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The role of bacteria in periodontal diseases*
HARALD LOE'

The dental literature contains ample scientific data supporting the concept that
periodontal diseases are infectious diseases. Theformation ofplaque on and around
the teeth represents a massive accumulation ofbacteria that are usually present in the
oral cavity. This bacterial colonization is relatively independent offood intake, degree
ofsalivation, mastication, or malocclusion.

Although experimentalstudies have not defined thegroup ofbacteria ora specific
pathogen that is responsiblefor chronic gingivitis, it is known that the suppression of
plaque is consistent with dental andperiodontal health. It has been demonstrated that
good oralhome care combined withprofessional cleaning and/or the use ofantimicro-
bial compounds can control dental plaque.

In order to takefull advantage ofexisting knowledge on dental care, it is necessary
both to persuade the public to avail itself of the remedies available and to carry the
message to practising clinicians, dental school staff, and dental scientists. The
knowledge and techniques necessary to control plaque are available and, if applied
collectively, can ensure the retention of the dentition throughout the life of the
individual.

In the early 1960s, the available research evidence strongly suggested that bacterial
deposits played an essential role in the initiation and progress of marginal periodontal
disease. A study by Loe et al.a demonstrated that in healthy adults with normal gingiva,
cessation of all active oral hygiene procedures for a period of 2-3 weeks resulted in changes
that, at the clinical level, could be described as gingivitis. Reinstitution of oral hygiene
measures resulted in prompt remission of these inflammatory changes. Subsequent studies
in various laboratories have shown that gingivitis can be induced in any healthy individual
by cessation of active tooth-cleaning, and have emphasized the role of dental plaque in the
initiation of gingivitis in man.

It is now generally agreed that the formation of plaque on teeth represents a massive
accumulation of bacteria already present in the oral cavity, and that bacterial colonization
and plaque formation in the gingival area of the dentition are relatively independent of the
degree of salivation, mastication, malocclusion, and of the type and amount of food eaten.

It is possible that friction produced by the mastication of fibrous food limits the growth
of plaque. However, several investigations have suggested that during mastication there is
not any impact between food particles and the cervical areas of the dentition, the gingival
margin, or the attached gingiva, and that excessive chewing of coarse foods has no effect on
bacterial colonization in the gingival and interdental areas. Also, normal salivation does
not appreciably affect plaque formation or growth in these areas.

PATHOGENICITY OF SUPRAGINGIVAL PLAQUE

During the experimental gingivitis study, it was noted for the first time that the microbial
composition of the accumulating plaque changed gradually from a relatively simple to a

* A French translation of this article will be published in a later issue of the Bulletin.
Dean, School of Dental Medicine, University of Connecticut Health Center, Farmington, CT 06032, USA.

a LOE, H. ET AL. Experimental gingivitis in man. Journal ofperiodontology, 36: 177-187 (1965).
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complex flora. Teeth that are clinically free from plaque harbour a very sparse microflora
consisting almost exclusively of Gram-positive cocci, mostly Streptococcus sanguis.

Microscopic studiesb have shown that during the first two days of plaque formation, this
resident Gram-positive flora proliferates and an increasing number of Gram-negative cocci
and rods appear. The second phase occurs after 2-4 days and is characterized by a
proliferation of fusobacteria and filamentous bacteria in addition to the organisms already
present. During the third phase (4-9 days), vibrio-like organisms and spirochaetes are
added so that a complex flora is formed, consisting ultimately of approximately 50%
Gram-negative organisms.

Recent cultural studies of plaque during gingivitis development have confirmed this
finding, and have also suggested that, of the different species constituting the plaque, the
greatest relative increase occurred inActinomyces species. Other organisms found regularly
were Fusobacterium nucleatum, various species of Bacteroides, Veillonella, and
Streptococcus. Immunological studies on the relative pathogenicity of the various bacteria
have demonstrated that the lymphocyte response to antigens of Actinomyces viscosus was
significantly greater than that to other plaque bacteria.c In the original studies, the
appearance of clinical gingivitis coincided roughly with the establishment of the complex
flora. However, it was apparent that subclinical inflammation started much earlier,
suggesting that the initiation of gingivitis occurs in response to the early changes in plaque
composition.
So far, experimental gingivitis studies have not clearly defined the group of bacteria,

much less the specific organism, that is responsible for the development of chronic
gingivitis. It is also not known whether all forms of plaque are able to elicit inflammatory
reactions in the gingiva, or if there is plaque that does not produce gingivitis. Therefore, the
only clinical guidance that can be derived is that bacterial plaque is the cause of chronic
gingivitis and that elimination or suppression of plaque is consistent with gingival health.
The experimental system described for the study of development of chronic gingivitis in

man is a simple, safe, low-cost model that gives reproducible results. For ethical and
practical reasons, it is not possible to study progressive periodontitis in man, since this leads
eventually to loss of bone and teeth. Therefore, it has been necessary to use animal models,
such as dogs, monkeys, or rodents,d for the longitudinal study of advancing periodontal
disease.
The beagle is particularly useful in this respect since destructive periodontal disease

develops spontaneously in this animal. Controlled studiese demonstrated that when the
beagle was allowed to accumulate bacterial plaque and calculus, chronic gingivitis
developed. The condition was characterized by gingival exudation, emigration of
leukocytes, redness and swelling of the marginal gingiva, as well as other clinical signs of
inflammation typical of human gingivitis. Also, as with the human variety, the
inflammatory process gradually spread into the deeper parts of the supra-alveolar
connective tissue, leading to collagen degradation, loss of attachment of periodontal fibres,
alveolar bone resorption, and deepening of the gingival pocket. After four years, the
posterior teeth of the experimental dogs had lost an average of 4 mm of periodontal
attachment, whereas in a similar number of control dogs that received daily tooth cleaning,
there were no signs of gingivids or periodontal breakdown.

It is noteworthy that the progressive destruction of connective tissue and bone occurred
only in areas exhibiting overt gingivitis. This does not suggest that all gingivitis proceeds to

b THEILADE, E. ET AL. Experimental gingivitis in man. II. A longitudinal clinical and bacteriological investigation. Journal of
periodontal research, 1: 1-13 (1966).

C SMITH, F. N. ET AL. Cell-mediated immune responses to plaque antigens during experimental gingivitis in man. Journal of
periodontal research, 13: 232-239 (1978).

d NAVIA, J. M. Animal models in dental research. Alabama, University of Alabama Press, 1979, pp. 312-317.
e LINDHE, J. ET AL. Plaque-induced periodontal disease in beagle dogs-a 4 year clinical, roentgenographical and histometric

study. Journal ofperiodontal research, 10: 243-255 (1975).
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periodontitis; in fact, several teeth had an inflamed gingiva for all four years without detect-
able loss of attachment or alveolar bone reduction. However, wherever there was loss of
soft and hard tissue attachment, this deep lesion had been preceded by gingivitis. Clinical
extension of this concept implies that prevention of gingivitis is equivalent to prevention of
periodontitis.

PATHOGENICITY OF SUBGINGIVAL PLAQUE

Although the mechanisms are not well understood, it is clear that a supragingival plaque
will eventually proliferate subgingivally. The bacterial aggregates involved in subgingival
plaque and subgingival infection cannot be reached by the patient himself, and professional
intervention is necessary.

Recent studies in manf1' have suggested that the bacterial composition of subgingival
plaque differs significantly from that of supragingival plaque, and is characterized by
relatively more Gram-negative, anaerobic organisms and more motile bacteria. In
advanced periodontitis in adults, the predominant bacteria are Gram-negative rods,
including Bact0roides melaninogenicus ss. assacharolyticus, Bacteroides melaninogenictis
ss. intermedius, Fusobacterium nucleatum, and various Capnocytophaga species, and
spirochaetes. Recent studies have monitored the cultivable microflora that appeared during
induced progression of naturally occurring gingivitis to periodontitis in Macacafascicularis
monkeys. It was observed that increased pocket depth and evidence of alveolar bone loss
coincided with an increase in the number of Gram-negative anaerobic organisms, with
Bacteroides melaninogenicus ss. assacharolyticus as the dominant cultivable organism.h It
is important to note that the subgingival microflora of this monkey species is comparable to
the microflora found in advanced periodontitis in human.patients.

PATHOGENIC MECHANISMS

Chronic gingivitis and chronic, adult periodontitis are of bacterial etiology. The
mechanisms by which bacterial organisms in the plaque destroy gingival tissues,
periodontal fibres, and alveolar bone, and cause changes in the cementum are not known.
However, there are several direct and indirect mechanisms that could cause the initial
changes in the superficial tissues and the progressive destruction of connective tissue and
bone. Direct mechanisms include production of histolytic enzymes (hyaluronidase,
chondroitin sulfatase, collagenase, and other proteinases) by several of the plaque bacteria.
Cytotoxic agents, such as endotoxin, are formed during disintegration of Gram-negative
organisms, and toxic metabolities (e.g., ammonia, organic acids, hydrogen sulfide) are
produced by the plaque bacteria. All these substances may severely affect normal tissue
metabolism or produce inflammatory responses, which may themselves be destructive.
Finally, agents produced by the plaque organisms may indirectly stimulate host-mediated
responses that lead to tissue destruction. Prominent among these indirect mechanisms are
the release of endogenous enzymes and occurrence of immunopathological responses.
The role of each of these mechanisms in the destruction of the periodontium has been

fairly well documented. However, the relative importance of individual factors, and the
active combination of them in the various phases of periodontal disease, are not well

f SLOTS, J. Subgingival flora and periodontal disease. Journal of clinicalperiodontology, 6: 351-382 (1979).
g TANNER, A. C. R. ET AL. A study of the bacteria associated with advancing periodontitis in man. Journal of clinical

periodontology, 6: 278-307 (1979).
h KORNMAN, K. S. ET AL. The microbiology of ligature-induced periodontitis in cynomolgus monkeys. Journal of

periodontal research, 16: 363-371 (1981).
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known. Nevertheless, the data provide a scientific basis to explain how non-invasive
bacteria can be responsible for the initiation and progress of periodontal disease.

CLINICAL ASPECTS

Prevention of periodontal disease

The recent development of a more detailed understanding of the mechanisms involved in
dental infection and their relationship to the initiation and progress of specific dental and
periodontal diseases is most encouraging from a clinical point of view. There is a growing
awareness that dental plaque represents a multitude of bacteria in various combinations,
with different pathogenic potentials and associated systemic responses, and that some types
of plaque may be non-pathogenic. However, the concept of specific pathogenicity cannot
yet be applied in the prevention and treatment of these diseases. It is likely that additional
information on the bacterial assault, the immunological responses, and other host reactions
in periodontal disease will eventually permit a more selective approach to disease control.
Meanwhile, however, the clinical approach to disease prevention and control must be based
on regular removal of the supragingival plaque, thus preventing the establishment of sub-
gingival plaque.

Control of periodontal disease

There are substantial data to show that absence of plaque is consistent with gingival
health,i,.I', and that reduction in plaque is associated with a reduction in gingivitis.

Elimination or reduction of supragingival plaque can be accomplished by mechanical or
chemical means, administered by a professional or by the patient himself. The mechanical
methods include cleansing with various pastes and dentifrices, motor-driven dental brushes
and rubber cups, toothbrushes, interdental brushes, toothpicks, dental floss, and various
water irrigation devices.
The dental literature is replete with descriptions of devices and methods for mechanical

removal of plaque, as well as comprehensive review articles in this field. In a fundamental
sense, the past decade has seen no novel developments in this area, and each of the
mechanical procedures has been thoroughly tested in controlled studies, and has proved its
efficacy in reducing or eliminating dental plaque and gingival disease.

Recently there has been a reassessment of the usefulness of antimicrobial mouthrinses in
the control of dental infection. Acceptance of the concept of periodontitis as an infectious
disease, and the choice of an extremely potent antimicrobial agent (chlorhexidine) in the
early stages of this research, helped to promote this approach to disease control.' Since
then, many short- and long-term studies have been carried out on the use of this agent in the
control of plaque and gingivitis, in adults and children.
The microbiological and ecological problems associated with frequent and prolonged use

of chlorhexidine have been elucidated. The toxicological, teratogenic, metabolic, and

LOE, H. & RINDOM-SCHIOTT, C. The effect of suppression of the oral microflora upon the development of dental plaque and
gingivitis. In: McHugh, W.D., ed., Dentalplaque, Edinburgh, Livingstone, 1970, pp. 247-255.

i LOE, H. ET AL. Inhibition of experimental caries by plaque prevention. The effect of chlorhexidine mouthrinses.
Scandinavian journal ofdental research, 80: 1-9 (1972).

k AXELSSON, P. & LINDHE, J. The effect of a plaque control program on gingivitis and dental caries in school children. Journal
of dental research, 56: C142-C148 (1977).

/ AXELSSON, P. & LINDHE, J. Effect of controlled oral hygiene procedures on caries and periodontal disease in adults. Journal
ofclinicalperiodontology, 5: 133-lS1 (1978).



PERIODONTAL DISEASES

systemic effects of this drug have been accounted for, and several other fundamental
aspects related to the principle of antiseptic control of dental diseases have been tested. In
summary, the available data suggest that chlorhexidine is one of the safest and most
effective antiseptics known, and that the side-effects are negligible. However, there have
not been any reports of its long-term use in a large-scale community prevention
programme.

CONCLUSION

The dental literature is replete with scientific data supporting the concept that
periodontal diseases are infectious diseases and that the infectious components are
contained in the dental plaque. There is also convincing evidence that good oral care at
home, combined with professional cleaning and/or the use of antimicrobial compounds
can control dental plaque, and therefore reduce or eliminate dental disease.
The problem is primarily one of persuading the public to avail itself of these possibilities,

and of carrying the message to the practising clinicians, the teachers in dental schools, and
dental scientists. Many of the dental profession believe that there is going to be one effective
procedure against dental infections, and, therefore, they have failed to take full advantage
of the control methods currently available. The knowledge and techniques necessary to
control plaque, caries, and periodontal disease exist already, and if applied collectively, can
ensure that the natural dentition remains in good health throughout the life of the
individual.
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