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Causation and pathogenesis of
periodontal disease
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This chapter describes the causation and patho-
genesis of periodontal disease in a manner that is
relevant to practitioners of general dentistry. The
fundamental processes involved in the causation
and pathogenesis of periodontal disease will be re-
viewed followed by a discussion of the clinical and
histopathological appearance of the periodontal
tissues and disease susceptibility.

The term “periodontal disease” in its strictest
sense refers to both gingivitis and periodontitis. Gin-
givitis is an inflammatory condition of the soft
tissues surrounding the teeth (the gingiva) and is a
direct immune response to the dental microbial
plaque building up on teeth. Gingivitis is modified
by several factors such as smoking, certain drugs and
hormonal changes that occur in puberty and preg-
nancy. Periodontitis follows gingivitis and is also in-
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Fig. 1. Progression from health to gingivitis and on to peri-
odontitis with the factors influencing this progression

fluenced by the individual’s immune and inflamma-
tory response. It is initiated by microbial plaque, but
it occurs in only a subset of the population. Peri-
odontitis involves the destruction of the supporting
structures of the teeth including the periodontal
ligament, bone and soft tissues. Clearly, periodontitis
is the most significant of these diseases because it
causes tooth loss.

Gingivitis

Chronic gingivitis is seen commonly in individuals
who stop toothbrushing for between 10 and 20 days
(49). The clinical signs are exaggerated and the gin-
giva is more edematous and inflamed in individuals
undergoing hormonal disturbance, such as children
during puberty and females during pregnancy (Fig.
1). Certain drug therapies such as nifedipine (a cal-
cium channel blocker used in hypertensive patients),
phenytoin (used to control epilepsy), and cyclospor-
ine (an immunosuppressive drug) can result in gin-
gival overgrowth in approximately 30% of individuals
taking these medications. This gingival overgrowth is
an exaggerated response to microbial plaque that is
necessary for gingivitis and consequently, the drug
effects on the gingiva. Gingivitis is also affected by
smoking. Smoking tends to reduce gingival inflam-
mation, possibly by the effect of nicotine in causing
vascular constriction and thus reduced tissue edema
and gingival crevicular fluid flow.

Periodontitis

Periodontitis, in contrast to gingivitis, is seen in only
a subset of the population (about 35% of adults in
the United States) (1). Of these, only about 13% of
adults over 30 years of age have a moderate or severe
form of periodontitis and about 22% have a mild
form of the disease (1). It was previously believed
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that all gingivitis progresses to periodontitis. How-
ever, the prevailing view is that while gingivitis must
precede periodontitis, not all gingivitis progresses to
periodontitis (9). Furthermore periodontitis is quite
variable in that it does not affect all teeth evenly but
has both a subject and site predilection. Since it is
currently not feasible to diagnose the specific sites
with gingivitis that will progress to periodontitis, a
conservative approach is to treat all gingivitis and
the corresponding primary preventive approach is to
prevent the occurrence of gingivitis.

Current concepts regarding the epidemiology of
periodontal disease are influenced greatly by studies
that suggest that relatively few subjects in each age
group suffer from advanced periodontal destruction
and that only specific sites in these individuals are
affected (35, 63) (Fig. 1). Given the change in attach-
ment level over time, it is also peculiar that only rela-
tively few sites actually undergo extensive peri-
odontal destruction within any given observation
period (35, 46). Lindhe et al. (47) reported on a
population of 265 subjects monitored over a two-
year period and found that 70% of the sites that de-
teriorated by 3 mm or more occurred in only 12% of
the population. Socransky et al. (76) suggested that
periodontitis progresses in episodes of exacerbation
and remission and termed this the “burst hypo-
thesis”. More recent studies have suggested that pro-
gression may actually have a more continuous rather
than episodic pattern. Periodontal disease pro-
gression can be considered a continuous process
that undergoes periods of exacerbation. Therefore,
both the continuous and episodic hypotheses of dis-
ease progression have merit. In summary, peri-
odontal disease is related to the subject, with only a
few individuals experiencing advanced tissue de-
struction around several teeth. The progression of
this disease is probably continuous with brief epi-
sodes of localized exacerbation and occasional re-
mission.

Role of plaque

Experimental short-term clinical studies have shown
that microorganisms quickly colonize clean tooth
surfaces after ceasing all oral hygiene procedures.
Within a few days, microscopic and clinical signs of
gingivitis become apparent. These inflammatory
changes can be reversed when adequate tooth
cleaning methods are resumed (Fig. 2) (49, 84).
Microorganisms that form dental plaque and cause
gingivitis probably do so by releasing bacterial prod-

Fig. 2. Gingivitis (top) before and health (bottom) after the
resolution of gingivitis following hygienic phase therapy

ucts that induce tissue inflammation. Clinical trials
have documented the importance of supragingival
and subgingival microbial plaque in the treatment of
gingivitis and periodontitis. In a classical long-term
study on over 300 subjects, Axelsson et al. (2) dem-
onstrated that preventing plaque accumulation by a
variety of professional and home-based techniques
was extremely effective in preventing attachment
loss over a period of 15 years. Clearly, gingivitis pre-
cedes periodontitis and this implies that prevention
of gingivitis is also a primary preventive measure for
periodontitis (Fig. 1).

As stated earlier, not all patients develop peri-
odontitis, and for those who do, it is due to their
unique host response to the microbial plaque. This
therefore, provides a research challenge for those
interested in the pathogenesis of this multifactorial
disease. The site specificity and predilection in peri-
odontitis and gingivitis probably relates to the reten-
tion of plaque in specific areas, such as in local areas
where oral hygiene is impaired or difficult, in areas
of calculus accumulation, and in areas of restoration
overhangs, poor crown margins.
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Fig. 3. Clinically healthy gingiva

Overview of the pathogenesis of
periodontal disease

The normal healthy gingiva is characterized by its
pink color and its firm consistency (Fig. 3). Interden-
tally, the healthy gingival tissues are firm, do not
bleed on gentle probing and fill the space below the
contact areas between the teeth. Healthy gingiva
often exhibits a stippled appearance, and there is a
knife-edge margin between the soft tissue and the
tooth. In theory, the normal gingiva is free from his-
tological evidence of inflammation, but this ideal
condition is very rarely seen in microscopic tissue
sections. This is because most human gingival
tissues are, no matter how clinically healthy in ap-
pearance, slightly inflamed due to the constant pres-
ence of microbial plaque. Even in the very healthy
state, the gingiva has a leukocyte infiltrate that is
predominantly comprised of neutrophils or poly-
morphonuclear leukocytes. These leukocytes are
phagocytes whose primary purpose is to kill bacteria
after migrating through and out of the tissues into
the gingival crevicular area or the gingival pocket.

A subgingival plaque sample, when viewed under
the microscope, will invariably show plaque micro-
organisms and neutrophils (Fig. 4). Neutrophils are
recruited to the periodontal pocket or the gingival
crevice because of attracting molecules, released by
the bacteria, called chemotactic peptides. Further-
more, as bacteria damage the epithelial cells, they
cause epithelial cells to release molecules termed
cytokines that further attract leukocytes (predomi-
nantly neutrophils) to the crevice. The neutrophils
within the crevice can phagocytose and digest bac-
teria and therefore, remove these bacteria from the
pocket. If the neutrophil becomes overloaded with
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bacteria, it degranulates or “explodes”. This causes
tissue damage from toxic enzymes that are released
from the neutrophils. Therefore, neutrophils can be
viewed as being both helpful and potentially harm-
ful. The neutrophil defense may in some instances
operate well and reduce the bacterial load and can
be considered important in preventing the gingivitis
lesion from becoming established. If, however, there
is an overload of microbial plaque, then the neutro-
phils and the barrier of epithelial cells will not be
sufficient to control the infection. In such instances,
the gingival tissue will become very inflamed and
this is clinically seen as gingivitis. Most individuals
develop clinical signs of gingivitis after 10-20 days
of plaque accumulation (84). Gingivitis appears as
redness, swelling and an increased tendency of the
gingiva to bleed on gentle probing. At this stage, gin-
gival inflammation is reversible if the plaque is re-
moved by effective plaque control measures (49). In
the early stages of gingivitis, the clinical changes are
quite subtle. However, microscopic examination of
the tissues reveals marked histopathological
changes. These changes include alterations in the
blood vessel network and many capillary beds are
open that would otherwise be closed. Serum trans-
udate and proteins from the blood cause swelling
and there is an influx of inflammatory cells or leuko-
cytes into the tissue. The inflammatory cells include
lymphocytes, macrophages and neutrophils. Macro-
phages and neutrophils are phagocytic cells that en-
gulf and digest bacteria, whereas lymphocytes are

Fig. 4. A gingival crevicular plaque sample viewed under
the microscope showing plaque microorganisms and neu-
trophils
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more involved in mounting an immune response
against the microbes.

Healthy gingiva that is completely free of histo-
logical signs of inflammation is the absolute gold
standard of health. However, this standard is clin-
ically very difficult to achieve. Some plaque accumu-
lation occurs in even the most clean and healthy
dentitions of people with clinically healthy gingiva.
The early gingivitis lesion appears histopatholog-
ically to have a heavy inflammatory cell infiltration,
but also has plasma cells present in low numbers.
The clinically established gingivitis lesion has no
bone loss or apical migration of epithelium along the
root. In histopathological sections plasma cell den-
sity, that is, the density of cells that produce anti-
bodies, is only 10-30% of the total leukocyte infil-
tration. Periodontitis is characterized clinically by
apical migration of epithelium along the root surface
or clinical attachment loss, deepened pockets, and
crestal bone loss. Histopathologically, it is similar to
chronic gingivitis and there is a greater that 50%
density of plasma cells.

Depending on the individual, progression from
gingivitis to periodontitis requires varying amounts
of time. Brecx et al. (8) suggests that, in the normal
situation, more than 6 months may be needed for
the lesion of gingivitis to change to periodontitis.
Furthermore, this move from gingivitis to peri-
odontitis only occurs in a subset of the population
(1). The reason why some patients develop peri-
odontitis more readily than others is highly elusive
and thought to be multifactorial. It should be borne
in mind that the changes during gingivitis, even in
the prolonged established gingivitis lesion, are to a
large extent reversible (Fig. 2), whereas the changes
during periodontitis, the bone loss and apical mi-
gration of the epithelial attachment, are irreversible.
Periodontitis is a cumulative condition, and once
bone is lost, it is almost impossible to regain it, and
most patients lose tooth-supporting bone incremen-
tally over a period of years. The worst effects of peri-
odontitis are, therefore, commonly seen in older
rather than young patients who have yet to develop
deep pockets, extensive bone loss, or the associated
gingival recession that occurs in periodontitis.

The pathogenic processes of the periodontal dis-
eases are largely the result of the host response to
microbially induced tissue destruction. These de-
structive processes are initiated by bacteria but are
propagated by host cells. Thus, it is the host re-
sponse that results in tissue destruction. The host
produces enzymes that break down tissue, This is a
necessary process that is initiated and controlled by

the host in order to allow the tissues to retreat from
the destructive lesions initiated by bacteria. The
pathogenic processes in periodontal disease can be
likened to a situation where the host strategy is to
eventually expel the tooth so that the inflammation
will be stopped. This is the ultimate tissue retreat
from the microbial plaque, and once the tooth has
been expelled, the lesion is finally defused. This is
because there is no further tooth site for the plaque
to build up on and simplistically, there is no peri-
odontium left to be infected. Thus, the exfoliation of
teeth during periodontal disease might be con-
sidered a host preventive strategy to protect against
deeper infection such as osteomyelitis.

Microbiology of periodontal disease

About 300 or 400 bacterial species are found in the
human subgingival plaque samples. Of that number,
possibly 10-20 species may play a role in the patho-
genesis of destructive periodontal disease (78).
These bacterial species must be able to colonize in
order to survive and damage the periodontal tissues.
To colonize subgingival sites, microbes must be able
to 1) attach to periodontal tissues, 2) multiply, 3)
compete with other microbes in their habitat and 4)
defend themselves from host defense mechanisms.

The gingival sulcus area is a lush place for mi-
crobial growth, but in order to colonize a subgingival
site, a bacterial species must overcome a number of
host-derived obstacles. These include nonspecific
innate defense mechanisms such as mechanical dis-
placement and the flow of saliva and gingival crevic-
ular fluid. Substances in the saliva and gingival cre-
vicular fluid help to prevent colonization and can
block the binding of bacterial cells to tooth and
tissue surfaces. Some constituents of saliva and gin-
gival crevicular fluid can even precipitate bacteria
and directly kill them. If a bacterium successfully
eludes the inhibitory factors in saliva and attaches
to a surface in the subgingival area, there are other
host mechanisms to overcome. These include such
things as sloughing of epithelial cells if bacteria have
attached to an epithelial surface, antibodies that pre-
vent bacterial attachment, and phagocytic killing of
bacteria by neutrophils. If a species successfully
enters the underlying connective tissue, it faces a
multitude of host immune cells including B and T
lymphocytes, neutrophils, macrophages, and
lymphocytes. To be successful, bacteria must have
the ability to evade all these host response mechan-
isms.

The microbes involved in periodontal disease are
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largely gram negative anaerobic bacilli with some
anaerobic cocci and a large quantity of anaerobic
spirochetes. The main organisms linked with deep
destructive periodontal lesions are Porphyromonas
gingivalis, Prevotella intermedia, Bacteroides for-
sythus, Actinobacillus actinomycetemcomitans and
Treponema denticola (88). P gingivalis is more fre-
quently detected in severe adult periodontitis, in de-
structive forms of disease and in active lesions than
in health or gingivitis or edentulous subjects. They
are reduced in numbers in successfully treated sites
but are seen in sites with recurrence of disease after
therapy (6, 28, 85). It has been shown that P gingi-
valis induces elevated systemic and local antibody
responses in subjects with various forms of peri-
odontitis (52). P intermedia levels have been shown
to be elevated in certain forms of periodontitis (12,
81). Elevated serum antibodies to this species have
been observed in some but not all subjects with re-
fractory periodontitis (29). B. forsythus has been
found in higher numbers in sites exhibiting destruc-
tive periodontal disease than in gingivitis or healthy
sites (41). B. forsythus has also been detected more
frequently in active periodontal lesions (13). In local-
ized juvenile periodontitis, A. actinomycetemcomit-
ans appears to be the predominant periodontal
pathogen (89). Genco et al. (20) indicated that organ-
isms of the normal flora play a key role in gingivitis
while exogenous organisms or more unusual anaer-
obic organisms seem to be implicated in peri-
odontitis. Although spirochetes such as T. denticola
are notoriously difficult to culture in the laboratory,
these strict anaerobes may comprise more than 30%
of the periodontal subgingival microflora. The above
mentioned putative pathogens are always part of a
large and varied microflora found in the subgingival
plaque. Some are not detected in certain sites with
periodontitis and can even be completely absent in
cultures from multiple sites in an untreated peri-
odontitis patient.

Tissue destruction

Periodontal pathogens and other anaerobes produce
a variety of enzymes and toxins that can damage the
tissues and initiate inflammation (11). They also pro-
duce noxious waste products that further irritate the
tissue. Their enzymes break down extracellular sub-
stances such as collagen and even host cell mem-
branes in order to produce nutrients for their growth.
Many of the microbial surface protein molecules are
actually capable of inciting an immune response in
the host and are also capable of creating local tissue
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inflammation (11). Therefore, the microbes can dam-
age the host tissues and instigate inflammatory and
immune responses, but their main objective is to
multiply, grow and survive within the periodontal
pocket. Once the immune and inflammatory pro-
cesses are initiated, various inflammatory molecules
such as proteases, cytokines, prostaglandins and host
enzymes are released from leukocytes and fibroblasts
or structural cells of the tissues (17, 40). Proteases
tend to break up the collagen structure of the tissues
and thus, create spaces for further leukocyte infil-
tration to occur (67). The breakdown of tissue pro-
ceeds largely under control of the host (71). The peri-
odontal tissues become loosely adapted to the tooth
and the tissues become swollen and inflamed. In peri-
odontitis, as the connective tissue attachment to the
tooth is destroyed, the epithelial cells proliferate apic-
ally along the root surface and the pocket becomes
deeper. As the periodontal pocket deepens, so too
does the extent of the tissue inflammatory infiltrate.
Moreover, osteocytes begin the destruction of bone
(71). The accumulation of subgingival plaque in-
creases and, therefore, there is a greater microbial
density to further propagate this destructive peri-
odontal lesion. As the pocket deepens, the flora be-
comes more anaerobic and the host response be-
comes more destructive and chronic. Eventually, the
periodontitis lesion progresses to such an extent that
the tooth is lost.

Histopathological changes

The major pathological features of periodontitis are
the accumulation of an inflammatory infiltrate in the
tissues adjacent to the periodontal pocket, break-
down of connective tissue fibers anchoring the root
to gingival connective tissue and alveolar bone, api-
cal migration of the epithelial attachment or junc-
tional epithelium, and resorption of the marginal
portion of the alveolar bone resulting in eventual
tooth loss.

Page & Schroeder (62) developed a system to cat-
egorize the clinical and histopathological stages of
periodontal disease and defined four histopatholog-
ical stages of periodontal inflammatory changes: the
initial, early and established gingival lesions and an
advanced periodontal lesion. It is important to note
that the evidence available at that time largely con-
sisted of animal and human adolescent biopsies.
Their description, based on this material, is now
considered to not be fully applicable to the normal
adult situation (37).
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Fig. 5. The progression from health to periodontitis — clin-
ically and histopathologically
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Fig. 6. Healthy gingiva. Features of the healthy gingiva.
1) exudation of fluid into tissues and the gingival sulcus.
2) migration of leukocytes into the junctional epithelium
and gingival sulcus.

Kinane & Lindhe recently classified healthy gin-
giva into two types (37):

e super healthy or “pristine” state, which histolog-
ically has little or no inflammatory infiltrate (Fig.
5); and

® ‘“clinically healthy” gingiva, which looks similar
clinically, but histologically, has features of an in-
flammatory infiltrate (Fig. 6).

In everyday clinical situations one would normally
see the healthy gingiva type, and only in exceptional
circumstances, such as in a clinical trial with super-
vised daily cleaning and professional assistance,
would one see pristine gingiva.

Descriptions of the initial and early lesion of gingi-
vitis reflect the histopathological changes of the
early stages of gingivitis, while the established lesion
reflects the histopathology of chronic gingivitis. The
advanced lesion describes the histopathological fea-
tures of periodontitis and the progression of gingi-
vitis to periodontitis. The following histopathological
description by Kinane & Lindhe (37) is based on the
model proposed by Page & Schroeder (62) and is
summarized in Table 1.

The initial lesion appears within 4 days of plaque
accumulation (Fig. 7). It is not clinically visible (49)
and is characterized by an acute inflammatory re-
sponse to plaque accumulation (64, 87). The initial
lesion is localized to the region of the gingival sulcus,
and the tissues affected include a portion of the
junctional epithelium and the most coronal part of
the connective tissue. Dilation of the arterioles,
capillaries and venules of the dento-gingival plexus
is evident histopathologically. An increase in per-
meability of the microvascular bed also occurs. The
major features consist of an increased flow or crevic-
ular fluid, and the migration of neutrophils from the
vascular plexus below the junctional and sulcular
epithelium into the junctional epithelium and gingi-
val sulcus. The inflammatory infiltrate occupies 5%
to 10% of the gingival connective tissue below the
epithelium; loss of collagen is localized to the in-
flammatory infiltrate area. This infiltrated space be-
comes occupied by fluid, serum proteins and in-
flammatory cells (64, 70).

Table 1. The classification of Kinane & Lindhe
(37)

Clinical condition
Pristine gingiva

Histopathological condition
Histological perfection (Fig. 6)
Initial lesion of Page & Schroeder

Normal healthy

gingiva (Fig. 7)

Early gingivitis  Early lesion of Page & Schroeder
(Fig. 8)

Established Established lesion with no bone loss

gingivitis nor apical epithelial migration
(plasma cell density between 10%
and 30% of leukocyte infiltrate)
(Fig. 9)

Periodontitis Established lesion with bone loss

and apical epithelial migration from
the cementoenamel junction
(plasma cell density >50%) (Fig. 10)
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Fig. 7. The initial lesion. Features of the initial lesion:
1. Vasculitis of vessels below the junctional epithelium.
2. Exudation of fluid into tissues and the gingival sulcus.
3. Increased migration of leukocytes into the junctional
epithelium and gingival sulcus. 4. Presence of serum pro-
teins, especially fibrin, extravascularly. 5. Alteration of the
most coronal portion of the junctional epithelium. 6. Loss
of perivascular collagen.

After approximately 7 days of plaque accumu-
lation, an inflammatory infiltrate of mononuclear
leukocytes develops at the site of the initial lesion as
it progresses to the early lesion (Fig. 8) (7, 64, 69,
70, 74). The vessels below the junctional epithelium
remain dilated, but the number increases due to the
opening up of previously inactive capillary beds.
Lymphocytes and macrophages predominate at the
periphery of the lesion with the presence of only a
sparse number of plasma cells. At this stage, the in-
filtrate occupies about 15% of the gingival connec-
tive tissue, with collagen destruction in the infil-
trated area reaching 60-70%. The infiltrating cells
take up the space created by the collagen destruc-
tion. Clinically the inflammatory changes are visible
and present as edema and erythema (49).

After 2 to 3 weeks of plaque accumulation, the
early lesion evolves into the established lesion (Fig.
9). Clinically this lesion will exhibit more edematous
swelling and could be regarded as “established” gin-
givitis. This is characterized by a further increase in
the size of the affected area and a predominance of
plasma cells and lymphocytes at the periphery of the
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lesion; macrophages and lymphocytes are detectable
in the lamina propria of the gingival pocket. Promi-
nent neutrophil infiltration of the junctional and sul-
cular epithelial is present (8, 45, 48, 59, 74, 75). The
junctional and sulcular epithelium may proliferate
and migrate deeper into the connective tissue. The
gingival sulcus deepens and the coronal portion of
the junctional epithelium is converted into pocket
epithelium. The pocket epithelium is not attached to
the tooth surface and has a heavy leukocyte infil-
trate, predominantly of neutrophils that eventually
migrate across the epithelium into the gingival crev-
ice or pocket.

In human studies of long-term gingivitis that have
lasted up to 6 months (8), a predominance of plasma
cells is not commonly found. This suggests that this
feature of established lesion does not occur in
humans as suggested by Page & Schroeder (62), al-
though it may occur in animals.

Features of the advanced lesion include peri-
odontal pocket formation, surface ulceration and
suppuration, destruction of the alveolar bone and
periodontal ligament, tooth mobility and drifting,
and eventually tooth loss (Fig. 10). The advanced
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Fig. 8. The early lesion. Features of the early lesion: 1. Ac-
centuation of the features described for the initial lesion.
2. Accumulation of lymphoid cells immediately below the
junctional epithelium. 3. Cytopathic alterations in resi-
dent fibroblasts. 4. Further loss of the collagen fiber net-
work of the marginal gingiva. 5. Early proliferation of the
basal cells of the junctional epithelium.
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Fig. 9. The established chronic gingivitis lesion. Features of
the established lesion: 1. Persistence of inflammatory fea-
tures. 2. Increased proportion of plasma cells but without
bone loss. 3. Presence of immunoglobulins in the connec-
tive tissues, junctional epithelium and gingival crevice.
4. Continuing loss of collagen fibers and fibrous connective
tissue matrix. 5. Proliferation, apical migration, and lateral
extension of the junctional epithelium. 6. Early pocket for-
mation may appear due to gingival swelling (false pocket).

lesion is characterized by the same features present
in the established gingival lesion, but is ac-
companied by destruction of the connective tissue
attachment to the root surface and the apical mi-
gration of the epithelial attachment (45, 48, 72, 73).
The progression of gingivitis to periodontitis is
marked by the change in T-cell to B-cell predomi-
nance. Bone destruction begins along the crest of the
interdental septum around the communicating
blood vessels. The epithelium proliferates apically
along the root surfaces. This leads to extension of
finger-like projections of pocket epithelium into the
deep connective tissues. The projections are as ir-
regular ridges with a discontinuous basal layer and
are not attached to the tooth (57).

Differences between chronic gingivitis
and periodontitis

The similarities in the inflammatory infiltrate be-
tween the stable established chronic gingivitis lesion
and advanced periodontitis lesions have encouraged
many investigators to look for qualitative and quan-

titative differences that may be involved in deter-
mining the progression of gingivitis to destructive
periodontitis.

Seymour et al. (73) hypothesized that a change
from T-cell to B-cell dominance causes periodontitis.
However, Page (61) has disagreed with this view, as
has Gillett et al. (21) who showed that B-cell infil-
tration was mainly associated with stable, non-pro-
gressive lesions in childhood gingivitis. Liljenberg et
al. (44) compared plasma cell densities in sites with
active progressive periodontitis and in sites with
deep pockets and gingivitis but no significant attach-
ment loss over a 2-year period. The density of
plasma cells (51.3%) was very much increased in ac-
tive sites as compared to inactive sites (31.0%). It is
now generally accepted that plasma cells are the
dominant cell type in the advanced lesion (16).

Susceptibility to periodontitis

Periodontal disease is considered to have multiple
risk factors. The term “risk factor” refers to “an as-

- apical migration "%
of the junctional
epithelium

plasma cells
comprise >5(%

hone loss

!

Fig. 10. The advanced lesion - periodontitis lesion. Fea-
tures of the advanced lesion: 1. Persistence of the estab-
lished lesion features. 2. Extension of the lesion into al-
veolar bone and periodontal ligament with significant
bone loss. 3. Continued loss of collagen fibers and matrix
below the pocket epithelium and in the periodontal liga-
ment space. 4. Formation of periodontal pocketing and
apical migration of junctional epithelium.
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pect of personal behavior or lifestyle, an environ-
mental exposure, or an inborn or inherited charac-
teristics, which on the basis of epidemiological evi-
dence is known to be associated with a health
related condition” (43). Risk factors are part of the
causal chain for a particular disease or can lead to
the exposure of the host to a disease (3). The pres-
ence of a risk factor implies a direct increase in the
probability of a disease occurring. Although specific
microorganisms have been considered as potential
periodontal pathogens, it has become apparent that
pathogens are necessary but not sufficient for dis-
ease activity to occur (77). Destructive periodontal
disease is a consequence of the interaction of gen-
etic, environmental, host and microbial factors (86).
The presence of microorganisms is a crucial factor
in inflammatory periodontal disease, but the pro-
gression of the disease is related to host based risk
factors. Other risk factors include genetics, age, sex,
smoking, socioeconomic factors and certain sys-
temic diseases.

Bacterial risk factors

Examples of microbes implicated as risk factors in
periodontitis are numerous. Carlos et al. (10) found
that the presence of P intermedia, along with gingi-
val bleeding and calculus, was correlated with
attachment loss in a group of Navajo adolescents
aged 14 to 19 years. Grossi et al. (22) found that P
gingivalis and B. forsythus were associated with in-
creased risk for attachment loss as a measure of peri-
odontal disease after adjustment for age, plaque,
smoking, and diabetes. Numerous additional
examples exist such that the cumulative risk for a
given microflora can be estimated.

Age

Periodontal disease prevalence is seen to increase
with age (1). However, it is not clear if becoming
older is related to an increased susceptibility to peri-
odontal disease or if the cumulative effects of dis-
ease over a lifetime explain the increased prevalence
of disease in older people. Horning et al. (34) stated
that age is a risk factor for periodontitis, although
loss of attachment and alveolar bone with age is de-
pendent upon the presence of plaque and calculus.
Holm-Pederson et al. (33) and Machtei et al. (50)
suggest that up until the age of 70 years the rate of
periodontal destruction is the same throughout
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adulthood. It thus appears that age, per se, is not a
risk factor, at least for those under the age of 70 years
(20).

Socioeconomic status and race

Older data from the U.S. Public Health Service (82,
83) indicated that periodontal disease was more se-
vere in individuals of lower socioeconomic status. In
a more recent study, when periodontal status was
adjusted for oral hygiene and smoking, the associ-
ation between lower socioeconomic status and more
severe periodontal disease was not seen (18, 22, 23).
Data from the third National Health and Nutrition
Examination Survey (1988-1994) in the United States
(NHANES III) indicated that destructive peri-
odontitis was consistently more prevalent in males
than females and more prevalent in blacks and Mex-
ican Americans than in whites (1). Indeed, these in-
vestigators recommended that primary and second-
ary preventive measures should be specifically tar-
geted towards these groups (1).

Smoking

A consistent, positive association between smoking
and loss of periodontal attachment has been re-
ported and confirmed in both cross-sectional and
longitudinal studies (5, 25-27, 34, 51, 65, 79). Risk
for periodontitis is considerable if an individual uses
tobacco products, with estimated ratios being of the
order of 2.5 to 7.0 or even greater for smokers as
compared with nonsmokers (68). Even when the
level of plague accumulations and gingival inflam-
mation were not significantly different between
smokers and nonsmokers, the smokers exhibited an
increase prevalence as well as severity of destructive
disease (5, 27, 79). Smoking impairs the outcome of
both surgical (65) and nonsurgical periodontal ther-
apy (24), and it has been suggested that since the
healing and microbial response to treatment is com-
parable between former smokers and nonsmokers,
that smoking cessation may restore normal peri-
odontal healing. The mechanisms by which smoking
leads to loss of attachment are not well understood
(25). Tt has been noted that the occurrence, relative
frequency, or combinations of microorganisms as-
sociated with periodontal destruction did not differ
between groups of smokers and nonsmokers (66,
79). However, others have reported that smokers
harbored significantly higher levels and were at sig-
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nificantly greater risk for infection with B. forsythus
than nonsmokers (90). Smokers with periodontal
disease have less clinical inflammation (14) and gin-
gival bleeding (4) compared with nonsmokers. This
may be explained by the fact that one of the numer-
ous tobacco smoke by-products, nicotine, exerts lo-
cal vasoconstriction reducing blood flow, edema and
clinical signs of inflammation.

Systemic disease

Systemic diseases can adversely effect host defense
systems and therefore act as risk factors for both gin-
givitis and periodontitis. Depressed neutrophil num-
ber and function (as in neutropenia and Chédiak-
Higashi syndrome, Down's syndrome and Papillon-
Lefévre syndrome) have been reported in association
with severe periodontitis (19).

There is positive evidence linking diabetes mel-
litus to increased risk for the inflammatory peri-
odontal diseases (36, 60). All diabetic patients may
be at a higher risk for periodontal disease than the
population in general. However, certain subgroups
including those with those with poor oral hygiene
and/or poor diabetic control and diabetic compli-
cations appear to be at particularly high risk (33).

In early reports, acquired immunodeficiency syn-
drome (AIDS) appeared to be associated with severe
forms of gingivitis and periodontitis, which is often
manifested as necrotizing ulcerative periodontitis.
More recent cross-sectional studies however have
failed to detect any differences in prevalence and se-
verity of periodontal disease in people with AIDS
compared to healthy controls (38, 42, 53, 80).

Other possible risk factors for
periodontal diseases

Preliminary studies suggest that stress, distress, and
coping behavior (56) are associated with increased
severity of destructive periodontal disease. The first
links made between stress and periodontal con-
ditions were concerned with acute necrotizing ulcer-
ative gingivitis, also called “trench mouth” after its
diagnosis among soldiers on the front lines during
the First World War (58). Clearly, acute necrotizing
ulcerative gingivitis may have a stress-related causa-
tion, but there is insufficient data to substantiate the
hypothesis that psychosocial factors are of causative
importance in the more common inflammatory
periodontal diseases.

Genetics

There is a growing body of evidence indicating that
genetic influences have a prominent role in the peri-
odontal diseases (30, 32, 54). Convincing evidence
from twin studies has shown that genetic factors pre-
dispose people to periodontal disease (54, 55) and
in the rarer and more severe types of periodontitis
affecting younger age groups (early-onset peri-
odontitis), family studies provide good evidence for
a prominent genetic role (30). Researchers are cur-
rently trying to identify the genes that may be in-
volved in the various types of periodontitis. Indeed,
a gene mutation for prepubertal periodontitis was
recently identified that overlaps the region of
chromosome 11q14 that contains the cathepsin C
gene responsible for Papillon-Lefévre and Haim-
Monk syndromes (31). However, it is likely that the
search for genes that are responsible for other forms
of periodontitis may be hampered by the lack of ef-
ficient methods to accurately diagnose and classify
the periodontal diseases and by the strong prob-
ability that multiple genes are involved. Recently
much attention has been focused on genetic poly-
morphisms associated with the genes involved in
cytokine production that have been linked to an in-
creased risk of adult peridontitis (39).

Local risk factors in periodontal
disease

Although general risk factors are currently gaining
much attention it is important to consider that any
plaque retentive factor such as restoration overhangs
or deficiencies may contribute to the local risk of
periodontal disease.

Conclusion

In adult humans a histopathologically established
lesion with plasma cell predominance is likely to un-
dergo bone loss. Susceptibility to periodontitis may
be related to whether plasma cells predominate in the
tissues of an individual or a site following the mi-
crobial challenge from plaque. A tendency for an indi-
vidual or site to form an extensive plasma cell infil-
trate may indicate an inability to defend against
periodontopathogenic bacteria and, therefore, a pre-
disposition to periodontitis. Various susceptibility
factors may all interact to influence the host response
generally and the immune response specifically.
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