to the microorgan-
isms, express only few adhesion molecules.

In addition, the role of specific adhesion molecules
such as ICAM-1 in the junctional epithelium may
assist the PMNSs' movements into the crevice and are
in fact upregulated by bacterial products and by cy-
tokines produced by the PMNs. Thus PMNs arrive in
large numbers to the gingival crevice and begin their
function of phagocytosing bacteria, aided by comple-
ment and antibody (opsonins). The process of phago-
cytosis is dependent on Fc receptors that are present
on the PMN cell membrane.

As inflammation ensues, the immune process is
either initiated (if this is the very first response to these
antigens) or reawakened (typical response). In the
initiation of the immune response, the Langerhans
cells within the epithelium take up microbially de-
rived antigenic material and take it to lymphoid tissue
where antigen presentation to lymphocytes occurs.
This antigen presentation results in committed lym-
phocytes returning to the site of microbial exposure
where B cells transform to plasma cells and produce
antibodies, or T cells become engaged in aiding this
humoral response and developing cell mediated im-
mune responses to the microbial antigens. Antibodies
may be produced locally or systemically and act by (1)
aggregating or clumping microorganisms, (2) pre-
venting bacteria from adhering to the epithelium, (3)
working with complement to lyse the microbes, and (
4) in conjunction with PMNSs, permit efficient phago-
cytosis (opsonization). Our current understanding is
that antibody number and function are important such
that individuals who can mount an effective
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antibody response may be more resistant to periodon-
titis than those with antibody responses deficient in
quantity or quality.

PMN cell accumulation and activity in the gingival
crevice results in many enzymes being released which
have detrimental effects on bacteria as well as on host
tissues. The inflammatory cell infiltrate that forms in
the gingiva needs space to begin its function. There-
fore structural components (fibroblasts, collagen, ma-
trix) must be lost to create physical room for the infil-
trating leukocytes. Furthermore, as layers of the junc-
tional epithelium are broken down and the contact to
the tooth surface is lost, a pocket is formed. The envi-
ronment hereby created invites the colonization of
anaerobic and facultative microorganisms. As the in-
filtrate extends apically, bone is resorbed in order to
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CHAPTER 6

Modifying Factors: Diabetes,
Puberty, Pregnancy and the
Menopause and Tobacco

Smoking

RICHARD PALMER AND MENA SOORY

Diabetes mellitus
Oral and periodontal effects
Association of periodontal infection and diabetic
control
Modification of the host/bacteria relationship

Puberty, pregnancy and the menopause
Periodontal treatment during pregnancy

Menopause and osteoporosis
Hormonal contraceptives

Tobacco smoking

Periodontal disease in smokers
Modification of the host/bacteria relationship in
smoking

Diabetes, pregnancy and tobacco smoking have pro-
found and far reaching effects on the host, including
effects on the:

1. Physiological response
2. Vascular system

3. Inflammatory response
4. Immune system

5. Tissue repair

They therefore have the potential to modify the:

1. Susceptibility to disease

2. Plaque microbiota

3. Clinical presentation of periodontal disease
4. Disease progression

5. Response to treatment

Diabetes and smoking were cited as risk factors for
periodontitis in Chapter 2 and the epidemiological
evidence for their association with periodontitis was
dealt with. Both factors are particularly important
because they may affect the individual over a great
many years, usually decades, and challenge the host
to varying degrees. In contrast, pregnancy is of rela-

tively short duration (although possibly with multiple
episodes) but should be considered in relation to other
hormonal changes which occur at puberty, meno-
pause and in women on hormonal contraceptives.

These three modifying factors are extremely impor-
tant in many other disease processes, for example
cardiovascular disease, which also affects people to
varying degrees. Much of this variation in susceptibil-
ity is probably due to genetic interactions, and there
is increasing evidence of important associations with
many genetic polymorphisms. There will undoubt-
edly be emerging genetic evidence to link periodontal
disease susceptibility to modifying factors considered
in this chapter.

DIABETES MELLITUS

Diabetes mellitus is a complex disease with varying
degrees of systemic and oral complications, depend-
ing on the extent of metabolic control, presence of
infection and underlying demographic variables. This
has led to conflicting results in epidemiological stud-
ies, with regard to periodontal disease presentation in
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Fig. 6-1. Poorly-controlled Type 1 diabetes mellitus in a young female aged 19 years. (a) Very inflamed and swollen

e

gingival tissues; early attachment loss was present. (b) The same patient after responding to a course of non-surgi

cal periodontal treatment and improved oral hygiene.

Fig. 6-2. A localized palatal periodontal abscess associ-
ated with a periodontal pocket in a 42-year-old poorly
-controlled diabetic patient.

diabetic patients and their response to treatment. This
section deals with diabetes and its implications on the
host response to bacterial plaque, in the context of
clinical and laboratory data pertaining to periodontal
disease.

Type 1 and Type 2 diabetes mellitus

Diabetes mellitus (DM) is categorized as Type 1 and
Type 2 DM. Type 1 DM develops due to impaired
production of insulin, while Type 2 DM is caused by
deficient utilization of insulin. Type 1 DM results from
destruction of the insulin producing [3-cells of the
pancreas. This can occur when genetically predis-
posed individuals succumb to an inducing event such
as a viral infection or other factors that trigger a de-
structive autoimmune response (Szopa et al.1993).
Approximately 10-20% of all diabetics are insulin-de-
pendent or Type 1. They usually have a rapid onset of
symptoms associated with a deficiency or total lack of
insulin and the condition may be difficult to control.
Nearly 90% are diagnosed before the age of 2lyears.
Type 2 DM results from insulin resistance which
also contributes to cardiovascular and other metabolic
disturbances (Murphy & Nolan 2000). However, insu

lin production may decrease later in the disease proc-
ess and require supplementation (Slavkin 1997), in
addition to controlling diet or using oral hypoglyce-
mic agents. The onset of symptoms in Type 2 DM is
more gradual and less severe, usually presenting after
the age of 40 years.

Clinical symptoms

The typical signs and symptoms of diabetes are
polyuria, polydipsia, polyphagia, pruritus, weakness
and fatigue. These features are more pronounced in
Type 1 than in Type 2 DM, and are a result of hyper-
glycemia. The complications of DM include reti-
nopathy, nephropathy, neuropathy, macrovascular
disease and impaired wound healing (Lalla et al. 2000,
Soory 2000a). In view of these findings, the treatment
of DM is aimed at reducing blood glucose levels to
prevent such complications.

There is conclusive evidence of the importance of
glycemic control in the prevention of diabetic compli-
cations. Patients regularly use blood glucose monitors
to provide effective feedback for adjustment of insulin
dosage to meet individual requirements (Mealey
1998). Recent studies have shown significant improve-
ment in reducing complications associated with Type 2
DM with controlled blood glucose levels (UKPDS
1998a,b). In these studies of over 5000 Type 2 DM
patients, the risk of retinopathy and nephropathy was
reduced by 25% with effective glycemic control, using
sulfonyl ureas, metformin or insulin. The risk of de-
veloping hypoglycemia needs to be monitored in
these patients on intensive treatment regimes, particu-
larly those on insulin.

Oral and periodontal effects

Poorly-controlled diabetic subjects may complain of
diminished salivary flow and burning mouth or
tongue. Diabetic subjects on oral hypoglycemic agents
may suffer from xerostomia, which could predispose
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to opportunistic infections with Candida albicans.
didiasis has been reported in patients with
poorly-controlled diabetes (Ueta et al. 1993),
associated with suppressed free oxygen radical
release by PMNs and reduced phagocytosis.

There is good evidence to support the concept that
there is an association between poorly-controlled dia-
betes mellitus and periodontitis (Fig. 6-1). Any differ-
ences in periodontal health between Type 1 DM and
Type 2 DM patients may relate to differences in man-
agement of glycemic control, age, duration of disease,
utilization of dental care, periodontal disease suscep-
tibility and habits such as smoking. The Type 1 DM
patients have an increased risk of developing peri-
odontal disease with age, and with the severity and
duration of their diabetes.

Periodontal attachment loss has been found to oc-
cur more frequently in moderate and poorly-control-
led diabetic patients, of both Type 1 DM and Type 2
DM, than in those under good control (Westfelt et al.
1996). In addition, diabetics with more advanced sys-
temic complications present with a greater frequency
and severity of periodontal disease (Karjalainen et al.
1994). Conversely, initial phase periodontal treatment
comprising motivation and debridement of periodon-
tal pockets in Type 2 diabetic patients resulted in
improved metabolic control of diabetes (Stewart et al.
2001). Insulin resistance can develop in response to
chronic bacterial infection seen in periodontal disease,
resulting in worse metabolic control in diabetic pa-
tients (Grossi et al. 1996).

Probably the most classic description of the undi-
agnosed or poorly-controlled diabetic is the patient
presenting with multiple periodontal abscesses, lead-
ing to rapid destruction of periodontal support (Figs.

Fig. 6-3 (a,b). Radiographs of a 50
-year-old male who developed
Type 2 diabetes mellitus in the pe-
riod between the two radiographs,
which were taken 3 years apart.
There has been rapid bone loss
and tooth loss associated with re-
current multiple periodontal ab-
scesses.

6-2 and 6-3). Harrison et al. (1983) reported a case of
deep neck infection of the submental, sublingual and
submandibular spaces, secondary to periodontal ab-
scesses involving the mandibular incisors, in a poorly-
controlled diabetic patient. In a population study Ueta
et al. (1993) demonstrated that diabetes mellitus was
a predisposing factor for periodontal and periapical
abscess formation due to suppression of neutrophil
function. The effects on the host response, and in
particular neutrophil function may account for this
finding (Ueta et al. 1993).

Association of periodontal infection and
diabetic control

The presence of acute infection can predispose to in-
sulin resistance (Atkinson & Maclaren 1990). This can
occur independently of a diabetic state and persist for
up to 3 weeks after resolution of the infection (Yki-
Jarvien et al. 1989). In a longitudinal study of subjects
with Type 2 DM, it was demonstrated that subjects
with severe periodontal disease demonstrated signifi-
cantly worse control of their diabetic condition than
those with minimal periodontal involvement (Taylor
et al. 1996) (Fig. 6-4). The incidence of proteinuria and
cardiovascular complications, as a result of uncon-
trolled diabetes, was found to be significantly greater
in diabetics with severe periodontal disease than those
with gingivitis or early periodontal disease (Thor-
stensson et al. 1996). Some studies have shown that
stabilization of the periodontal condition with me-
chanical therapy, in combination with systemic tetra-
cycline, improves the diabetic condition in such pa-
tients (Grossi et al. 1997). Reduced insulin dosage in
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Fig. 6-4. Diabetes control and periodontal disease pro-
gression.

Type 1 diabetics following periodontal treatment
has also been reported (Sastrowijoto et al. 1990). How-
ever, other studies have not shown improvement in
diabetic control following non-surgical periodontal
treatment (Aldridge et al. 1995). These effects of perio-
dontal therapy may be more pronounced in poorly-
controlled diabetic patients with severe periodontal
disease.

Modification of the host/bacteria
relationship in diabetes

Effects on microbiota

Hyperglycemia in uncontrolled diabetics has implica-
tions on the host response (Gugliucci 2000) and affects
the regional microbiota. This can potentially influence
the development of periodontal disease and caries, in
poorly-controlled Type 1 and Type 2 DM patients.
Capnocytophaga species have been isolated as the pre-
dominant cultivable organisms from periodontal le-
sions in Type 1 diabetics, averaging 24% of the culti-
vable flora (Mashimo et al. 1983). A similar distribu-
tion of the predominant putative pathogens Prevotella
intermedia, Campylobacter rectus, Porphyromonas gingi-
valis, A. actinomycetemcomitans and P. gingivalis, to
those associated with chronic adult periodontal dis-

ease was detected in periodontal lesions of Type 2
diabetics (Zambon et al. 1988), with potential for dis-
ease activity during poor metabolic control. In an
insulin dependent diabetic population with a large
proportion of poorly-controlled diabetics, Seppala &
Ainamo (1996) showed significantly increased per-
centages of spirochetes, motile rods and decreased
levels of cocci in periodontal lesions, compared with
well-controlled patients.

Effects on the host response

Diabetes mellitus has far reaching effects on the host
response (Fig. 6-5). These are dealt with in the follow-
ing sections.

Polymorphonuclear leucocytes (PMNs)

Reduced PMN function (Marhoffer et al. 1992) and
defective chemotaxis in uncontrolled diabetics can
contribute to impaired host defenses and progression
of infection (Ueta et al. 1993). Crevicular fluid col-
lagenase activity, originating from PMNs, was found
to be increased in diabetic patients and this could be
inhibited in vitro by tetracycline through its enzyme
inhibitory effects (Sorsa et al. 1992). The PMN en-
zymes beta-glucuronidase (Oliver et al. 1993) and
elastase in association with diabetic angiopathy (Pi-
wowar et al. 2000) have been detected at significantly
higher levels in poorly-controlled diabetic patients.

Cytokines, monocytes and macrophages

Diabetic patients with periodontitis have significantly
higher levels of IL-1B and PGE; in crevicular fluid
compared to non-diabetic controls with a similar de-
gree of periodontal disease (Salvi et al. 1997). In addi-
tion, the release of these cytokines (IL-1B, PGE,, TNF-
o) by monocytes has been shown to be significantly
greater in diabetics than in non-diabetic controls.
Chronic hyperglycemia results in non-enzymatic gly-
cosylation of numerous proteins, leading to the accu-
mulation of advanced glycation end products (AGE),
which play a central role in diabetic complications
(Brownlee 1994), Increased binding of AGEs to macro-
phages and monocytes (Brownlee 1994) can result in
a destructive cell phenotype with increased sensitivity
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Fig. 6-5. Effects of diabetes melli-
tus on the host response.
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to stimuli, resulting in excessive release of cytokines.
Altered macrophage phenotype due to cell surface
binding with AGE, prevents the development of
macrophages associated with repair. This could con-
tribute to delayed wound healing seen in diabetic
patients (lacopino 1995).

Connective tissue

A hyperglycemic environment, due to decreased pro-
duction or utilization of insulin, can reduce growth,
proliferation and matrix synthesis by gingival and
periodontal ligament fibroblasts and osteoblasts. The
formation of AGE results in reactive oxygen species,
which are damaging to cellular function in gingival
tissues, due to oxidative stress (Schmidt et al. 1996).
The accumulation of AGE in tissues alters the function
of several intercellular matrix components, including
vascular wall collagen, resulting in deleterious com-
plications (Ulrich & Cerami 2001). This has adverse
effects on cell-matrix interactions and vascular integ-
rity, potentially affecting periodontal disease presen-
tation and treatment responses in uncontrolled diabet-
ics. Vascular changes such as thickening of the capil-
lary basement membrane in a hyperglycemic environ-
ment can impair oxygen diffusion, metabolic waste
elimination, PMN migration and diffusion of antibod-
ies. Binding of AGE to vascular endothelial cells can
trigger responses that induce coagulation, leading to
vasoconstriction and microthrombus formation (Es-
posito et al. 1992), resulting in impaired perfusion of
tissues.

Effects on healing and treatment response

Wound healing is impaired due to the cumulative
effects on cellular functions as described above. In
summary, these factors include:

1. Decreased synthesis of collagen by fibroblasts

2. Increased degradation by collagenase

3. Glycosylation of existing collagen at wound mar-
gins

4. Defective remodeling and rapid degradation of
newly synthesized, poorly cross-linked collagen.

Periodontal treatment

The treatment of well-controlled DM patients would
be similar to that of non-diabetic patients for most
routine dental procedures. The short-term non-surgi-
cal treatment response of stable diabetics has been
found to be similar to that of non-diabetic controls,
with similar trends in improved probing depths, at-
tachment gain and altered sub-gingival microbiota (
Christgau et al. 1998). Well-controlled diabetics with
regular supportive therapy have been shown to main-
tain treatment results 5 years after a combination of
non-surgical and surgical treatment (Westfelt et al.
1996). However, a less favorable treatment outcome
may occur in long-term maintenance therapy of

poorly-controlled diabetics, who may succumb to
more rapid recurrence of initially deep pockets (Ter-
vonen & Karjalainen 1997).

PUBERTY, PREGNANCY AND THE
MENOPAUSE

The hormonal variations experienced by women dur-
ing physiological and non-physiological conditions (
such as hormone replacement therapy and use of
hormonal contraceptives) result in significant changes
in the periodontium, particularly in the presence of
pre-existing, plague-induced gingival inflammation.
Periods of hormonal flux are known to occur during
puberty, menstruation, pregnancy and the meno-
pause. Changes in hormone levels occur when the
anterior pituitary secretes follicle stimulating hor-
mone (FSH) and luteinizing hormone (LH), resulting
in the maturation of the ovary and cyclical production
of estrogen and progesterone.

The gingiva is a target tissue for the actions of
steroid hormones. Clinical changes in the tissues of the
periodontium have been identified during periods of
hormonal fluctuation. The effects of estrogen and pro-
gesterone on the periodontium have received signifi-
cant research attention. The main potential effects of
these hormones on the periodontal tissues can be
summarized as:

« Estrogen affects salivary peroxidases, which are ac-
tive against a variety of microorganisms (Kimura et
al. 1983), by changing the redox potential.

« Estrogen has stimulatory effects on the metabolism
of collagen and angiogenesis (Sultan et al. 1986).

 Estrogen can trigger autocrine or paracrine poly-
peptide growth factor signaling pathways, whose
effects may be partially mediated by the estrogen
receptor itself (Chau et al. 1998).

* Estrogen and progesterone can modulate vascular
responses and connective tissue turnover in the
periodontium, associated with interaction with in-
flammatory mediators (Soory 2000b).

The interaction of estrogen and progesterone with
inflammatory mediators may help to explain the in-
creased levels of inflammation seen during periods of
hormonal fluctuation. For example, when cultured
human gingival fibroblasts were incubated with pro-
gesterone concentrations common in late pregnancy,
there was a 50% reduction in the formation of the
inflammatory mediator IL-6, compared with control
values (Lapp et al. 1995). IL-6 induces the synthesis of
tissue inhibitor of metallo-proteinases (TIMP) in fi-
broblasts (Lotz & Guerne 1991), reduces the levels of
TNF and enhances the formation of acute phase pro-
teins (Le & Vilcek 1989). A progesterone-induced re-
duction in IL-6 levels could result in less TIMP, more
proteolytic enzyme activity and higher levels of TNF
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Fig. 6-6. Gingivitis associated with pregnancy. (a) A patient in the last trimester of pregnancy with very
inflamed edematous gingival tissue which tended to bleed with the slightest provocation. (b) The improvement
in gingival health 6 months after birth of the baby and an intensive course of non-surgical periodontal

treatment.

at the affected sites, due to less inhibition, resulting in
inflammation and obvious clinical manifestations.

Puberty and menstruation

During puberty, there are raised levels of testosterone
in males and estradiol in females. Several studies have
demonstrated an increase in gingival inflammation in
children of circum-pubertal age, with no change in
plaque levels (Sutcliffe 1972). In a longitudinal study,
Mombelli et al. (1989) reported that the mean papillary
bleeding scores and percentage of interdental bleed-
ing sites correlated with the development of secon-
dary sexual characteristics at puberty, while other
studies did not find a significant correlation between
the onset of puberty and gingival changes in parapu-
bescent women (Tiainen et al. 1992). These discrepan-
cies may be attributed to factors such as the oral
hygiene status of the population and study design.
The prevalence of certain periodontal pathogens
reported during puberty may have a direct association
with the hormones present and their utilization by
selected pathogens. For example Prevotella intermedia
is able to substitute progesterone and estrogen for
menadione (vitamin K) as an essential nutrient (Korn-
man & Loesche 1979). An association between puber-
tal gingivitis, Prevotella intermedia and serum levels of
testosterone, estrogen and progesterone has been re-
ported in a longitudinal study (Nakagawa et al. 1994).
Pre-existing plaque-induced gingivitis may be an
important factor in detecting hormone-induced
changes during the menstrual cycle. Holm-Pedersen
& Loe (1967) demonstrated that women with gingivi-
tis experienced increased inflammation with an asso-
ciated increase in crevicular fluid exudate during
menstruation compared with healthy controls. Most
female patients are not aware of any changes in their
gingivae during the menstrual cycle (Amar & Chung
1994), while a few experience enlarged hemorrhagic
gingivae in the days preceding menstrual flow. This
has been associated with more gingivitis, increased
crevicular fluid flow and tooth mobility (Grant et al.

1988). Early studies demonstrated similar findings
during the menstrual cycle in a population with pre-
existing gingivitis, in response to fluctuations in the
levels of estrogen and progesterone (Lindhe &
Attstrom 1967).

Pregnancy

During pregnancy, the increased levels of sex steroid
hormones are maintained from the luteal phase which
results in implantation of the embryo, until parturi-
tion. Pregnant women, near or at term, produce large
quantities of estradiol (20 mg/day), estriol (80
mg/day) and progesterone (300 mg/day). Gingival
inflammation initiated by plaque, and exacerbated by
these hormonal changes in the second and third tri-
mester of pregnancy, is referred to as pregnancy gin-
givitis. Parameters such as gingival probing depths (
Hugoson 1970, Miyazaki et al. 1991), bleeding on
probing (Miyazaki et al. 1991) and crevicular fluid
flow (Hugoson 1970) were found to be increased.
These inflammatory features can be minimized by
maintaining good plaque control.

According to early reports, the prevalence of preg-
nancy gingivitis ranges from 35% (Hasson 1966) to
100% (Lundgren et al. 1973). In a study of 130 pregnant
women, Machuca et al. (1999) demonstrated gingivitis
in 68% of the population, ranging from 46% in techni-
cal executives to 88% in manual workers. Cross-sec-
tional studies examining pregnant and postpartum
women have shown that pregnancy is associated with
significantly more gingivitis than at postpartum, de-
spite similar plaque scores (Silness & Loe 1963). Fur-
ther observations were made by Hugoson (1970) in a
longitudinal study of 26 women during and following
pregnancy, which also demonstrated that the severity
of gingival inflammation correlated with the gesta-
tional hormone levels during pregnancy (Fig. 6-6). A
more recent study of a rural population of Sri Lankan
women (Tilakaratne et al. 2000a) showed increased
gingivitis of varying degrees of significance amongst
all the pregnant women investigated, compared with



MODIFYING FACTORS: DIABETES, PUBERTY, PREGNANCY AND THE MENOPAUSE AND TOBACCO SMOKING - 185

matched non-pregnant controls. There was a progres-
sive increase in inflammation with advancing preg-
nancy which was more significant in the second and
third trimester of pregnancy, despite the plaque levels
remaining unchanged. At the third month after partu-
rition, the level of gingival inflammation was similar
to that observed in the first trimester of pregnancy.
This suggests a direct correlation between gingivitis
and sustained, raised levels of gestational hormones
during pregnancy, with regression during the post-
partum period. In investigations by Cohen et al. (1969)
and Tilakaratne et al. (2000a), the values for loss of
attachment remained unchanged during pregnancy
and three months postpartum.

Effects on the microbiota

There is an increase in the selective growth of peri-
odontal pathogens such as Prevotella in termedia in sub-
gingival plaque during the onset of pregnancy gingi-
vitis at the third to fourth month of pregnancy. The
gestational hormones act as growth factors, by satis-
fying the naphthoquinone requirement for bacteria (
Di Placido et al. 1998). These findings were also con-
firmed by Muramatsu & Takaesu (1994) who showed
that from the third to fifth month of pregnancy, the
number of gingival sites which bled on probing corre-
sponded with the percentage increase in Prevotella
intermedia. During pregnancy, progesterone is less ac
tively catabolized to its inactive products, resulting
in higher levels of the active hormone (Ojanotko-
Harri et al. 1991). A 55-fold increase in the
proportion of P. in termedia has been demonstrated in
pregnant women compared with non-pregnant
controls (Jensen et al. 1981), implying a role for
gestational hormones in causing a change in
microbial ecology in the gingival pocket. Although an
overall association has been demonstrated, a cause
and effect relationship may be less clear.

Effects on the tissues and host response

The increase in severity of gingivitis during preg-
nancy has been partly attributed to the increased cir-
culatory levels of progesterone and its effects on the
capillary vessels (Lundgren et al. 1973). Elevated pro
gesterone levels in pregnancy enhance capillary per-
meability and dilatation, resulting in increased gingi-

Fig. 6-7. Multilobulated appearance of an early preg-
nancy epulis, demonstrating vascular elements and tis
sue edema.

val exudate. The effects of progesterone in stimulating
prostaglandin synthesis can account for some of the
vascular changes (Miyagi et al. 1993).

The elevated levels of estrogen and progesterone in
pregnancy affect the degree of keratinization of the
gingival epithelium and alter the connective tissue
ground substance. The decreased keratinization of the
gingivae, together with an increase in epithelial gly-
cogen, are thought to result in decreased effectiveness
of the epithelial barrier in pregnant women (Abra-
ham-Inpijn et al. 1996). Hormonal factors that affect
the epithelium and increase vascular permeability can
contribute to an exaggerated response to bacterial
plaque during pregnancy.

The influence of gestational hormones on the im-
mune system can contribute further to the initiation
and progression of pregnancy gingivitis. High levels
of progesterone and estrogen associated with preg-
nancy (and the use of some oral contraceptives) have
been shown to suppress the immune response to
plaque (Sooriyamoorthy & Gower 1989). Neutrophil
chemotaxis and phagocytosis, along with antibody
and T-cell responses have been reported to be de-
pressed in response to high levels of gestational hor-
mones (Raber-Durlacher et al. 1993).

Pregnancy granuloma or epulis

A pedunculated, fibro-granulomatous lesion can
sometimes develop during pregnancy and is referred
to as a pregnancy granuloma or epulis. A combination
of the vascular response induced by progesterone and
the matrix stimulatory effects of estradiol, contribute
to the development of pregnancy granulomas, usually
at sites with pre-existing gingivitis (Fig. 6-7). The vas-
cular effects result in a bright red, hyperemic and
edematous presentation. The lesions often occur in the
anterior papillae of the maxillary teeth and usually do
not exceed 2 cm in diameter. They can bleed when
traumatized and their removal is best deferred until
after parturition, when there is often considerable
regression in their size (Wang et al. 1997). Surgical
removal of the granuloma during pregnancy can re-
sult in recurrence due to a combination of poor plaque
control and hormone mediated growth of the lesion.
Careful oral hygiene and debridement during preg-
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Fig. 6-8. Clinical appearance of anterior maxillary
gingiva with pronounced desquamation in a woman
during menopause.

Fig. 6-9. A DEXA scan used to measure mineral bone
density in the hip. This is not routinely applied to the
jaws.

nancy are important in preventing its occurrence (
Wang et al. 1997).

Periodontal treatment during pregnancy

Pregnant women need to be educated on the conse-
quences of pregnancy on gingival tissues and thor-
oughly motivated in plaque control measures, with
professional treatment as required. They are likely to
be more comfortable to receive dental treatment dur-
ing the second trimester than in the first or third
trimester of pregnancy, although emergency treat-
ment is permissible at any stage during pregnancy (
Amar & Chung 1994). Since most medications cross
the placental barrier and organogenesis occurs mainly

in the first trimester, pregnant women are best treated
in the second trimester, to avoid the occurrence of
developmental defects. Any form of medication dur-
ing pregnancy must only be used if the gravity of the
condition being treated outweighs the consequences.
Amongst the antibiotics, tetracycline, vancomycin
and streptomycin can contribute to staining of teeth
and ototoxic and nephrotoxic effects during 4-9
months of pregnancy; erythromycin, penicillins and
cephalosporins are relatively safer, but any medica-
tion must only be administered in consultation with
the patient's obstetrician (Lynch et al. 1991).

Menopause and osteoporosis

During menopause there is a decline in hormonal
levels due to decreased ovarian function. This is char-
acterized by tissue changes such as desquamation of
gingival epithelium (Fig. 6-8) and osteoporosis (Fig.
6-9) which may be attributed to hormone deficiency.
It has been demonstrated that women with early onset
of menopause have a higher incidence of osteoporosis
and significantly lower bone mineral density (Kritz-
Silverstein & Barrett-Connor 1993).

A third of women over age 60 are affected by post-
menopausal osteoporosis (Baxter 1987). The changes
involved are a reduction in bone density, affecting its
mass and strength without significantly affecting its
chemical composition. An alteration in the calcium-
phosphate equilibrium due to deficient absorption of
dietary calcium and increased excretion due to dimin-
ished estrogen levels can account for some of the bone
changes seen in postmenopausal women (Shapiro et
al. 1985), usually involving the mandible more than
the maxilla.

Estrogen replacement therapy has been shown to
prevent osteoporosis and maintain bone mineral con-
tent at several sites throughout the skeleton (Moore et
al. 1990), with a 5% increase in bone mineral content
in the region of the head compared to those taking
placebo (Gotfredsen at al. 1986). The influence of es-
trogen on bone mineral density has been demon-
strated in these studies, but a cause and effect relation-
ship with periodontal disease is less clear.

A 2-year follow-up study of 42171 postmenopausal
women (Grodstein et al. 1996) showed that the risk of
tooth loss was significantly lower amongst hormone
users. These findings reinforce those of Paganini-Hill
(1995), who showed a 36% decrease in tooth loss in
estrogen users compared with non-users. There is
evidence to suggest that use of estrogen is necessary
to protect against bone loss (Grady et al. 1992). Al-
though osteoporosis in postmenopausal women may
not be the cause of periodontal disease, it may affect
the severity of pre-existing disease. The circulating
levels of estrogen have been shown to have an influ-
ence on alveolar bone density in postmenopausal
women (Payne et al. 1997).
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Effect of smoking on osteoporosis

A negative association between smoking and bone
density has been demonstrated by Krall & Dawson-
Hughes (1991). Smokers can differ from non-smokers
in weight, caffeine intake, age at menopause and alco-
hol consumption (Rigotti 1989, Lindquist & Bengtsson
1979); all these factors can potentially confound an
association between smoking and bone density. A
study on female twins by Hopper & Seeman (1994)
showed that in the 20 pairs who varied most, by 20 or
more pack years, the differences in bone density
within pairs were 9.3% at the lumbar spine, 5.8% at
the femoral neck and 6.5% at the femoral shaft. This
study also demonstrated increased serum levels of
follicle stimulating hormone and luteinizing hormone
in smokers, implying reduced circulating levels of
estrogen, leading to increased bone resorption. Other
investigators have demonstrated the effects of smok-
ing on the synthesis and degradation of estrogen (Jen-
sen et al. 1985). The study by Jensen et al. (1985)
investigated 136 postmenopausal women who were
treated with three different doses of estrogen-proges-
terone or placebo. They showed reduced levels of
estrogen in smokers (range of 1-30 cigarettes/day in
the previous 6 months, mean 12.4), compared with
non-smokers (not smoked in the previous 3 months).
There was also a significant inverse correlation be-
tween the number of cigarettes smoked per day and
the serum levels of estrogen, suggestive of increased
hepatic metabolism of estrogen in postmenopausal
smokers, resulting in lower serum levels of these hor-
mones.

Treatment of osteoporosis

In osteoporotic patients, the rate of bone loss during
the early postmenopausal period increases to 3-4% per
year. Estrogen replacement therapy, which slows bone
turnover, results in increased bone density in the tra-
becular spaces during remodeling (Frost 1989). The
increased skeletal bone mass which occurs in response
to estrogen replacement therapy is apparent in the
first 2 years of treatment and maintained with con-
tinuation of treatment (Kimmel et al. 1994). The effects
of estrogen in regaining bone mass to premenopausal
levels and in preventing/reversing postmenopausal
osteoporotic changes in the long bones and spine have
been demonstrated in several studies (Takahashi et al.
1994, Armamento-Villareal et al. 1992).

There is some controversy with regard to the bene-
fits of hormone replacement due to the risk factors
involved. Fractures due to osteoporosis and heart dis-
ease in postmenopausal women can be reduced by
50% with estrogen replacement therapy. However,
hormone replacement with estrogen alone exposes
such patients to the risk of endometrial cancer. Long-
term hormone replacement therapy has been shown
to correlate with an increased risk of breast cancer.
Modern formulations utilize combined therapy with a
suitable dose of progesterone in combination with

estrogen in order to minimize some of these risk fac-
tors (Whitehead & Lobo 1988).

Hormonal contraceptives

Contraceptives utilize synthetic gestational hormones (
estrogen and progesterone), to reduce the likelihood
of ovulation/implantation (Guyton 1987). Less dra-
matic but similar effects to pregnancy are sometimes
observed in the gingivae of hormonal contraceptive
users. The most common oral manifestation of ele-
vated levels of ovarian hormones is an increase in
gingival inflammation with an accompanying in-
crease in gingival exudate (Mariotti 1994).

There are reported systemic risk factors associated
with long-term use of hormonal contraceptives. The
correlation between hormonal contraceptive use and
significant cardiovascular disease associated with ar-
terial and venous thromboembolic episodes has been
reviewed by Westhoff (1996). Estrogen is responsible
for both arterial and venous effects, while progester-
one affects arterial changes. Women using oral contra-
ceptives show elevated plasma levels of several clot-
ting factors, related to the dose of estrogen. Raised
levels of factors Vllc and Xllc are significant, since
they increase the likelihood of coagulation and in men
these factors have a strong positive correlation with
ischemic heart disease. However, the relative risk is
dependent on the contraceptive formulation used and
there may not be a consistent biological plausibility to
explain this association (Davis 2000).

There are several different formulations of hormo-
nal contraceptives (Davis 2000) including:

1. Combined oral contraceptives containing artificial
analogues of estrogen and progesterone

2. Progesterone based mini-pill

3. Slow release progesterone implants placed sub-
dermally that last up to 5 years (e.g Norplant)

4. Depo Provera, a very effective progestin injection
given by a doctor every 3 months.

Current combined oral contraceptives consist of low
doses of estrogens of 50 Itg/day and/or progestins of
1.5 mg/day (Mariotti 1994). The formulations used in
the early periodontal studies contained higher con-
centrations of gestational hormones, e.g. 50 pg estro-
gen with 4 mg progestin (El-Ashiry et al.1971),100 ug
estrogen with 5 mg progestin (Lindhe & Bjorn 1967).
The results obtained in these studies would partly
reflect the contraceptive preparation used. In one
early study (Knight & Wade 1974) women who were
on hormonal contraceptives for more than 1.5 years
exhibited greater periodontal destruction compared to
the control group of comparable age and oral hy-
giene. This could partly reflect higher dose of
gestagens used in older contraceptive preparations.
However, a recent study on a population of rural Sri
Lankan women confirmed these findings (Tilakaratne
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et al. 2000b), showing significantly higher levels of
gingivitis in contraceptive users (0.03 mg estradiol
and 0.15 mg of a progestin), than non-users, despite
similar plaque scores. There was also significant peri-
odontal breakdown in those who used the progester-
one injection (a depot preparation of 150 mg proges-
terone) 3 monthly for 2-4 years, compared with those
who used it for less than 2 years. These findings may
be attributed to the duration of use, and the effects of
progesterone in promoting tissue catabolism, result-
ing in increased periodontal attachment loss. How-
ever, if low plaque levels are established and main-
tained for the duration of use, these effects could be
minimized.

Effect on tissue response

Both estrogen and progesterone are known to cause
increased gingival exudate, associated with inflam-
matory edema (Lindhe & Bjorn 1967). A 53% increase
in crevicular fluid volume has been demonstrated in
hormonal contraceptive users compared with con-
trols. El-Ashiry et al. (1971) observed that the most
pronounced effects on the gingiva occurred in the first
3 months of contraceptive treatment, but the dose of
gestational hormones was higher in the older formu-
lations compared with those used currently (Davis
2000), accounting for a more florid response in the
tissues.

It has been suggested that the interaction of estro-
gen with progesterone results in the mediation of the
effects characteristic of progesterone. Human gingiva
has receptors for progesterone and estrogen (Vittek et
al. 1982, Staffolani et al. 1989), providing evidence that
gingiva is a target tissue for both gestational hor-
mones. In in vitro studies of cultured gingival fi-
broblasts, estrogen enhanced the formation of ana-
bolic androgen metabolites, while progesterone
caused a diminished response. The combined effect of
both gestational hormones on the yield of androgens
was less pronounced than with estrogen alone, imply-
ing a more catabolic role for progesterone (Tilakaratne
& Soory 1999).

Progesterone causes increased vascular permeabil-
ity, resulting in the infiltration of polymorphonuclear
leukocytes and raised levels of prostaglandin E; in the
sulcular fluid (Miyagi et al. 1993). Increased capillary
permeability maybe induced by estrogen by stimulat-
ing the release of mediators such as bradykinin, Pro-
staglandins and histamine. However, the main effects
of estrogen are in controlling blood flow. Hence the
combination of estrogen and progesterone in the con-
traceptive pill can contribute to vascular changes in
the gingivae. The resultant gingivitis can be mini-
mized by establishing low plaque levels at the begin-
ning of oral contraceptive therapy (Zachariasen 1993).

TOBACCO SMOKING

Tobacco smoking is very common, with cigarettes
being the main product smoked. In the European
Union, an average of 29% of the adult population
smoke. The figure is higher for men (34%) than for
women (24%). Most smokers start the habit as teenag
ers, with the highest prevalence in the 20-24 year old
age group. Socio-economic differences also exist with
higher smoking in the lower socio-economic groups.
These data are similar for the US population (Gar-
finkel 1997), but reported smoking rates for third
world countries are even higher. Smoking is associ-
ated with a wide spectrum of disease including stroke,
coronary artery disease, peripheral artery disease,
gastric ulcer and cancers of the mouth, larynx, esopha
gus, pancreas, bladder and uterine cervix. It is also a
major cause of chronic obstructive pulmonary disease
and a risk factor for low birth weight babies. Approxi-
mately 50% of regular smokers are killed by their habit
and smoking causes 30% of cancer deaths.

Cigarette smoke is a very complex mixture of sub-
stances with over 4000 known constituents. These
include carbon monoxide, hydrogen cyanide, reactive
oxidizing radicals, a high number of carcinogens and
the main psychoactive and addictive molecule — nico-
tine (Benowitz 1996). Many of these components
could modify the host response in periodontitis. In
most of the in vitro studies considered in the latter
parts of this chapter the experimenters utilized simple
models with nicotine alone. Tobacco smoke has a
gaseous phase and solid phase which contains tar
droplets. The tar and nicotine yields of cigarettes have
been reduced due to physical characteristics of the
filters. However, there has been little change in the tar
and nicotine content of the actual tobacco and the dose
an individual receives is largely dependent upon the
way in which they smoke (Benowitz 1989). Inter sub-
ject smoking variation includes: frequency of inhala-
tion, depth of inhalation, length of the cigarette stub
left, presence or absence of a filter and the brand of
cigarette (Benowitz 1988). The patient's exposure to
tobacco smoke can be measured in a number of ways
including interviewing the subject using simple ques-
tions or more sophisticated questionnaires and bio-
chemical analyses (Scott et al. 2001). The latter tests
include exhaled carbon monoxide in the breath, which
is commonly measured in smoking cessation clinics,
and cotinine (a metabolite of nicotine) in saliva,
plasma/serum or urine (Wall et al. 1988). Cotinine
measurements are more reliable in determining a sub-
ject's exposure to tobacco smoke because the half-life
is 14-20 hours compared with the shorter half-life of
nicotine which is 2-3 hours (Jarvis et al. 1988). The
mean plasma and salivary cotinine concentrations of
regular smokers are approximately 300 ng/ml and
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Fig. 6-10. The typical appearance of necrotizing ulcera
tive gingivitis in a heavy smoker with poor oral hy-
giene.

urine concentrations are about 1500 ng/ml. Non-
smokers typically have plasma/ saliva concentrations
under 2 ng/ml, but this may be raised slightly due to
environmental exposure (passive smoking).

Inhalation of tobacco smoke allows very rapid ab-
sorption of nicotine into the blood and transport to the
brain, which is faster than an intravenous infusion.
Nicotine in tobacco smoke from most cigarettes is not
well absorbed through the oral mucosa because the
nicotine is in an ionized form as a result of the pH (5.5).
In contrast cigar and pipe smoke is more alkaline (pH
8.5), which allows good absorption of un-ionized
nicotine through the buccal mucosa (Benowitz 1988).
Nicotine is absorbed rapidly in the lung where the
smoke is well buffered. The administration of nicotine
causes a rise in the blood pressure, an increase in heart
rate, an increase in respiratory rate and decreased skin
temperature due to peripheral vasoconstriction. How-
ever, at other body sites, such as skeletal muscle, nico-
tine produces vasodilatation. These differing actions
of nicotine have led to some controversy over its
action in the periodontal tissues. Clarke and co-work-
ers (1981) showed that the infusion of nicotine resulted
in a transient decrease in gingival blood flow in a
rabbit model. However, Baab and Oberg (1987) using
laser Doppler flowmetry to monitor relative gingival
flow in 12 young smokers, observed an immediate but
transient increase in relative gingival blood flow dur-
ing smoking, compared to the presmoking or resting
measurements. The authors hypothesized that the
steep rise in heart rate and blood pressure due to
smoking could lead to an increase in the gingival
circulation during smoking. These results were con-
firmed by Meekin et al. (2000) who showed that sub-
jects who smoked only very occasionally experienced
an increase in blood flow to the head, whereas regular
smokers showed no change in blood flow, demon-
strating tolerance in the regular smoker.

Fig. 6-11. The lingual aspects of the lower incisors
showing gross supragingival calculus formation and
relatively little gingival inflammation in a female pa-
tient who has smoked 20 cigarettes per day for over 20
years.

Periodontal disease in smokers

Pindborg (1947) was one of the first investigators to
study the relationship between smoking and peri-
odontal disease. He discovered a higher prevalence of
acute necrotizing ulcerative gingivitis, a finding that
was confirmed in many subsequent studies of this
condition (Pindborg 1949, Kowolik & Nisbet 1983,
Johnson & Engel 1984) (Fig. 6-10). Early studies
showed that smokers had higher levels of periodonti-
tis but they also had poorer levels of oral hygiene (
Brandzaeg & Jamison 1984) and higher levels of cal-
culus (Alexander 1970, Sheiham 1971) (Fig. 6-11).
Later studies which took account of oral hygiene
status and employed more sophisticated statistical
analyses showed that smokers had more disease re-
gardless of oral hygiene (Ismail et al. 1983, Bergstrom
1989, Bergstrom & Preber 1994).

A large number of studies have established that in
comparing smokers and non-smokers with periodon-
titis, smokers have:

1. Deeper probing depths and a larger number of deep
pockets (Feldman et al. 1983, Bergstrom &
Eliassson 1987a, Bergstrom et al. 2000a)

2. More attachment loss including more gingival re-
cession (Grossi et al. 1994, Linden & Mullally 1994,
Haffajee & Socransky 2001a)

3. More alveolar bone loss (Bergstrom & Floderus
Myhred 1983, Bergstrom & Eliasson 1987b, Feld-
man et al. 1987, Bergstrom et al. 1991, 2000b, Grossi
et al. 1995)

4. More tooth loss (Osterberg & Mellstrom 1986,

Krall et al. 1997)

5. Less gingivitis and less bleeding on probing (Feld-
man et al. 1983, Preber & Bergstrom 1985,
Bergstrom & Preber 1986, Haffajee & Socransky
2001a)

6. More teeth with furcation involvement (Mullally &

Linden 1996)
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The finding of less gingival bleeding on probing is
associated with less inflamed marginal tissue and
lower bleeding scores when probing the depth of the
pockets. The typical clinical appearance of the
smoker's gingival tissue is shown in Fig. 6-12, which
demonstrates relatively low levels of marginal inflam-
mation and a tendency to a more fibrotic appearance
with little edema. Despite the clinical appearance of
the gingival tissue, the patient has deep pockets, ad-
vanced attachment loss and bone loss as shown in Fig.
6-12b.

Modification of the host/bacteria
relationship in smoking

There are a number of theories as to why smokers have
more periodontal disease than non-smokers, involv-
ing both bacterial aspects and the host response.

Effects on plague bacteria

Smokers may have higher levels of plaque than non-
smokers, which may be accounted for by poorer levels
of oral hygiene rather than higher rates of supragingi-
val plaque growth (Bergstrom 1981, Bergstrom & Pre
ber 1986). Several studies have shown that smokers
harbor more bacterial species which are associated
with periodontitis including Porphyromonas gingivalis,
Actinobacillus actinomycetemcomitans, Bacteroides for-
sythus (Zambon et al. 1996), Prevotella intermedia, Pep-
tostreptococcus micros, Fusobacterium nucleatum, Cam-
pylobacter rectus (van Winkelhoff et al. 2002),

coccus aureus, Eschericia coli and Candida albicans

(Kamma et al. 1999) than non-smokers. Smokers may
have a higher proportion of sites harboring these pu-
tative periodontal pathogens, in particular the palatal

Fig. 6-12. A 30-year-old female
smoker with advanced periodonti
tis. (a) The clinical appearance
shows marginal gingiva with little
signs of inflammation. Probing
depths greater than 6 mm were
present at most interproximal
sites, but with little bleeding on
probing. (b) The generalized ad-
vanced bone loss in this patient.

aspects of the maxillary teeth and the upper and lower
incisor regions (Haffajee & Socransky 2001a,b).

Effects on the host response

The relationship between plaque accumulation and
development of inflammation in smokers has been
studied in classical experimental gingivitis studies (
Bergstrom & Preber 1986). They demonstrated that
there is no difference in plaque accumulation when
comparing smokers and non-smokers. However, the
development of inflammation was very much re-
tarded in the smoking group with less sites exhibiting
redness or bleeding on probing. They also showed
lower amounts of gingival crevicular fluid during the
development of gingivitis. The reduced bleeding has
been proposed to be caused by nicotine induced vaso-
constriction, but as previously described in this chap-
ter, more recent evidence has failed to show a reduc-
tion in blood flow to the gingiva following smoking a
cigarette in regular smokers (Meekin et al. 2000). The
reduced bleeding on the other hand may be due to
long-term effects on the inflammatory lesion. Histo-
logical comparisons of the lesions from smokers and
non-smokers has shown fewer blood vessels in the
inflammatory lesions of smokers (Rezavandi et al.
2001).

Smoking has a profound effect on the immune and
inflammatory system (reviewed by Barbour et al.
1997). Smokers have an increased number of leuko-
cytes in the systemic circulation, but fewer cells may
migrate into the gingival crevice/pocket. Smoking is
associated with chronic obstructive pulmonary dis-
ease (Barnes 2000) and many of the mechanisms indi-
cated are paralleled in findings related to periodontal
disease. It is thought that the main cell type responsi-
ble for destruction of lung parenchyma is the neutro-
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phil, which is delayed in its transit through the pul-
monary vasculature (McNee et al. 1989) where it is
stimulated to release proteases including elastase,
cathepsins and matrix metalloproteases (Barnes 2000).
These destructive molecules are balanced by inhibi-
tors such as ¢ -l-antitrypsin and tissue inhibitors of
matrix metalloproteases.

Studies in vitro have shown a direct inhibition of
neutrophil and monocyte-macrophage defensive
functions by high concentrations of nicotine that may
be achieved in patients using smokeless tobacco (
Pabst et al. 1995). MacFarlane and co-workers (1992)
examined patients with refractory periodontitis and
found a high proportion of smokers in this diagnostic
group. These investigators demonstrated abnormal
PMN phagocytosis associated with a high level of
cigarette smoking.

The PMN is a fundamental defense cell in the peri-
odontal tissue. There is a constant traffic of PMNs
from the gingival vasculature through the connective
tissue and junctional epithelium into the gingival sul-
cus/pocket. This is described in some detail in Chap-
ter 5. The PMN is the first line of defense and is
chemotactically attracted to bacterial challenge at the
dento-gingival junction. The PMN contains a power-
ful battery of enzymes including elastase and other
collagenases that have been implicated in tissue de-
struction in periodontitis and pulmonary disease.
Eichel and Shahrik (1969) suggested decreased PMN
migration into the oral cavity of smokers. Sub-
sequently, PMNs harvested from the gingival sulcus
of smokers were shown to have reduced phagocytic
capacity compared to PMNs from non-smokers (Ken-
ney et al. 1977). Neutrophil defects have been associ-
ated with an increased susceptibility to periodontitis,
including cyclic neutropenia where there is a reduc-
tion in the number of neutrophils, and conditions such
as leukocyte adhesion deficiency (LAD 1 and LAD 2),
which may be responsible for cases of generalized
prepubertal periodontitis as described by Page et al. (
1983). It is proposed that smoking causes alterations to
PMN function which could be considered to be minor
variations of these more profound defects.

The normal passage of the PMN from the microvas-
culature to the periodontal tissues involves a classic
series of events including capture, rolling on the en-
dothelium, firm adhesion to the endothelium and
transmigration through the vessel wall into the con-
nective tissue (Ley 1996). This involves a complex
interaction between receptors and ligands on the leu-
kocyte surface and endothelium including selectins,
ICAM-1 and LFAl (CD18, CD11b) (Crawford &
Watanabe 1994, Gemmel et al. 1994). Defects in the
functional ligands for the selectins have been impli-
cated in LAD 2 and mutations in the gene encoding
CD18 resulting in absence of the (3 2 integrins with
LAD 1. Subjects with LAD are susceptible to serious
and life-threatening infections and have tremendous
destruction of the periodontal tissues, often leading to
total tooth loss in the deciduous dentition. These seri

ous and rare conditions illustrate the overwhelming
importance of the adhesion molecules and suggest
that minor defects in them may also give rise to more
subtle conditions that could lead to increased suscep-
tibility to periodontal destruction. In this respect, it
has been shown that smokers are affected by upregu-
lation of molecules such as ICAM-1 on the endothe-
lium and they have higher levels of circulating soluble
ICAM-1 which could interfere with the normal recep-
tor ligand binding and function of the leukocyte in the
defense of the periodontal tissue (Koundouros et al.
1996, Palmer et al. 1999, Scott et al. 2000a). A potential
destructive mechanism is the release of elastase from
neutrophils following binding of ICAM with CD18 (
Mac 1 and LFA 1) (Barnett et al. 1996). Lower levels
of elastase detected in the gingival fluid of smokers
compared to non-smokers, may indicate more elastase
release within the tissues (Alavi et al. 1995), and this
is especially important considering the effects of
smoking on protease inhibitors.

Tobacco smoking has a chronic effect on the ele-
vated levels of SICAM and there is evidence that the
subject may return to more normal levels after quitting
smoking (Scott et al. 2000b). These molecules can be
detected in the serum and in the gingival crevicular
fluid. It has also been shown that cotinine is present
in the gingival crevicular fluid in about the same
concentration as it appears in serum, but the levels of
sICAM are much lower in smokers despite very much
higher serum levels than non-smokers (Fraser et al.
2001).

The effects of smoking on lymphocyte function and
antibody production are very complex, with the vari-
ous components having the potential to cause immu-
nosuppression or stimulation. The leukocytosis ob-
served in smokers results in increased numbers of
circulating T and B lymphocytes (reviewed in Sopori
& Kozak 1998). Smoking appears to affect both B and
T cell function, inducing functional unresponsiveness
in T cells. Smoking has been shown to reduce most of
the immunoglobulin classes except for IgE and to
inhibit pro-inflammatory cytokines (Barbour et al.
1997, Quinn et al. 1998).

The clinical change in the tissues of smokers was
described above. It is not surprising that histological
evaluation of smokers' tissues has shown that there is a
decrease in the vascularity of the tissues (Rezavandi et
al. 2001). This is a chronic effect due to smoking and
may also be associated with alterations in the expres-
sion of adhesion molecules within the endothelium.
The effect of tobacco smoking on the expression of
adhesion molecules on leukocytes, within the inflam-
matory lesion, in the junctional epithelium and cells
of the pocket epithelium could have important impli-
cations on the progession of periodontitis in smokers.
The effect of smoking on macrovasular disease is well
documented (Powell 1998) and its effects on microvas-
cular disease could also be of importance in the peri-
odontal disease and in healing.



192 « CHAPTER 6

Effects on healing and treatment response

The healing potential of tissues has important impli-
cations in any chronic inflammatory lesion and in
repair following treatment. Smoking has been identi-
fied as an important cause of impaired healing in
orthopedic surgery, plastic surgery, dental implant
surgery (Bain & Moy 1993) and in all aspects of peri-
odontal treatment including non-surgical treatment,
basic periodontal surgery, regenerative periodontal
surgery and mucogingival plastic periodontal surgery
(Preber & Bergstrom 1986, Miller 1987, Grossi et al.
1996, 1997, Kaldahl et al. 1996, Tonetti et al. 1995,
Bostrom et al. 1998).

In non-surgical treatment, smoking is associated
with poorer reductions in probing depth and gains in
clinical attachment. In most studies the smokers at
baseline have a lower level of bleeding, and following
treatment bleeding scores are reduced in smokers in a
similar manner to non-smokers. The poorer reduc-
tions in probing depths and gains in attachment level
amount to a mean of approximately 0.5 mm. Much of
this may be due to less recession of the marginal
tissues in smokers as there is less edema and more
fibrosis in the gingiva. The same may be true for the
deeper tissues of the periodontium where there is less
of an inflammatory infiltrate and vascularity at the
depth of the pocket. These differences in the tissues
between smokers and non-smokers in the untreated
state may largely account for the differences in treat-
ment response in non-surgical treatment. It has been
proposed that these differences may be manifest by
differences in probe penetration in smokers and non-
smokers, particularly in deep pockets (Biddle et al.
2001).

The poor response to treatment in smokers in non-
surgical treatment may also apply to those treated
with adjunctive antibiotics (Kinane & Radvar 1997,
Palmer et al. 1999). Response to non-surgical treat-
ment may be seen merely as resolution of inflamma-
tion, improvement of the epithelial attachment to-
gether with some formation of collagen. However, the
response following periodontal surgery is more com-
plex and involves an initial inflammatory reaction
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CHAPTER 7

Plague Induced
Gingival Disease

NOEL CLAFFEY

Histopathologic features of gingivitis

Gingivitis associated with local contributing
factors

Treatment of plaque induced gingivitis

Gingival diseases modified by endocrine
factors

Gingival diseases modified by malnutrition

Gingival diseases modified by systemic
conditions

Gingival diseases modified by medications
Necrotizing ulcerative gingivitis
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Fig. 7-1. Clinical photograph to demonstrate the differ
ent zones of the gingivae for clinical descriptive pur-
poses.

This chapter will describe the clinical manifestations,
sequalae and treatment of gingival diseases induced
by bacterial dental plaque. The characteristics of gin-
gival diseases in general have been described by Mari-
otti (1999) and are presented in Table 7-1.

Although most, if not all, pathological conditions
of the gingiva are affected to greater or lesser extents
by bacterial activity, this section concentrates on: (1)
Those inflammatory conditions whose etiology is
solely attributable to bacteria within dental plaque,
excluding gingival inflammation associated with ac-
tive destructive periodontitis. (2) Those gingival con-
ditions which, although primarily plaque induced, are
modified by systemic disease or medication.

Table 7-1. Characteristics common to all gingival dis-
eases. From Mariotti (1999)

1—si i

2. The presence of dental plaque to initiate and/or exacerbate the
severity of the lesion.

3. Clinical signs of inflammation (enlarged gingival contours due to
edema or fibrosis, color transition to a red and/or bluish-red
hue, elevated sulcular temperature, bleeding upon stimulation,
increased gingival exudate).

4., Clinical signs and symptoms associated with stable
attachment levels on a periodontium with no loss of
attachment or on a stable but reduced periodontium.

5. Reversibility of the disease by removing the etiology(ies).

Possible role as a precursor to attachment loss around teeth.

For clinical descriptive purposes, the gingiva may
be divided into three zones (Fig. 7-1):

1. Marginal gingiva: The tissue at the junction of a
tooth. Thus, for example, an inflammation con-
fined only to this area may be termed a marginal
gingivitis.

2. Papillary gingiva: The tissue in the interproximal
area. Inflammation confined to this area may be
termed papillary gingivitis.

3. Attached gingiva: The remaining gingival tissue ex-
tending from the marginal/papillary areas to the
mucogingival junction. Changes throughout the



Fig. 7-2. (a) Typical generalized marginal and papillary
gingivitis. (b) Marginal and papillary gingivitis in the
mandibular anterior buccal segment with an area of dif-
fuse gingivitis in the lower central incisor area.

vertical extent of the attached gingiva can be
termed diffuse (Glickman 1953).

The use of the terms localized and generalized pro-
vides a useful descriptor of location for gingival
changes within the mouth. For example, a subject may
be characterized as having an area of diffuse gingivitis
localized to the lower incisor area that is superim-
posed on a generalized marginal and papillary gingi-
vitis (Fig. 7-2).

Exposure of the gingival tissues to dental plaque
results in inflammation within the tissues which
manifests as clinical signs of gingivitis (Table 7-2).
Table 7-3 describes typical alterations from health to
disease commonly seen clinically. There are changes in
color, size, shape, consistency and tendency for
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Fig. 7-3. A treated periodontitis case displaying relative
lack of inflammation. If such a case developed inflam-
mation and no further loss of attachment could be dem
onstrated, the term plaque induced gingival inflamma-
tion could be applied.

Table 7-2. Characteristics of plaque-induced gingivi-
tis. From Mariotti (1999).

1. Plaque present at gingival margin

2. Disease begins at the gingival margin
3. Change in gingival color

4. Change in gingival contour

5. Sulcular temperature change

6. Increased gingival exudate

7. Bleeding upon provocation

8. Absence of attachment loss*

9. Absence of bone loss*

10. Histological changes including an inflammatory lesion

11. Reversible with plaque removal

* In the case of gingivitis superimposed on a reduced periodontium
following treatment for periodontitis, both attachment loss and bone
loss are most probably present (Fig. 7-3).

Table 7-3. Common clinical changes from health to gingivitis

Normal gingiva

Gingivitis

Color Pale pink (melanin pigmentation common in certain
groups)

Size Papillary gingiva fills interdental spaces; marginal
gingiva forms knife edge with tooth surface; sulcus
depth <— 3 mm

Shape Scalloped — troughs in marginal areas rise to peaks in

interdental areas
Consistency Firm

Tendency to bleed No bleeding to normal probing

Reddish/bluish red

Swelling both coronally and bucco/lingually; false
pocket formation

Edema which blunts the marginal and papillary tissues
leads to loss of knife edge adaptation. Marginal swelling
leads to less accentuated scalloping

Soft; pressure induced pitting due to edema

Bleeding on probing
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Fig. 7-4. Severe bleeding following brushing. This is
often a useful indicator for patients in self-monitoring
their oral hygiene efforts.

bleeding from the gingival sulcus. Patients may com-
plain of bleeding on brushing and halitosis (Fig. 7-4).
Pain is generally not a feature of dental plaque in-
duced gingivitis although tenderness when brushing
may be a complaint. Raised sulcus temperature has
also been shown to be a feature of plaque induced
gingival inflammation (Haffajee et al. 1992, Wolff et al.
1997, Loe et al. 1965, Muhlemann & Son 1971, Poison
& Goodson 1985, Engelberger et al. 1983).

The primary etiological factor, dental plaque, may
be encouraged to accumulate by local factors facilitat-
ing its retention in marginal and papillary areas. Cal-
culus, vertical or horizontal marginal deficiencies in
restorations and rough surfaces on teeth or restora-
tions are examples of such factors (Mariotti 1999).

The reversibility of the condition is worth particu-
lar note. Loe et al. (1965) demonstrated a causal effect
of dental bacterial plaque on the development of gin-
givitis. Subjects who were relatively plaque free at
baseline were instructed to discontinue their oral hy-
giene regime. Increasing levels of inflammation devel-
oped in association with increasing plaque formation.
Abatement of these inflammatory levels to baseline
levels followed the re-introduction of effective plaque
control measures.

HISTOPATHOLOGIC FEATURES
OF GINGIVITIS

Upon exposure to the organisms within dental plague,
changes occur in the gingival vascular complex, the
cellular content of the connective tissue and in the
junctional epithelium. These underlying alterations
are largely responsible for the clinical changes de-
scribed above (Egelberg 1966).

Vascular changes include substantial increases in
the number of patent vessels. Dilation of the vessels is
also a feature. Alterations in permeability of the vessel
walls and in the hydrostatic pressure within these
vessels give rise to fluid and cellular exchange be-
tween blood and gingival connective tissue. Edema
and color changes to a more red or reddish blue are

consequences of these underlying changes. The junc-
tional epithelium shows infiltration with migrating
leucocytes and up to 70% of the volume of the affected
region of the junctional epithelium may be made up
of bacteria and their products as well as cellular, fluid
and molecular products of the inflammatory lesion in
the underlying connective tissue. This disrupted junc-
tional epithelium, together with the increased number
of patent vessels in the plexus of vessels contiguous to
the junctional epithelium, is responsible for the ten-
dency for inflamed gingiva to bleed on gentle stimu-
lation. There is an increase in sulcular fluid flow and
a concomitant increase in the number of leukocytes
found in the gingival fluid (Payne et al. 1975, Page &
Schroeder 1976, Greenstein et al. 1981).

GINGIVITIS ASSOCIATED WITH
LOCAL CONTRIBUTING FACTORS

Tooth abnormalities such as enamel pearls
and cemental tears

There are several factors related to tooth anatomy such
as enamel projections and enamel pearls that modify
or predispose to plaque induced gingival disease (
Blieden 1999) (Fig. 7-5). Enamel pearls are ectopic
deposits of enamel and various shapes, usually asso-
ciated with furcation areas on molars (Moskow &
Canut 1990). Enamel pearls are found in 1.1-5.7% of
molar teeth and the maxillary second molars are most
commonly involved (Loh 1980).

Erzrnigl Pearl

Fig. 7-5. Enamel pearl associated with distal furcation
on an upper molar.

Dental restorations

Subgingival margin discrepancies of restorations and
violation of the biologic width can affect the health of
the adjacent gingival tissues (Bjorn et al. 1969, Gar-
guilo et al. 1961) (Fig. 7-6). Subgingival margins of
restorations can cause greater inflammation when
compared with subgingival restorative margins (
Nevins & Skurow 1984). The severity of the marginal
discrepancy, the amount of time it is present and the



ability of the patient to maintain the area free of plaque
are important factors in determining the extent of
damage to the periodontium.

Root fractures

Root fractures are often associated with inflammation
of the gingivae because of the enhanced plaque accu-
mulation in the fracture line (Meister et al. 1980) (Fig.
7-7).

Cervical root resorption

Cervical root resorption may result in inflammation
particularly when a communication is established
with the gingival sulcus leading to enhanced plaque
formation (Fig. 7-8).

TREATMENT OF PLAQUE
INDUCED GINGIVITIS

The treatment of plaque induced gingivitis is primar-
ily self-administered plaque control. Although me-
chanical plaque control remains the mainstay for
plague control, chemical control of plaque is an effec-
tive option for those individuals who, because of
physical or mental disability, cannot effectively apply
mechanical means. However, the presence of plaque
retaining factors, such as dental calculus or inade-
quate restorations, may result in either method being
ineffective. Professional intervention is needed to
eliminate these as an adjunct to self-administered
plague control. The important sequela of gingivitis is
progression of the inflammatory process to involve
the underlying connective tissue attachment and peri-
odontal ligament which, in a proportion of susceptible
individuals (currently thought to be approximately
10%), leads to major destruction of most of the sup-
porting structures of the dentition (see Chapter 2).
The data currently available would suggest that
periodontitis can be successfully halted in the major-
ity of individuals by elimination of the causative bac-
teria and their products, thereby reducing the levels
of inflammation. The return of inflammation to sites
treated for periodontitis is not uncommon in suscep-
tible patients. The possibility exists that this recurrent
inflammation may be confined to the gingival tissues
and may not lead to further periodontal attachment
loss. However, as there are currently no reliable meth-
ods to confirm such a phenomenon, the return of
inflammation is viewed by clinicians as a recurrence of
periodontitis and not as a gingivally contained
inflammation that is reversible with oral hygiene
methods alone (Mariotti 1999, Sheiham 1997).
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Fig. 7-6. Gingival inflammation associated with viola-
tion of biologic width and overhanging restorations re
taining plaque.

Fig. 7-7. Root fracture with associated periodontal de
struction and gingival inflammation.

Fig. 7-8. Early cervical resorption and associated in
flammation.

GINGIVAL DISEASES MODIFIED
BY ENDOCRINE FACTORS (see also
Chapter 6)

Pregnancy associated gingivitis

Pregnancy is associated with an exaggerated response
of the gingiva to local irritants. The gingivae show
levels of inflammation, often characterized by edema,
color and contour change and propensity to bleed on
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Fig. 7-9. Gingival inflammation in an adolescent with a
malocclusion which is more pronounced in the anterior
of the mouth perhaps associated with mouth-breathing.

3

Fig. 7-10. (a) Pyogenic granuloma of pregnancy. (b)
Large pyogenic granuloma of pregnancy interfering
with function.

gentle stimulation, which are not usually commensu-
rate with the plaque levels present. The plague micro-
biota involved is characteristic of gingivitis (see Chap-
ter 3) and the condition seems to be an exaggerated
localized host response which is modulated by levels
of endogenous hormones such as androgens, estro-
gens and progesterone. These changes often appear
during the second trimester of pregnancy and regress
upon parturition. The condition can be reversed with
suitably high levels of plaque control (Eiselt 1840,
Pinard 1877, Mariotti 1994, Hugoson 1971, Arafat
1974).

Puberty associated gingivitis

As with pregnancy associated gingivitis, puberty as-
sociated gingivitis appears to be an exaggerated re-
sponse of the gingival tissues to plague mediated by
high levels of hormones, perhaps most importantly
estrogens and testosterone (Mariotti 1994). This effect
seems to be transient and can be reversed with oral
hygiene measures. The gingival changes appear rela-
tively non-specific, with color and contour changes,
and bleeding to mild stimulation the most commonly
seen. Mariotti (1994) proposed that the diagnosis of
pubertal gingivitis should apply only to the exagger-
ated response seen in those cases for which hormone
levels at least reached those designated by Tanner as
stage 2 (girls with estradiol levels >_ 26 pmol/L; boys

with testosterone levels > 8.7 nmol/L). Mouth breath-
ing, which often accompanies Angle's classification 2
division 1 malocclusion, is considered by some to be
an exacerbating factor in children and adolescents (
Fig. 7-9). A differentiation between the effects of
mouth breathing and hormonal influences on gingival
inflammation can therefore be difficult.

Menstrual cycle associated gingivitis

Although bright red hemorrhagic lesions have been
described prior to the onset of menses, clinically de-
tectable changes do not seem to be associated with the
menstrual cycle. However, an increase in gingival
fluid by 20% has been described in 75% of women
during ovulation (Muhlemann 1948, Hugoson 1971).

Pyogenic granuloma of pregnancy

This is a localized mass of highly vascularized tissue
arising as an exaggerated response to plaque in preg-
nancy. It commonly arises from the proximal gingival
tissues and has a pedunculated base (Fig. 7-10a). It
may show ulceration of its thin epithelial lining, and
bleeding, especially upon mastication or even sponta-
neously, may be a presenting complaint. The lesion is
more common in the maxilla and although it can arise
in the first trimester of pregnancy, the usual presenta-
tion is in the second or third trimester. The histological
features are those of a pyogenic granuloma: a highly
vascularized mass of granulation tissue. The lesion
may regress or completely disappear following partu-
rition. Occasionally the lesion may be so large as to
interfere with normal speech or mastication, where-
upon its removal is necessitated (Fig. 7-10b). As with
the common pyogenic granuloma, excision should be
accompanied by thorough debridement of the con-
tiguous crown and root surfaces or recurrence may
result.

GINGIVAL DISEASES MODIFIED
BY MALNUTRITION

Deficiency in vitamin C results in scurvy, one of the
manifestations of which is gingival changes including
redness, swelling, tendency towards bleeding upon
minimal stimulation and an alteration towards a
spongy consistency (Hodges et al. 1971). Improve-
ments in living standards have resulted in scurvy
being a rare condition in the modern era, but it may
persist in countries of the developing world and in
such severely undernourished individuals as alcohol-
ics (Fig. 7-11). Although it is generally accepted that
various nutritional deficiencies may alter the response
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Fig. 7-11. Gingival changes associated with vitamin C
deficiency. Note the relative absence of dental plaque
and the distance of the color changes from the mar-
ginal gingivae.

of the gingiva to bacterial plaque, there is little direct
evidence to directly implicate nutritional factors in the
gingival response to dental plague. There are sugges-
tions that lack of vitamins A, B, and vitamin B12
complex may be associated with changes in the
gingiva (Mariotti 1999).

GINGIVAL DISEASES MODIFIED
BY SYSTEMIC CONDITIONS

Diabetes mellitus

There is evidence to suggest that Type 1 diabetes in
children is associated with exaggerated response of
the gingival tissues to dental plaque (Cianciola et al.
1982, Gusberti et al. 1983, Ervasti et al. 1985). It would
appear that when this type of diabetes is under good
control the gingival inflammation is less exaggerated.
In adults it is generally accepted that poorly controlled
Type 1 diabetes may be associated with increased
levels of periodontitis (see also Chapter 6). However,
no convincing evidence exists that gingivitis is exac-
erbated in such adult patients.

Leukemias and other blood dysplasias

The leukemias have been associated with gingival
changes. Perhaps the leukemia most commonly asso-
ciated with gingival changes is acute myeloid leuke-
mia (Fig. 7-12). Although dental plaque can exacerbate
the changes brought about, which include gingival
swelling, redness/blueness, sponginess and a glazed
appearance, it may not be necessary for the develop-
ment of these signs. However, oral manifestations
vary widely, particularly with leukemias other than
myeloid leukemias (Fig. 7-13). Persistent and other-
wise unexplained gingival bleeding may indicate an

Fig. 7-12. Gingival changes associated with acute mono
cytic leukemia. Note the acute candidiasis superim-
posed upon the infiltrative gingival changes. Distress-
ing oral symptoms lessened when antiseptic mouth-
washes were administered.

Fig. 7-13. Spontaneous bleeding in a patient who was
then diagnosed with chronic lymphocytic leukemia.
The bleeding ceased when the patient was treated by
conventional periodontal therapy

underlying thrombocytopenia associated with, for in-
stance, a leukemic condition or with any condition
affecting platelet deficiency (Fig. 7-14a and 7-14b).

Cyclic neutropenia, a condition characterized by
fluctuations in neutrophil counts with a periodicity of
14-36 days, is associated with oral ulceration, an exag-
gerated inflammatory response to dental plague bac-
teria and aggressive periodontitis of early onset (
Spencer & Flemming 1985, Long et al. 1983, Pernu et
al. 1996) (Fig. 7-15). Systemic treatment with granulo-
cyte colony stimulating factor G-CSF can be used to
regulate the blood cell deficit although its effective-
ness on the periodontal manifestations is unclear.

GINGIVAL DISEASES MODIFIED
BY MEDICATIONS

There are three commonly used drug types that are
associated with gingival overgrowth: phenytoin so-
dium or epinutin — an anticonvulsant used for the
treatment of epilepsy; cyclosporin A— an immunosup-
pressant used in order to avoid host rejection of
grafted tissues and as a treatment for conditions such
as severe psoriasis; and calcium channel blocking
agents such as nifedipine — antihypertensive drugs.
The clinical manifestations of the drug induced
gingival changes are similar for the three medication
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Fig. 7-14. Acute B-cell leukemia. (a) Intra-oral photograph shows relatively normal gingivae. However, the gingi-
vae bled for a prolonged period following probing and (b) bruising was evident on the limbs. The chief complaint
was a feeling of tightness in the anterior dentition, perhaps due to infiltration of the mental foramina with

leukemic cells.

Fig. 7-15. Intra-oral photograph of a 10-year-old female
with cyclic neutropenia. In addition to the florid gingi
val inflammation, attachment loss was present.

Fig. 7-16. Severe enlargement of the gingivae associ-
ated with cyclosporin medication in a kidney trans
-plant patient.

types (Fig. 7-16). Some transplant patients have both
cyclosporin A and nifedipine prescribed and the com-
bined effect of these medications may result in greater
gingival enlargement than the use of either medica-
tion alone (Santi & Brai 1998). Gingival inflammation
and the presence of dental plaque have been reported
as significant risk factors in the development of gingi-
val enlargement in individuals using phenytoin or
calcium channel blocking drugs (Majola et al. 2000,

Brunet et al. 2001, Miranda et al. 2001). Enlargement
of gingival tissues associated with these drugs may be
more common in the anterior region of the mouth and
younger age groups may be more susceptible. The
typical early clinical signs include a shape and size
change in the papilla regions. As the process develops,
the papillae may become grossly enlarged and the
marginal and attached gingiva may also become in-
volved. There is no evidence that attachment loss is a
sequela to the condition although drug induced en-
largement may be superimposed on a pre-existing
periodontitis. The histological characteristics of the
enlarged tissue may be similar to that of normal
gingiva (Hassell 1981, Seymour et al. 1996).

In hyperplasia associated with the use of pheny-
toin, the presence of dental plague does not seem
necessary to initiate the enlargement. The role of den-
tal plaque in the initiation of enlargement associated
with cyclosporin and calcium blocking agents has not
been established. However, plaque and resultant in-
flammation often exacerbate the lesions associated
with all medication types. Animal studies suggest that
thorough plaque removal can prevent or reverse the
enlargement associated with calcium blockers. Addi-
tional animal studies focusing on phenytoin have
demonstrated that oral hygiene measures may limit
the severity of the lesions but are unable alone to lead
to a reversal of the condition (Hassell 1981, Steinberg
& Steinberg 1982, Hassell et al. 1984, Nishikawa et al.
1996, Barclay et al. 1992, Heijl & Sundin 1989, An-
gelopoulos & Goaz 1972). Treatment of gingival en-
largement induced by medication is achieved by a
combination of a rigorous oral hygiene regime, de-
bridement and in those cases where aesthetics, func-
tion or speech are compromised, surgical excision.
Recurrence following treatment can take place and is
more likely in those patients with less than optimal
plaque control (Hall 1997). When patients taking cy-
closporin have their medication changed to, for exam-
ple, tacrolimus, another anti-graft rejection drug, their
gingival enlargement may undergo partial or corn-
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Fig. 7-17. Necrotizing ulcerative gingivitis showing (a) destruction of the interdental papillae, pseudomembrane

and spontaneous bleeding. Although usually confined to the papilla, occasionally the marginal tissues are involved

(b).

plete reversal (Hernandez et al. 2000, James et al.
2000).

NECROTIZING ULCERATIVE
GINGIVITIS

(see also Chapter 10)

Microbiology, host response and
predisposing factors

Necrotizing ulcerative gingivitis (NUG) can be de-
fined as an acute and sometimes recurring gingival
infection of complex etiology, characterized by rapid
onset of gingival pain, interdental gingival necrosis,
and bleeding (Rowland 1999) (Fig. 7-17a and 7-17b).
It has been called many names: Vincent's disease,
trench mouth, acute necrotizing ulcerative gingivitis (
ANUG) and fusospirochetal gingivitis being the more
common examples. This form of gingivitis is
relatively rare (Loesche et al. 1982). The patients af-
fected are typically adolescents or young adults, may
be cigarette smokers (Kirkpatrick & Clements 1934,
Dean & Singleton 1945, Stevens et al. 1984) and are

often psychologically stressed (Goldberg et al. 1956,
Formicola et al. 1970, Cohen-Cole et al. 1983). Pain,
ulceration and necrosis of the interdental papillae and
bleeding, either spontaneous or to gentle manipula-
tion, are cardinal clinical signs of the disease (Grant
1955, Stevens et al. 1984).

Perhaps the most important differential diagnosis
of NUG is that from primary herpetic gingivostoma-
titis. The contrasting features of the two disease enti-
ties are presented in Table 7-4.

On microscopic examination the lesion appears as
a non-specific acute inflammatory process, covered by
a slough or pseudomembrane. The pseudomembrane
contains dead epithelial cells, inflammatory cells, a
fibrin meshwork and various microorganisms. The
connective tissue displays dilated capillaries and a
marked acute inflammatory cell infiltrate. The
mononuclear inflammatory cells seem to be the most
active cells in the phagocytosis of microorganisms (
Listgarten 1965).

The borders of the lesion show hydropic degenera-
tion of the epithelium. Spirochetes are seen invading
the underlying connective tissue. The histopathology
of ANUG lesions was investigated using electron mi-
croscopy and has been described by dividing the le-
sion into four zones (Listgarten 1965):

Table 7-4. Important characteristics for differential diagnosis between necrotizing ulcerative gingivitis and

primary herpetic gingivostomatitis

NUG PHS
Etiology Bacteria Herpes simplex virus
Age 15-30 years Frequently children
Site Interdental papillae Gingiva and the entire dental mucosa
Symptoms Ulceration and necrotic tissue and a yellowish-white Multiple vesicles which burst leaving small round
plaque fibrin-covered ulcers which tend to coalesce
Duration 1-2 days if treated 1-2 weeks
Contagious No Yes
Immunity No Partial
Healing Destruction of periodontal tissue remains No permanent destruction




206 « CHAPTER 7

Fig. 7-18. Necrotizing ulcerative stomatitis resulting
from a spread of NUG to the buccal tissues.

1. The bacterial zone: This is the most superficial layer

consisting of multifarious types of bacteria.

2. The neutrophil-rich zone: This zone is rich in leuco-

cytes and bacteria.

3. Necrotic zone: Dead cells and a fibrin meshwork
predominate in this zone. Numerous spirochetes of
various types are seen.

4. Zone of spirochetal infiltration: This zone is charac-
terized by connective tissue displaying an acute
inflammatory response with infiltrating spiro-
chetes of various sizes.

Quantitative analysis of the bacteria associated with
NUG has been limited to bacterial smear techniques.
When the flora of NUG was studied using quantita-
tive anaerobic culturing techniques, the following or-
ganisms and their relative proportions were found:
Treponema species 32%; Selenomonas species 6%;
Bacteroides intermedius 24%; Fusobacterium species
3% (Loesche et al.1982).

It must be stressed that no bacteriological experi-
ment has produced the typical lesion of NUG in ani-
mals or humans. The organisms can be isolated from
the oral lesions of NUG and grown in pure culture,
thereby satisfying the first two of Koch's postulates.
However, the third postulate remains unsatisfied as
the typical disease pattern cannot be produced in
animals or humans. King (1943) traumatized his own
gingiva and introduced to the area of trauma debris
from the lesion of a patient with NUG. The experiment
proved negative until he became ill a short time after-
wards, whereupon the characteristic lesions of NUG
appeared in the experimental area.

Although it has not been possible to implicate bac-
teria directly in the causation of the disease, the
prompt resolution of the disease process with the
antibiotic penicillin or the antibacterial agent metroni-
dazole is of interest (Schinn 1977, Emslie 1967, Duck-
worth et al. 1966). It has been suggested that the
characteristic bacterial flora of NUG develops as a
consequence of altered host response (Loesche et al.
1982).

Fig. 7-19. Cratering as a result of previous NUG.

Host response in acute necrotizing ulcerative
gingivitis

Attempts have been made to identify some altered
host response mechanisms in patients suffering from
NUG. It has been suggested that systemic disease, for
example ulcerative colitis, blood dyscrasias and nutri-
tional deficiency states, predispose to the develop-
ment of NUG (Goldberger & Wheeler 1928, Cautley
1943). The rate of lymphocyte transformation has been
found to be reduced in patients with NUG (Wilton et
al. 1971). There are two studies reported in which no
significant rises in antibody titers were found for NUG
patients against the characteristic bacteria (Lehner &
Clarry 1966, Dolby 1972).

Abnormalities of white blood cell function have
also been reported (Wilton et al. 1971, Cogen et al.
1983, Claffey et al. 1986). It has been suggested that
patients suffering from acquired immune deficiency
syndrome (AIDS) may have an increased incidence of
ANUG (Pindborg et al. 1986). It has also been reported
that malnutrition is a predisposing factor in the onset
of necrotizing ulcerative gingivitis (Johnson & Engel
1986, Armitage 1980). Very young children can be
affected by NUG in developing countries (Osuji 1990,
Taiwo 1995) and this seems to be related to viral
infections such as measles, protozoal infections (Osuji
1990), or most commonly insufficient protein intake
as a result of a very poor diet (Enwonwu 1972). Poor
nutritional habits seem to be the reason why NUG
affects young adults in Europe and the United States (
Osuji 1990, Taiwo 1995).

Although its nomenclature indicates necrotizing
ulcerative gingivitis to be a gingivally contained le-
sion, it has been suggested that it is associated with
periodontal attachment loss (MacCarthy & Claffey
1991). Necrotizing ulcerative gingivitis may progress
to a fulminating oro-facial infection called noma or
cancrum oris (Johnson & Engel 1986, Armitage 1980).
Noma may develop when the initial gingival necrosis
progresses to a necrotizing periodontitis and thereaf-
ter to necrotizing stomatitis when the infection
spreads to other soft tissues and the bone (Fig. 7-18).
It is often lethal and it affects mainly malnourished



children or otherwise compromised patients (En-
wonwu 1972, Osuji 1990, Taiwo 1995).

Treatment of NUG

Treatment includes oral hygiene instructions, me-
chanical debridement of the teeth and systemic an-
timicrobial therapy (Johnson & Engel 1986). Debride-
ment would appear to be the mainstay of treatment,
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Chronic Periodontitis
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The clinical features of chronic periodontitis are gin-
gival inflammation (color and texture alterations),
bleeding on probing (BOP) from the gingival pocket
area, reduced resistance of the periodontal tissues to
probing (periodontal pocketing), loss of clinical at-
tachment and loss of alveolar bone. Variable features
include enlargement or recession of the gingiva, root
furcation exposure, increased tooth mobility, drifting
and eventually exfoliation of teeth.

Figs. 8-1 (a-c) illustrate the clinical status of a 55-
year-old male with chronic periodontitis and Fig. 8-2
presents the radiographic status of the same patient.
Note the presence of gingival recession at a large
number of buccal and interproximal sites. A number
of teeth can be identified from the radiographs,
around which there is extensive alveolar bone loss. At
teeth 16, 26, 27 and 47 the furcation areas have lost
their periodontal tissue support and are open for "
through and through™ probing.

Chronic periodontitis is initiated as gingivitis at or
soon after puberty but symptoms such as bone and
attachment loss are not observed until later. Although
chronic periodontitis is initiated and sustained by
microbial plague, host defense mechanisms have a
crucial role to play in its pathogenesis and the inherent
susceptibility of a patient to the disease (see Chapter
5). Chronic periodontitis is generally a slowly pro-
gressing form of periodontitis which at any stage may
undergo an acute exacerbation with associated attach-
ment loss. From prevalence studies, chronic periodon-
titis is the most commonly occurring form of perio-
dontitis. Varying levels of severity of chronic perio-
dontitis exist. Advanced forms of chronic periodonti-
tis are seen in only a subset of the population (Chapter
2).

Chronic periodontitis is variable in that it does not
affect all teeth evenly, but has both a subject and site
predilection. When considering changes in attach-
ment level over time, it is also peculiar that only
relatively few sites actually undergo extensive peri-
odontal destruction during any given observation pe-
riod. Socransky et al. (1984) have suggested that peri-
odontitis progresses in episodes of exacerbation and
remission and they termed this the "burst hypothe-
sis". Further studies have suggested that the progres-
sion may actually be continuous rather than following
an episodic pattern. The consensus is that the progres-
sion of chronic periodontitis is a continuous process
that undergoes periods of acute exacerbation. Clini-
cally, the progressive nature of the disease can only be
confirmed by repeated examinations but it is a safe
assumption that untreated lesions will progress.

In summary

Chronic periodontitis: (1) is subject-related with only
a few individuals experiencing advanced destruction,
(2) affects specific teeth and (3) the progression of this
inflammatory disease is continuous with brief epi-
sodes of localized exacerbation and occasional remis-
sion.

The histopathology of chronic periodontitis has been
discussed in Chapter 5 and it is likely that the lesion
in many aspects is similar to that of aggressive perio-
dontitis.

Local and systemic risk factors (as discussed later)
may have a bearing on the rate of progression of the
lesions and may in fact determine whether an individ-
ual will actually manifest as advanced disease. Local
risk factors include any feature which would increase
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Fig. 8-2. Radiographic status of the patient presented in Fig. 8-1.

Table 8-1. Prevalence of chronic periodontitis ex- partial dentures, traumatic occlusions, local smoking
pressed in percentage terms of subjects with clinical  effects etc.
attachment loss (CAL) across various age groups Clinical attachment loss (CAL) of 1 mm or 2 mm

(modified from Flemmig 1999) can be found in nearly all members of an adult popu-

lation. The prevalence of subjects with one or more
sites with CAL 3 mm or greater increases with age (

Age (years) CAL3-4 mm CaL=5mm Table 8-1). Furthermore the number of diseased sites in
18-35 9.35 0.3-6 any one individual increases with age. Also the
population prevalence, extent and severity of chronic
36-35 18-70 12-27 periodontitis increase with age. Age of onset and rate
of progression, however, vary between individuals and
s L) - __are probably related to both genetic and environ-
plague accumulation or plague retention (e.g. over- mental risk factors.

hanging restorations) in an area, or predispose the In untreated populations additional CAL of 3 mm local
tissues to be more susceptible to the inflamma- or more that occurred over a one-year period was tory effects
of microbial plaque, for example clasps of found in up to 27% of subjects (Flemmig 1999). On a

site basis, the overall annualized incidence ranged



Table 8-2. Summary of clinical features and charac-
teristics of chronic periodontitis

1. Chronic periodontitis is more prevalent in adults but can
also be found in children and adolescents.

2. The amount of periodontal destruction is commensurate
with oral hygiene or plaque levels, local predisposing
factors and systemic risk factors including smoking, stress,
diabetes, HIV and inherent host defense capabilities of the
patient.

3. The composition of microbial plaque is complex and varies
greatly within and between patients and subgingival
calculus is a common finding.

4.  Chronic periodontitis can be classified as localized when
fewer than 30% of sites are affected, and generalized
when this level is exceeded.

5. Further classification of the disease is based on the extent
and severity of the clinically evident periodontal
destruction.

IS

Although chronic periodontitis is initiated and sustained by
microbial plaque, host factors influence the pathogenesis
and progression of the disease.

7. Progression can only be confirmed by repeated clinical
examinations and is considered likely to occur in diseased
sites that are left untreated.

from 0.3% to 4.2% (Flemmig 1999), which indicates
that the number of sites which actually exhibit pro-
gression within a given time is very variable. The
mean annual CAL and bone loss (BL) has been re-
ported to range from 0.04 to 1.04 mm. The distribution
of this annual progression indicates that only a small
proportion of the population show a high mean rate
of disease progression. Factors which influence dis-
ease progression are factors also associated with the
initiation of chronic periodontitis. Furthermore, the
current extent of disease within an individual, i.e.
number of sites with CAL, BL and/or deep pockets (
PPD), is a predictor of future disease occurrence. In
fact the best predictor of disease progression is the
previous disease experience.

Chronic periodontitis is often classified according
to extent and severity of diseased sites. For the extent
of disease the low category would involve 1 to 10 sites,
medium 11 to 20 and high would be greater than 20
sites affected. Severity can be differentiated according
to clinical attachment loss into mild (1-2 mm CAL),
moderate (3-4 mm CAL) or severe (to ? 5 mm CAL).
The extent and severity of chronic periodontitis, as
stated previously, are useful predictors of future dis-
ease progression, and taken together with the pa-
tient's age may be clinically valuable in predicting
disease progression and thus the need for therapy and
maintenance. Table 8-2 provides a summary of the
clinical features of chronic periodontitis.
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RISK FACTORS OR
SUSCEPTIBILITY TO CHRONIC
PERIODONTITIS

The term "risk factor" means an aspect of lifestyle, or
an environmental exposure, or an inborn or inherited
characteristic, which on the basis of epidemiological
evidence is known to be associated with a given dis-
ease. Risk factors may be part of the causal chain of a
disease and/or may predispose the host to develop a
disease. An individual presenting with one or more
risk factors has an increased probability of contracting
the disease or of the disease being made worse.

Bacterial risk factors

These aspects are dealt with in previous chapters and
from these the reader can ascertain that a cumulative
risk for a given microbiota can be estimated. It is not
clear however if the specific microbiota is the principal
disease causing factor or whether it reflects the disease
process. Specific microorganisms have been consid-
ered as potential periodontal pathogens but it is clear
that although pathogens are necessary, their mere
presence may not be enough for disease activity to
occur. Microbial plaque (biofilm) is a crucial factor in
inflammation of the periodontal tissues, but the pro-
gression of gingivitis to periodontitis is largely gov-
erned by host-based risk factors. Microbial biofilms of
particular compositions will initiate chronic perio-
dontitis (see Chapter 4) in certain individuals whose
host response and cumulative risk factors predispose
them to periodontal destruction rather than to gingi-
vitis.

Age

Although the prevalence of periodontal disease in-
creases with age it is unlikely that becoming older in
itself greatly increases susceptibility to periodontal
disease. It is more likely that the cumulative effects of
disease over a lifetime, i.e. deposits of plaque and
calculus, and the increased number of sites capable of
harboring such deposits, as well as attachment and
bone loss experience, explain the increased prevalence
of disease in older people.

Smoking

The association between periodontal disease and
smoking is dealt with in detail in Chapter 6. Only a
brief discussion of smoking as a risk factor for chronic
periodontitis is thus given here. The literature consis-
tently indicates a positive association between smok-
ing and chronic periodontitis across the many cross-
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sectional and longitudinal studies performed over the
years (Kinane & Chestnutt 2000) and the risk attribut-
able to tobacco for chronic periodontitis is between 2.5
and 7.0. It is not only the risk of developing the disease
that is enhanced by smoking, but also the response to
periodontal therapy is impaired in smokers. A further
feature in smokers is that their signs and symptoms of
both gingivitis and chronic periodontitis, mainly gin-
gival redness and bleeding on probing (BOP), are
masked by the dampening of inflammation seen for
smokers as compared to non-smokers.

Host response related

Systemic disease

It is difficult to determine the precise role any systemic
disease may play in the pathogenesis of chronic peri-
odontitis. There are several reasons for this. Firstly, in
epidemiological studies attempting to evaluate the
effect of systemic disease, control groups should be
carefully matched in respect of age, sex, oral hygiene
and socio-economic status. Many studies, particularly
before the etiological importance of dental plaque was
recognized, failed to include such controls. Secondly,
because of the chronicity of periodontal disease, lon-
gitudinal studies spanning several years are prefer-
able in individuals both with and without systemic
disease. Unfortunately, most of the available data are
derived from cross-sectional studies.

A reduction in number or function of polymor-
phonuclear leukocytes (PMNSs) generally results in
increased rate and severity of periodontal tissue de-
struction. Many drugs such as phenytoin, nifedipine
and cyclosporin predispose to gingival overgrowth in
response to plaque and thus may modify pre-existing
chronic periodontitis. Changes in circulating hor-
mone levels may increase severity of plaque induced
gingival inflammation but typically do not result in
any increased susceptibility to periodontitis. Hormo-
nal changes following menopause have been associ-
ated with osteoporosis but studies are lacking to link
this disease or an estrogen deficient state to a higher
susceptibility to periodontal disease. Immuno-sup-
pressive drug therapy and any disease resulting in
suppression of inflammatory and immune processes (
such as HIV infection) may predispose the individual to
periodontal tissue destruction.

Nutritional deficiencies in animals have been
shown to affect the periodontal tissues but epidemiol-
ogical data do not support the suggestion that such
deficiencies play an important role in chronic peri-
odontal disease. Gingival bleeding is the most consis-
tent oral feature of vitamin C deficiency or scurvy but
there is also some evidence to suggest that avitami-
nosis-C may aggravate established chronic periodon-
titis.

The periodontal features of the histiocytoses group
of diseases may present as necrotizing ulcerative pe-
riodontitis. Diabetes appears to be one of the most

fascinating systemic diseases that interacts with peri-
odontitis. On the one hand periodontitis severity and
prevalence are increased in diabetics and more so in
poorly-controlled diabetics, than non-diabetics. On
the other hand, periodontitis may also exacerbate dia-
betes as it may decrease glycemic control (see Chapter
6).

Despite the paucity of high quality literature on
individuals both with and without systemic disease
the following general conclusions can be drawn:

1. The blood cells have a vital role in supplying oxy-
gen, hemostasis and protection to the tissues of the
periodontium. Systemic hematological disorders
can thus have profound effects on the periodon-
tium by denying any of these functions necessary
for the integrity of the periodontium.

2. The polymorphonuclear leucocyte (PMN cell) is
undoubtedly crucial to the defence of the periodon-
tium. To exert this protective function several ac-
tivities of PMNs must be integrated, namely
chemotaxis, phagocytosis and killing or neutraliza-
tion of the ingested organism or substance. Indi-
viduals with either quantitative (neutropenia) or
qualitative (chemotactic or phagocytic) PMN defi-
ciencies, exhibit severe destruction of the periodon-
tal tissues, which is strong evidence that PMNs are
an important component of the host's protective
response to the subgingival biofilm. Quantitative
deficiencies are generally accompanied by destruc-
tion of the periodontium of all teeth, whereas quali-
tative defects are often associated with localized
destruction affecting only the periodontium of cer-
tain teeth (i.e. chronic periodontitis may be modi-
fied).

3. Leukemias which give excessive numbers of leuco-
cytes in the blood and tissues also cause a greatly
depleted bone marrow function with concomitant
anemia, thrombocytopenia, neutropenia and re-
duced range of specific immune cells which give
some characteristic periodontal features: anemic
gingival pallor; gingival bleeding; gingival ulcera-
tion. Leukemic features are further complicated by
the potential for the proliferating leucocytes to in-
filtrate the gingiva and result in gingival enlarge-
ment.

4. In broad terms leukemias result in gingival pa-
thologies, whereas periodontal bone loss is the con-
sequence of neutrophil functional defects or defi-
cient numbers and other severe functional defects
such as deficiency of leucocyte adhesion receptors.

5. There are numerous confounding variables, which
must be considered in determining the true rela-
tionship between periodontitis and diabetes. The
current consensus is that diabetics are at increased
risk of periodontal disease, and whilst periodontitis
can be successfully treated, both disease suscep-
tibility and the outcome of therapy are influenced
by poor metabolic control. Thus, it may be of bene-
fit to the dentist to have knowledge of the control



status of diabetes in an individual patient, as in the
longer term metabolic control could indicate the
probable outcome of periodontal therapy. In addi-
tion, it is now accepted that periodontal therapy
can improve metabolic control in diabetics, mean-
ing that the relationship is two-way and periodon-
tal therapy is beneficial to the control of both dis-
eases.

6. Medications such as phenytoin, cyclosporin and
nifedipine may predispose to gingival overgrowth
in patients with gingivitis.

7. Genetic traits, which result in diseases that modify
the periodontal structures or change the immune
or inflammatory responses, can result in gross peri-
odontal destruction in the affected individual and
although the destruction seen may imitate perio-
dontitis this is not etiopathologically chronic peri-
odontitis.

Stress

Stress and other psychosomatic conditions may have
direct anti-inflammatory and/or anti-immune effects
and/or behavior mediated effects on the body's de-
fenses. Hence both conditions may conceptually be
relevant to the etiology of chronic periodontitis and
necrotizing ulcerative conditions. Recent studies have
suggested that academic stress and financial stress
may be associated with an increased risk of periodon-
tal disease. Most of the literature on stress and peri-
odontal conditions is quite old, however, and reports
of acute necrotizing ulcerative gingivitis (or trench
mouth) were made on stressed soldiers on the front
line during World War 1. It is understood that stress
may be immunosuppressive and that acute necrotiz-
ing ulcerative gingivitis may occur in the immuno-
suppressed (also in HIV patients), but there is insuffi-
cient data as yet to substantiate the assumption that
psychosocial factors are indeed of etiological impor-
tance in chronic periodontitis.

Genetics

There is convincing evidence from twin studies for a
genetic predisposition to the periodontal diseases.
The twin studies have indicated that risk of chronic
periodontitis has a high inherited component but that
gingivitis is a general and common response which is
unlikely to be linked with particular genes. A great
deal of research is underway attempting to identify
the genes and polymorphisms associated with all
forms of periodontitis. It is likely that chronic perio-
dontitis involves many genes, the composition of
which may vary across individuals and races. Much
attention has focused on polymorphisms associated
with the genes involved in cytokine production. Such
polymorphisms have been linked to an increased risk
for chronic periodontitis but these findings have yet
to be corroborated.
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SCIENTIFIC BASIS FOR
PERIODONTAL THERAPY

Periodontitis is initiated and sustained by microbes
which are present in supra and subgingival plaque in
the form of uncalcified and calcified (calculus)
biofilms. Initial periodontal therapy or basic treat-
ment of periodontitis involves the removal of both sub
and supragingival plaque. The clinical outcome is
largely dependent on the skill of the operator in re-
moving subgingival plague and the skill and motiva-
tion of the patient in practising adequate home care.
A further variable is the innate susceptibility of the
patient which is related to the way in which their
innate, inflammatory and immune systems operate in
response to the microbial challenge. In addition, local
and systemic risk factors can influence the quantity
and quality of both the microbial challenge and the
host response to these pathogens. The relative contri-
bution of these risk factors has yet to be fully deter-
mined but their influence would be negated if the
periodontium was kept free of microbial plaque, and
thus subgingival debridement and patient's home
care are of vital importance.

Studies have been conducted which indicate the
relative importance of operator and patient-based in-
terventions (for further detail see Chapters 20 and 21)
and only a brief summary is presented below.

Tooth loss

There is an established literature strongly supporting
the concept that periodontal treatment of chronic pe-
riodontitis is effective, and numerous long term stud-
ies show low rates of tooth loss ( 0.1 tooth lost/year)
in treated and well-maintained periodontitis patients
(Lindhe & Nyman 1984, Nabers et al. 1988). Patients
who, following treatment, were not complying with
maintenance care had double the rate of tooth loss per
year (0.2 teeth/year) (Becker et al. 1984), and un-
treated patients lost approximately 0.6 teeth/year (
Becker et al. 1979). Thus there is substantial evidence
supporting the concept that periodontal therapy and
subsequent maintenance care are beneficial in main-
taining the dentition.

Subgingival instrumentation and
maintenance

The effects of cause related periodontal therapy were
studied intensively during the 1980s and the work of
Egelberg and his colleagues will be described now.
Badersten et al. (1984) utilized patients with severe
chronic periodontitis to study the effects of cause re-
lated periodontal therapy. The patients had a multi-
tude of sites with deep pockets (up to 12 mm). Initial
oral hygiene instruction was provided at two to three



214 - CHAPTER 8

Clinical changes between 0-24 months in sites with different initial probing depths
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Fig. 8-3. Data from the Badersten et al. (1984) study showing the clinical changes at 2 years according to baseline

pocket depth.

visits during the first month of the study. Additional
instruction and reinforcement of self-performed
plague control was provided, as required, during the
2 years of the study. Subgingival debridement was
performed at 3, 6 and 9 months and the results were
evaluated over 2 years. Only minimal improvements
in the periodontal indices occurred during the first 3
months in which no scaling and root planing was
performed. Following supra and subgingival instru-
mentation, and gradually up until 12 months from
baseline, the periodontal indices improved markedly.
In the final 12 months of the 2-year period, no signifi-
cant further improvements in the clinical condition
occurred. These results demonstrate that chronic pe-
riodontitis can be treated successfully by intensive
initial non-surgical periodontal therapy and this out-
come can be maintained over time with supportive
periodontal therapy (SPT).

Fig. 8-3 shows further data from the Badersten et al.
(1984) study and reports the clinical changes at 2 years
according to baseline pocket depth. It can be seen that
pocket depth reduction after therapy is an arithmetic
combination of gingival recession and gain or loss of
clinical attachment. At the end of the study the mean
pocket depth reduction was 1.5 mm although it is clear
from Fig. 8-3 that the initially deeper pockets had the
largest reduction in pocket depth over the 2 years and
the greatest clinical attachment gain. An interesting
feature is the fact that the sites with initially shallow
pockets tended to lose clinical attachment over the
study period. Several theories have been proposed to
explain this fact. The most plausible explanation for
the loss of clinical attachment at shallow sites is the
trauma caused by subgingival instrumentation to the

supracrestal connective tissue attachment and the
subsequent remodeling of the marginal tissues. The
best predictor of further clinical attachment loss was
residual deep pockets that occurred after treatment.
Thus, Claffey and Egelberg (1995) found that at re-
evaluation, patients with multiple sites with residual
probing depth >_ 6mm after active treatment had a
greater risk for additional attachment loss than pa-
tients with mainly shallow sites.

EFFECT OF SURGICAL
TREATMENT

Surgical treatment of chronic periodontitis lesions
permits visualization and access to the root surfaces
and thus has clear advantages over a non-surgical
approach for the cleaning of root surfaces. Tissues may
also be manipulated and lesions modified, or granu-
lation tissue surgically removed. The efficacy of sur-
gical periodontal therapy compared within the vari-
ous surgical treatment modalities and compared to
non-surgical therapy has to be considered from the
extensive scientific literature on these matters (for
further detail see Chapter 25).

COMPARISONS OF SURGICAL
AND NON-SURGICAL THERAPY

Kaldahl et al. (1993) reviewed a large body of work on
the advantages of different periodontal treatment mo-



dalities over others. Although the best assessment of
clinical outcome is achieved from longer-term studies,
actually following patients over the long term creates
new confounding problems and these can reduce the
benefit imparted by the longitudinal element of the
investigation. For example, the patient drop-out in-
creases over time which may increase the bias in the
selection of the final group for analysis (usually the
less motivated patients or less successfully treated
patients will drop out). In addition, tooth loss may
occur for which we do not know the reason and sites
associated with such teeth are lost for longitudinal
analysis. Nevertheless, useful long-term studies have
been conducted over 5 to 8 years and have typically
made intra-patient comparisons of different peri-
odontal treatment modalities using split mouth de-
signs. In the Kaldahl et al. (1993) review, some com-
prehensive summary statements were arrived at. In
general:

1. Surgical and non-surgical periodontal therapy can
improve periodontal clinical outcome measures.
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Aggressive Periodontitis
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Periodontitis is an infection that can manifest itself
with polymorph clinical presentations. This has led to
the recognition of different clinical syndromes. Until
recently, the question of whether or not these dissimi-
lar clinical presentations represented different forms
of disease has been open to discussion. Today several
lines of evidence support the existence of truly differ-
ent forms of periodontitis. These include:

1. The growing clinical consensus of differential prog-
nosis and need for specific treatment approaches
for the various syndromes

2. Heterogeneity in etiology with possible therapeutic
implications

3. Heterogeneity in genetic and environmental sus-
ceptibility

At the 1999 international classification workshop, the
different forms of periodontitis were reclassified into
three major forms (chronic, aggressive and necrotiz-
ing forms of periodontitis) and into periodontal mani-
festations of systemic diseases. This chapter deals
with aggressive, type 1, periodontitis. Until recently,
this group of diseases was defined primarily based on
the age of onset/diagnosis and was thus named early
onset periodontitis (EOP). Features of this form of
disease, however, can present themselves at any age
and this form of periodontitis is not necessarily con-
fined to individuals under the arbitrarily chosen age
of 35.

Aggressive periodontitis (AgP) comprises a group of
rare, often severe, rapidly progressive forms of
periodontitis often characterized by an early age of
clinical manifestation and a distinctive tendency for
cases to aggregate in families. At the above mentioned
classification workshop, AgP periodontitis was char-

acterized by the following major common features (
Lang et al. 1999):

* Non-contributory medical history
« Rapid attachment loss and bone destruction
< Familial aggregation of cases

Frequently AgP presents early in the life of the indi-
vidual; this implies that etiologic agents have been
able to cause clinically detectable levels of disease over
a relatively short time. This fact is central to the current
understanding of these diseases, since it implies infec-
tion with a highly virulent microflora and/or a high
level of subject susceptibility to periodontal disease.
AgP, however, can occur at any age. Diagnosis of AgP
requires exclusion of the presence of systemic diseases
that may severely impair host defences and lead to
premature tooth loss (periodontal manifestations of
systemic diseases).

The existence of specific forms of AgP has also been
recognized based on specific clinical and laboratory
features: localized aggressive periodontitis (LAP, for-
merly known as localized juvenile periodontitis or UP)
and generalized aggressive periodontitis (GAP,
formerly termed generalized juvenile periodontitis (
GJP) or generalized early onset periodontitis, G-EOP) (
Tonetti & Mombelli 1999).

In spite of its rare occurrence AgP has been the focus
of many investigations aimed at understanding its
etiology and pathogenesis. Difficulties in gathering
sufficiently large populations, however, have resulted
in few clinical studies addressing both diagnostic and
therapeutic procedures for these subjects. Utilization
of both clinical and advanced diagnostic procedures
as well as of a variety of treatment approaches remains
largely anecdotal and somehow based on the specific



experience of individual clinicians rather than on
well-documented scientific evidence.

CLASSIFICATION AND CLINICAL
SYNDROMES

In the absence of an etiologic classification, aggressive
forms of periodontal disease have been defined based
on the following primary features (Lang et al. 1999):

» Non-contributory medical history
 Rapid attachment loss and bone destruction
o Familial aggregation of cases

Secondary features that are considered to be generally
but not universally present are:

» Amounts of microbial deposits inconsistent with
the severity of periodontal tissue destruction

¢ Elevated proportions of Actinobacillus actinomy-
cetemcomitans and, in some Far East populations,
Porphyromonas gingivalis

» Phagocyte abnormalities

« Hyper-responsive macrophage phenotype, includ-
ing elevated production of PGE; and IL-1p in re-
sponse to bacterial endotoxins

* Progression of attachment loss and bone loss may
be self-arresting

The international classification workshop identified
clinical and laboratory features deemed specific
enough to allow sub-classification of AgP into local-
ized and generalized forms (Tonetti & Mombelli 1999,
Lang et al. 1999). The following features were identi-
fied:

Localized aggressive periodontitis (LAP) (Fig. 9-1)

o Circumpubertal onset

o Localized first molar/incisor presentation with in-
terproximal attachment loss on at least two perma-
nent teeth, one of which is a first molar, and involv-
ing no more than two teeth other than first molars
and incisors

e Robustserum antibody response to infecting agents

Generalized nggressive periodontitis (GAP) (Fig. 9-2)

o Usually affecting persons under 30 years of age, but
patients may be older

e Generalized interproximal attachment loss affect-
ing at least three permanent teeth other than first
molars and incisors

 Pronounced episodic nature of the destruction of
attachment and alveolar bone

= Poor serum antibody response to infecting agents

Diagnosis of one of these AgP forms requires the
absence of systemic diseases that may severely impair
host defences and lead to premature exfoliation of
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teeth. In such instances the appropriate clinical diag-
nosis will be periodontal manifestation of systemic
diseases.

GAP represents the most heterogeneous group and
includes the most severe forms of periodontitis. They
comprise forms originally described as generalized
juvenile periodontitis (emphasis on a possible rela-
tionship with LAP), severe periodontitis (emphasis on
the advanced destruction in comparison with patient
age), or rapidly progressing periodontitis (emphasis
on the high rate of progression of lesions in these
forms). Each of these GAP forms, however, remains
highly heterogeneous in terms of clinical presentation
and response to therapy. The European Workshop on
Periodontology has therefore suggested that, while a
better etiologic classification remains unavailable,
these forms should be considered as a group to be
further defined by the use of various clinical descrip-
tors of the disease based on clinical, microbiological
and immunologic parameters (Attstrom & Van der
Velden 1993). Further rationale for an imprecise clas-
sification of these GAP forms comes from the fact that,
given the severity of the disease and the heterogeneity
of clinical presentation, each of these rare cases de-
serves individual consideration.

Often subjects present with attachment loss that
does not fit the specific diagnostic criteria established
for AgP or chronic periodontitis; this occurrence has
been termed incidental attachment loss. It includes: re-
cessions associated with trauma or tooth position,
attachment loss associated with impacted third mo-
lars, attachment loss associated with removal of im-
pacted third molars, etc. It may include initial clinical
presentations of periodontitis. Patients with this clini-
cal diagnosis should be considered as a high-risk
group for AgP or chronic periodontitis.

Besides clinical presentation, a variety of radio-
graphic, microbiologic and immunologic parameters
are currently being used, along with the assessment of
environmental exposures such as cigarette smoking,
to further describe the AgP affecting the individual
subject. These descriptors are important in treatment
selection and to establish long-term prognosis. They
will be further discussed in the section on diagnosis
later in this chapter.

It is also important to underline that, in the present
state of uncertainty regarding both the causative
agents and the genetic and environmental susceptibil-
ity to AgP, it is possible that, in spite of the lines of
evidence presented above, LAP and GAP may simply
represent phenotypic variations of a single disease
entity. Conversely, it is possible that different AgP
forms may manifest themselves with a common clini-
cal presentation. This aspect is of great diagnostic and
therapeutic importance.

Some case reports have indicated that some sub-
jects may experience periodontitis affecting the pri-
mary dentition, followed by LAP and later by GAP
(Shapira et al. 1994). One investigation indicated that
the primary dentition of LAP patients presented bone
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Fig. 9-1. (a-c) Clinical appearance of the periodontal tissues of a 15-year-old girl suffering from localized aggressive
periodontitis. Note the proper oral hygiene conditions and the scalloped outline of the gingival margin. In the lower
anterior region, the interdental papilla betvween teeth 31 and 32 has been lost. Intraoral radiographs (d) show the
presence of localized angular bony defects, associated with clinical attachment level loss, at the mesial aspect of tooth
46, 36 and at the distal aspect of tooth 31. No significant bone loss and/or attachment loss was detectable in other
areas of the dentition. Diagnosis: localized aggressive periodontitis (LAP).

loss at primary molars in 20-52% of the cases, suggest EPIDEMIOLOGY

ing that at least some LAP cases may initially affect the

primary dentition (Sjodin et al. 1989, 1993). Further-

more, in LAP subjects an association between the Given the recent definition of AgP and the fact that it number of
lesions and the age of the subject has been does not represent just a new term for the previously described,
suggesting an age-dependent shift from defined EOP, epidemiological studies available relate localized to generalized
forms of AgP (Hormand & primarily to EOP. Relatively few investigations em-Frandsen 1979, Burmeister et al.
1984). ploying different epidemiological techniques have es-
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Fig. 9-1. (e-g) Clinical appearance of the 14-year-old sister of the proband depicted in (a-d). Note that in spite of
the excellent oral hygiene status, bleeding on probing was provoked in the mesial of the molars, where deep
pockets were present. (h) Angular bone loss is evident on the mesial of 16, 26 and 46.

timated the prevalence and the progression of EOP in the employed epidemiological methodologies and the
primary and permanent dentition(s) of children definition of EOP.

and young adults. All available investigations, how-

ever, indicate that early onset (aggressive) forms of

periodontal diseases are detectable in all age and eth- Primary dentition

nic groups (Papapanou 1996). Wide variation in

prevalence, however, has been reported, with some Little evidence is available concerning the prevalence
studies showing up to 51.5% affected individuals. of AgP affecting the primary dentition. In the few
These differences are probably due to differences in studies from industrialized countries, marginal alveo-
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Fig. 9-2. (a-c) Clinical presentation in 1990 of a 32-year-old female with generalized severe bone loss and clinical at
tachment loss, recession of the gingival margin and presence of deep periodontal pockets. Presence of local
factors, and intense inflammation and edema of the gingival margin are evident.

lar bone loss has been found to affect the primary
dentition of 5 to 11 year olds with frequencies ranging
from 0.9-4.5% of subjects (Sweeney et al. 1987, Bim-
stein et al. 1994, Sjodin & Mattson 1994). In this respect,
it should be emphasized that periodontitis affecting
the primary dentition does not necessarily mean pres-
ence of an aggressive form of periodontitis, but may
indicate a chronic form of disease with relative abun-
dance of local factors (plaque and calculus). A clinical
case of localized periodontitis affecting the primary
dentition is illustrated in Fig. 9-3. More severe cases
affecting the primary dentition and leading to tooth
exfoliation early in life are usually interpreted as peri-
odontal manifestations of systemic (hematologic) dis-
eases, such as leukocyte adhesion deficiency (see
Chapter 2 and Fig. 9-4).

Permanent dentition

In the permanent dentition of 13 to 20-year-old indi-
viduals, the majority of studies have reported a preva-
lence of periodontitis of less than 1% (usually 0.1-0.2%
in Caucasian populations). The risk of developing
periodontitis at such an early age, however, does not
seem to be shared equally in the population: among
US schoolchildren 5-17 years of age, the prevalence of
periodontitis has been estimated to range from about
0.2% for whites to about 2.6% for blacks (Loe & Brown

1991). Furthermore, in these young age groups higher
prevalence of periodontitis has been reported in stud-
ies from some developing countries (see Chapter 2).

Longitudinal studies of disease progression in ado-
lescents indicate that subjects with signs of destructive
periodontitis at a young age are prone to further dete-
rioration. Such deterioration appears to be more pro-
nounced at initially affected sites, and in patients di-
agnosed with LAP and from low socio-economic
classes. Deterioration of the periodontal status in-
volves both an increase in extent (number of lesions
within the dentition) and an increase in severity of
lesions (further alveolar bone loss at initially diseased
sites, Fig. 9-5) (Clerehugh et al. 1990, Lissau et al. 1990,
Albandar et al. 1991a,b, 1993, Aass et al. 1994).

Some epidemiological investigations have re-
ported high prevalence of attachment loss in adoles-
cents and young adults that did not fit the charac-
teristics of recognized periodontitis clinical syn-
dromes. Such occurrences have been termed incidental
attachment loss, and have been reported in 1.6-26% of
the subjects. This group is thought to comprise both
initial forms of periodontitis (including AgP) and a
variety of defects such as recession due to traumatic
tooth-brushing, attachment loss associated with re-
moval of impacted third molars, etc.

Conclusion
A small but significant proportion of children and
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Fig. 9-2. (d-f). Previous radio-
graphic examinations were avail-
able from 1984 and 1987. Compari
son of the radiographs obtained
over the 6-year period from 1984
to 1990 indicates that most of the
periodontal destruction occurred
during the last 3 years. The pa-
tient had been smoking 20 ciga-
rettes/day for more than 10 years.
Diagnosis: Generalized aggressive
periodontitis (GAP) in a cigarette
smoker.

young adults is affected by some form of periodonti-
tis. A substantial proportion of these subjects is
thought to be affected by AgP. Given the severity of
these forms of periodontal diseases and their tendency
to progress, early detection of periodontitis, and AgP
in particular, should be a primary concern of both
practitioners and public health officers. The whole
population, including children and young adults,
should receive a periodontal screening as part of their
routine dental examination.

Screening

Given the low prevalence of AgP patients within the
population, cost-effective detection of cases requires
utilization of a sensitive screening approach, i.e. the
application of a diagnostic approach able to correctly
identify most of the cases with disease. The objective
of screening is the detection in a population of possi-

bly diseased subjects that would require a more com-
prehensive examination. In periodontology, the most
sensitive diagnostic test for the detection of periodon-
titis is the measurement of attachment loss by probing.
Application of this diagnostic procedure in the mixed
dentition and in teeth that are not fully erupted, how-
ever, may be difficult.

In younger subjects, therefore, a currently utilized
screening approach is the measurement of the dis-
tance between the alveolar crest and the cemento-
enamel junction on bite-wing radiographs. An advan-
tage of this approach relates to the fact that in most
industrialized countries bite-wing radiographs of
children and young adolescents in mixed dentition are
routinely taken for caries prevention programs; these
radiographs should therefore be screened not only for
carious lesions but also for the presence of marginal
alveolar bone loss.

Recent investigations have attempted to determine
the "normal” distance between the cemento-enamel
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Fig. 9-3. Seven-year-old African-American female presenting with radiographic alveolar bone loss and probing at-

tachment loss at the primary molars and permanent first molars and incisors: (a-c) clinical photographs, buccal
view; (d-e) bite-wing radiographs. Clinical presentation shows moderate plaque accumulation, localized gingival
inflammation, with ulceration of the gingival margin and loss of the interdental papilla mesial of #65. 4-6 mm pock-
ets with bleeding on probing were present in the primary molar regions. Bone loss and attachment loss were lim-
ited to the molar region. The mesial aspects of the first permanent molars are also initially involved. Radiographic
subgingival calculus is evident. Note that the upper left posterior sextant seems to be more severely affected than
the other posterior segments. Diagnosis: localized aggressive (type 1) periodontitis.

junction and the alveolar crest of primary and perma-
nent molars in 7 to 9-year-old children (Sjodin &
Mattson 1992, Needleman et al. 1997). Median dis-
tances at primary molars were 0.8 to 1.4 mm. These
values were in agreement with those previously re-
ported for primary molars of 3 to 11-year-old children
(Bimstein & Soskolne 1988). The cemento-enamel
junction of permanent molars was 0 to 0.5 mm apical
to the alveolar crest in 7 to 9 year olds. These values
were age-dependent, and related to the state of erup-

tion of the tooth. In general, however, it should be
noted that the majority of children present with dis-
tances significantly smaller than the 2-3 mm consid-
ered normal for the completely erupted dentitions of
adults. In children, significantly greater distances have
been detected at sites with caries, fillings or open
contacts, indicating that these factors may contribute
to bone loss in similar ways to in adult patients. Fur-
thermore, presence of one of these local factors may
suggest a local cause of bone loss, other than perio-
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Fig. 9-4. Radiographs obtained from a Caucasian female with generalized pre-pubertal periodontitis. Radiographic
situation in (A) April 1978 when she was 4-5 years old, (B) December 1978; and (C) August 1979. The
radiographs illustrate the extent of alveolar bone loss that occurred over the 15-month period. Note the
widespread bone loss. During infancy, this patient had severe, recurrent skin and ear infections sustained by
Staphylococcus aureus and Pseudomonas aeruginosa, respectively. Delayed healing was also observed following
minor injuries. White cell counts revealed a persistent leukocytosis, with absolute neutrophil counts always above
8000/mmé3. Gingival biopsy indicated that the inflammatory infiltrate consisted almost completely of plasma cells
and lymphocytes. No neutrophils were present, in spite of the abundance of these cells in the circulation. This
history and clinical manifestation appears to be consistent with the diagnosis of periodontal manifestations of
systemic disease in a subject with leukocyte adhesion deficiency (LAD). From Page et al. 1983.

dontitis. A distance of 2 mm between the cemento- and 9-7) (Sjodin & Mattson 1992). This tentative diagenamel
junction and the alveolar crest, in the absence nosis will have to be confirmed by a complete peri-

of the above-mentioned local factors, argues therefore odontal examination. In utilizing bite-wing radio-
for a suspected diagnosis of periodontitis (Figs. 9-6 graphs for the screening of patients, clinicians should
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Fig. 9-5. Radiographs illustrating bone loss at the distal aspect of the mandibular first molar in a 15-year-old girl (a)
and progression of disease 1 year later (b).

CEJ - MBL

35 Suspect PPP

CEJ - MBL=7mm 2

Normal

Fig. 9-6. Diagrammatic representation of the use of bite-wing radiographs to screen for prepubertal periodontitis in
mixed dentition. The distance from the cemento-enamel junction (CEJ) and the marginal bone level (MBL) is meas-
ured from a line connecting the CEJ of the two adjacent teeth. Measurements are taken for each mesial and distal
surface. Normal CEJ-MBL distances for 7-9 year olds are less than 2.0 mm. If the measurement exceeds this
value, prepubertal periodontitis should be suspected, and a comprehensive periodontal examination should be

B§fmed.

be aware that radiographic marginal bone loss (in the In older adolescents and adults, periodontal probing
presence of probing attachment loss) is a highly spe- is a more appropriate screening examination than the
cific diagnostic sign of periodontitis. Its sensitivity, use of radiographs. It is in this respect important to
however, is lower than that of periodontal probing differentiate between clinical use of periodontal
because initial intrabony lesions may not appear on probing to perform a complete periodontal examina-
radiographs as a result of the masking effects of intact tion, and its use as a screening tool. Using probing to
cortical plates (Suomi et al. 1968, Lang & Hill 1977). detect attachment loss during a screening examination
Some initial cases of periodontitis may therefore re- requires circumferential probing to evaluate all sites
main undetected. around the tooth. In a screening examination,
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Fig. 9-7. Bite-wing radiographs illustrating advanced bone loss at primary molars, and initial involvement of
the mesial aspect of the first molar in a child with early onset periodontitis. Note the marginal pattern of bone
loss, which is significantly different from the pattern expected in association with the normal exfoliation of
deciduous teeth. Subgingival calculus can also be observed.

however, attachment loss values for all sites are usu-
ally not recorded. Furthermore, the screening exami-
nation can be stopped once evidence of attachment
loss has been detected, and therefore the need for a
comprehensive examination has been established.
The American Academy of Periodontology has re-
cently endorsed a simplified screening examination
for this purpose. This examination is based on a modi-
fication of the Community Periodontal Index of Treat-
ment Needs (CPITN) (Ainamo et al. 1982, American
Academy of Periodontology & American Dental As-
sociation 1992).

Once a case has been detected by a screening exami
nation, a comprehensive periodontal examination will
be necessary to establish a proper diagnosis. At this
stage, once a case of periodontitis has been con-
firmed, a differential diagnosis between aggressive (
type 1) periodontitis and chronic (type 2) periodonti-
tis needs to be made in accordance with the criteria
mentioned above and keeping in mind that cases
which do not fit the AgP criteria should be diagnosed
as chronic periodontitis.

Conclusion

Screening periodontal examinations should be per-
formed as part of every dental visit. Marginal bone
loss assessed on bite-wing radiographs, though less
sensitive than periodontal probing, may be used as a
screening tool in subjects with primary and mixed
dentitions. Attachment loss evaluated by periodontal
probing is the most sensitive screening approach cur-
rently available; it should be used in older adolescents
and adults. Differential diagnosis between AgP and
chronic periodontitis is made based on exclusion of
AgP.

ETIOLOGY AND PATHOGENESIS

As a group, aggressive forms of periodontitis are char-
acterized by severe destruction of the periodontal at-
tachment apparatus at an early age. This short time of
manifestation of clinically detectable lesions is gener-
ally interpreted as being the expression of highly viru-
lent causative agents or high levels of susceptibility of
the individual patient, or a combination of the two.

Bacterial etiology

The evidence implicating bacterial etiology in perio-
dontitis has been described in Chapter 4. The most
abundant evidence regarding the bacterial etiology of
AgP comes from studies of LAP. Evidence relating to
other forms of AgP (GAP) will be discussed only when
specifically different from LAP.

Acceptance of bacterial etiology of aggressive
forms of periodontitis has been particularly difficult
since clinical presentation of cases frequently shows
little visible plaque accumulation. Of great impor-
tance, in this respect, were microscopic studies dem-
onstrating the presence of a layer of bacterial deposits
on the root surface of advanced AgP lesions (List-
garten 1976, Westergaard et al. 1978). Early studies
attempting the identification of the involved bacteria
using culture techniques were performed by Newman
et al. and by Slots (Newman et al. 1976, Slots 1976,
Newman & Socransky 1977). In these studies, Gram-
negative organisms comprised approximately two-
thirds of the isolates from deep periodontal pockets.
In contrast, these organisms averaged only about one-
third of the isolates in control sites with normal
gingiva. The dominant microorganisms in LIP in-
cluded Actinobacillus actinomycetemcomitans, Capnocy-
tophaga sp., Eikenella corrodens, Prevotella intermedia
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Table 9-1. Classical studies on the distribution of A. a. in LAP, gingivitis, adult periodontitis and in normal
non-diseased subjects

Study Diagnosis No. of % A.a. % A.a.
subjects (sites) positive subjects positive sites
Slots et al. 1980 LAP 10 (34) 90 79
Adult Periodontitis 12 (49) 50 35
Normal Juveniles 10 (60} 20 3
Normal Adults 11 (66) 36 17
Mandell & Socransky 1981 LAP 6(18) 100 79
Adult Periodontitis 25 (50) 0
Gingivitis 23 (46) 0 -
Zambon et al. 1983 LAP 29 97 -
Adult Periodontitis 134 21 -
Normal Juveniles/Adults 142 17 =
Eisenmann et al. 1983 LAP 12(12) 100 100
Normal Juveniles 10(10) 60 &0
Moore et al. 1985 LAP 14.(31) 36 5
Asikainen et al. 1986 LAP 19 (38) 89 68

See text for a selection of more recent investigations.

and motile anaerobic rods, such as Campylobacter rec-
tus. Gram-positive isolates were mostly streptococci,
actinomycetes and peptostreptococci.

One of these organisms, A. actinomycetemcomitans

(A.a.), has received particular attention in recent years
and is regarded as being a key microorganism in LAP.
This view is based on four lines of evidence (Socran-
sky & Haffajee 1992):

1.

2.

3.

Association studies, linking the organism to the dis-
ease: A.a. is generally isolated in periodontal le-
sions from more than 90% of LAP patients and is
much less frequent in periodontally healthy indi-
viduals (Table 9-1) (for more recent investigations,
see also Ashley et al. 1988, Van der Velden et al.
1989, Albandar et al. 1990, Gunsolley et al. 1990,
Slots et al. 1990, Asikainen et al. 1991, Aass et al.
1992, Ebersole et al. 1994, Listgarten et al. 1995). In
some studies it was possible to demonstrate ele-
vated levels of A.a. in sites showing evidence of
recent or ongoing periodontal tissue destruction (
Haffajee et al. 1984, Mandell 1984, Mandell et al.
1987).

Demonstration of virulence factors: A.a. produces
several potentially pathogenic substances, includ-
ing a leukotoxin, and is capable of inducing disease
in experimental animals and non-oral sites (for
review see Zambon et al. 1988, Slots & Schonfeld
1991). Furthermore, it can translocate across epi-
thelial membranes.

Findings of immune responses towards this bacte-

rium: investigators have repeatedly reported sig-
nificantly elevated levels of serum antibodies to A.
a. in LAP patients (Listgarten et al. 1981, Tsai et al.
1981, Altman et al. 1982, Ebersole et al. 1982,
1983, Genco et al. 1985, Vincent et al. 1985, Mandell
et al. 1987, Sandholm et al. 1987). Such patients also
locally produce antibodies against this organism at
diseased sites (Schonfeld & Kagan 1982, Ebersole
et al. 1985h, Tew et al. 1985).

4. Clinical studies showing a correlation between
treatment outcomes and levels of A.a. after therapy:
unsuccessful treatment outcomes have been linked
to a failure in reducing the subgingival load of A.a. (
Slots & Rosling 1983, Haffajee et al. 1984, Chris-
tersson et al. 1985, Kornman & Robertson 1985,
Mandell et al. 1986, 1987, Preus 1988).

A.a. is one of the few oral microorganisms regarded as
true infectious agents in periodontal disease. The ac-
ceptance of this concept has far-reaching conse-
quences with regards to strategies for prevention and
therapy of LAP or AgP. If A.a. is a real exogenous
pathogen, (1) avoidance of exposure to the organism
becomes a relevant issue in prevention, and (2) elimi-
nation of A.a. becomes a valid treatment goal. Thus,
the mere presence of A.a. would have to be regarded
as an indication for intervention. Consequently,
highly sensitive tests to detect the bacterium would be
useful diagnostic tools. Several studies have, in fact,
provided evidence for transmission of A.a. between
humans, e.g. from parent to child or between spouses
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Table 9-2. Determinants of virulence and pathogenic potential of A. actinomycetemcomitans

Factor Significance
Leukotoxin Destroys human polymorphonuclear leukocytes and macrophages
Endotoxin Activates host cells to secrete nflammatory mediators (prostaglandins, interleukin-1 [3, tumor necrosis factor-a)

Bacteriocin May inhibit growth of beneficial species

Immunosuppressive factors May inhibit IgG and IgM production

Collagenases Cause degradation of collagen

Chemotactic inhibition factors May inhibit neutrophil chemotaxis

(DiRienzo et al. 1990, 1994, Preus et al. 1992, Petit et al.
1993a,b, Poulsen et al. 1994, Von Troil-Linden et al.
1995). Other studies have indicated that A.a. can be
eliminated with appropriate mechanical treatment
and adjunctive antibiotic therapy (Rams et al. 1992,
Pavicic et al. 1994).

The view of LAP as an A.a. infection is, however,
not undisputed. It has been opposed on the basis of
cross-sectional studies, showing a high prevalence of
this organism in certain populations, particularly
from developing countries (Eisenmann et al. 1983,
Dahlen et al. 1989, McNabb et al. 1992, Al-Yahfoufi et
al. 1994, Gmur & Guggenheim 1994), and for the fact
that there are patients with LJP who apparently nei-
ther show presence of A.a. in the oral flora nor have
elevated antibody titers to the organism (Loesche et
al. 1985, Moore 1987).

A.a. is a short, facultatively anaerobic, non-motile,
Gram-negative rod. Using monoclonal antibody tech-
nology five serotypes (a, b, c, d, ) of A.a. can be
distinguished. Serotype-dependent variance in viru-
lence has been suggested. Differences in serotype dis-
tribution have been noted between patients with peri-
odontal disease and apparently non-affected carriers
of A.a. Serotype b has been found particularly often in
patients with LAP (Asikainen et al. 1991, Zambon et
al. 1996).

Several properties of A.a. are regarded as important
determinants of virulence and pathogenic potential (
Table 9-2). Among them, leukotoxin production is
considered highly significant since it may play an
important role in A.a.'s evasion of local host defences.
The leukotoxin produced by A.a. exhibits cytotoxic
specificity and destroys human polymorphonuclear
leukocytes and macrophages, but neither epithelial
and endothelial cells nor fibroblasts. It belongs to the
family of the RTX (Repeats in ToXin) toxins, which are
pore-forming lytic toxins (for details the reader is
referred to Lally et al. 1996). A.a. strains exhibit a wide
range of variability in leukotoxin production. High
leukotoxin-producing strains have been linked to the
etiology of AgP. A substantially higher prevalence of
highly leukotoxic strains has been reported in patients

with LAP than in chronic periodontitis patients or
healthy subjects (Zambon et al. 1996).

All Gram-negative bacteria are enveloped by two
membranes, of which the outer is rich in endotoxin.
This identifying feature of Gram-negative bacteria
consists of a lipid and a polysaccharide part and is
therefore frequently termed lipopolysaccharide (LPS).
LPS is set free when bacterial cells die or multiply. The
LPS of A.a. can activate host cells, and macrophages
in particular, to secrete inflammatory mediators such
as prostaglandins, interleukin-113 and tumor necrosis
factor-a. It is also highly immunogenic, since high
titers of antibodies against its antigenic determinant
are frequently detected in infected individuals.

A bacteriocin of A.a., capable of inhibiting the
growth of some streptococci and some actinomyeces,
has furthermore been detected (Hammond et al. 1987).
Additional virulence factors interfering with fi-
broblast proliferation have been described for certain
strains of A.a. Furthermore, immunosuppressive
properties of A.a., as well as collagenolytic activity and
inhibition of neutrophil chemotaxis, have been dem-
onstrated (for review see Fives-Taylor et al. 1996).

Secretion of membrane vesicles by A.a. has been
observed. These vesicles may be important virulence
factors since they may contain leukotoxin, endotoxin
and other factors and may serve as a transport vehicle
to spread pathogenic substances produced by the bac-
terium.

A.a., Capnocytophaga sputigena and Prevotella inter-
media have also been shown to be the most prominent
members of the subgingival microbiota of periodonti-
tis lesions in the primary dentition. The microbial
patterns observed in periodontal lesions of the pri-
mary dentition, however, seem to be more complex
than the ones detected in LAP patients.

Generalized aggressive periodontitis (GAP), for-
merly named generalized early onset periodontitis (
G-EOP) and rapidly progressive periodontitis (RPP),
have been frequently associated with the detection of
Porphyromonas gingivalis, Bacteroides forsythus and A.a.
In contrast to A.a., which is facultatively anaerobic, P.
gingivalis and B. forsythus are fastidious strict anaer-
obes. P. gingivalis produces several potent enzymes, in
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Table 9-3. Host defense mechanisms in the gingival sulcus

Intact epithelial barrier and epithelial attachment

Salivary flushing action, agglutinins, antibodies

Sulcular fluid flushing action, opsonins, antibodies, complement and other plasma components Local

antibody production
High levels of tissue turnover

Presence of normal flora or beneficial species

Emigrating PMNSs and other leukocytes

Modified from Page (1990).

particular collagenases and proteases, endotoxin,
fatty acids and other possibly toxic agents (Shah 1993).
A relationship between the clinical outcome of ther-
apy and bacterial counts has also been documented
for P. girigivalis, and non-responding lesions often con-
tain this organism in elevated proportions. High local
and systemic immune responses against this bacte-
rium have been demonstrated in patients with GAP (
Tolo & Schenck 1985, Vincent et al. 1985, Ebersole et
al. 1986, Murray et al. 1989).

Bacterial damage to the periodontium

Disease-associated bacteria are thought to cause de-
struction of the marginal periodontium via two re-
lated mechanisms: (1) the direct action of the microor-
ganisms or their products on the host tissues, and/or (
2) as a result of their eliciting tissue-damaging inflam-
matory responses (see Chapter 5 and Tonetti 1993).
The relative importance of these two mechanisms in
AgP remains speculative. Human investigations have
indicated that Actinobacillus actinonnfcetemcomitans is
able to translocate across the junctional epithelium
and invade the underlying connective tissue (Saglie et
al. 1988). These data support the hypothesis that direct
bacterial invasion may be responsible for some of the
observed tissue breakdown. Data from chronic perio-
dontitis, however, seem to indicate that two-thirds of
attachment loss and alveolar bone resorption is pre-
ventable through the action of non-steroidal anti-in-
flammatory drugs, and therefore tissue destruction
seems to be driven by the inflammatory process (Wil-
liams et al. 1985, 1989). Apical spread of bacteria
loosely adhering to the hard, non-shedding surface of
the tooth is thought to be controlled through a first line
of defense consisting of mechanisms such as the high
turnover of junctional epithelium keratinocytes, the
outward flow of crevicular fluid and the directed mi-
gration of polymorphonuclear leukocytes through the
junctional epithelium; the efficiency of these innate
immune mechanisms is highly enhanced by the pres-
ence in the gingival fluid of specific antibodies and
complement fragments (Page 1990) (Table 9-3).

Host response to bacterial pathogens

Both local and systemic host responses to AgP-associ-
ated microflora have been described. Local inflamma-
tory responses have been characterized by an intense
recruitment of polymorphonuclear leukocytes both
within the tissues and into the periodontal pocket.
Such a preponderance of PMNs underlines the impor-
tance of these cells in the local defense against bacte-
rial aggression and their potential role in host-medi-
ated tissue destruction. B cells and antibody-produc-
ing plasma cells represent a significant component of
the mononuclear cell-dominated connective tissue le-
sion (Liljenberg & Lindhe 1980). Plasma cells have
been shown to be predominantly IgG-producing cells,
with a lower proportion of IgA-producing cells (
Mackler et al. 1977, 1978, Waldrop et al. 1981, Ogawa
et al. 1989). Local 1gG,-producing cells, in particular,
seem to be elevated. Another important component of
the local inflammatory infiltrate are T cells. Subset
analysis of local T cells has indicated a depressed T-
helper to T-suppressor ratio as compared to both
healthy gingiva and peripheral blood. These findings
have been interpreted to suggest the possibility of
altered local immune regulation (Taubman et al. 1988,
1991). Peripheral blood mononuclear cells from AgP
patients have been reported to exhibit a reduced
autologous mixed lymphocyte reaction, as well as a
higher than normal response to B cell mitogens (for
review see Engel 1996). Local inflammatory responses
are characterized by high levels of prostaglandin E,,
interleukin-1c and interleukin-113 in both crevicular
fluid and tissue (Masada et al. 1990, Offenbacher et al.
1993). Prostaglandin E, production, in particular, has
been shown to be highly elevated in AgP subjects
when compared to periodontally healthy individuals
and chronic periodontitis patients.

Specific antibodies against AgP-associated micro-
organisms (Lally et al. 1980, Steubing et al. 1982, Eber
sole et al. 1984, 1985a,b) and cleaved complement
fragments (Schenkein & Genco 1977, Patters et al.
1989) have also been detected in crevicular fluid from
AgP lesions. Of interest is the evidence indicating that
crevicular fluid titers of antibodies against AgP-asso-
ciated microorganisms are frequently higher than in
the serum of the same patient (Ebersole et al. 1984,
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1985a,b). This observation, together with substantial
in vitro and ex vivo data, strongly suggests that sub-
stantial fractions of these antibodies are locally pro-
duced in the inflammatory infiltrate (Steubing et al.
7982, Hall et al. 1990, 1991, 1994). Substantial titers of
antibodies against A.a. and P. gingivalis have also been
detected in the serum of AgP patients. Furthermore,
in some patients, titers of antibodies reactive with A.a.
have been shown to be as high as the ones against
Treponema pallidum present in tertiary syphilis (0.1-1
g/ml); this clearly indicates the extent of host response
that can be mounted against these periodontal patho-
gens (for a review see Ebersole 1990, 1996).

Recent investigations have identified the immuno-
dominant A. actinomycetcmcomitans antigen to be the
serotype specific carbohydrate; furthermore, it has
been shown that the vast majority of antibodies reac-
tive with this carbohydrate in AgP patients consist of
1gG, (Califano et al. 1992). High titers and high avidity
of A.a. specific 1gG, have been demonstrated in LAP
patients, where high antibody titers are thought to be
associated with the host's ability to localize attach-

@ Pre-pubertal female, LAP developed during study
(] Pre-pubertal male, LAP developed during study
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Fig. 9-8. (a) Patients suffering
from LAP in 22 families are repre
sented by solid black figures. In
each family the proband is on the
left. (h) Diagrammatic repre-
sentation of sibships involved in
study group. Numbers are the
same as in (a). Solid black figures
represent patients exhibiting de-
pressed neutrophil chemotaxis. In
this group, after correcting for
sampling bias, 40% of subjects pre
-sent with abnormal chemotaxis.
Subjects in sibship 8 are identical
twins. From Van Dyke et al. (1985).
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ment loss to few teeth; conversely, GAP patients are
frequently seronegative for A.a. or display low titers
and avidity. Anti A.a. serotype polysaccharide 19G,,
therefore, are considered to be protective against
widespread AgP (Tew et al. 1996).

Of importance are findings reporting antibody re-
sponse to P. gingivalis in GAP forms. Patients suffering
from these forms of disease frequently show both low
levels of serum antibodies against P. gingivalis and low
levels of antibody avidity, indicating a specific inabil-
ity of some GAP patients to effectively cope with these
bacteria. Importantly, however, both titers and avidity
of antibodies reacting with P. gingivalis can be im-
proved as a result of therapy.

Another important aspect of host response towards
AgP microorganisms has been the recognition that
polymorphonuclear leukocytes (PMN) of some LAP
and GAP patients present decreased migration and
antibacterial functions (Genco et al. 1980, 1986, Van
Dyke et al. 1982, 1986, 1988). These abnormalities are
frequently minor in the sense that they are usually not
associated with infections other than periodontitis. A
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Major gene locus: AgP susceptibility gene (Fig. a)

Fig. 9-9. (a) Genetic predisposition
to AgP is determined by a single
gene of major effect, inherited as
an autosomal dominant trait. (b)
Modifying genes may control im-
mune responses that determine the
clinical extent and severity of

periodontal destruction in AgP.
Here an allele controlling 19G, lev-
els is inherited as a codominant
trait. (c) Independent inheritance of
major locus and modifying locus
illustrating how LAP and GAP may
segregate within the same family.
The propensity to develop AgP is
dependent upon inheritance of a
major susceptibility gene. The
clinical phenotype is de-pendent
upon host ability to pro-duce IgG,
in response to periodontopathic
bacteria. High 1gG, titers limit
disease extension. Intermediate

and low IgG, titers are less ef-
fective in limiting intermediate
disease progression. From
Schenkein (1994), as modified by
Hart (1996).

H = healthy, LAP = localized aggressive periodontitis,
GAP = generalized aggressive periodontitis

}WN\‘
Key k } female male
normal AgP low:|9G,
response
allele allele allele

key report has indicated that PMN abnormalities in LAP
patients seem to cluster in families much in the same
way as AgP does (Van Dyke et al. 1985) (Fig. 9-8). This
evidence has been interpreted as a suggestion that the
LAP-associated PMN defect may be inherited. Other
recent reports have indicated that PMN abnor-

high 1gG;
response
allele

malities in LAP patients may be, at least in part, the
result of a hyper-inflammatory state resulting in the
presence of pro-inflammatory cytokines in the serum of
some AgP patients (Shapira et al. 1994, Agarwal et al.
1996).



Genetic aspects of host susceptibility

Several family studies have indicated that the preva-
lence of AgP is disproportionately high among certain
families, where the percentage of affected siblings
may reach 40-50% (Saxen & Nevanlinna 1984, Beaty
et al. 1987, Long et al. 1987, Boughman et al. 1992,
Marazita et al. 1994). Such a dramatic familial aggre-
gation of cases indicates that genetic factors may be
important in susceptibility to AgP. Genetic studies in
these families suggest that the pattern of disease trans-
mission is consistent with mendelian inheritance of a
gene of major effect (Saxen & Nevanlinna 1984, Beaty
et al. 1987, Boughman et al. 1992, Hart et al. 1992,
Marazita et al. 1994). This means that the observed
familial pattern can be partly accounted for by one or
more genes that could predispose individuals to de-
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velop AgP. Segregation analyses have indicated that
the likely mode of inheritance is autosomal dominant (
Saxen & Nevanlinna 1984, Beaty et al. 1987, Hart et
al. 1992, Marazita et al. 1994; Fig. 9-9a). Most of these
investigations, however, were carried out in African-
American populations; it is therefore possible that
other modes of inheritance may exist in different
populations. Segregation analysis can provide infor-
mation about the mode of inheritance of a genetic trait
but does not provide information about the specific
gene(s) involved. The chromosomal location of a gene
of major effect for a trait such as AgP susceptibility can
be determined by linkage analysis. An investigation
utilizing this methodology reported linkage of LAP to
the vitamin D binding locus on region g of chromo-
some 4 in a large family of the Brandywine population
(Boughman et al. 1986). These results, however, were

Table 9-4. Genes known to affect human PMN function or host response to LPS load and/or thought to be
among the candidate genes of major effect in EOP susceptibility

Condition OMIM* Trans- Chromo- Comments
mission  some
location
Bactericidal 109195 AD 20g11-12 BPIP is associated with PMN granules and is bactericidal to Gram
permeability organisms. It binds to LPS with high affinity. BPIP is 45% homologous
increasing to LPS binding protein.
protein (BPIP)
Lipopolysaccharide 151990 AD 20g11-12 Produced during acute phase of infection: binds to LPS and functions
binding protein (LBP) as a carrier for LPS; functions in monocyte response.
Monocyte 158126 AD 5q31 Receptor for LBP-LPS complex.
differentiation antigen
(CD 14)
Prostaglandin synthase 600262 AR 1925.2-3 Major role in regulation of prostaglandin synthesis. Dramatic induction
2 (PTGS2) of PTGS2 mRNA occurs in normal peripheral blood leukocytes in
response to LPS.
PMN actin 257150 AR ? Carriers (heterozygotes) have a 50% decrease in actin filament
dysfunction (NAD) assembly; affected individuals (homozygotes) have recurrent bacterial
infections. PMN severely defective in migration and particle ingestion;
basic defect due to failure of PMN actin polymerization.
Myeloperoxidase 254600 AR 17q12-21 Absence of MPO. MPO is a dimeric protein that catalyzes the
deficiency (MPO) production of oxidating agents with microbicidal activity against a
wide range of microbes. Several variants have been described.
IgE elevation 147060 AD ? Impaired lymphocyte response to Candida antigen; recurrent bacterial
with PMN infections.
chemotaxis defect
Fc receptor 146790 AD 1921-g23 Allelic variants of the Fc-gamma receptor 2A confer distinct phagocytic
gamma I1A capacities providing a possible mechanism for hereditary susceptibility
polymorphism to infection. The H131 allele is the only FGR2A that recognizes 19G,
(FCGR2A) efficiently, and optimal 19G, handling occurs only in the homozygous
state for H131. The allelic variant R131 has low binding of 1gG,.
Immunoglobulin G2m N/A N/A Specific allotypes associated with 1gG; response to specific bacterial

allotypes

antigens. Subjects lacking specific allotypes may be selectively unable
to mount efficient antibody response against specific antigens.

* Online Mendelian Inheritance in Man (OMIM). Modified from Hart (1996).
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Table 9-5. Effect of smoking on extent and severity of GAP

Smoking status

Mean % of sites with PAL 5 Mean PAL (mm) *

GAP

mm *
Smokers 49.0+3.9 2.78+0.2
Non-smokers 36.8+3.8 2.14+0.2

* Values adjusted for age and mean plaque index, subject as unit of analysis. Smokers showed significantly greater extent and Rverity of
periodontal disease than non-smokers after correcting for age and oral hygiene level.

Modified from Schenkein et al. (1995).

not confirmed in a subsequent study utilizing a differ-
ent population (Hart et al. 1993). Such data are cur-
rently considered to support the existence of genetic
heterogeneity in LAP forms, and of distinct forms of
AgP. Therefore, it is currently maintained that al-
though formal genetic studies of AgP support the
existence of a gene of major effect, it is unlikely that all
forms of AgP are due to the same genetic defect (Hart
1996). This notion is consistent with the fact that nu-
merous diseases and syndromes with similar clinical
appearance are known to result from different genetic
polymorphisms. Based on current knowledge that
AgP subjects present high prevalence of PMN func-
tion defects, and that they have been shown to pro-
duce high levels of inflammatory mediators in re-
sponse to LPS stimulation, several loci have been
proposed as genes conferring increased susceptibility
to AgP. These genes are associated with neutrophil
function and with the host ability to effectively deal
with LPS exposure, and are listed in Table 9-4 (for
review see Hart 1996).

Besides genes of major effect that may determine
susceptibility to AgP, other genes may act as modify-
ing genes and influence clinical expression of the dis-
ease. In this respect, particular interest has been fo-
cused on the impact of genetic control on antibody
responses against specific AgP associated bacteria and
against A.a. in particular. These studies have indicated
that the ability to mount high titers of specific antibod
ies is race-dependent and probably protective (Gun-
solley et al. 1987, 1988). This has been shown to be
under genetic control as a co-dominant trait, inde-
pendent of the risk for AgP. In individuals susceptible
to AgP, therefore, the ability to mount high titers of
antibodies (1gG, in particular) may be protective and
prevent extension of disease to a generalized form (
Schenkein 1994, Fig. 9-9b,c). Allelic variations in the
Fc receptor for 1gG, immunoglobulins have also been
suggested to play a role in suboptimal handling of A.a.
infections. PMN expressing the R131 allotype of
FcyRlla (i.e. an Fc receptor containing an arginine
instead of a histidine at aminoacid 131) show de-
creased phagocytosis of A.a. (Wilson & Kalmar 1996).

Environmental aspects of host susceptibility

Recent evidence has indicated that, besides genetic
influences, environmental factors may affect the clini-
cal expression of AgP. In a large study, cigarette smok
ing was shown to be a risk factor for patients with
generalized forms of AgP (Schenkein et al. 1995).
Smokers with GAP had more affected teeth and
greater mean levels of attachment loss than patients
with GAP who did not smoke (Table 9-5). Environ-
mental exposure to cigarette smoking, therefore,
seems to add significant risk of more severe and preva
lent disease to this group of already highly
susceptible subjects. The mechanism(s) for this
observation are not completely understood, but
findings from the same group indicate that 1gG, serum
levels as well as antibody levels against A.a. are
significantly de-pressed in subjects with GAP who
smoked. Since these antibodies are considered to
represent a protective response against A.a., it is
possible that depression of 1gG, in smokers may be
associated with the observed increase in disease
extent and severity in these subjects.

Current concepts

Aggressive forms of periodontitis are currently con-
sidered to be multifactorial diseases developing as a
result of complex interactions between specific host
genes and the environment. Inheritance of AgP sus-
ceptibility is probably insufficient for the develop-
ment of disease: environmental exposure to potential
pathogens endowed with specific virulence factors is
also a necessary step. Host inability to effectively deal
with the bacterial aggression and to avoid inflamma-
tory tissue damage results in the initiation of the dis-
ease process. Interactions between the disease process
and environmental (e.g. cigarette smoking) and ge-
netically controlled (e.g. 1gG, response to A.a.) modi-
fying factors are thought to contribute to determining
the specific clinical manifestation of disease (Figs. 9-
9a-c and 9-10).
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Fig. 9-10. Diagrammatic representation of the current understanding of the eco-genetic interactions leading to de
velopment of LAP and GAP in African-American populations. (See text for explanation.)

DIAGNOSIS

Clinical diagnosis

Clinical diagnosis is based on information derived
from a specific medical and dental history and from
the clinical examination of the periodontium. Limita-
tions that will be discussed in this section, however,
frequently require supplementation of clinical and
anamnestic parameters with other, more advanced
aids to properly diagnose, treatment plan and monitor
these diseases. The purpose of clinical diagnosis is the
identification of patients suffering from AgP and of
factors that have an impact on how the case should be
treated and monitored.
In the diagnosis of AgP the initial question that the

clinician should ask is:

* Is there periodontitis?

This may sound like a trivial question, but in fact
many cases of AgP are currently not identified because
of a failure to detect signs of periodontitis. Conversely,
some clinicians attribute to periodontitis pathological
changes associated with other unrelated and some-
times self-limiting processes. Correctly answering this
question requires systematic collection of clinical in-
formation regarding the following items:

* Is there loss of periodontal support (loss of clinical
attachment and marginal resorption of alveolar
bone)?

* Is the loss of attachment accompanied by pocket
formation or mostly the result of recession?

* Is there a plausible cause for attachment loss other
than periodontitis?

* Is there another process imitating periodontal dis-
ease by pseudopocket formation?

From a clinical standpoint, it is important to realize

that clinically detectable loss of attachment may occur
as a result of pathological events other than periodon-
titis. Examples are traumatic injuries, removal or pres-
ence of impacted teeth (Kugelberg 1992), tooth posi-
tion, orthodontic tooth movement, advanced decay,
subgingival margins of restorations, etc. This means
that the clinician must recognize different causes for
attachment loss and must rule out other causes of
attachment loss by a combination of careful clinical
examination and assessment of the dental history.
Orthodontic considerations are necessary to evaluate
attachment loss without pocket formation (recession).
In such instances the appropriate clinical diagnosis
may be the following.

Incidental attachment loss

After establishing the presence of periodontitis, the
clinician should determine which clinical diagnosis
best describes the disease in the individual patient:
chronic, aggressive or necrotizing periodontitis. Since
the current classification is based on the combination
of clinical presentation, rate of disease progression,
and pattern of familial aggregation of cases in the
absence of a systemic cause for the clinical observa-
tions, the next questions should address these pa-
rameters:

e Does the patient have a systemic condition that
would in itself explain the presence of periodonti-
tis?

As indicated, the diagnosis of chronic, aggressive or
necrotizing periodontitis implies presence of peri-
odontal destruction in the absence of systemic dis-
eases that may severely impair host defense. A well-
constructed and well-taken medical history is funda-
mental for identifying the presence of systemic in-
volvements accompanied with periodontitis (see
Chapter 2). Careful questioning regarding recurrent
infections, their familiarity, presence of severe dis-
eases or their symptoms and signs should be part of



234 « CHAPTER 9

the evaluation of all periodontal patients. Consult-
ation with the attending physician and evaluation of
laboratory parameters are frequently necessary. Un-
derstanding of the medical condition that may be
associated with periodontitis is fundamental. Some
conditions are relatively frequent disorders such as
poorly-controlled diabetes mellitus; others are rare
inherited disorders such as the palmo-plantar
keratosis (Papillon-Lefevre and Heim-Munk syn-
dromes) or hypophosphatasia. Some are inborn de-
fects such as the leukocyte adhesion deficiencies (
LAD); others are acquired following exposure to
pharmacological agents such as drug-induced granu-
locytopenia. Positive confirmed history of a signifi-
cant systemic condition results in the diagnosis of the
following.

Periodontal manifestation of systemic disease

In such instances, the periodontitis is likely to repre-
sent an oral manifestation of the systemic diseases.
Examples of significant conditions are AIDS, leuke-
mia, neutropenia, diabetes or rare genetic diseases
such as histiocytosis X, the Papillon-Lefevre syn-
drome or the Chediak-Steinbrinck-Higashi syndrome
(see Chapter 5 and Fig. 9-4).

In the absence of significant systemic components,
the next questions relate to the exclusion of the rare
but clearly identified necrotizing/ulcerative forms.
The question will then be:

« Does the patient have signs or symptoms of ne-
crotizing periodontitis?

If the answer to both of the previous questions is
negative, differential diagnosis between chronic or
aggressive periodontitis will be required. In this re-
spect it is important to observe that chronic periodon-
titis has been defined as the common form of perio-
dontitis whose diagnosis is done by excluding the
presence of aggressive periodontitis (Armitage 1999).
Diagnosis of AgP is made by verification of the satis-
faction by the individual cases of the primary and
secondary features described in the international clas-
sification workshop (see discussion above).

In this respect it must be recognized that the fea-
tures include both clinical and laboratory aspects. In
the diagnosis of a case, clinical and history parameters
are initially utilized to suspect the presence of AgP,
while laboratory tests are frequently utilized to con-
firm the diagnosis. In this respect, it is important to
realize that periodontal diagnosis based only on peri-
odontal probing and dental radiography does not
classify causes; rather, it describes destruction pat-
terns.

A tentative clinical diagnosis of AgP is made based
on the following criteria:

» Absence of significant systemic conditions
» Rapid attachment loss and bone destruction
< Familial aggregation of cases

* Lack of consistency between clinically visible bac-
terial deposits and severity of periodontal break-
down.

A rapid rate of destruction of the periodontium is a
major criterion for the diagnosis of AgP. It is aimed at
identifying subjects characterized by high virulence of
the microflora and/or high levels of susceptibility.
Although correct application of this criterion requires
availability of clinical or radiographic data from more
than one time point, presence of severe destruction in
relation to the age of the subject is frequently consid-
ered to be sufficient information to infer rapid pro-
gression.

Establishing the presence of familial aggregation of
cases is based on a combination of history and clinical
examination of family members of the affected indi-
vidual. At this stage there is inadequate evidence to
establish the best approach to obtain a significant
estimation of familial aggregation.

It is maintained that in the majority of AgP cases the
amount of periodontal destruction seems to be higher
than that expected from the mere accumulation of
local factors. This observation, however, may not be
true for all cases. In general, a discrepancy between
local factors and the amount of periodontal tissue
breakdown is considered to be an indication for either
infection with particularly virulent microorganisms,
or presence of a highly susceptible host. This informa-
tion may be consequential in determining surgical
goals of therapy, the impact of antibiotics, and the
possible impact of sub-optimal hygiene as a risk factor
for disease recurrence.

The international classification workshop consen-
sus indicated that not all listed primary and secondary
features need to be present in order to assign an AgP
diagnosis and that the diagnosis may be based on
clinical, radiographic and historical data alone. It also
indicated that laboratory testing, although helpful,
might not be essential in making an AgP diagnosis.

Once an AgP diagnosis has been made based on the
criteria above, differential diagnosis between LAP and
GAP needs to be made. In this respect specific clinical
features have been suggested. A diagnosis of localized
aggressive periodontitis (LAP) is made based on evi-
dence of circumpubertal onset and localized first mo-
lar/incisor presentation with interproximal attach-
ment loss on at least two permanent teeth, one of
which is a first molar, and involving no more than two
teeth other than first molars and incisors. A diagnosis
of generalized aggressive periodontitis (GAP) takes
into account the fact that this form of disease usually
affects persons under 30 years of age (but patients may
be older) and that it presents with generalized inter-
proximal attachment loss affecting at least three per-
manent teeth other than first molars and incisors.
Furthermore this pathology is characterized by a pro-
nounced episodic nature of the destruction of attach-
ment and alveolar bone. The differential diagnosis
may benefit from additional laboratory investigations



of the individual host response to the infecting organ-
isms.

In order to properly describe the specific AgP case,
modifying factors should also be explored by address-
ing the question of the presence of modifying or con-
tributory factors such as smoking or drug abuse. Such
additional information is relevant since these factors
may explain a specific presentation of disease in terms
of its extent and severity. Furthermore, these factors,
unlike genetic factors, are amenable to modification
through appropriate intervention. Therapy should
therefore include an approach aimed at controling the
impact of these factors.

Even though differential diagnosis between AgP
and chronic periodontitis and differentiation between
LAP and GAP is mostly based on history and clinical
presentation, it must be emphasized that clinical pa-
rameters alone cannot further discriminate between
forms of disease with similar clinical appearance. In-
ferences regarding a specific etiology are speculative
under such circumstances and require further labora-
tory testing for confirmation.

In the previous classification system, age of onset
or age at diagnosis was considered helpful to further
characterize specific clinical syndromes. LAP, in par-
ticular, is thought to occur in adolescents 13-14 years
old to 25 years, while GAP is generally found in
adolescents or young adults of less than 30-35 years.
It should be realized, however, that (1) some cases may
present initial LAP at an earlier age, (2) LAP may start
before puberty and affect the primary dentition, (3)
patterns of periodontal destruction compatible with
LAP may be initially detected at an age older than 25,
and (4) there may be a tendency toward spreading
from a localized to a generalized pattern of AgP in
older subjects of these groups.

Another difficulty is related to the fact that peri-
odontal destruction is often diagnosed when the at-
tachment loss is already fairly advanced. In general,
distinct alterations in the morphology of the perio-
dontium and substantial tissue damage are necessary
for establishing a clear diagnosis. Milder or initial
stages of disease or sites at risk for future periodontal
breakdown cannot be detected based on clinical pa-
rameters. This makes it difficult to intercept and treat
initial forms of AgP. Furthermore, such difficulty
makes it extremely important to examine the other
members of the family of the proband as well: siblings
may present with clinically undetectable disease in
spite of the presence of the putative pathogens. A
common strategy employed to overcome the insuffi-
cient ability of clinical parameters to detect early dis-
ease is to closely monitor high-risk patients such as
the siblings of the probands. It is in this respect impor-
tant to underline that "incidental attachment loss"
may, in some cases, represent an initial manifestation
of AgP. In such a case an isolated periodontal lesion
characterized by attachment loss with pocketing may
represent the only clinically evident AgP lesion. Such
subjects should, therefore, be considered at high risk
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for the development of AgP and require close moni-
toring and possibly further microbiological diagnosis.

Microbiologic diagnosis

The international classification workshop indicated
that the presence of specific microorganisms and A.a.
in particular represent one of the secondary features
of AgP. As such, microbiological diagnosis may be a
useful laboratory addition to establish a differential
diagnosis between aggressive and chronic forms of
periodontitis.

Clinical studies have also indicated that successful
treatment of LAP depends on the elimination of the
bacterium A.a., and that the elimination of this micro-
organism with conventional periodontal procedures is
difficult. In the case of generalized forms of AgP it is
important to know whether the specific condition is
associated with A.a., with other periodontal patho-
gens such as p. gingivalis, or a combination of several
pathogenic microorganisms. This information has an
impact on the need to supplement conventional ther-
apy with antibiotics and on the choice of the antimi-
crobial drug (see Chapter 23).

Microbiologic diagnosis can be useful at different
stages of the treatment plan, i.e. as a part of the initial
diagnosis, at re-evaluation or during the recall phase.
The need for microbiological information before ther-
apy depends on the general strategy for treatment.
Many clinicians prefer to remove bacterial deposits
mechanically in a first treatment phase without the
adjunctive use of systemic antibiotics. As microbi-
ologic findings have no influence on the way this
initial treatment is performed, microbiologic testing
may be postponed until the first phase is completed.
One should keep in mind, however, that the reduction
in bacterial load might increase the possibility of false
negative results when an insensitive microbiological
test is used. If the specific clinical diagnosis is LAP,
then the clinician can assume even without a micro-
biological test that the treatment should be directed
towards a maximal suppression of A.a. This is due to
the fact that the great majority of LAP patients are
infected with this organism. This is different for all
other forms of AgP, where such a close association of
one microbial species with the disease cannot be as-
sumed, and therefore microbial testing should be per-
formed.

Since A.a. and p. gingivalis can be transmitted from
periodontal patients to family members, microbial
testing of spouses, children or siblings of AgP patients
may be indicated to intercept early disease in suscep-
tible individuals.

Evaluation of host defenses

Several forms of AgP have been associated with im-
pairment of host defenses. Classic studies have indi-
cated that in some populations both LAP and GAP
forms are associated with high incidence of phagocyte
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Fig. 9-11. (a-b) Clinical and radiographic presentation of a 22-year-old African-American female. Clinical attach-
ment loss and alveolar bone loss are localized on the mesial aspect of the first molars, where deep, vertical defects
are apparent. (c-e) Detailed views of the defect on the mesial aspect of 26. No other tooth appears to be affected.
Microbiology (DNA probe analysis of A. actinomycetemcomitans, P. gingivalis and P. intermedia) confirmed the
presence of high levels (> 10* bacteria/sample) of A. actinomycetemcomitans in all four deep lesions. P. intermedia
was also detectable in three of four sites, while p. gingivalis was undetectable. The patient did not display abnormal
leukocyte functions; furthermore, she had a non-contributory medical history, and did not smoke. She had a
younger brother (15 years old) and an older sister (27 years old); on clinical examination, the periodontium of
both of them appeared to be within normal limits. The following diagnosis was made: "LAP in a 22-year-old
systemically healthy African-American female; associated with A. actinomycetemcomitans infection without
clinically detectable levels of p. gingivalis; absence of demonstrable leukocyte defects; no known contributory
factors; no cigarette smoking; no siblings displaying clinically detectable AgP".

functional disturbances such as depressed neutrophil
chemotaxis and other phagocyte antibacterial dys-
functions. In many of these patients, AgP was the only
infection that was associated with the reduced phago-
cyte function(s); this observation is important in two
respects. First, AgP-associated phagocyte defects are
frequently insignificant in terms of increasing suscep-
tibility to infections other than periodontitis. Further-
more, it is likely that such "mild" leukocyte defects
may go unnoticed until laboratory testing is per-
formed in conjunction with periodontal diagnosis.
Reports of such phagocyte defects relate mostly to
AgP subjects from African-American groups; system-
atic evaluations of PMN and monocyte functions as-
sociated with clinical diagnosis of AgP in European
Caucasians failed to confirm a high prevalence of
abnormalities (Kinane et al. 1989a,b). Testing for these
host-defense parameters, therefore, may be more re-

stricted to specific populations. Another important
aspect is that, so far, no specific study has attempted
to associate treatment response or incidence of recur-
rent disease with the presence of the above-mentioned
abnormalities.

More recent investigations have indicated that spe-
cific patterns of host response to bacterial pathogens
are associated with different forms of AgP; this early
evidence may be extremely helpful for the develop-
ment of clinically useful tests to estimate the risk of
developing AgP. In this respect two findings deserve
to be mentioned:

1. AgP patients present significantly higher levels of
crevicular fluid prostaglandin E2 than chronic pe-
riodontitis patients or healthy subjects. This finding
may indicate that monocytes from these patients
respond to bacterial and inflammatory stim-
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Fig. 9-11. (c-e).

uli with very high levels of local release of inflam-
matory mediators. These may induce an exuberant
inflammatory reaction associated with high levels
of activation of tissue-degrading matrix-metallo-
proteinases.

2. GAP patients have a decreased ability to mount
high titers of specific 1gG, antibodies to A.a. These
subjects exhibit a tendency towards progressive
periodontal destruction leading to tooth loss over a
relatively short period of time. LAP patients, on
the other hand, seem to have better prognosis and
do not express this trait. Since there are indications
that at least some LAP cases may progress into
generalized forms, early detection of patients in-
fected with A.a. but producing low levels of specific
antibodies may allow early identification of a high-
risk group for development of GAP. Serum anti-
body titers (IgGZ in particular) and/or avidity to A.
a. may be particularly useful in the differential
diagnosis of GAP and LAP syndromes and in the
early detection of the LAP cases with high risk for
progression into the more widespread forms of
disease.

Genetic diagnosis

Given the disproportionately high incidence of AgP in
the families of affected individuals, evaluation of sib-
lings of the proband and other family members is a
requirement. Clinical determination of different dis-

ease forms in the family should be followed by con-
struction of a pedigree of the AgP trait. Such diagnosis
may bring considerable information regarding the
level of risk eventually shared within the family. Fur-
thermore, it helps to establish the need for monitoring
clinically unaffected individuals.

All the evidence gathered during the diagnostic
process should contribute to the definition of a specific
diagnosis. An example of such diagnosis is illustrated
in Fig. 9-11: LAP in a 22-year-old systemically healthy
African-American female patient, associated with A.a.
infection without detectable levels of p. gingivalis, in-
consistency between local factors and amount of clini-
cally detectable breakdown, absence of demonstrable
leukocyte defects, no known contributory factors, and
no siblings displaying clinically detectable periodon-
titis.

PRINCIPLES OF THERAPEUTIC
INTERVENTION

Treatment of AgP should only be initiated after com-
pletion of a careful diagnosis by a specifically trained
periodontist. The severity of some of the AgP forms
suggests that specialists, possibly working in associa-
tion with highly specialized centers, could best per-
form both diagnosis and treatment of these rare forms
of periodontitis. The roles of the general practitioner,
the pedodontist or the orthodontist, however, are fun-
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damental in the detection of possible cases to be re-
ferred for further evaluation and therapy.

Successful treatment of AgP is considered to be
dependent on early diagnosis, directing therapy to-
wards elimination or suppression of the infecting mi-
croorganisms and providing an environment condu-
cive to long-term maintenance. The differential ele-
ment of treatment of AgP, however, relates to specific
efforts to affect the composition and not only the
quantity of the subgingival microbiota.

Elimination or suppression of the pathogenic
flora

A.a. elimination has been associated with successful
therapy; conversely, recurrent lesions have been
shown to still harbor this organism. Several investiga-
tors have reported that scaling and root planing of
juvenile periodontitis lesions could not predictably
suppress A.a. below detection levels (Slots & Rosling
1983, Christersson et al. 1985, Kornman & Robertson
1985). Soft tissue curettage and access flap therapy
also had limited success in eliminating A.a. (Christers-
son et al. 1985).

A.a. is also difficult to eliminate by conventional
mechanical therapy in adult periodontitis patients,
and it is therefore not surprising to observe the pres-
ence of this microorganism in the subgingival mi-
croflora of many non-responding periodontitis pa-
tients (Bragd et al. 1985, van Winkelhoff et al. 1989,
Renvert et al. 1990a,b, Rodenburg et al. 1990, Mom-
belli et al. 1994). Similar, but less systematic observa-
tions have also been reported for the ability to sup-
press the microflora associated with some GAP forms,
where high subgingival loads of p. gingivalis, B.
forsythus, a.a. and other highly virulent bacteria are
frequently detected.

Use of antibiotics has been suggested as a rational
complement to mechanical debridement in these
cases. Regimens including the adjunctive administra-
tion of tetracyclines or metronidazole, have been
tested for the treatment of LAP and other forms of AgP
(see Chapter 23). The choice of the antibiotic should
be guided by information about the nature of the
involved pathogenic microorganism(s). Metronida-
zole in combination with amoxicillin may suppress A.
a. more effectively than single antibiotic regimes.
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NOMENCLATURE

Necrotizing gingivitis (NG), necrotizing periodontitis (
NP) and necrotizing stomatitis (NS) are the most
severe inflammatory periodontal disorders caused by
plaque bacteria. The necrotizing diseases usually run
an acute course and therefore the term acute is often
included in the diagnoses. They are rapidly destruc-
tive and debilitating, and they appear to represent
various stages of the same disease process (Horning
& Cohen 1995). A distinction between NG and NP has
not always been made in the literature, but parallel to
the use of the term gingivitis, NG should be limited to
lesions only involving gingival tissue with no loss of
periodontal attachment (Riley et al. 1992). Most often,
however, the disease results in loss of attachment (
MacCarthy & Claffey 1991), and a more correct term
in cases with loss of attachment is NP, provided the
lesions are confined to the periodontal tissues includ-
ing gingiva, periodontal ligament and alveolar bone.
Further progression to include tissue beyond the mu-
cogingival junction is characteristic of necrotizing sto-
matitis and distinguishes this disease from NP (Wil-
liams et al. 1990).

The necrotizing periodontal diseases have been
mentioned under several names, some of which are: "
Ulceromembranous gingivitis”, "acute necrotizing
ulcerative gingivitis" (ANUG) and "Vincent's gingi-
vitis" or "Vincent's gingivostomatitis”, "necrotizing
gingivostomatitis”, and "Trench mouth" (Pickard
1973, Johnson & Engel 1986, Horning & Cohen 1995).
Vincent first described the mixed fusospirochetal mi-

crobiota of the so-called "Vincent's angina"”, charac-
terized by necrotic areas in the tonsils (Vincent 1898).
A similar mixed microbiota has been isolated from NG
lesions, but Vincent's angina and NG usually occur
independently of each other, and should be regarded
as separate disease entities.

NS has features in common with the far more seri-
ous cancrum oris, also denoted noma. This is a destruc-
tive and necrotizing, frequently mortal, stomatitis in
which the same mixed fusospirochetal flora domi-
nates. It occurs almost exclusively in certain develop-
ing countries, mostly in children suffering from sys-
temic diseases including malnutrition (Enwonwu
1972, 1985). It has been suggested that cancrum oris
always develops from preexisting NG (Emslie 1963)
but this connection has not been confirmed (Pindborg
et al. 1966, 1967, Sheiham 1966).

In the literature, a distinction between NG, NP and
NS is seldom made. However, the reader should be
aware of this uncertainty and the consequences of the
missing distinction between the three diagnoses in the
referred reports. The uncertainty is reflected in the
present chapter by the use of the term necrotizing
periodontal disease (NPD) as a common denominator
for necrotizing gingivitis, necrotizing periodontitis
and necrotizing stomatitis.

PREVALENCE

During World War Il, up to 14% of the Danish military
personnel encountered NPD (Pindborg 1951a). Large
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numbers of civilians also suffered from the disease (
King 1943, Stammers 1944). After World War I, the
prevalence of NPD declined substantially and in in-
dustrialized countries NPD it is now rare. It occurs
particularly among young adults. In the 1960s NPD
was found in 2.5% of 326 US students during their first
college year, but over the next year more students
became affected, with a total of 6.7% demonstrating
the disease during their first two college years (Gid-
don et al. 1964). More recent studies in industrialized
countries have reported prevalences of 0.5% or less (
Barnes et al. 1973, Horning et al. 1990). In Scandina-
via, the disease is now very rare among otherwise
healthy individuals, with a prevalence of 0.001°/
among young Danish military trainees (personal com-
munication, Pretorius). NPD can be observed in all
age groups but there are geographic differences in the
age distribution. Among HIV-infected individuals the
disease seems to occur slightly more often. Studies
among groups of HIV-infected individuals have re-
vealed prevalences of NPD between 0% and 11% (
Holmstrup & Westergaard 1994). However, most
studies have included cohorts of individuals con-
nected with hospitals or dental clinics. Studies con-
ducted outside these environments have shown rela-
tively low prevalence figures. NP has been found in
1% of 200 HIV-seropositive individuals in Washing-
ton, D.C. (Riley et al. 1992), and the prevalence may
not, in fact, differ so much from that of the general
population (Drinkard et al. 1991, Friedman et al. 1991,
Barr et al. 1992).

In developing countries, the prevalence of NPD is
higher than in the industrialized countries, and the
disease frequently occurs in children. This is practi-
cally never seen in western countries. In Nigerian
villages, between 1.7% and 26.9% of 2-6-year-old chil
dren have been found with NPD (Sheiham 1966). In
India, 54-68% of NPD cases occurred in children be-
low 10 years of age (Migliani & Sharma 1965, Pind-
borg et al. 1966).

CLINICAL CHARACTERISTICS

Development of lesions

NG is an inflammatory destructive gingival condi-
tion, characterized by ulcerated and necrotic papillae
and gingival margins resulting in a characteristic
punched-out appearance. The ulcers are covered by a
yellowish-white or grayish slough, which has been
termed "pseudomembrane”. However, the sloughed
material has no coherence, and bears little resem-
blance to a membrane. It consists primarily of fibrin
and necrotic tissue with leukocytes, erythrocytes and
masses of bacteria. Consequently, the term is mislead-
ing and should be omitted. Removal of the sloughed
material results in bleeding and ulcerated underlying
tissue becomes exposed.

The necrotizing lesions develop rapidly and are
painful, but in the initial stages, when the necrotic
areas are relatively few and small, pain is usually
moderate. Severe pain is often the chief reason for the
patients to seek treatment. Bleeding is readily pro-
voked. This is due to the acute inflammation and
necrosis with exposure of the underlying connective
tissue. Bleeding may start spontaneously as well as in
response to even gentle touch. In early phases of the
disease lesions are typically confined to the top of a
few interdental papillae (Fig. 10-1). The first lesions
are often seen interproximally in the mandibular an-
terior region, but they may occur in any interproximal
space. In regions where lesions first appear, there are
usually also signs of preexisting chronic gingivitis, but
the papillae are not always edematous at this stage
and gingival stippling may be maintained. Usually,
however, the papillae rapidly swell and achieve a
rounded contour, and this is particularly evident in
the facial aspect. The zone between the marginal ne-
crosis and the relatively unaffected gingiva usually
exhibits a well-demarcated narrow erythematous
zone, sometimes referred to as the linear erythema.
This is an expression of hyperemia due to dilation of
the vessels in the gingival connective tissue in the
periphery of the necrotic lesions (Fig. 10-17a).

A characteristic and pronounced foetor ex ore is often
associated with NPD, but can vary in intensity and in
some cases is not very noticeable. Strong foetor ex ore
is not pathognomonic of NPD as it can also be found
in other pathologic conditions of the oral cavity such
as chronic destructive periodontal disease.

Interproximal craters

The lesions are seldom associated with deep pocket
formation, because extensive gingival necrosis often
coincides with loss of crestal alveolar bone. The gingi-
val necrosis develops rapidly and within a few days
the involved papillae are often separated into one
facial and one lingual portion with an interposed
necrotic depression, a negative papilla, between them.
The central necrosis produces considerable tissue de-
struction and a regular crater is formed. At this stage
of the disease, the disease process usually involves the
periodontal ligament and the alveolar bone, and loss
of attachment is now established. The diagnosis of the
disease process is consequently NP. Along with the
papilla destruction, the necrosis usually extends later-
ally along the gingival margin at the oral and /or facial
surfaces of the teeth. Necrotic areas originating from
neighboring interproximal spaces frequently merge to
form a continuous necrotic area (Figs. 10-2, 10-3). Su-
perficial necrotic lesions only rarely cover a substan-
tial part of the attached gingiva, which becomes re-
duced in width as the result of the disease progression.
The palatal and lingual marginal gingiva is less fre-
quently involved than the corresponding facial area.
Frequently, gingiva of semi-impacted teeth and in the
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Fig. 10-1. Necrotizing gingivitis with initial punched-
out defects at the top of the interdental papillae of the
mandibular incisor region. Courtesy of Dr. Finn PrEeto-
rius.

Fig. 10-2. Necrotizing gingivitis progressing along the
gingival margin of the right maxilla. The interproximal
necrotizing processes have merged.

Fig. 10-3. Necrotizing periodontitis with more ad-
vanced lesions of interdental papillae and gingival mar-
gin. Note the irregular morphology of the gingival mar-
gin as determined by the progressive loss of the inter-
dental papillae.

Fig. 10-4. Necrotizing gingivitis affecting gingiva of
semi-impacted right mandibular third molar. Courtesy
of Dr. Finn Pra torius.
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Fig. 10-5. Necrotizing periodontitis affecting right max
illary second molar periodontium. Note the extensive
punch-out lesion.

molar regions as demonstrated in the radiograph (b).

posterior maxillary region are affected (Figs. 10-4, 10-
5). Progression of the interproximal process often re-
sults in destruction of most interdental alveolar bone
(Fig. 10-6a,b). In the more advanced cases, pain is often
considerable and may be associated with a markedly
increased salivary flow. As a result of pain it is often
difficult for the patients to eat, and a reduced food
intake may be critical to HIV-infected patients because
they may already lose weight in association with their
HIV infection.

Sequestrum formation

The disease progression may be rapid and result in
necrosis of small or large parts of the alveolar bone.
Such a development is particularly evident in severely
immunocompromised patients including HIV-sero-
positive individuals. The necrotic bone, denoted a
sequestrum, initially is irremovable but after some
time becomes loosened, whereafter it may be removed
with forceps. Analgesia may not be required. A se-
guestrum may not only involve interproximal bone

Fig. 10-6. (a) Necrotizing periodontitis often results in major loss of interdental tissue including alveolar bone of the

but also include adjacent facial and oral cortical bone (
Fig. 10-7a,b).

Involvement of alveolar mucosa

When the necrotic process progresses beyond the mu-
cogingival junction, the condition is denoted NS (Wil-
liams et al. 1990) (Figs. 10-8a,b & 10-9). The severe
tissue destruction characteristic of this disease is re-
lated to seriously compromised immune functions
typically associated with HIV infection and malnutri-
tion (Fig. 10-10). Importantly, it may be life-threaten-
ing. NS may result in extensive denudation of bone,
resulting in major sequestration with the develop-
ment of oro-antral fistula and osteitis (SanGiacomo et
al. 1990, Felix et al. 1991).

Swelling of lymph nodes

Swelling of the regional lymph nodes may occur in
NPD but is particularly evident in advanced cases.
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Fig. 10-7. (a) Necrotizing periodontitis with sequestration of alveolar bone between left mandibular lateral incisor
and canine. The extension of the sequestrum as seen in the radiograph (b) covers the interdental septum almost to
the apices of the roots.

2 e : S
Fig. 10-8. (a) Necrotizing stomatitis affecting periodontium of left mandibular premolar region and adjacent alveo-
lar mucosa. After treatment and healing, no attached gingiva remains (b).

Fig. 10-9. Necrotizing stomatitis of right maxilla with
extensive necrotic ulcer of palatal mucosa.
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Fig. 10-10. (a) Necrotizing stomatitis affecting the mandible of an HIV-seropositive patient. Two years after treat
ment (b) the result of treatment is satisfactory, and there has been no recurrence.

Such symptoms are usually confined to the sub-
mandibular lymph nodes, but the cervical lymph nodes
may also be involved. In children with NPD, swelling
of lymph nodes and increased bleeding tendency are
often the most pronounced clinical findings (Jimenez
& Baer 1975).

Fever and malaise

Fever and malaise is not a consistent characteristic of
NPD. Some investigations indicate that elevated body
temperature is not common in NG and that, when
present, the elevation of body temperature is usually
moderate (Grupe & Wilder 1956, Goldhaber & Giddon
1964, Shields 1977, Stevens et al. 1984). A small de-
crease in body temperature in NG has even been

Fig. 10-11. A whitish film sometimes covers parts of the
attached gingiva in patients with NPD as demon-
strated in the maxillary gingiva. The film is composed
of desquamated epithelial cells which have accumu-
lated because the patient has not eaten or performed
oral hygiene for days.

Fig. 10-12. Necrotizing periodontitis affecting Kaposi's
sarcoma of left maxillary central incisor gingiva in HIV-
infected patient. The sarcoma affected almost the entire
maxillary gingiva after 9 months (Fig. 13-18(a)).

described. The disagreement on this point may, in fact,
be due to misdiagnosis of primary herpetic gingivo-
stomatitis as NG (see below).

Oral hygiene

The oral hygiene in patients with NPD is usually poor.
Moreover, brushing of teeth and contact with the
acutely inflamed gingiva is painful. Therefore, large
amounts of plaque on the teeth are common, espe-
cially along the gingival margin. A thin, whitish film
sometimes covers parts of the attached gingiva (Fig.
10-11). This film is a characteristic finding in patients
who have neither eaten nor performed oral hygiene for
days. It is composed of desquamated epithelial cells
and bacteria in a meshwork of salivary proteins.



It is easily removable. In general, the clinical charac-
teristics of NPD in HIV-seropositive patients do not
essentially differ from those in HIV-seronegative pa-
tients. However, the lesions in HIV-seropositive pa-
tients may not be associated with large amounts of
plaque and calculus. Thus, the disease activity in these
patients sometimes shows limited correlation with
etiologic factors as determined by the amount of bac-
terial plaque (Holmstrup & Westergaard 1994). Fur-
ther, lesions of NPD in HIV-seropositive patients have
sometimes been revealed in gingival tissue affected by
Kaposi's sarcoma (Fig. 10-12).

Acute and recurrent/chronic forms of
necrotizing gingivitis and periodontitis

In most instances the course of the diseases is acute,
as characterized by the rapid destruction of the peri-
odontal tissue. However, if inadequately treated or left
untreated, the acute phase may gradually subside.
The symptoms then become less unpleasant to the
patient, but the destruction of the periodontal tissues
continues, although at a slower rate, and the necrotic
tissues do not heal completely. Such a condition has
been termed chronic necrotizing gingivitis, or perio-
dontitis in the case of attachment loss (Fig. 10-13). The
necrotizing lesions persist as open craters, frequently
with a content of subgingival calculus and bacterial
plague. Although the characteristic ulcerative, ne-
crotic areas of the acute phase usually disappear, acute
exacerbations with intervening periods of quiescence
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Fig. 10-13. Chronic necrotizing periodontitis with ede
matous gingiva particularly of mandible. The slightly
active necrotizing processes at the bottom of the nega
tive papillae are not visible.

may also occur. In recurrent acute phases, subjective
symptoms again become more prominent and ne-
crotic ulcers reappear. Some authors prefer the term
recurrent rather than chronic to describe this category
of necrotizing disease (Johnson & Engel 1986). Plaque
and necrotic debris are in these phases often less con-
spicuous than in the acute forms, because they are
located in preexisting interdental craters. Several ad-
joining interdental craters may fuse, resulting in total
separation of facial and oral gingivae, which form two
distinct flaps. Recurrent forms of NG and NP may
produce considerable destruction of supporting tis-
sues. The most pronounced tissue loss usually occurs
in relation to the interproximal craters.

DIAGNOSIS

The diagnosis of NG, NP and NS is based on clinical
findings as described above. The patient has usually
noticed pain and bleeding from the gingiva, particu-
larly upon touch. The histopathology of the necrotiz-
ing diseases is not pathognomonic for NG, and biopsy
is certainly not indicated in the heavily infected area.

Differential diagnosis

NPD may be confused with other diseases of the oral
mucosa. Primary herpetic gingivostomatitis (PHG) is
not infrequently mistaken for NPD (Klotz 1973). The

Table 10-1. Important characteristics for differential diagnosis between NPD and PHG

NPD PHG
Etiology Bacteria Herpes simplex virus
Age 15-30 years Frequently children
Site Interdental papillae. Rarely outside the gingiva Gingiva and the entire oral mucosa
Syrmptoms Ulcerations and necrotic tissue and a yellowish-white plaque Multiple vesicles which disrupt, leaving small round fibrin-covered
ulcerations
Foetor ex ore Foetor ex ore
Moderate fever may occur Fever
Duration 1-2 days If treated 1-2 weeks
Contagious e +
Immunity Partial
Healing Destruction of periodontal Mo permanent destruction

tissue remains
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important differential diagnostic criteria for the two

diseases have been listed in Table 10-1. It should be
noted that in the USA and in northern Europe, NPD
occurs very rarely in children, whereas PHG is most
commonly found in children. If the body temperature
is markedly raised, to 38°C or more, PHG should be
suspected. NG and NP has a marked predilection for
the interdental papillae, while PHG shows no such
limitation and may occur anywhere on the free or the
attached gingiva, or in the alveolar mucosa (Fig. 10-
14). In PHG the erythema is of a more diffuse character
and may cover the entire gingiva and parts of the
alveolar mucosa. The vesicular lesions in PHG which
disrupt and produce small ulcers surrounded by dif-
fuse erythema, occur both on the lips and tongue as
well as on the buccal mucosa. PHG and NPD may
occur simultaneously in the same patient, and in such
cases there may be mucosal lesions outside the
gingiva, and fever and general malaise tend to occur
more frequently than with NPD alone.

Among oral mucosal diseases that have been con-
fused with NPD are desquamative gingivitis, benign
mucous membrane pemphigoid, erythema multi-
forme exudativum, streptococcal gingivitis, gonococ-
cal gingivitis, and others. All of these are clinically
quite distinct from NPD.

In some forms of leukemia, especially acute leuke-
mia, necrotizing ulcers may occur in the oral mucosa
and are not infrequently seen in association with the
gingival margin, apparently as an exacerbation of an
existing chronic inflammatory condition. The clinical
appearance can resemble NPD lesions, and the symp-
toms they produce may be the ones that first make the
patient seek professional consultation. In acute leuke-
mia the gingiva often appears bluish-red and edema-
tous with varying degrees of ulceration and necrosis.
Generally, the patient has more marked systemic
symptoms than with ordinary NPD, but can for a
while feel relatively healthy. The dentist should be
aware of the possibility that leukemias present such

Fig. 10-14. Primary herpetic gingivostomatitis. Note
that the ulcers affect the gingival margin but not pri-
marily interdental papillae. A circular ulcer of the sec
ond premolar gingiva is highly suggestive of the
diagnosis.

oral manifestations, which require medical examina-
tion of the patient, whereas biopsy is usually not
indicated.

HISTOPATHOLOGY

Histopathologically, NG lesions are characterized by
ulceration with necrosis of epithelium and superficial
layers of the connective tissue and an acute, non-spe-
cific inflammatory reaction (Fig. 10-15a,b). An impor-
tant aspect is the role of the microorganisms in the
lesions, because they have been demonstrated not
only in the necrotic tissue components but also in vital
epithelium and connective tissue.

Sometimes the histologic findings demonstrate the
formation of regular layers with certain characteristics
(Listgarten 1965) but there may be variations in regu-
larity. The surface cover of yellowish-white or grayish
slough, which can be observed clinically, in the light
microscope appears to be a meshwork of fibrin with
degenerated epithelial cells, leukocytes and erythro-
cytes, and by bacteria and cellular debris. At the ul-
trastructural level, bacteria of varying sizes and forms
including small, medium-sized and large spirochetes
have been revealed between the inflammatory cells,
the majority of which are neutrophilic granulocytes.
Moreover, in presumably vital parts of the surface
epithelium, compact masses of spirochetes and short,
fusiform rods have been found intercellularly.

The vital connective tissue in the bottom of the
lesion is covered by necrotic tissue, characterized by
disintegrated cells, many large and medium-sized spi-
rochetes, and other bacteria which, judging from their
size and shape, may be fusobacteria. In the superior
part of the vital connective tissue as characterized by
intact tissue components, the tissue is infiltrated by
large and medium-sized spirochetes, but no other
microorganisms have been seen. In the vital cormec-
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Fig. 10-15. Photomicrograph of
gingival tissue affected by ne-
crotizing gingivitis. (a) Upper
right part of gingival biopsy
shows gingival oral epithelium
whereas upper left is ulcerated
surface. Underneath the ulcer the
connective tissue is heavily infil-
trated by inflammatory cells.
Higher magnification of margin of
ulcer (b) shows necrotic tissue in-
filtrated with neutrophils. Right
border is covered by epithelium.
Courtesy of Dr. Finn Prxtorius.

Fig. 10-16. Electronmicrograph
demonstrating phagocytosing
neutrophil (N) close to the surface
of a sequestrum (C), covered by
numerous microorganisms includ-
ing spirochetes (S) and rods (R).
Bar =1 pm.

tive tissue the vessels are dilated. They also proliferate M ICROBIOLOGY

to form granulation tissue, and the tissue is heavily

infiltrated by leukocytes. As always in acute processes

the inflammatory infiltrate is dominated by neutro- . . . ..
phils (Figs. 10-15b & 10-16). In the deeper tissue, the M'.Croorgamsms isolated from necrotizing
inflammatory process also comprises large numbers of 1€SI0NS

monocytes and plasma cells (Listgarten 1965, . . .
Heylings 1967). Microbial samples from NPD lesions have demon-

strated a constant and a variable part of the flora. The
"constant flora" primarily contained Treponema sp.,
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Selenomonas sp., Fusobacterium sp. and B. melaninogeni-
cus ssp. intermedius (P. intermedia), and the "variable
flora" consisted of a heterogeneous array of bacterial
types (Loesche et al. 1982). Although the characteristic
bacterial flora of spirochetes and fusobacteria has
been isolated in large numbers from the necrotic le-
sions in several studies, their presence is no evidence
of a primary etiologic importance. Their presence
could equally well result from secondary overgrowth.
Moreover, the microorganisms associated with NG
are also harbored by healthy mouths and mouths with
gingivitis or periodontitis (Johnson & Engel 1986). An
important role for Treponema sp. and B. intermedius (P.
intermedia) has been suggested by studies of antibod-
ies in NPD patients to such bacteria, compared to
levels in age- and sex-matched controls with healthy
gingiva or simple gingivitis (Chung et al. 1983).

There is little available information about the mi-
crobiology of HIV-associated NPD. Borrelia, Gram-
positive cocci, 13-hemolytic streptococci and C.
albicans have been isolated from the lesions (Reichart
& Schiodt 1989). It has also been proposed that
human cytomegalovirus (HCMV) may play a role in
the pathogenesis of NPD (Sabiston 1986). This virus
has been found in the digestive tract of HIV-patients (
Kanas et al. 1987, Langford et al. 1990), and a case of
oral HCMV-infection with similarities of necrotizing
periodontitis has been reported (Dodd et al. 1993). An
increased frequency of HCMV and other herpes vi-
ruses found in necrotizing lesions among Nigerian
children supports a contributory role of the viruses (
Contreras et al. 1997), although it remains to be dem-
onstrated in future studies whether cytomegalovirus
does play a causal role.

Pathogenic potential of microorganisms

Our knowledge of the pathogenic mechanisms by
which the bacterial flora produces the tissue changes
characteristic of NPD is limited. One reason is that it
has been difficult to establish an acceptable animal
experimental model. However, several of the patho-
genic mechanisms which have been associated with
chronic gingivitis and periodontitis may also be of
etiologic importance in the necrotizing forms of the
diseases.

An important aspect in the pathogenesis of perio-
dontitis is the capacity of the microorganisms to in-
vade the host tissues. Among the bacteria isolated
from necrotizing lesions, spirochetes and fusiform
bacteria can in fact invade the epithelium (Heylings
1967). The spirochetes can also invade the vital con-
nective tissue (Listgarten 1965). The pathogenic po-
tential is further substantiated by the fact that both
fusobacteria and spirochetes can liberate endotoxins (
Mergenhagen et al. 1961, Kristoffersen & Hofstad
1970).

A number of observations indicate that the effects
of endotoxins are more prominent in NPD than in

chronic gingivitis and periodontitis. The large masses
of Gram-negative bacteria liberate endotoxins in close
contact with connective tissue. Endotoxins may pro-
duce tissue destruction both by direct toxic effects and
indirectly, by activating and modifying tissue re-
sponses of the host (Wilton & Lehner 1980). Through a
direct toxic effect, endotoxins may lead to damage of
cells and vessels. Necrosis is a prominent feature in the
so-called "Shwartzman reaction”, which is caused by
endotoxins. Indirectly, endotoxins can contribute to
tissue damage in several ways: they can function as
antigens and elicit immune reactions, they can acti-
vate complement directly through the alternative
pathway and thereby liberate chemotoxins, but they
can also activate macrophages, B and T-lymphocytes,
and influence the host's immune reactions by interfer-
ing with cytokines produced by these cells. Studies
have in fact shown that endotoxins can stimulate cata-
bolic processes with degradation of both connective
tissue and bone induced by the released cytokines.
The extent to which such reactions contribute to host
defense or to tissue damage is not yet known.

An aspect which has been of major concern, espe-
cially in wartime, is the communicability of the dis-
ease. Several reports have considered this aspect but
it has been concluded that the necrotizing diseases are
not transmissible by ordinary means of contact (
Johnson & Engel 1986). Attempts to transmit the
disease from one animal to another, or to produce
necrotic lesions in experimental animals, have failed
to yield conclusive results (MacDonald et al. 1963).
Several suspect microorganisms and several combina-
tions of microorganisms can produce similar lesions
in experimental animals. A combination of four differ-
ent bacteria, none of them fusobacteria or spirochetes,
has been found to possess such properties and there
are indications that among the four bacterial species,
Bacteroides melaninogenicus was the true pathogen (
MacDonald et al. 1956, 1963). B. melaninogenicus may,
under certain conditions, produce an enzyme which
degrades native collagen (Gibbons & MacDonald
1961). It is still not clear, however, whether this micro-
organism is of particular importance in the patho-
genesis of NPD. NG lesions have also been induced in
dogs pretreated with steroids and inoculated with a
fusiform-spirochete culture from dogs which had gin-
gival lesions similar to the NG lesions seen in humans (
Mikx & van Campen 1982). The lesions produced in
experimental animals may not be identical to those
which occur in humans. It is also important to note
that even if necrotic lesions can be transmitted by
transmission of infectious material or bacterial cul-
tures, this does not necessarily mean that the disease
is truly contagious.

It is obvious from the above observations and as-
sumptions that a fundamental question remains to be
answered, and at this point it may be stated that the
necrotizing periodontal diseases belong to those dis-
eases to which Pasteur referred when he said: "there
are some bacteria that cause a disease, but there are



some diseases that bring about a condition that is ideal
for the growth of some bacteria” (Wilson 1952). If the
microorganisms mentioned above play a role in the
etiology of the disease, then, presumably, the disease
is an opportunistic infection. Consequently, the patho-
genic characteristics of the microorganisms are nor-
mally overcome by the host defense, and disease oc-
curs when the host defense is impaired. The isolated
microorganisms do possess biologic activities which
may contribute to the pathogenesis, but the exact role
of the various microorganisms has not yet been clari-
fied (Johnson & Engel 1986).

HOST RESPONSE AND
PREDISPOSING FACTORS

It is particularly evident for HIV-infected patients that
the disease is associated with diminished host resis-
tance but among other predisposing factors, the basic
mechanism may appear to include altered host immu-
nity. Changes in leukocyte function and immune sys-
tem have been observed in some studies, although the
biologic reason for, and significance of, these findings
are unclear (Johnson & Engel 1986).

Significantly increased 1gG and IgM antibody titers
to intermediate-sized spirochetes and higher I1gG tit-
ers to B. rnelaninocenicus SSp intermedius have been
found in NG patients as compared to age- and sex-
matched healthy and gingivitis control groups (Chung
et al. 1983). These results, however, are in
disagreement with other data showing no differences
in serum antibody levels to bacterial antigens (Wilton
etal. 1971).

Total leukocyte counts have been found to be simi-
lar for patients and controls. NG patients, however,
displayed marked depression in polymorphonuclear
leukocyte chernotaxis and phagocytosis as compared
with control individuals. Reduced mitogen-induced
proliferation of peripheral blood lymphocytes has
also been found in NG patients. It was suggested that
elevated blood steroids may account for the reduced
chemotactic and phagocytic responses (Cogen et al.
1983).

For many years it has been known that a number of
predisposing factors may interact with the host de-
fense systems and render the patient susceptible to
NPD. Usually, a single one of these factors is not
sufficient to establish disease. The various factors,
which have been focused upon, comprise systemic
diseases, including HIV infection and malnutrition,
poor oral hygiene, preexisting gingivitis and history
of previous NPD, psychologic stress and inadequate
sleep, smoking and alcohol use, Caucasian back-
ground and young age.

A recent analysis of suspected predisposing factors
among American patients with NPD has shown that
HIV seropositivity overwhelmed all other factors in
importance when present (Horning & Cohen 1995).
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Among the HIV-seronegative patients the ranked im-
portance of the predisposing factors was: History of
previous NPD, poor oral hygiene, inadequate sleep,
unusual psychologic stress, poor diet, recent illness,
social or greater alcohol use, smoking, Caucasian
background and age under 21 years. The various pre-
disposing factors mentioned below are obviously not
equally important in industrialized and developing
countries, but many of these factors are known to
relate to impaired immunity.

Systemic diseases

Systemic diseases which impair immunity predispose
to NPD. This is why NPD occurs more frequently in
HIV-infected individuals and in patients with other
leukocyte diseases including leukemia (Melnick et al.
1988). Examples of other diseases predisposing to
NPD are measles, chicken pox, tuberculosis, herpetic
gingivostomatitis and malaria, but malnutrition is also
important. Whereas these examples of predisposing
factors are rare in western patients, they are evident
in the developing countries, where they often
predispose to NPD and noma in children (Emslie 1963,
Pindborg et al. 1966, 1967, Sheiham 1966, Enwonwu
1972, 1985). It is important to note that NPD is some-
times an early signal of impending serious illness (
Enwonwu 1972).

HIV infection

In Africa, the general population shows a high HIV-
seropositive prevalence rate, ranging up to 33% in
some populations. In Europe, prevalence figures have
been established for areas in Great Britain. The preva-
lence figures in patients attending London hospitals
were below 0.7% in 1994 (Unlinked Anonymous HIV
Surveys Steering Group 1995). In the industrialized
countries, a significant part of patients with NPD are
HIV-infected patients, and no characteristics have
been revealed that distinguish NPD in HIV-seroposi-
tive from that in HIV-seronegative patients. A history
of frequent relapses and poor response to traditional
or drug therapy may be suggestive (Greenspan et al.
1986, Horning & Cohen 1995). Suspicion of HIV infec-
tion is also supported by the simultaneous presence of
oral candidosis, "hairy leukoplakia”, or Kaposi's
tumor, but these lesions are far from always present in
HIV-infected patients.

HIV infection attacks the T-helper cells of the body,
causing a drastic change in the T-helper(CD4+)/T-
suppressor(CD8+) ratio with severe impairment of
the host's resistance to infection. Depleted peripheral
helper T-lymphocyte counts correlate closely with the
occurrence of NG as demonstrated in a study of 390
US HIV-seropositive soldiers (Thompson et al. 1992).
Furthermore, a complete absence of T-cells in gingival
tissue of HIV-infected patients with periodontitis has
been reported (Steidley et al. 1992). The lack of local
immune effector and regulatory cells in HIV-seropo-
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sitive patients could in fact explain the characteristic
and rapidly progressive nature of periodontitis in
these patients. Moreover, a protective effect against
HIV-associated gingivitis and periodontitis has been
encountered with antiviral treatment of the HIV infec-
tion (Masouredis et al. 1992). NP has been revealed as
a marker for immune deterioration, with a 95% pre-
dictive value that CD4+ cell counts were below 200
cellsyfmm3, and, if untreated, a cumulative probability
of death within 24 months (Glick et al. 1994). As a
consequence of this finding, if possible all NPD pa-
tients may be recommended to be given a test for HIV
infection.

Malnutrition

In developing countries with malnutrition, this has
often been mentioned as a predisposing factor to NPD
(Enwonwu 1972, Osuji 1990). Malnutrition results in
lowered resistance to infection and protein malnutri-
tion has been emphasized as the most common public
health problem affecting underprivileged Nigerian
children who are most often affected by NPD (En-
wonwu 1985, 1994). In response to periodontal patho-
gens, phagocytes elaborate destructive oxidants, pro-
teinases and other factors. Periodontal damage may
occur as the result of the balance between these factors,
the antioxidants and host-derived antiproteinases.
Malnutrition is characterized by marked tissue deple-
tion of the key antioxidant nutrients, and impaired
acute-phase protein response to infections. This is due
to impairment in the production and cellular action of
the cytokines. Other features of malnutrition include
inverted helper/suppressor T-lymphocyte ratio, his-
taminemia, hormonal imbalance with increased blood
and saliva levels of free cortisol, and defective mu-
cosal integrity. Malnutrition usually involves con-
comitant deficiencies of several essential macro- and
micronutrients, and therefore has the potential to ad-
versely influence the prognosis of periodontal infec-
tions (Enwonwu 1994).

Poor oral hygiene, preexisting gingivitis and
history of previous NPD

Many of the early studies of NPD showed that a low
standard of oral hygiene contributed to the establ-
ishment of the disease (Johnson & Engel 1986). This
has been supported by recent studies in the USA and
Nigeria (Taiwo 1993, Horning & Cohen 1995). Conse-
quently, NPD is usually established on the basis of
preexisting chronic gingivitis (Pindborg 1951b). It
should be emphasized, however, that plaque accumu-
lation as seen in NPD patients may also be enhanced
by the discomfort experienced with oral hygiene prac-
tices due to the disease.

Based on questionnaires and personal interviews,
28% of NPD patients have been found with a history
of previous painful gingival infection and 21% had

gingival scars suggestive of previous NPD (Horning
& Cohen 1995).

Psychologic stress and inadequate sleep

Just as other ulcerative gastrointestinal conditions
have been shown to have psychogenic origins, psy-
chologic stress has often and for many years been
mentioned as a predisposing factor (Johnson & Engel
1986). Epidemiologic investigations seem to indicate
a more frequent occurrence of necrotizing diseases in
periods when the individuals are exposed to psy-
chologic stress (Pindborg 1951a,b, Giddon et al. 1963,
Goldhaber & Giddon 1964). New recruits and deploy-
ing military personnel, college students during exami-
nation periods, patients with depression or other emo-
tional disorders and patients feeling inadequate to
handle life situations are more susceptible to NPD (
Pindborg 1951a,b, Moulton et al. 1952, Giddon et al.
1963, Cohen-Cole et al. 1983). Urine levels of corticos
teroids have been used as a physiologic measure of
stress, and increased free cortisol levels in the urine of
NPD patients as compared with controls have been
encountered. The NPD patients showed significantly
higher levels of trait anxiety, depression and emo-
tional disturbance than did control individuals (Co-
hen-Cole et al. 1983). The role of anxiety and psy-
chologic stress in the pathogenesis of NG has been
borne out by both psychiatric and biochemical inves-
tigations (Moulton et al. 1952, Shannon et al. 1969,
Maupin & Bell 1975). There are several ways by which
psychologic stress factors may interfere with host sus-
ceptibility. Host tissue resistance may be changed by
mechanisms acting through the autonomic nervous
system and endocrine glands resulting in elevation of
corticosteroid and catecholamine levels. This may re-
duce gingival microcirculation and salivary flow and
enhance nutrition of Prevotella intermedia, but also
de-press neutrophil and lymphocyte functions which
facilitate bacterial invasion and damage (Johnson &
Engel 1986, Horning & Cohen 1995).

Inadequate sleep, often as the result of lifestyle
choices or job requirements, has been mentioned by
many patients with NPD (Horning & Cohen 1995).

Smoking and alcohol use

Smoking has been listed as a predisposing factor to
NPD for many years and presumably predisposes to
other types of periodontitis as well (The American
Academy of Periodontology 1996).

Two studies from the 1950s found that 98% of the
patients were smokers (Pindborg 1951a, Goldhaber
1957). More recent data have confirmed this by finding
only 6% non-smokers among NPD patients in contrast
to 63% in a matched control group (Stevens et al. 1984).
The amount smoked also appears important since
41% of subjects with NG smoked more than 20 ciga-



rettes daily whereas only 5% of controls smoked that
much (Goldhaber & Giddon 1964).

The relationship between tobacco usage and NPD
appears to be complex. It has often been stated that
smokers in general have poorer oral hygiene than
non-smokers but studies have shown that there is little
difference in the level of plaque accumulation in
smokers versus non-smokers. Also, there have been
no conclusive studies to show that smoking ad-
versely affects periodontal tissues by altering the
microbial composition of plague (The American
Academy of Periodontology 1996). Smoking could
lead to increased disease activity by influencing host
response and tissue reactions. As examples, smokers
have depressed numbers of T-helper lymphocytes,
and tobacco smoke can also impair chemotaxis and
phagocytosis of oral and peripheral phagocytes (
Eichel & Shahrik 1969, Kenney et al. 1977, Ginns et al.
1982, Costabel et al. 1986, Lannan et al. 1992, Selby et
al. 1992). Among further effects of tobacco, nicotine-
induced secretion of epinephrine resulting in gingival
vasoconstriction has been proposed as one possible
mechanism by which smoking may influence tissue
susceptibility (Schwartz & Baumhammers 1972, Kar-
dachi & Clarke 1974, Bergstrom & Preber 1986). The
exact mechanism of tobacco smoking predisposing to
NPD, however, remains to be determined.

Social or heavy drinking has been admitted by NPD
patients and its role as a predisposing factor has been
accounted for by its numerous physiologic effects
which add to other factors as general sources of debili-
tation (Horning & Cohen 1995).

Caucasian background

A number of American studies have demonstrated a
95% preponderence of Caucasian patients with NPD
including a study in which the referring population
was 41% African-American (Barnes et al. 1973,
Stevens et al. 1984, Horning & Cohen 1995), but a
proportion of 49% of African-Americans in another
study casts doubt on race as a predisposing factor
alone, and the mechanism for this factor is unknown.

Young age

In industrialized countries, young adults appear to be
the most predisposed to NPD. The disease can occur
at any age, the reported mean age for NPD being
between 22 and 24 years. This may reflect a number
of factors such as military population age, wartime
stress and probably is related to the involvement of
other factors such as smoking (Horning & Cohen
1995).
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TREATMENT

The treatment of the necrotizing periodontal diseases
is divided into two phases: acute and maintenance
phase treatment.

Acute phase treatment

The aim of the acute phase treatment is to eliminate
disease activity as manifest by ongoing tissue necrosis
developing laterally and apically. A further aim is to
avoid pain and general discomfort which may se-
verely compromise food intake. Among patients suf-
fering from systemic diseases resulting in loss of
weight, further weight loss due to reduced food intake
should be avoided by rapid therapeutic intervention.

At the first consultation scaling should be at-
tempted, as thoroughly as the condition allows. Ultra-
sonic scaling may be preferable to the use of hand
instruments. With minimal pressure against the soft
tissues, ultrasonic cleaning may accomplish the re-
moval of soft and mineralized deposits. The continu-
ous water spray combined with adequate suction usu-
ally allows good visibility. How far it is possible to
proceed with debridement at the first visit usually
depends on the patient's tolerance of pain during
instrumentation. Obviously toothbrushing in areas
with open wounds does not promote wound healing.
Therefore, patients should be instructed in substitut-
ing toothbrushing with chemical plague control in
such areas until healing is accomplished.

Hydrogen peroxide and other oxygen-releasing
agents also have a long-standing tradition in the initial
treatment of NPD. Hydrogen peroxide (3%) is still
used for debridement in necrotic areas and as a
mouthrinse (equal portions 3% H,0, and warm
water). It has been thought that the apparently favor-
able effects of hydrogen peroxide may be due to me-
chanical cleaning, and the influence on anaerobic bac
terial flora of the liberated oxygen (Wennstrom &
Lindhe 1979, MacPhee & Cowley 1981).

Twice daily rinses with a 0.2% chlorhexidine solu-
tion is a very effective adjunct to reduce plaque forma
tion, particularly when toothbrushing is not per-
formed. It also assists self-performed oral hygiene
during the first weeks of treatment. Its effect is dis-
cussed elsewhere in this book. For an optimal effect of
this medicament, it should be used only in conjunction
with and in addition to systematic scaling and root
planing. The chlorhexidine solution does not pene-
trate subgingivally and the preparation is readily in-
activated by exudates, necrotic tissues and masses of
bacteria (Gjermo 1974). The effectiveness of chlor-
hexidine mouthrinses therefore is dependent upon a
simultaneous, thorough mechanical, debridement.

In some cases of NPD the patient's response to
debridement is minimal or the general health is af-
fected to such an extent that the supplementary use of
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Fig. 10-17. Necrotizing periodontitis with severe pain. The entire gingival margin is the seat of a necrotic ulcer. (
a) Facial aspect. (b) Palatal aspect. The patient was treated with scaling supplemented with metronidazole and
the next day the patient was free of symptoms and the clinical features were significantly improved (c & d).

systemic antibiotics or chemotherapeutics is indi-
cated. This also applies to patients with malaise, fever
and lassitude. The choice of drug aims at a direct
action on bacteria which are the cause of the inflam-
matory process in NPD.

Supplementary treatment with metronidazole 250
mg three times daily has been found effective against
spirochetes and appears to be the first choice in the
treatment of NPD (Proctor & Baker 1971, Shinn 1976,
Loesche et al. 1982). The adjunctive use of metronida-
zole in HIV-associated NPD is reported to be ex-
tremely effective in reducing acute pain and promot-
ing rapid healing (Scully et al. 1991). Acute pain usu-
ally disappears after a few hours (Figs. 10-17a-d).

Antibiotics such as penicillins and tetracyclines are
also effective. Penicillin 1 mill i.u. three times daily
should be used as an adjunct to scaling as for metroni-
dazole until the ulcers are healed. Topical application
of antibiotics is not indicated in the treatment of NPD,
because intralesional bacteria are frequent, and topical
application does not result in sufficient intralesional
concentration of antibiotics.

It is important to emphasize that many HIV-sero-
positive patients with NPD at their initial visit are not
aware of their serostatus. If HIV infection is a sus-
pected predisposing factor, the patient can be referred
to her or his physician for further examination. Some
patients may prefer referral to a hospital department.
Information on HIV-serostatus is frequently not
avail-

able at initiation of therapy, but the lack of information
has no serious implications for the choice of treatment
or for the handling of the patient. As a consequence of
a lack of information on HIV-serostatus of patients
seeking dental treatment in general, all procedures in
the dental office must always include precautions to
protect against transmission of the virus to the dentist,
to the dental auxiliaries and to other patients.

If the dentist asks the patient about his or her pos-
sible chance of having attracted HIV infection this
should be done with great care, because HIV infection
has serious implications for the patient. Consequently,
a successful outcome depends on a confidential rela-
tionship between patient and dentist. In the case of a
new patient, such a relationship is first established
after at least a couple of appointments in the clinic.

Usually, in HIV-infected patients antibiotic prophy-
laxis in relation to scaling does not appear to be nec-
essary. Bacteria recovered from venipuncture 15 min
after scaling were not detectable in samples obtained
at 30 min (Lucartoto et al. 1992). Neither does removal
of sequestra always appear to require antibiotic cover (
Robinson 1991). HIV-infected patients are susceptible
to candidal infections (Holmstrup & Samaranayake
1990) and if oral candidosis is present or occurs
throughout the period of antibiotic treatment, treat-
ment with appropriate antimycotic drugs such as mi-
conazole may be necessary.

Patients with NPD should be seen almost daily as



long as the acute symptoms persist. Appropriate treat-
ment alleviates symptoms within a few days. There-
after the patient should return in approximately 5
days. Systematic subgingival scaling should be con-
tinued with increasing intensity as the symptoms sub-
side. Correction of restoration margins and polishing
of restorations and root surfaces should be completed
after healing of ulcers. When the ulcerated areas are
healed, the local treatment is supplemented with oral
hygiene instruction and patient motivation. Instruc-
tion in gentle but effective toothbrushing and approxi-
mal cleaning is mandatory. In many cases the exten-
sive tissue destruction results in residual soft tissue
defects that are difficult for the patient to keep clean.
Oral hygiene in these areas often requires the use of
interproximal devices and soft, smaller brushes.
Sometimes healing is delayed in HIV-infected patients
and intensive professional control may be necessary
for prolonged periods of time.

Patients with NPD are not always easily motivated
to carry out a proper program of oral hygiene. They
frequently have poor oral hygiene habits and possibly
a negative attitude to dental treatment in general. As
a result, some patients discontinue treatment as soon
as pain and other acute symptoms are alleviated. Mo-
tivation and instruction should be planned to prevent
this happening, and should be reinforced during later
visits. Patients with severely impaired immune func-
tions, for instance due to HIV infection, may suffer
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The Periodontal Abscess
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Odontogenic abscesses include a broad group of acute
infections that originate from the tooth and/or the
periodontium. Such abscesses are associated with an
array of symptoms, including a localized purulent
inflammation in the periodontal tissues that causes
pain and swelling. Abscesses are one of the main
causes of patients to seek emergency care in the dental
clinic. Depending on the origin of the infection the
lesions can be classified as periapical, periodontal and
pericoronary abscesses.

CLASSIFICATION

Different classifications have been proposed for
peri-

odontal abscesses: chronic Or acute, single Or multiple,
gingival Or periodontal, occurring in the supporting
periodontal tissues or in the gingiva. A recent pro-
posed classification (Meng 1999) included gingival ab-
scesses (in previously healthy sites and caused by im-
paction of foreign bodies), periodontal abscesses (either
acute or chronic, in relation to a periodontal pocket),
and pericoronal abscesses (at incompletely erupted
teeth).

The most rational classification is the one based on
etiological criteria. Depending on the cause of the
acute infectious process, two types of periodontal ab-
scesses may occur:

 Periodontitis-related abscess, Wwhen the acute
infection originates from a biofilm present in a
deepened periodontal pocket

« Non-periodontitis-related abscess, when the acute in-
fection originates from another local source, such as
foreign body impaction or alterations in root integ-
rity

Periodontitis-related abscess

In a periodontitis patient a periodontal abscess repre-
sents a period of active periodontal tissue breakdown
and is the result of an extension of the infection into
the still intact periodontal tissues. This abscess forma-
tion is usually due to the marginal closure of a deep
periodontal pocket and lack of proper drainage.
Therefore, the existence of deep, tortuous pockets and
deep concavities associated with furcation lesions
may favor the formation of the acute condition. Once
the acute inflammatory process is started, there is a
local accumulation of neutrophils, tissue breakdown
will occur and pus will be formed. The retention of
pus in the pocket may further compromise the drain-
age and the lesion may rapidly progress into deeper
parts of the periodontium. There are different mecha-
nisms behind the formation of a periodontitis-related
abscess:

Exacerbation of a chronic lesion

Such abscesses may develop in a deepened periodon-
tal pocket without any obvious external influence, and
may occur in: (1) an untreated periodontitis patient,
or (2) as a recurrent infection during supportive peri-
odontal therapy.

Post-therapy periodontal abscesses
There are various reasons why an abscess may occur
during the course of active therapy:

- Post-scaling periodontal abscess. When these lesions
occur immediately after scaling or after a routine
professional prophylaxis, they are usually related to
the presence of small fragments of remaining calcu-
lus that obstruct the pocket entrance once the edema
in the gingiva has disappeared (Dello Russo 1985,



Carranza 1990). This type of abscess formation can
also occur when small fragments of calculus have
been forced into the deep, previously non-inflamed
portion of the periodontal tissues (Dello Russo
1985).

« Post-surgery periodontal abscess. When an abscess oc
curs immediately following periodontal surgery, it
is often the result of an incomplete removal of sub-
gingival calculus or to the presence of foreign bod-
ies in the periodontal tissues, such as sutures, regen-
erative devices or periodontal pack (Garrett et al.
1997).

« Post-antibiotic periodontal abscess. Treatment with
systemic antibiotics without subgingival debride-
ment in patients with advanced periodontitis may
also cause abscess formation (Helovuo & Paunio
1989, Topoll et al. 1990, Helovuo et al. 1993). In such
patients, the microbiota in the subgingival biofilm
may be protected from the antibiotic, a super infec-
tion may result and massive inflammation occur.
Helovou et al. (1993) followed patients with un-
treated periodontitis who were given broad-spec-
trum antibiotics (penicillin, erythromycin) for non-
oral reasons. They showed that 42% of these pa-
tients developed marginal abscesses within 4 weeks
of antibiotic therapy.

Non-periodontitis-related abscess

The formation of this type of abscess may also occur
in relation to a periodontal pocket, but in such cases
there is always an external local factor that explains
the acute inflammation. Such factors include:

» Impaction of foreign body in the gingival sulcus or
periodontal pocket. It maybe related to oral hygiene
practices (toothbrush, toothpicks, etc.) (Gillette &
Van House 1980, Abrams & Kopczyk 1983), ortho-
dontic devices, food particles, etc.

« Root morphology alterations. In this instance local
anatomical factors, such as an invaginated root (
Chen et al. 1990), a fissured root (Goose 1981), an
external root resorption, root tears (Haney et al.
1992, Ishikawa et al. 1996) or iatrogenic endodontic
perforations (Abrams et al. 1992), may be the cause
of the abscess formation.

PREVALENCE

The prevalence of periodontal abscesses was studied
in emergency dental clinics (Ahl et al. 1986, Galego-
Feal et al. 1996), in general dental clinics (Lewis et al.
1990), in periodontitis patients before treatment (Gray
et al. 1994), and in periodontitis patients during sup-
portive periodontal therapy (SPT) (Kaldahl et al. 1996,
McLeod et al. 1997).
Among all dental conditions in need of emergency
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treatment, periodontal abscesses represent between
8% and 14% (Ahl et al. 1986, Galego-Feal et al. 1996).
Gray et al. (1994) monitored periodontal patients in an
army clinic and found that periodontal abscesses had
a prevalence of 27.5%. In this population, 13.5% of the
patients undergoing active periodontal treatment had
experienced abscess formation, while untreated pa-
tients showed a higher figure, 59.7%. McLeod et al. (
1997) followed 114 patients in SPT and identified 42
patients (27.5%) that had suffered from acute episodes
of periodontal abscess.

In a prospective longitudinal treatment study, by
Kaldahl et al. (1996), the occurrence of periodontal
abscesses during 7 years of periodontal maintenance
was also studied. From the 51 patients included, 27
abscesses were detected; 23 of the abscesses occurred
at teeth in quadrants treated only by coronal scaling,
3 in areas treated by root planing, and only 1 in areas
treated by surgical means; 16 out of the 27 abscess sites
had an initial probing pocket depth > 6 mm, while in
8 sites the probing depth was 5-6 mm.

Abscesses often occur in molar sites, and molars
represent more than 50% of all cases of abscess forma
tion (Smith & Davies 1986, MclLeod et al. 1997,
Herrera et al 2000b). The most likely reason for this
high prevalence of abscesses in molars could be
lesions involving the furcation and the complex root
morphology of such teeth.

The occurrence of a periodontal abscess may be
important not only because of its relatively high
prevalence, but also because of how this acute infec-
tion may influence the prognosis of the affected tooth.
Since abscesses sometimes develop during SPT in
teeth with remaining deep periodontal pockets and
teeth with a reduced amount of periodontal support
left, the additional periodontal destruction that occurs
during the abscess development may call for tooth
extraction (Chace & Low 1993, McLeod et al. 1997).

PATHOGENESIS AND
HISTOPATHOLOGY

A periodontal abscess contains bacteria, bacterial
products, inflammatory cells, tissue breakdown prod-
ucts and serum. Tissue destruction is mainly caused
by the inflammatory cells and their extracellular en-
zymes. The precise pathogenesis of the periodontal
abscess is still not known. It is believed that a peri-
odontal abscess is formed by occlusion or trauma to
the orifice of the periodontal pocket, resulting in ex-
tension of the infection from the pocket into the soft
tissues of the pocket wall. An inflammatory infiltrate
is formed followed by destruction of the connective
tissues, encapsulation of the bacterial mass and pus
formation. The lowered tissue resistance and the viru-
lence as well as the number of bacteria present deter-
mine the course of the infection. The entry of bacteria



262 « CHAPTER 11

Normal oral epithelium
and lamina propria \

infiltrate

Inflammatory ce[%

into the soft tissue pocket wall could be the event that
initiates the formation of a periodontal abscess.

Histologically, neutrophils are found in the central
area of the abscess and close to soft tissue debris. At a
later stage, a pyogenic membrane, composed of
macrophages and neutrophils, is organized. The rate
of tissue destruction within the lesion will depend on
the growth of bacteria inside the foci and their viru-
lence, as well as on the local pH. An acidic environ-
ment will favor the activity of lysosomal enzymes and
promote tissue destruction (DeWitt et al. 1985).

De Witt et al. (1985) studied biopsies sampled from
12 abscesses. The biopsies were taken immediately
apical to the center of the abscess and processed for
histological examination. They observed that the sites
examined had a normal oral epithelium and lamina
propria, but an inflammatory cell infiltrate resided
lateral to the pocket epithelium. There were foci of
neutrophil and lymphocyte accumulations in areas
characterized by massive tissue destruction and a
mass of granular, acidophilic and amorphous debris
present in the pocket (see Fig. 11-1). In seven out of
nine biopsies evaluated by electron-microscopy,
Gram-negative bacteria were seen invading both the
pocket epithelium and the compromised connective
tissue.

MICROBIOLOGY

In review articles it was pointed out that purulent oral
infections often are poly-microbial, and are caused by
endogenous bacteria (Tabaghali,1988). However, very
few studies have investigated the specific microbiota
of periodontal abscesses. Newman & Sims (1979)
studied nine abscesses and found that 63.1% of the
microbiota was comprised of strict anaerobes. Topoll
et al. (1990) analysed 20 abscesses in 10 patients who
had taken antibiotics prior to the study. They reported

Intense foci of neutrophil
and lymphocyte
accumulation surrounding
connective tissue
apparently necrotic

Mass of granular, acidophilic,
and amorphous debris

Fig. 11-1. Schematic drawing
showing the histopathology of a
periodontal abscess.

Ulcerated pocket
epithelium

that 59.5% of the microbiota was made up of strict
anaerobes. Herrera et al. (2000b) reported that 45.1%
of the bacteria in the abscess material included anaer-
obes.

The microbiota of the periodontal abscess resem-
bles the microbiota of chronic periodontitis lesions.
The microflora found in periodontal abscesses is poly-
microbial, dominated by non-motile, Gram-negative,
strict anaerobic, rod-shaped species. From this group,
Porphyromonas gingivalis is probably the most virulent.
The occurrence of p. gingivalis in periodontal abscesses
ranges from 50-100% (Newman & Sims 1979, Van
Winkelhoff et al. 1985, Topoll et al. 1990, Hafstrom et
al. 1994, Herrera et al. 2000b). Using a polymerase
chain reaction technique, Ashimoto et al. (1998) found
p. gingivalis in all of the seven cases of abscesses they
investigated. Other anaerobic species that can be
found include Prevotella intermedia, Prevotella melani-
nogenica, Fusobacterium nucleatum and Bacteriodes
forsythus. Spirochetes (Treponema species) are also
found in most cases (Ashimoto et al. 1998). The major-
ity of the Gram-negative anaerobic species are non-
fermentative and display moderate to strong pro-
teolytic activity. Strict anaerobic, Gram-positive bacte
rial species in periodontal abscesses include Pep-
tostreptococcus micros, Actinomyces Spp. and Bifidobac-
terium spp. Facultative anaerobic Gram-negative bac-
teria that can be isolated from periodontal abscesses
include campylobacter Spp., Capnocytophaga spp. and
Actinobacillus actinomycetemcomitans (Hafstrom et al.
1994).

DIAGNOSIS

The diagnosis of a periodontal abscess should be
based on the overall evaluation and interpretation of
the patient's chief complaint, together with the clinical
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Fig. 11-2. Periodontal abscess (arrows) associated with
a lower right first molar. Observe the association be-
tween the abscess formation and the furcation lesion in
this molar.

Fig. 11-3. Periodontal abscess associated with a lower
second molar. Observe the diffuse swelling affecting all
the buccal gingiva of the molar.

Fig. 11-4. Periodontal abscess associated with the distal
surface of a lower right first molar. Observe the sponta-
neous suppuration expressed through the gingival
pocket at the distal surface.

Fig. 11-5. Periodontal abscess associated with an upper
right third molar. Observe how this lesion is associated
with tooth extrusion and the tooth exhibits an in-
creased mobility.

and radiological signs found during the oral examina- Abscesses located deep in the periodontium may be tion.
less easy to identify by the swelling of the soft tissue The most prominent symptom of a periodontal and may
present as diffuse swellings or simply as a
abscess is the presence of an ovoid elevation of the red area (Fig. 11-3). Another common finding is sup-
gingiva along the lateral side of the root (Fig. 11-2). puration, either from a fistula or, most commonly,
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from the pocket (Fig. 11-4). This suppuration may be
spontaneous or occur after pressure on the outer sur-
face of the gingiva. The clinical symptoms usually
include pain (from light discomfort to severe pain),
tenderness of the gingiva, swelling and sensitivity to
percussion of the affected tooth. Other related symp-
toms are tooth elevation and increased tooth mobility (
Fig. 11-5).

During the periodontal examination, the abscess is
usually found at a site with a deep periodontal pocket.
Signs associated with periodontitis such as bleeding
on probing, suppuration and sometimes increased
tooth mobility are also present (Smith & Davies 1986,
Hafstrom et al. 1994, Herrera et al. 2000b). The radio-
graphic examination may either reveal a normal ap-
pearance of the interdental bone, or some bone loss,
ranging from a widening of the periodontal ligament
space to pronounced bone loss involving most of the
affected tooth (Fig. 11-6a,b).

In some patients the occurrence of a periodontal
abscess may be associated with elevated body tem-
perature, malaise and regional lymphadenopathy (
Smith & Davies 1986, Carranza, 1990, Ibbott et al.
1993