SUDBIEHIEHE

4.

Microbes, Inflammation, Scaling and Root Planing,
and the Periodontal Condition

Charles M. Cobb, DDS, MS, PhD

Typically, the term “periodontal dis-
ease” refers to gingivitis and periodonti-
tis, both common inflammatory diseases
that involve a variety of pathogenic bac-
terial species and an innate host response
to those bacteria."! Gingivitis, the most
familiar form of inflammatory perio-
dontal disease, has a high prevalence
rate, affecting 50%-90% of adults
worldwide.>* By definition, gingivitis is
limited to an inflammation that involves
only the gingival soft tissues, ie, gingi-
val epithelium and subjacent fibrous
connective tissues. In spite of its high
prevalence rate and worldwide distribu-
tion, biofilm (plaque)- induced gingivitis
is preventable and rather easily reversed
by routine oral hygiene measures.

Inflammation that extends into the
deeper tissues to involve bone, resulting
in resorption of tooth supporting bone, is
termed periodontitis. Concomitant with
the loss of bone is the formation of a
deepened space between the root of the
tooth and the gingiva, a periodontal
pocket. Periodontitis can present as a
chronic and slowly progressing disease
(most common form) or as an aggres-
sive disease causing loss of bone over a
relatively short period of time. Peri-
odontitis of advanced severity can result
in tooth mobility, occasional pain and
discomfort (generally associated with
abscess formation), impaired ability to
masticate food, and eventual tooth loss.

Although more common to adults,
epidemiologic data indicate that peri-
odontitis can also be found in children
and adolescents.*’ In the United States,
chronic periodontitis is more prevalent
in men than women, and in African
Americans, Native Americans, and
Mexican Americans than Caucasians.>®’
Various epidemiology studies, when
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considered in aggregate, suggest a pro-
gressive decrease in the prevalence of
periodontitis between the years 1988-
2004." The more recent of these stud-
ies indicate a prevalence rate for mod-
erate to advanced periodontitis ranging
from approximately 5% to 15% for indi-
viduals > 18 years of age.*™ Given the
current US Department of Census pro-
jections, a 5% to 15% prevalence rate
translates to 11 to 33 million US adults
that may exhibit periodontitis of moder-
ate to advanced severity."> If one
includes slight severity, the prevalence
rate for periodontitis increases to
approximately 30% of the US adult pop-
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ulation, or roughly 65 million individu-
als.*> However, all epidemiology stud-
ies that have reported on the prevalence
of chronic periodontitis have utilized
partial-mouth examinations, which tend
to underestimate prevalence, extent, and
severity of disease.*"

A biofilm is a complex community of
microorganisms characterized by the
excretion of an adhesive and protective
extracellular matrix, microbe-to-microbe
attachment, structural heterogeneity,
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genetic diversity, and complex commu-
nity interactions. Dental plaque is a
microbial biofilm (Figure 1). As with
any biofilm, the constituent microbes
are tightly adherent to each other and
to an oral substrate by means of an
extracellular matrix, ie, slime layer or
glycocalix, into which they are embed-
ded.'®" The microbial populations in
biofilm have 2 strategies that enable
them to successfully survive within
their community. The first is a high rate
of reproduction for continued survival,
and the second is physiologic adapta-
tion to the available environmental
resources or life-supporting capacity of
the environment."®

Biofilms inherently dictate profound
changes in the behavior of individual
microbes, their relationship to the host,
and their response to environmental
conditions.” Indeed, oral biofilms, as
distinct entities, are the causative agents
of biological processes such as dental
caries, periodontal disease, and peri-
implantitis, rather than any single
microbe evading the host defense and
causing disease.” Biofilms exhibit char-
acteristics that impact the clinical man-
agement of inflammatory periodontal
disease. For example, both altered pat-
terns of microbial gene expression and
the composition and density of the

I me = ¥ 2

180uymi1iS1kY) 284E3 B88B4-81 TOOQOTH-5
Figure 1. Scanning electron microscopic photograph of root associ-
ated dental biofilm (plaque). Bar = 10 micron at an original magnifi-
cation of 2840x.
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extracellular matrix reduce the suscep-
tibility of microbes to antimicrobial
agents.?'® Bacteria growing in dental
biofilms display an increased tolerance
to antimicrobial agents, including those
used in dentifrices and mouthrinses.***
In addition, confocal microscopy of in
situ established natural biofilms showed
that chlorhexidine only affected the
outer layers of cells in 24 and 48 hour
plaque biofilms, suggesting either
quenching of the agent at the biofilm
surface or a lack of penetration.”® Fur-
ther, biofilms of oral bacteria are also
more tolerant of antibiotics (eg, amoxy-
cillin, doxycycline, minocycline, and
metronidazole) than planktonic cells.?**
In this regard, biofilms of Porphy-
romonas gingivalis have been shown to
tolerate 160 times the minimum
inhibitory concentration (MIC) of
metronidazole that was determined for
planktonic cells.*

Over 700 species of aerobic and
anaerobic bacteria have been identified
in the human oral cavity.*** The
microbes grow as complex, mixed,
interdependent colonies in biofilms, and
may achieve considerable thickness,
achieving a thickness of 1 mm within
96 hours, if left undisturbed.’®' Oral
biofilms, like all microbial biofilms,
exhibit a successional colonization with
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gram-positive aerobic Streptococci
species (spp.) being the initial coloniz-
ers, followed in sequence by Actino-
myces spp., Corynebacterium spp., Veil-
lonella spp., and then in more mature
biofilm, a variety of gram-negative
anaerobic microbes such as Treponema
spp., Fusobacterium spp., Porphy-
romonas spp., Prevotella spp., and Tan-
nerella spp."?5*

As the biofilm is allowed to mature
with concomitant increases in thick-
ness, the percentage of Gram-negative
anaerobic microbes increases. Specific
complexes of such microbes com-
monly cohabit subgingival sites and
are consistently associated with
inflammatory periodontal diseases.*
These putative microbial pathogens
include Porphyromonas gingivalis,
Tannerella forsythia, and Treponema
denticola.®

In the human host, the transition from
gingivitis to periodontitis does not occur
automatically, either in every patient or
every site, but depends on 3 factors: 1)
degree of host susceptibility, 2) presence
and numbers of pathogenic bacteria, and
3) presence and numbers of protective
bacteria.* Pathogenic bacteria exhibit
virulence features that decrease the
effectiveness of the host response by
inducing tissue degradation and retard-
ing attempts at healing.

Host defense mechanisms are im-
paired through a variety of mecha-
nisms. As one example, consider that
Aggregatibacter (formally Actinobacil-
lus) actinomycetemcomitans produces a
leukotoxin that alters the cell mem-
branes of neutrophils and monocytes
and thereby alters chemotactic and
phagocytic responses.* Infection with
Gram-negative anaerobes is accompa-
nied by the release of epitheliotoxins,
endotoxins, leukotoxins, collagenase,
gellatinase, elastase, fibrinolysins, and
other proteolytic enzymes.” These bac-
terial toxins and enzymes are tissue irri-
tants and/or cytotoxic and viewed by
the host immune system as foreign pro-
teins (Figure 2). The aggregate cellu-
lar/tissue insult activates the host
immune system locally and is gener-
ally visualized at a clinical level as
inflammation with all the inherent gin-
gival changes, eg, vasculitis, edema and
swelling, change in tissue color from
white-pink to red or red-purple, and
spontaneous gingival bleeding or bleed-
ing on provocation.*®



Bacteria are necessary but not suffi-
cient by themselves to produce a
destructive periodontal disease. Disease
initiation and progression requires a
susceptible host.*® The microbial chal-
lenge induces an immediate inflamma-
tory and immune response in the host.
The nature and magnitude of the
response have an impact on the sever-
ity and rate of progression of the peri-
odontal disease.* Locally, bacteria and
their metabolic byproducts stimulate a
cellular immune response within the
affected gingiva represented by a dense
infiltration of neutrophils, macro-
phages, and lymphoid cells. These cells
and host connective tissue cells within
the developing inflammatory lesion are
stimulated to synthesize and release
proinflammatory cytokines, prosta-
noids, and proteolytic enzymes, eg,
interleukin-1 (IL-1), interleukin-6 (IL-
6), interleukin-8 (IL-8), tumor necro-
sis factor-alpha (TNF-a), prostaglandin
E, (PGE,), matrix metalloproteinases.™
It is this host inflammatory-immune
response that ultimately leads to the
clinical signs of gingivitis and chronic
periodontitis and their characteristic
features of fibrous connective tissue
degradation, resorption of tooth sup-
porting alveolar bone, and periodontal
pocket formation.

In contrast to the epidermis of skin,
the epithelial lining of the soft tissue
wall of a periodontal pocket lacks a stra-
tum corneum and stratum granulosum.
Consequently, the pocket epithelium is
easily ulcerated and breached by inva-
sive subgingival pathogenic bacteria.*
In addition, endotoxins and other micro-
bial antigens may gain access to the
underlying connective tissues and gin-
gival vasculature, leading to bacteremia
and endotoxemia. There is considerable
evidence that the locally produced pro-
inflammatory cytokines and prostanoids
gain access to the circulatory system and
may, in turn, induce the production of
liver-derived markers of a systemic
inflammatory reaction, such as C-reac-
tive protein, fibrinogen, serum amyloid-
A, and haptoglobin.*-* Elevations in
both the locally generated inflammatory
mediators and systemic markers of
inflammation have been associated with
various systemic diseases such as ath-

Figure 2. Transmission electron microscopic photograph of a nega-
tively stained Phorphyromonas gingivalis featuring fimbriae and
numerous surface blebs that likely contain endotoxin. Both fimbriae
and endotoxin are potent antigens that solicit a host immune
response. Original magnification of 35 000x.

erosclerosis,* cardiovascular disease,*
ischemic stroke,” pre-eclampsia,® and
poor glycemic control 50 in diabetic
patients.

In addition to the accepted associa-
tions of pathogenic microbes to the
pathogenesis of inflammatory peri-
odontal diseases, several genetic and
environmental risk factors have been
identified that affect the host response. It
is well established that the prevalence
and severity of chronic periodontitis
increases with advancing age, poor oral
hygiene, marginally or poorly controlled
type I and II diabetes, and use of
tobacco.*™** In addition, data from twin
studies indicate that about 50% of the
population variance in periodontitis can
be attributed to genetic factors.™ Sev-
eral studies indicate that genetic poly-
morphisms (variations) in a cluster of at
least 3 genes on chromosome 2q13,
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which control the production of proin-
flammatory cytokines, may affect the
systemic inflammatory response in a
significant percentage of people with
chronic periodontitis.™*

Periodontitis is a chronic and pro-
gressive inflammatory disease for
which there is no known cure. It is now
well-established that periodontitis is
not associated with a single microor-
ganism but rather the initiation and
progression of periodontitis is the
result of the host’s immune response
to a consortium of bacteria. For peri-
odontopathic bacteria to initiate peri-
odontitis, it is essential that they are
able to colonize subgingival pockets
and produce virulence factors that
directly damage host tissue. Thus, a
major goal of nonsurgical periodontal
therapy is to suppress, to the extent
possible, the subgingival pathogenic
microbial flora and thereby signifi-
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cantly reduce or eliminate the associ-
ated inflammatory lesion.

Dental calculus was the original eti-
ologic agent associated with develop-
ment of chronic periodontitis. In the
1960s and 1970s it was established that
the rough, irregular surface of dental cal-
culus was always covered with a non-
mineralized microbial biofilm (Figure
3).5% In addition to the surface biofilm,
at least one recent study has identified
the presence of several viable periodon-
tal pathogens within the mass of dental
calculus, ie, Aggregatibacter actino-
mycetemcomitans, Treponema denticola
and Porphyromonas gingivalis.* Inter-
estingly, the persistence of Porphy-
romonas gingivalis in the subgingival
environment following periodontal ther-
apy has been associated with progres-
sive alveolar bone loss.*" In support of
this observation, Offenbacher et al®
recently reported a significant associa-
tion between serum immuneoglobulin
G (IgG) titers against Porphyromonas
gingivalis in patients that exhibit deep
PDs (> 4 mm) and moderate (> 10% to
< 50%) and severe (> 50%) bleeding on
probing.

In spite of the fact that calculus can
serve as a reservoir for pathogenic
microbes, the role of subgingival cal-
culus, as an etiologic agent in chronic
periodontitis, was relegated to second-
ary status once microbial biofilm was
declared the primary, extrinsic etiologic
factor. Thus, the need for complete
removal of subgingival calculus
became a subject for debate.”® How-
ever, the traditional treatment modal-
ity of scaling and root planing (SRP)
remains the “gold standard” for the
nonsurgical management of periodon-
titis.*

The periodontal literature is replete
with studies showing that treatment of
periodontitis by SRP results in reduc-
tions in probing depth (eg, a mean
reduction of 1.29 mm for 4-6 mm pock-
ets and a mean of 2.16 mm for pockets
of > 7 mm) and subgingival bacterial
loads and gains in clinical attachment.®
7 Probing depth (PD) reduction is gen-
erally greater at sites with deeper ini-
tial probing depths. The decrease in PD
is the result of 2 phenomena: shrinkage
of the pocket soft tissue wall manifested
as recession of the gingival margin
which results from a decrease in soft
tissue inflammation and the inherent
edema; and gain in clinical attachment.
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Figure 3. Scanning electron microscopic photograph of dental cal-

culus characterized by a superficial layer of microbial biofilm. Bar =
10 micron at an original magnification of 1,770x.

The latter usually accounts for roughly
one-half of the probing depth reduc-
tion.®%” In general, clinicians should
evaluate post-SRP healing at 4 to 6
weeks following treatment. After 6
weeks, most of the healing has taken
place but repair and collagen matura-
tion may continue for an additional 9
months. "%

Three relevant observations must be
considered when deciding to use non-
surgical therapy as the primary modal-
ity for treatment of early to moderate
chronic periodontitis. First, regarding
SRP, clinicians must be careful when
interpreting data from published clini-
cal trials as they may not accurately
reflect the private practice setting in
terms of time, skill level, severity of
disease, and diversity of patient popu-
lation.® For example, university-con-
ducted clinical trials often use highly
skilled clinicians, select patients for
level of disease, and report spending 10
minutes per tooth when performing
SRP.%¢ Ten minutes per tooth equates
to about 70 minutes per quadrant. It is
the experience of this author that in pri-
vate practice a quadrant of SRP may be
completed in approximately 60 minutes,
regardless of the level of disease, and
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this allows approximately 10 minutes
for setting of the patient and adminis-
tration of anesthetic. Greenstein” has
rightfully noted that decreased time
devoted to SRP in more recent studies
probably accounts for the diminished
results reported when to the more clas-
sic clinical trials. Second, one must
remember that microbes embedded in
a mature, undisturbed subgingival
biofilm may exhibit an increased toler-
ance to antimicrobial agents.?®* Third,
even when chronic periodontitis is
treated successfully, the reduction in
subgingival pathogenic microbes is
transitory. SRP of diseased root sur-
faces can open dentinal tubules, allow-
ing invasion by periodontal pathogens
into the exposed tubules, and possibly
then serve as a reservoir for re-infec-
tion of the pocket.®” Thus, the need for
follow-up treatment, usually consisting
of supra- and subgingival debridement
at 3 to 4 month intervals, is necessary to
maintain the initially gained beneficial
effects.”* Collectively considered, the
distinct probability of less than ideal
results from SRP and pocket re-infec-
tion by residual microbes is a forceful
argument for the use of adjunctive
treatment modalities in addition to SRP.
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1. The prevalence rate for chronic

periodontitis (slight, moderate,
and advanced severity) is approx-
imately 30% of the US adult pop-
ulation or roughly 65 million indi-
viduals.

. Bacteria growing in undisturbed

dental biofilms exhibit a signifi-
cant increased tolerance to antimi-
crobial agents and antibiotics.

. The transition from gingivitis to

periodontitis does not occur auto-

matically, either in every patient
or every site, but depends on 3
factors: 1) degree of host suscep-
tibility, 2) presence and numbers
of pathogenic bacteria, and 3)
presence and numbers of protec-
tive bacteria.

. Even when chronic periodontitis

is treated successfully, the reduc-
tion in subgingival pathogenic
microbes is transitory. Thus, the
need for follow-up treatment, usu-
ally consisting of supra- and sub-
gingival debridement at 3 to 4
month intervals, is necessary to

maintain the initially gained ben-
eficial effects.

. Due to limitations of SRP and re-

infection of the periodontal
pocket, adjunctive treatment
modalities may increase the like-
lihood of improvement in the peri-
odontal condition.
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