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Recent studies regarding research on oral microorganisms and the oral diseases 

are presented. The normal flora of the mouth and the oral environment are first 

described. Dental plaque and dental caries are primary causes of oral disease. 

Streptococcus mutans is the major contributor in the initiation and progression of dental 

caries. Lactobacillus, Actinomyces, and Veillonella are other genera of bacteria linked to 

dental caries. Periodontitis and gingivitis are periodontal diseases that are caused by oral 

microorganisms. New research has indicated that various antimicrobial agents and 

techniques to eliminate or lessen the severity of periodontal diseases. Premature delivery 

of low birth weight babies in pregnant women has been strongly linked to periodontal 

disease. Present and future microbiological tests are available to easily determine the 

causative organisms for most oral diseases that help in diagnosis and treatment of a 

particular disease. 



ORAL MICROBIOLOGY 

THESIS 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of The Requirements 

For the Degree of 

MASTER OF SCIENCE 

By 

Shaiesta Osman, B.A. 

Denton, Texas 

August, 1998 

37? 
A! 61 

/to. ~7S2.6 



TABLE OF CONTENTS 

Page 

Chapter 

1. INTRODUCTION. 1 

2. DENTAL PLAQUE AND DENTAL CARIES 6 

3. MICROBIOLOGY OF PERIODONTAL DISEASES 34 

4. DENTOALVEOLAR INFECTIONS 54 

5. MICROBIOLOGICAL TESTING-PRESENT AND FUTURE 63 

REFERENCES 71 

ill 



CHAPTER 1 

NORMAL ORAL FLORA 

Since the human mouth contains a wide range of sites with different 

environmental characteristics, it is not surprising that the oral flora consists of a complex 

mixture of microbial species which include bacteria, mycoplasma, fungi and protozoa. 

The Oral Microbial Flora 

The mouth consists of a number of ecological niches that are colonized by a 

characteristic mixture of microorganisms. The main ecological areas of the mouth are the 

mucosa of the lips, cheeks and palate, the tongue, the tooth surfaces (both above and 

below the gingival margin), saliva, the tonsillar area, and dentures, if present. 

Saliva, although widely used in the past as the main sample in studying the oral 

microbial flora, does not give an accurate qualitative assessment of any particular part of 

the mouth, and is best regarded as representing the overflow of microorganisms from the 

other oral sites. 



Oral Ecosystem 

The Oral Environment 

The human mouth is lined by a stratified squamous epithelium that is modified in 

different areas according to function, e.g. the papillary structure of the tongue mucosa. 

The oral mucous membrane is interrupted by salivary ducts (both major and minor) and 

teeth if present. The gingival tissues are closely bound to the tooth surface by the 

epithelial attachment, and crevicular fluid passes into the mouth from the gingival 

crevice. A thin layer of saliva bathes the surface of the mucosa and contained in this 

layer are epithelial squamous cells, polymorphonuclear leucocytes, and members of the 

oral commensal microflora. 

However, within the general environment of the mouth there exists a number of 

different microenvironments or niches, each of which supports its own peculiar 

microflora. The microbiological differences between some sites are both qualitative and 

quantitative. These variations are due to the complex interactions of a wide range of 

ecological factors, many of which are poorly understood. 

Acquisition of the Normal Oral Microflora 

At birth the infant's mouth is usually sterile. However, within a few hours, 

commensal microorganisms from the mother's or the nurse's mouth, and to a limited 

extent some species present in the environment, are able to establish themselves in the 

infant's oral cavity. The first or pioneer species are usually streptococci, especially 

Streptococcus salivarius. The metabolic activity of the pioneer species alters the 



environment and provides conditions suitable for the colonization of the mouth by other 

microbial species. Thus an ecosystem containing a few genera and species becomes more 

complex step-by-step over a period of time until eventually a stable but highly dynamic 

system, called a climax community, is reached. 

The oral flora of most children by the time of their first birthday contains 

streptococci, staphylococci, neisseria and veillonella, with the majority also possessing 

actinomyces, lactobacilli, and fusobacteria. The microorganisms which prefer to 

colonize the dental hard (teeth) tissues can usually be detected only in the oral flora when 

teeth have erupted. Also related to tooth eruption are anaerobic streptococci and motile 

Gram-negative rods. On the other hand some anaerobes, e.g. black pigmented 
•* t 

bacteroides species and oral spirochetes, do not appear in significant numbers until 

adolescence. When the adult dentition is lost, the microflora becomes more like that of a 

child before tooth eruption. However, if dentures are worn then the plaque that 

accumulates on the acrylic surfaces has similarities to enamel plaque, with resulting 

alterations in the individual's oral microflora. 

Extrinsic Factors in Disease 

Extrinsic disease is produced by etiologic factors brought to the cell from its 

environment rather than by transmission through chromosomes. Extrinsic factors may be 

considered as environmental factors if environment is thought in its broad sense, the 

environment of the individual as well as the environment of the organism as a whole. 

The extrinsic factors in disease include physical agents of disease, infectious agents, 



nutritional factors, chemical injury, and environmental agents. 

Physical Agents: physical agents of injury include factors that disturb gas 

homeostasis, mechanical injury, and radiant energy. Radiation also results in reduced 

saliva production and subsequent rampant caries. 

Infectious Agents: much of human disease is caused by infection with 

microorganisms; however, balanced symbiosis between man and microorganisms is most 

often the case. Infection can mean the invasion of microbes and damage to the tissues, or 

an imbalance in symbiosis. The ability of an agent to infect is determined by the 

virulence (pathogenecity), number (dosage), and portal of entry of the microorganism. 

The major group of infectious agents includes bacterial, viruses, parasites, and fungi. An 

appropriate amount of secretions from the skin, mucous membranes, and salivary glands 

is important for control of the bacterial flora. 

The interface between hard (teeth) and soft (gingiva) tissues is a strategic area for 

the control of bacterial colonization of the teeth and initiation of disease of supporting 

structures of the teeth. The defense against bacteria involved in diseases of the teeth 

(dental caries) and periodontal tissues (gingivitis and periodontitis) involves a number of 

naturally occurring mechanisms, as well as preventive measures taken by the patient and 

the professional 

Bacteria are traditionally divided into two groups on the basis of their staining 

reaction with Gram's stain. They are also subdivided according to growth characteristics 

and shape and various other ways. A bacterium is considered to be virulent and 



pathogenic when it has one of two properties, invasive capacity and toxicity. Bacteria 

release a number of enzymes that enable them to invade tissues, especially where there 

has been a breakdown in the normal protective mechanisms. 

Endotoxins and exotoxins are produced by bacteria and can produce extensive 

local damage as well as widespread systemic damage. A number of bacteria are involved 

in periodontal diseases and dental caries. 



CHAPTER 2 

DENTAL PLAQUE AND DENTAL CARIES 

Plaque can be defined as a tenacious microbial deposit that forms on hard surfaces 

within the mouth and consists of microbial cells and their products, together with host 

compounds mainly derived from saliva. If plaque develops in the gingival margin area, 

proteins from the crevicular exudate become incorporated in the plaque. Thus the 

microorganisms in dental plaque are surrounded by an organic matrix that accounts for 

about 30% of the total plaque volume and is derived both from the host and from the 

microbial flora. This matrix acts as a food reserve and as cement, binding 

microorganisms both to each other and to various surfaces. It seems unlikely that the 

matrix acts as a diffusion barrier controlling the entry of substances into plaque and 

enamel. In the absence of oral hygiene, plaque can be demonstrated on most dental 

surfaces but normally it is found in anatomical areas protected from the host defense 

mechanisms. 

Formation of Dental Plaque on a Clean Surface 

The surface of a mechanically cleaned tooth becomes coated by a pellicle within a 

few minutes of exposure to the oral environment. The pellicle consists mainly of 

glycoproteins derived from saliva. It is important to realize that in-vivo microorganisms 

initially attach to the acquired pellicle and not directly to enamel It is unfortunate that, in 



many in-vitro adhesion studies, saliva has been omitted from the experimental design, 

which makes extrapolation of the results to the in-vivo situation difficult. 

Deposition of bacteria: the microorganisms which are involved in the 

development of dental plaque over a 3-week period are: 

Microorganism 

DISTRIBUTION (%) 

6 hours 1 day 2 days 7 days 3 weeks 

Gram-positive cocci 79 81 71 60 31 

Gram-positive bacilli 8 7 10 20 56 

Gram-negative cocci 5 5 11 12 9 

Gram-negative bacilli 8 7 8 8 4 

Strep.sanguis 9 20 36 35 12 

Strip.oralis 62 59 35 21 12 

Actinomyces ssp. 3 7 7 19 53 

Haemophilus ssp. 0 3 3 0 0 

Veillonella ssp. 7 1 5 12 7 

Bacteriodes ssp. 7 4 6 2 2 

These pioneer organisms grow within hours and multiply, producing microcolonies that 

become confluent in time. During this early period an extracellular matrix develops. 

This consists of microbial polysaccharides and additional layers of salivary glycoprotein 



or crevicular fluid components, depending on the site of plaque formation. Accurate 

figures for the rate of microbial growth in vivo are not available. However, it appears 

that doubling times can vary considerably, both among different bacterial species (being 

measured in hours rather than minutes), and also between members of the same species, 

depending on the different intraoral environmental conditions. The metabolic products of 

the pioneer organism then alter the immediate environment, e.g. create conditions with a 

low redox potential suitable for anaerobes. Other organisms become incorporated into 

the plaque with a resultant gradual increase in mass of plaque. 

Structure of dental plaque: plaque consists mainly of cocci, bacilli, filaments 

(especially in the outer layers) and spiral organisms. Some of the main features of plaque 

include the following: 

1. The bacterial cells near to the enamel surface tend to have a reduced cytoplasm/cell 

wall ratio, suggesting that they are metabolically inactive. 

2. In some areas (especially the outer surface of plaque) cocci attach and grow on the 

surface of filamentous microorganisms giving a 'corn cob' arrangement. 

3. There is a tendency for filamentous bacteria to orientate themselves at right angles to 

the enamel surface, producing a palisade effect. 

4. Within the cytoplasm of some bacteria (mainly cocci) are glycogen-like food storage 

granules which are available for plaque metabolism when the other sources of 

nutrition are in short supply. 

The microbial composition of dental plaque can vary widely within a single individual, 



for example: at different sites on the same tooth, at the same site on different teeth, and at 

different times on the same tooth site. As expected, there are wide differences among 

individuals and it is important to remember that dental plaque is not a homogeneous 

material but a complex, dynamic, living biomass. 

Dental Plaque, Microbiota, Calculus, and Disease 

When oral hygiene procedures are inadequate, masses of bacteria imbedded in an 

amorphous matrix accumulate on teeth. The matrix consists of macromolecules 

synthesized by proliferating bacteria,, as well as constituents derived from the saliva and 

crevicular fluid. Such bacterial accumulations are referred to as dental plaque. 

Plaque is a highly organized ecological unit consisting of relatively characteristic 

collections of bacteria. Differences in the composition of plaque have been related to 

different sites on the teeth and to different diseases like caries and gingivitis. The 

pathogenic characteristics of plaque relate to virulence factors possessed by bacteria, 

including the capacity to colonize (attach and grow) at specific sites, the ability to evade 

the host's defenses, and the capacity to cause injury to the tissues. 

Whether or not disease occurs at the site of plaque formation depends on the types 

of bacteria present, how the organized bacterial ecological unit functions, and the 

defenses of the host. In effect one or more members of the plaque microflora may 

provide the necessary growth factors for a pathogen that would otherwise not be capable 

of maintaining an infection. Such bacterial synergism, as well as bacterial antagonism, 

may explain localized patterns of disease. Thus, in addition to the requirement that 
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bacteria be able to adhere to a surface to avoid being washed away by the flow of 

secretions, bacterial colonization parameters that affect bacterial growth and virulence 

must be considered. These parameters include nutritional, metabolic, and cooperative 

versus antagonist interactions between bacteria and between bacteria and host 

constituents, as well as immune and nonspecific defense mechanisms in the saliva. The 

microorganisms that characteristically swell on the internal and external surfaces of the 

body make up what is know as the normal or indigenous microflora. In general, the 

association of host and indigenous microbiota remains in balance and is relatively 

innocuous, even beneficial in many instances. It is probably that indigenous microflora 

may be deterrent to the establishment of pathogens when the opportunity presents itself. 

The development of the indigenous microflora begins at the time of birth with the 

passage of the fetus through the maternal birth canal and continues in accordance with the 

general principles that govern ecological processes elsewhere. Some organisms require 

teeth for the oral colonization. For example, Streptococcus mutans are not found in the 

mouths of infants prior to the eruption of teeth nor after the loss of all teeth. Direct 

contact with the mother seems to be important ecologically for the S. mutans, which is 

considered one of the primary pathogens in dental decay. 

Clinical Aspects of Plaque 

Dental plaque can be seen most easily by the use of disclosing solutions applied to 

the teeth. Because there is some mechanical cleansing action by the tongue and buccal 

mucosa and by the action of foods, and because of determined and effective use of such 
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home care aides as the toothbrush and dental floss, inter-proximal areas and in pits and 

fissures. However, when oral hygiene is poor, plaque may accumulate over all the 

surfaces of the teeth. Effective plaque control essentially based on the use of a 

toothbrush and inter-dental and sulcular cleaning aids. Good home care procedures and 

periodic professional care are necessary for the control of dental plaque, especially 

subgingival and inter-proximal plaque. 

Ecological Determinants of Plaque 

Some of the bacterial nutrients on the surface of a tooth are provided by the 

saliva, some by the crevicular fluid, and still others by commensal relationships that arise 

from the production of metabolites in the ecosystem. It has been reported that the 

nutritional value of saliva is low compared to the source of nutrients in the gingival 

pockets where a number of bacteria are capable of producing hydrolytic enzymes that 

break down the macromolecules into simple molecules, which can be used as nutrients. 

In some instances the food chain involves synergistic relationships involving certain 

species of bacteria that may have very specific nutritional requirements. 

Although the oral environment supports rapid growth, the increasing thickness of 

the plaque becomes limited by a number of ecological determinants as well as 

mechanical (washing actions in the mouth). The different nutrients that make up the 

substrate used by the bacteria to grow may not be adequate and competition for the 

substrate will become an important limiting ecological determinant. The availability of 

certain substrates may be too low to support the growth of certain bacteria, e.g., sugar 
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may be a limiting substrate for the S. mutans. 

Formation of Plaque 

Plaque is an organized bacterial mass on the surfaces of the teeth that is initiated 

by the specific species of bacteria and that matures by a generally ordered succession of 

microbial inhabitants. The ecological complexity and properties of the plaque are 

determined by bacterial commensalism, competition, antagonism, factors affecting 

bacterial adherence, inter-bacterial aggregations, and immune and nonspecific defense 

mechanisms in saliva. Potent selective forces regulate bacterial attachment and 

colonization in the mouth, and suggest why different sites in the mouth are colonized by 

certain populations of bacteria more than others. Some types of bacteria can attach and 

colonize surfaces, e.g.. the tongue or the teeth, whereas others cannot do so or compete in 

those sites. The formation of dental plaque reflects the accumulation of bacteria already 

present in the oral cavity. Bacterial colonization is thought to be relatively independent 

of normal variations in salivation, malocclusion, type of food eaten, and mastication, but 

highly dependent on specific attachment mechanisms. Therefore the development of 

dental plaque is related to the ability of various bacteria to adhere specifically to a 

pellicle, a structure-less and nonmineralized thin film that begins to form within minutes 

after a tooth erupts or has been cleaned, and the ability of bacteria to adhere to each other. 

Bacterial accumulation in plaque occurs when surface components of organisms interact 

and bind to those of other bacterial cells, including the same or different species of 

bacteria. The eventual composition of plaque depends upon a number of known and 
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unknown environmental and intermicrobial interactions, especially those involving early 

colonizers of enamel pellicle. The amorphous matrix of plaque consists of polymers 

synthesized by bacteria and components derived from the saliva and also from crevicular 

fluid, which comes into the mouth between the gingiva and teeth. 

Bacterial Adherence 

Oral bacteria vary markedly in their ability to attach to different surfaces which is 

not due to differences in growth rate. S. mutans, S. sanguis, Lactobacillus sp., and 

Actinomyces viscosus preferentially colonize tooth surfaces, S. salivarius and A. naslundii 

the dorsum of the tongue, and black-pigmenting bacteria and spirochetes in the gingival 

crevice or periodontal pocket. 

Two adhesive processes are required in dental plaque development. First, 

bacteria must adhere to the pellicle surface and become sufficiently attached to withstand 

oral cleansing forces. Second, they must grow and adhere to each other to allow plaque 

accumulation. During the initial adherence, interactions occur mainly between specific 

bacteria and the pellicle. In subsequent phases of plaque formation, bacteria, bacterial 

products, interbacterial matrix, host, and dietary factors are involved. 

Apart from bacterial adhesive mechanisms, other bacterial mechanisms play an 

important role in plaque growth and accumulation. A variety of oral microorganisms 

such as S. mutans, S. sanguis, S. mitis, S. salivarius, and Lactobacillus species can form 

extracellular polymers from sucrose. These extracellular glucans are insoluble and result 

in increased bacterial adhesion. Within a short time after a tooth has been cleaned and 
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polished, specific salivary proteins coat the exposed surface of a tooth. Some of the 

proteins promote specific colonization and maintenance of indigenous oral flora, whereas 

others function as antimicrobial factors. The organic composition of pellicles is varied, 

but generally enamel pellicle contains proteins, glycoproteins (mucins), and a substantial 

amount of lipids. 

Bacterial Colonization 

The colonization of the pellicle begins mainly with Gram-positive cocci and rods, 

but soon other bacteria aggregate to the first colonizers and then they all proliferate to 

form scattered colonies and then large coherent masses of plaque. In the "super-clean" 

subjects a relatively simple microbial flora is present on the teeth. The sparse microflora 

consists almost exclusively of Gram-positive cocci, mainly S. sanguis, although Gram-

positive rods (mainly Actinomyces) may be present. 

Colonization by S..mutans 

S. mutatis preferentially colonizes the retentive areas of the teeth such as pits and 

fissures. These organisms have the ability to form large bacterial masses and live in high 

concentrations of acids from dietary sugars. By the enzymatic action of the enzyme 

glucosyltransferase most cariogenic organisms are able to synthesize polysaccharides 

from dietary sugars. These polysaccharides (glucans) make up the interbacterial matrix 

of plaque. Such extracellular polymers are sticky and gelatinous substances that promote 

cohesion between streptococcal cells and foster accumulation of greater masses of 5. 

mutans on the teeth that would be expected from the number of 5. mutans cells that 
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initially attach to the pellicle. Glucan synthesis does not appear to be required for the 

initial attachment of S. mutans cells to the teeth but is important for accumulation of S. 

mutatis. The composition of plaque varies from tooth to tooth, from mouth to mouth, and 

even from site to site on a tooth. Such variation may help explain regional variations in 

the pathogenecity of plaque. 

Pathogenecity and Virulence of Plaque 

Infection is considered to be present when bacteria results in injury or elicits a 

reaction that damages the tissues. Thus, the outcome of the microbial colonization and 

growth of microbes related to plaque is disease, ie., dental caries and gingivitis. 

Although colonization of oral tissues is an early feature of the newborn, an elaborate 

defense system makes oral disease relatively infrequent except for caries and periodontal 

disease, which are the most common causes for loss of teeth. The microbes involved in 

these diseases must produce such destructive effects in spite of potentially effective host 

defense systems. 

Potential Bacterial Mechanisms for Destruction of Periodontal Tissues 

The bacterial factors that have been reported as possible agents in the destruction 

of gingival tissue and periodontal attachment include enzymes such as collagenase, toxic 

agents such as epitheliotoxins, and polyclonal B-cell activators. S. mutans has been 

implicated in the initiation as well as the progression of carious lesions, but limited data 

exists on the microbial determinants of carious lesions. Of particular interest are the 

abilities of these microorganisms to colonize the teeth and to effectively compete and 
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persist on the teeth. These abilities relate to a number of traits of S. mutans implicated in 

its virulence. Following are some of such traits: the ability to adhere to teeth and form 

plaque, make certain glucans, engage in agglutination (aggregation), make extracellular 

dextranases, grow at a low environmental pH, produce acids rapidly from carbohydrate, 

use intracellular and extracellular polysaccharides for acid production when no food is 

taken into the mouth, to transport carbohydrates, and to be able to attach to the teeth 

independent of a sucrose substrate. Such traits are important for the attachment, 

accumulation, and survival of S. mutans in the dental ecology of the host. 

Immune Responses to Plaque 

The immune system common to bacterial infections are: 

1. secretory-mucosal immune system 

2. neutrophil-antibody complement system 

3. lymphocyte-macrophage system 

4. immune regulations 

Responses of these systems may interfere with bacterial attachment and the killing of 

bacteria. The immune responses to the components of dental plaque include antibodies, 

complement activation, polymorpholeukocyte killing, activation of macrophages, and 

release of lymphokines by plaque sensitized lymphocytes. The component of dental 

plaque that are associated with these responses are cariogenic bacteria (S. mutans, A. 

viscosus, lactobcilli), periodontopathy microorganisms (actinomyces, actinocytophaga, 

eikenella, and spirochetes), and potentiating and immunosuppressive agents (LPS, levans, 
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dextrans, and lipo-teichoic acid). 

Finally, the host immune responses also affect the composition of dental plaque. 

There are two main sources of immune components in the oral cavity: those present in 

oral secretions and those derived from gingival crevicular fluid. The first category 

involves antibodies, predominantly IgA, secreted by the salivary glands that act mainly in 

supragingival plaque by coating bacterial surfaces. This promotes their aggregation and 

thus prevents their attachment. By interacting with specific receptors on oral surfaces 

and on bacteria, the antibodies compete with their adherence. Antibodies in the 

crevicular fluid, in combination with leukocytes and other immune components, such as 

complement, function predominantly in subgingival areas as a response to the large 

antigenic challenge in this microenvironment. 

Clinical Significance 

The ecological mechanisms previously discussed permit the colonization of oral 

bacteria in a predictable succession. Prevention of the maturation of the microbial 

community on tooth surfaces may maintain gingival health. However, if plaque is 

allowed to grow and mature, it usually produces inflammatory changes characteristic of 

gingivitis. 

At clinically healthy sites, streptococci and facultative species of Actinomyces, 

especially A. viscosus and A. naeslundii, account for up to 85 percent of the total 

cultivable flora. Clinical studies indicate that gingivitis development is not just a mere 

increase in the amount of plaque, but also requires a sequential colonization of additional 
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specific species. Thus, the bacterial succession in the development of supragingival 

plaque is ultimately responsible for the inflammatory changes associated with gingivitis. 

Secretory IgA is the predominant immuno-globulin in saliva and has been reported to 

inhibit the adherence of oral bacteria to epithelial cells of the buccal mucosa. 

Systemic and Local Responses to Plaque 

The responses of the gingiva to plaque irritants, antigens, or mitogens are 

inflammation. Of special interest is the junction between soft and hard tissues (gingiva-

tooth) via a specialized junctional epithelium. This epithelium is permeable (to some 

extent) yet prevents the penetration of bacteria through the epithelium to underlying 

supporting tissues. This junction, which is continually at risk to bacteria and antigenic 

molecules but not easily penetrated by bacteria except in severe periodontal disease, is 

the site of access to the immune system. When plaque is allowed to accumulate on the 

teeth, there is an associated gingival inflammation and a diffusion of some serum-derived 

immunoglobulins into the gingival sulcus. 

Plaque and Disease 

Some evidence suggests that several types of periodontal disease and degrees of 

severity of chronic gingivitis adult periodontitis complex are associated with different 

combinations of bacterial pathogens. No single strain or combination of bacteria has yet 

been found to determine susceptibility to chronic adult periodontitis. Conversely, there is 

a general recognition that S. mutans is a major pathogen in the development of smooth 

coronal surface caries. However, it is not the only cariogenic organism associated with 
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dental decay. Strains of Lactobacilli and actinomyces are also involved in yet 

incompletely understood ways. 

Summary 

Dental plaque is an accumulation of bacteria, bacterial products, proteins from 

saliva and crevicular fluid, and lectins from ingested food. Although it may appear only 

to be an amorphous mass of debris on the teeth, it is a highly organized bacterial ecologic 

unit. Dental plaque is initiated by various indigenous oral bacteria that are able to adhere 

specifically to selected oral surfaces. The basis of adherence is a specific interaction 

mediated by cell surface macromolecules (adhesion) that combine with complementary 

structures (receptors) on tissue surfaces. 

Diseases Related to Dental Plaque 

1. Dental Calculus 

Dental calculus is defined as calcified or calcifying deposits on the teeth and can 

form both above (supragingival) and below (subgingival) the gingival margin. It consists 

of70-80% inorganic salts, mainly calcium and phosphate, the major crystalline 

component being three different types of hydroxyapatite. The organic portion consists 

mainly of proteins, carbohydrates, and lipids. Calculus is preceded by dental plaque 

which subsequently becomes calcified. The plaque matrix calcifies first, followed by the 

bacterial cells themselves. It follows that the outer surface of all calculus deposits is 

covered by a thin layer of viable dental plaque. There is evidence that the irritant effect 

of calculus on gingival and periodontal soft tissues is due more to the toxic potential of 
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the viable plaque layer than to mechanical trauma from the hard irregular calculus 

deposits themselves. The rate of calculus formation varies considerably among 

individuals, with visible deposits being formed in some individuals two to four weeks 

after thorough scaling. The factors which trigger calcification of dental plaque are not 

clearly understood, although it seems likely that degenerating bacteria play an important 

role, perhaps by acting as seeding agents for mineralization. 

Saliva and Calculus 

The role of saliva in the formation of calculus relates to its physiochemical 

properties. The major inorganic components of saliva include calcium, phosphate, 

sodium, potassium, chloride, carbon dioxide, and trace elements. However, saliva is 

saturated or supersaturated with respect to hydroxyapatite. Also, resting saliva is 

undersaturated and stimulated saliva is saturated with respect to brushite and octacalcium 

phosphate. A prerequisite for calcification of dental plaque is that it is more alkaline than 

saliva or crevicular fluid. The level of salivary pH is related to the components of the 

calculus. The organic material which form the matrix include components from both the 

bacteria and saliva. Lipids in the matrix are considered to be important for mineralizing 

of plaque. 

2. Dental Caries 

Dental caries can be thought of as a chronic infection in which the microbial 

agents are members of the normal commensal flora. Lesions result from the 

demineralization of enamel and later of dentine by acids produced by plaque 
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microorganisms as they metabolize dietary carbohydrates. Once the surface layer of 

enamel has been lost, the infection invariably progresses via dentine with the pulp 

becoming firstly inflamed and later necrotic. Dental caries is ubiquitous, and while its 

prevalence is falling in most developed countries, the opposite is true in the 

underdeveloped countries where recent changes in diet, especially with respect to 

carbohydrate content, have occurred. 

Clinical Presentation and Diagnosis 

Dental caries can be classified with respect to the site of the lesion as follows: pit 

of fissure caries (occurs on molars premolars and lingual surface of maxillary incisions), 

smooth surface caries (occurs mainly on approximal tooth surfaces just below the contact 

point), root surface caries (occurs on cementum and/or dentine when the root is exposed 

to the oral environment), and recurrent caries (which is associated with an existing 

restoration). Depending on the rate of tissue destruction, caries can be described as 

rampant, slowly progressive or arrested. 

The earliest clinical appearance of caries is a well-demarcated chalky-while 

lesion, in which the surface continuity of enamel is still intact. This "white spot" lesion 

can heal or remineralize with the result that this stage of the disease is reversible. 

However, as the lesion develops, the surface becomes roughened and cavitation occurs. 

If the lesion is untreated, microorgansims extend the disease into dentine and often finally 

destroy the dental pulp. 

Diagnosis is usually by a combination of direct observation, probing and 
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radiographs. However, early white spot lesions may easily be missed since they cannot 

be detected by eye or by radiographs at this stage. It is possible for large carious lesions 

to develop in pits and fissures with very little clinical evidence of disease. 

Etiology of Dental Caries 

The four main factors involved in dental caries are the host, supragingival plaque, 

diet, and the time necessary for caries development. These complex factors can interact 

in numerous different ways but all are required for the initiation and progression of 

carious lesions. It is important to realize that the way in which these factors interact is of 

prime importance in determining if an early carious lesion will occur and if it will 

subsequently heal or progress. 

Host Factors 

The two main host factors are the structure of enamel and the composition and 

flow of saliva. The susceptibility of different areas of enamel on the same tooth to a 

standard acid attack in-vitro can vary markedly. This and other information strongly 

suggest that some areas of the same tooth are much more susceptible to carious attack 

than others. This fact is not often considered when the role of microorganisms in caries 

is studied in-vivo or in-vitro. Susceptibility to demineralization by acid is related to the 

mineral content (especially fluoride) and structure of particular areas of enamel. 

Saliva performs a number of important roles in maintaining dental health, some 

which are related to dental caries. For example, the mechanical washing action of saliva 

is a very effective mechanism in removing food debris and unattached oral 
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microorganisms from the mouth. The importance of this factor is highlighted in patients 

with severe Sjorgen's syndrome (a degenerative disease of salivary glands) who have a 

very low salivary flow rate, retain food debris in their mouth for long periods and suffer 

from rampant dental caries. Saliva has a high buffering capacity that tends to neutralize 

acids produced by plaque bacteria on tooth surfaces. It is also supersaturated with 

calcium and phosphorus and these are important in the remineralization of white spot 

lesions; fluoride is also important in this process. The roles of the other salivary 

antimicrobial factors in dental globulins are not clear. 

Diet 

A number of epidemiological studies have demonstrated clearly a direct 

relationship between dental caries and the intake of carbohydrates. The most cariogenic 

sugar is sucrose and the evidence for its central role in the initiation of dental caries 

includes the following: increase in the caries prevalence of isolated populations with the 

introduction of sucrose-rich diets, clinical association studies, short-term experiments in 

human volunteers using sucrose rinses, and experimental animal studies. 

In addition, sucrose is highly soluble and diffuse easily into dental plaque, acting 

as a substrate for the production of extracellular polysaccharide and acids. Although 

sucrose is not required for the initial attachment of S. nutans cells to tooth surfaces, it is 

necessary for subsequent plaque development as an intracellular adhesive. However, the 

direct relationship between sucrose and dental caries is more complex than can be simply 

explained by the total amount of sugar consumed. There is good evidence that the 
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frequency of sugar intake, rather than the total sugar consumption, is of decisive 

importance in caries development. The stickiness and concentration of sucrose consumed 

are also important, both factors influencing the period for which sugar is retained in the 

mouth in close contact with the tooth surface. Carbohydrates other than sucrose (e.g. 

glucose and fructose) are also cariogenic but less so than sucrose. Xylitol (a sugar 

alcohol) is a carbohydrate with low cariogenicity. 

Microbiology of Dental Caries 

Dental caries does not occur in-vivo if microorganisms in the form of dental 

plaque are absent. Over the years there has been debate about whether one or more 

specific bacteria are principally involved in the initiation of caries or whether the disease 

is caused by a non-specific mixture of bacteria. At present, a number of different 

opinions exist, for example: S. mutans is involved in the initiation of almost all carious 

lesions in enamel. S. mutans is important but not essential in the etiology of the disease, 

and the association of S. mutans and caries is weak and no greater than for other bacteria 

in supragingival plaque. The evidence advanced to support or disprove these different 

opinions is incomplete and it is likely that all three may be correct in specific 

circumstances. Given the extreme variation found in the microbial composition of 

supragingival plaque collected from the same site in the same mouth with respect to time, 

it seems unlikely that the initiation and progression of all carious lesions are associated 

with identical or even similar plaques. However, there is evidence that overall some 

bacteria (S. mutans, Lactobacillus spp. and Actinomyces spp.) are more important than 
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others. 

5. mutans 

A substantial volume of research has been carried out to investigate the role of 5. 

mutans in dental caries. Surprisingly, few other bacterial species have been investigated 

in the same depth during the past 10-15 years, and this fact may partly explain the 

apparently overwhelming evidence of the prime importance of this strain of streptococcus 

in caries. S.mutans is a group name; in fact the group consists of six different species (5. 

mutans, sobrinus, cricetus,ferus, rattus, macacae) and eight stereotypes (a-h). S. mutans 

(stereotypes c/e/f) and S. sobrinus (stereotypes d/g) are the species commonly found in 

humans, with serotype c strains being most frequently isolated, followed by d and e, the 

others being rarely encountered. 

Different strains of S. mutans will very likely vary in their potential to produce 

dental caries. It is possible that certain strains of S. mutans are more pathogenic than 

others and that, in a small number of individuals, caries may be an infections disease, 

with a highly pathogenic strain being transmitted from one individual to another, e.g. 

during kissing. However, there is little evidence to support this hypothesis. 

Not all evidence supports the apparently strong relationship of S. mutans and the 

initiation and progression of caries. Notably, a number of longitudinal studies in children 

have failed to find any strong correlations. However, there are many problems involved 

in such studies. Some of the examples are: the difficulty in diagnosing approximal white 

spot lesions at an early stage, problems in obtaining plaque samples from the surface of 
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the developing lesion free of surrounding plaque, technical difficulties in the 

microbiological identification and enumeration of the plaque microflora, and dispute 

about the best way of statistically analyzing the resulting data. 

Lactobacillus 

Lactobacilli can be divided into two groups: homofermentative species which 

produce mainly lactic acid from glucose fermentation, and heterofermentative species 

which produce lactic acid as well as significant amounts of acetate, ethanol, and carbon 

dioxide. The most commonly isolated species from oral samples appear to be L.casei and 

Lfermentwn although characterization of isolates to species level using existing criteria is 

not ideal, and not commonly performed. 

For many years lactobacilli were believed to be the causing agents of dental 

caries. Although they posses some properties which would be valuable to a cariogenic 

organism, their affinity for the tooth surface and their numbers in dental plaque 

associated with healthy sites are usually low. In addition, lactobacilli are rarely isolated 

from plaque prior to the development of caries and are often absent from incipient 

lesions. On the positive side, there is evidence that human lactobacilli strains can cause 

caries in gnotobiotic rodents. At present, general opinion supports the concept that 

lactobacilli are not usually involved in the initiation of dental caries but more in the 

progression of the lesion deep into the enamel Lactobacilli are the main pioneer 

organisms in the advancing front of the carious process into dentine. 

There is evidence from in-vivo human studies that lactobacilli are closely related 
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to the development of caries in some sites. Generally, good correlations have been 

described between salivary lactobacillus counts and caries prevalence, although 

correlations with dietary carbohydrate consumption are less certain. However, few in-

depth clinical or laboratory investigations have been performed in recent years and until 

more information is available the role of lactobacilli in the initiation of dental caries in at 

least some cases cannot be totally discounted. 

Actinomyces 

A. viscosus has been associated with the development of root surface caries. The 

lesions are different from enamel caries in that the calcified tissues are softened without 

obvious cavitation. They tend to form on the buccal and lingual surfaces close to the 

gingival margin and slowly progress laterally around the neck of the tooth. Few detailed 

in-vivo microbiological studies of root surface caries have been reported, the majority 

being cross-sectional rather than more appropriate longitudinal type. The evidence for 

the involvement of A. viscosus in root surface caries is based on association studies in-

vivo, experimental work with pure cultures in-vitro, and experimental work in 

gnotobiotic rodents. While there is little doubt that Actinomyces spp. predominate in the 

majority of plaque samples taken from root surface lesions, some studies have reported 

that S. mutans and lactobacilli were isolated appeared to have a higher risk of developing 

root surface caries than other sites. Factors such as the role of diet and salivary flow rate 

and constituents have received little or no detailed study in this form of dental decay. 

Therefore, due to the incomplete and often superficial nature of the data available and 
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lack of suitable control samples, it is difficult to be certain if A. viscosus is specifically 

involved in root surface caries or not. This matter will only be resolved when further 

detailed experimental work is carried out. 

Veillonella 

There is some evidence which suggests that Veillonella spp., which are present in 

significant numbers in most supragingival plaque samples, may have protective effect on 

dental caries. Veillonella require lactate for growth but are unable to metabolize normal 

dietary carbohydrates. Thus, they use lactate produced by other microorganisms and 

convert it into a range of weaker and probably less cariogenic organic acids. This 

protective effect has been demonstrated in-vitro and in animal experiments but has not 

been described in humans. However, the mechanism supports the concept of metabolic 

inter-relationships between dissimilar plaque microorganisms although their importance 

in modulating the host-parasite balance in enamel demineralization remains uncertain. 

Non-Specific Plaque Hypothesis 

Although strong evidence exists which suggests that S. mutans and Lactobacillus 

spp. are commonly associated with the initiation and development of caries, other plaque 

bacteria also possess some of the biochemical characteristics thought to be important in 

pathogenecity. Therefore, it seems likely that combinations of bacteria other than S. 

mutans and Lactobacillus spp. may be able to initiate carious lesions. 

Plaque Metabolism 

Saliva is the main source of nutrition for oral microorganisms. The carbohydrate 
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content of saliva is normally low but levels can increase 1000-fold following a meal. In 

order to avoid possible toxic effects and to gain maximum benefit from these high levels 

of carbohydrate, oral bacteria have developed a number of regulatory mechanisms which 

act at three main levels: transport of sugar into the organism, the glycolytic pathway, and 

the conversion of pyruvate into metabolic end-products. The bacterial metabolism of 

carbohydrate is important in the etiology of caries since the end products are responsible 

for enamel demineralization. As a result of the problems associated with the diagnosis of 

early carious lesions, inaccurate sampling of demineralized sites, laboratory difficulties in 

the isolation, identification and enumeration of plaque microflora, subsequent statistical 

analysis of the data, together with other associated factors such as enamel susceptibility, 

diet and salivary characteristics, the precise relationship of bacteria to the initiation of 

caries remains uncertain. 

Management of Dental Caries 

In the past, the general approach in the treatment of dental caries was to remove 

diseased tissue and replace it with an inert restoration. This form of management made 

no attempt to cure the disease and the patient often returned some months later requiring 

further fillings due to new or recurrent caries. The modern philosophy in dental caries 

management highlights the importance of accurate diagnosis, minimal cavity preparation 

techniques, and active prevention. The end result of such measures should be that, with 

the passage of time, less rather than more restorative work will be required by an 

individual patient. 
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Prevention of Dental Caries 

The four most common approaches used in caries prevention are: 

1. To cease between-meal sucrose consumption of carbohydrate or to substitute non-

cariogenic sweeteners, e.g. sorbitol, xylitol, or lycasin. The use of artificial 

sweeteners is based on the premise that they can not be absorbed and metabolized by 

plaque bacteria to produce acid. Two types of sugar substitutes are available: those 

which have a caloric value (nutritive sweeteners), e.g. the sugar alcohols, sorbitol and 

xylitol, and lycasin prepared from corn starch syrup, and the non-nutritive sweeteners, 

e.g. saccharin and aspartame. The majority of oral bacteria can not metabolize the 

nutritive sweeteners (the possible exception being S. mutans and sorbitol), and their 

use appears to induce a degree of remineralization of the enamel 

2. To make the tooth structure less soluble to acid attack by using fluorides. Fluoride 

can be administered systemically and become incorporated into enamel during its 

formation. The best method is via the water supply (lp.p.m.) but if this is not 

possible, tablets or fluoridated milk may be used. Topical application of fluoride can 

also be used, e.g. as a gel which is applied to teeth in specially constructed trays, or in 

fluoridated toothpaste. Fluoride ions replace hydroxyl groups in hydroxyapatite and 

form fluoroapatite which is less soluble in acid. Fluoride also tends to promote 

remineralization of early enamel and dentine carious lesions. 

3. A number of different mechanical cleansing techniques can be used to significantly 

reduce the numbers of supragingival plaque bacteria. Conventional tooth-brushing 
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with a fluoridated toothpaste on its own may not be very successful in reducing the 

incidence of caries, partly because it depends entirely on the motivation and skill of 

the patient. Other aids for plaque removal, e.g. interdental brushes and wood sticks 

and dental floss, may achieve some reduction in interdental caries, but there is not 

good evidence for this. Certainly its is unlikely that mechanical cleansing methods 

will reduce or prevent caries in fissures or pits. A wide range of antimicrobial agents 

have been tried in plaque control but chlorhexidine as a 0.2% mouthwash is by far the 

most effective. Chlorhexidine acts against many Gram-positive and Gram-negative 

oral bacteria by damaging their cell membranes. When used as a mouthwash, the 

antiseptic becomes bound to oral surfaces (especially teeth) and is then slowly 

released into the saliva. This property is unique to chlorhexidine and to a great extent 

explains why it is still the most effective oral antiseptic available. However, due to 

the dual problems of tooth staining and unpleasant taste, chlorhexidine is normally 

used only for short-term therapy. In-vitro experiments have shown evidence that 

fluoride may have an inhibitory effect on plaque microorganisms by a number of 

different mechanisms. Fluoride can do the following: reduce glycolysis, inactivation 

of key metabolic enzymes, interference with bacterial membrane permeability, and 

inhibition of the synthesis of intracellular polysaccharide material. 

4. To reduce, if not eliminate, cariogenic microorganisms so that even in the presence of 

sucrose, acid production will be minimal, e.g. the use of oral hygiene aids, 

antimicrobial agents and possibly immunization. It is well established that 
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immunization using either cell wall associated antigens or glucosyltransferases from 

S. mutatis effective in reducing experimental dental caries in rats and monkeys. 

Glucosyltransferases are a mixture of microbial extracellular enzymes which are 

involved in polymer synthesis from sucrose and thus in plaque accumulation. 

Vaccines using these enzymes appear to be most effective in reducing smooth surface 

caries (especially in rodents). A number of cell wall associated vaccines have been 

tested and all have produced good protection against caries in monkeys. To date, 

vaccination has not been tested on humans, mainly because of fears related to 

possible side-effects which would be unacceptable since caries is not directly life 

threatening. The antibodies which develop after immunization with most S. mutans 

antigens tend to cross-react with the heart tissue. While the significance of this cross-

reaction is unknown, the possibility that heart damage could result must be seriously 

considered. Another problem in instituting a vaccination program is the view that the 

incidence of dental caries is falling in the West and that the disease can be adequately 

controlled using other techniques. As a result of this view, vaccination is deemed 

unnecessary. However, it can be argued that not all Western countries are 

experiencing a decrease in caries rate and that, on a world-wide basis, a vast increase 

in caries may occur, especially in poor countries with little or no organized dental 

services. In this situation, a safe and successful vaccine could be valuable in 

controlling the disease on a population basis. Also, prevention of disease in special 

high-risk groups, e.g. mentally or physically handicapped children, could be 
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achieved. It is entirely clear how the vaccine produces its protective effect, although 

the following mechanisms have been suggested: inhibition of the microbial 

colonization of the enamel by secretory IgA, interference with bacterial metabolism, 

and enhancement of phagocytic activity in the gingival crevice area due to the 

opsonization of S. mutans with IgA or IgG antibodies. However, convincing proof 

that any of these mechanisms prevent the development of dental caries in-vivo is 

lacking. 

5. To use sealants to protect areas of the tooth (e.g. pits and fissures) which are 

susceptible to carious attack but which can not easily be kept plaque free using 

normal oral hygiene procedures. Fissure sealants prevent caries in pits and fissures 

by eliminating stagnation areas and blocking potential routes of infection leading 

deep within the tooth. The most commonly used method is the acid-etch technique 

using an acrylic resin polymerized by either light or a chemical. When sealing is 

complete, the fissures are protected against invasion by oral microorganisms. If a 

fissure containing an early carious lesion is sealed, there is reasonable hope of 

favorable result, since such lesions tend not to progress, probably because the source 

of microbial nutrition has been blocked. If a more extensive lesion is sealed, it is 

likely that if sufficient bacteria have already invaded the dentine, the lesion will not 

be arrested but extend into the pulp. The bacteria will obtain sufficient nutrients from 

the carious dentine. 



CHAPTER 3 

MICROBIOLOGY OF PERIODONTAL DISEASES 

Periodontal disease is the general description applied to the inflammatory 

response of the gingiva and surrounding connective tissue to the bacterial or plaque 

accumulations on the teeth. Periodontal diseases occur in all parts of the world and few 

individuals live out their natural life span without becoming affected. However, in the 

majority of individuals, the common chronic inflammatory diseases that involve the 

gingival and periodontal tissues can be controlled, if not cured, using mechanical 

cleansing techniques and encouraging good oral hygiene. A small but significant number 

of patients experience rapidly progressive disease that requires assessment and treatment 

by periodontologists. 

While there is no doubt that microorganisms play an important role in the etiology 

of most forms of periodontal disease, there is dispute as to whether their involvement is 

of a specific or non-specific nature. At present, clinical and radiological examination are 

unable to diagnose active disease or to which patients are likely to experience severe 

progressive periodontitis. Tissue destruction can be recorded with certainty only in a 

retrospective manner. Therefore, much of the current research in periodontology is 

directed towards developing disease to be identified early and ensure that subsequent 

specialized treatment is effective. 

34 
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Types of Periodontal Disease 

The main types of periodontal disease that are believed to have a microbial 

etiology are Chronic and Acute Gingivitis and Chronic and Acute Periodontitis. There is 

no doubt that dental plaque is an essential component in the etiology of the common 

forms of chronic gingivitis and periodontitis. The evidence for the role of plaque is 

briefly as follows: 

1. World-wide epidemiological studies have shown a strong positive association 

between plaque and the prevalence and severity of periodontal diseases. 

2. Clinical studies in patients with a healthy periodontium have shown that if oral 

hygiene is discontinued, the accumulation of dental plaque which is paralleled by the 

onset of gingivitis occurs. If plaque is then removed and normal oral hygiene is 

reintroduced, the tissues are restored to health. 

3. The topical application of certain antimicrobial agents both inhibit plaque formation 

and prevent the development of gingivitis. 

4. Certain bacteria isolated from human dental plaque are periodontopathic in 

gnotobiotic animals. 

Although there is adequate evidence that plaque microorganisms play an 

important role in periodontal disease, it is not certain if the destruction is due to a non-

specific mixture of microorganisms or if single species or specific complexes of a few 

different species are implicated. Overall, it is likely that the specific and non-specific 

theories represent the two extremes of a complex series of host-parasite interactions, 
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some of which will produce disease while others are conductive to health. 

Chronic Gingivitis 

Chronic gingivitis and chronic periodontitis are destructive inflammatory 

diseases. The lesions of the former are confined to the gingival, while the tissue 

destruction of the latter involves both the connective tissue attachment of the tooth and 

loss of alveolar bone. Gingivitis is common both in adults and children, although early 

periodontitis is rarely seen before late adolescence. It is manifested clinically as bleeding 

of the gingival or gum tissue without evidence of bone loss or deep periodontal pockets. 

Pocketing is the term given to the pathologic loss of tissue between the tooth and the 

gingiva, creating spaces that are filled by dental plaque. 

Information concerning the natural history of periodontal diseases is incomplete. 

Although it is assumed that chronic periodontitis is preceded by chronic gingivitis, this is 

based mainly on clinical experience and cross-sectional surveys, rather than on good 

experimental data which describes the transitional stage from gingival to periodontal 

destruction. The main clinical feature of chronic gingivitis is red, swollen gingiva with 

rounded edges. While bleeding gums and halitosis are common, pain, discomfort, and 

unpleasant taste are not. Clinically recognizable chronic gingivitis is present a week 

later, with shallow gingival pockets which bleed on probing. If plaque is not removed 

and the oral hygiene is not improved, this condition may persist for many years without 

extending into the deeper periodontal tissues. 

The simplest form of gingivitis is associated with the accumulation of 
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supragingival plaque along the gingival margins of the teeth. This form of gingivitis has 

been extensively studied in human volunteers, and the sequence of events is well 

described. In these studies, individuals are brought to a state of health and then refrain 

from all forms of oral hygiene for 3 to 4 week periods. The initial- colonizers of the teeth 

are streptococci, which proliferate and in turn become colonized by other bacteria present 

in saliva, such as various Actinomyces species and Veillonella. The greatest growth of 

the plaque occurs at the gingival margin, where plaque accumulations usually are visible 

after several days. This plaque may, in some instances, provoke a bleeding gingivitis in 

which spirochetes and A. viscosus are prominent members of the plaque flora. If this 

plaque remains undisturbed, the flora gradually shifts toward an anaerobic, Gram-

negative flora that includes black pigmented bacteroides and several types of spirochetes. 

The increase in these anaerobic organisms can be explained by the low oxidation and 

reduction potential of the aged plaque and by nutrients derived from the inflammatory 

exudate at the site. 

The gingivitis may resolve itself or fester subclinically for an undetermined 

period; however, the potential for the formation of a periodontal pocket (periodontitis) 

exists at any time. When pockets are detected clinically, they usually are associated with 

calcified plaque deposits called calculus, which is present on the tooth surfaces. For 

many years, calculus was thought to be the etiological agent of periodontitis, because 

inflammation usually subsides when it was removed and the tooth surfaces were 

mechanically cleaned. However, calculus is always covered by plaque. The subgingival 
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plaque flora associated with periodontitis is dominated by and anaerobic, Gram-negative 

flora in all cases but one, and that is a unique clinical entity formerly known as 

periodontitis, and now as Localized Juvenile Periodontitis (LJP). LJP is an important 

clinical entity because of the understanding it has provided of the complex and dynamic 

interactions between the host and the flora in the pocket ecosystem. 

There is a general agreement that gingivitis is related to the prolonged exposure of 

host tissue to a non-specific mixture of gingival plaque organisms. The precise microbial 

composition of the plaque does not appear to be important and specific pathogens have 

not been identified. However, the onset of inflammation tends to be related to an 

increase in the numbers of anaerobic Gram-negative rods. The biomass of plaque 

appears to be related to the development of gingivitis, with the penetration of the 

crevicular epithelium by extracellular microbial products, leading to gingival 

inflammation. Treatment involves the thorough removal of plaque and calculus deposits, 

and the introduction of good oral hygiene. 

Periodontitis 

Periodontitis occurs when the plaque-induced inflammatory responses in the 

tissue results in actual loss of collagen attachment of the tooth to the bone, to loss of 

bone, and to deep periodontal pockets which, in some cases, can extend the entire length 

of the tooth root Periodontitis is usually graded according to the severity of the tissue 

loss and the number of teeth involved. It is also not as prevalent as once thought A 

recent survey of American adults revealed that only 8% of the population surveyed had 
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one tooth site with attachment loss measuring 6mm or more. This finding was surprising 

given past surveys which indicated that almost everyone would experience advanced 

forms of periodontal disease which show that from 5 to 15% of the population has 

periodontitis. 

The most important new finding concerning periodontal disease is the realization 

that these clinical entities are really specific infections. These infections are unusual in 

that massive or even obvious bacterial invasion of the tissues is rarely encountered. 

Rather, bacteria in the plaque touching the tissue elaborate various compounds, such as 

hydrogen sulfide, ammonia, amines, endotoxins, enzymes (such as collagenases), and 

antigens, all of which penetrate the gingiva and elicit an inflammatory response. This 

inflammatory response, although overwhelmingly protective, appears to be responsible 

for a net loss of periodontal supporting tissue, and leads to periodontal pocket formation, 

loosening of the teeth, and eventual tooth loss. Neutrophils are extremely important in 

this inflammatory response and, if they are absent or compromised, an aggressive form of 

periodontitis is encountered. T4 helper cells play a role in this defense, as witnessed by 

the periodontitis encountered in patients with acquired immune deficiency syndrome. 

Manifestation of Periodontal Disease 

Periodontal disease is usually painless until late in the disease process, when the 

teeth are so loose or mobile that some discomfort may appear upon chewing. Retention 

of food in a pocket site may provoke a sudden burst of microbial growth which could 

result in a painful periodontal abscess. At other times, the anterior teeth may become so 
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loose or flossing, brushing and/or concern over halitosis that brings the patient to the 

dentist A thorough dental examination should find any pockets that may exist. If these 

pockets bleed upon probing, such bleeding is synonymous with tissue inflammation and 

warrants therapeutic intervention. 

Prevention and Treatment of Gingivitis 

Gingivitis can be prevented by good oral hygiene and professional surveillance. 

Gingivitis can be effectively treated by debridement of the teeth, and if needed, by short-

term use of products containing chlorhexidine, stannous fluoride, or other antimicrobial 

agents. Mouthrinses, gels, and toothpastes, when used in conjunction with toothbrushing 

and flossing, are probably adequate to deliver any antimicrobial agents to subgingival 

sites that are l-3mm in depth. At probing depths greater than 3mm, there may not be 

sufficient penetration of the agent to the bottom of the pocket, and infection may persist. 

Subgingival scaling or debridement by a professional is indicated, and additional benefits 

can usually be obtained by the use of irrigating devices containing an antimicrobial agent. 

There is rarely any need to use systemic antimicrobial agents to treat gingivitis 

associated with pocket depths of l-4mm, with the exception of an increasingly rare but 

painful condition known today as Acute Necrotizing Ulcerative Gingivitis (ANUG) and 

formerly known as trench mouth. Cases of ANUG that are refractory to mechanical 

debridement and topical antimicrobial agents respond quickly and dramatically to 

systemic metronidazole. The recognition of metronidazole's efficacy in ANUG led to the 

discovery that metronidazole has bactericidal activity against anaerobes. ANUG is 
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characterized by tissue invasion by spirochetes and possibly other anaerobes and by 

elevated plaque levels of spirochetes. ANUG, thus, resembles periodontitis in being an 

anaerobic infection. 

Prevention and Treatment of Periodontitis 

Clinical dentistry has been about 80-85% successful in treating periodontitis by 

debridement and surgical procedures. However, surgery is labor intensive and therefore 

costly. If the majority of clinical cases of periodontitis represent specific bacterial 

infections, then an alternate treatment strategy would be to diagnose and treat the 

infection. It would seem that the crucial determination for the clinician in his treatment 

plan will be the diagnosis of either a microaerophilic infection, due to Actinobacillus 

actinomycetemcomitans, or an anaerobic infection by the overgrowth of spirochetes and 

other anaerobic species. 

Localized Juvenile Periodontitis 

A.actinomycetemcomitans is sensitive to tetracycline, and early controlled studies 

showed that tetracycline, scaling and root planing, periodontal flap surger, and topical 

treatment with chlorhexidine confirm the usefulness of tetracycline in the treatment of 

LJP. Subsequently it was shown that tetracycline is concentrated in the fluid that seeps 

out of the periodontium into the pocket micro-environment (Linhe et al., 1984). This 

fact, combined with the demonstration that A. actinomycetemcomitans can be found in 

some plaques associated with EOP (Early Onset Periodontitis) and AP (Adult 

Periodontitis), has led to the use of tetracycline in those clinical entities. Results have 
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been equivocal, but this has not detracted from the popularity of tetracycline as a 

treatment for periodontitis. 

Early Onset Periodontitis and Adult Periodontitis 

Most bacteriological studies implicate anaerobes as the etiologic agents of EOP 

and AP, and this would point to the use of drug such as metronidazole. However, early 

animal studies that employed lifetime feeding of extremely high dosages of 

metronidazole suggested that the drug might be tumorigenic. These studies have not yet 

been confirmed and, indeed, in 1981 the FDA approved metronidazole for treatment of 

anaerobic infections. In dentistry, this concern has caused a reluctance to use 

metronidazole, but has also allowed time for well-controlled clinical trials of 

metronidazole. 

These data from the double-blind metronidazole studies indicate that EOP and AP 

respond to treatment as if they were anaerobic infections and would seem to presage the 

more frequent usage of anti-anaerobic agents, such as metronidazole, in the future 

treatment of periodontal disease. Further development of delivery systems that release 

antimicrobials directly into the periodontal pocket should assure that in the future, most 

periodontal infections will be medically managed. 

New Research in Periodontal Disease 

Thirty million Americans are believed to suffer from cardiovascular disorders, including 

hypertension, angina pectoris, stroke, congestive heart failure, or valvular heart disease 

have undergone by-pass surgery or angioplasty, or are under anticoagulant therapy. This 
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means that one in every nine patients seen in the dental office has a cardiac complication 

and that each day at least one patient has a cardiovascular condition that may impact the 

type and or intensity of dental care they can receive. 

New research indicates that periodontal disease may have a significant effect on 

the cardiovascular system. Loesche of the University of Michigan wrote in the 

Compendium of Continuing Education of Dentistry, August 1994: "Many individuals 

with cardiovascular disease are to be edentulous" (Loesch, 1994). A Finnish group has 

provided evidence that after conventional risk factors for stroke and heart attacks have 

been accounted for, there still remains a significant relationship between dental disease 

and cardiovascular disease. A preliminary analysis of Loesch's investigation of the 

interrelationship of medical and dental health shows that individuals who are edentulous 

or are missing many teeth have a high prevalence of coronary heart disease and stroke. 

A corollary study of 9,760 patients given a standard dental examination between 

1971 and 1974 and follow-up examinations between 1980 and 1987 confirmed the 

conclusions of the Finnish studies linking coronary artery disease and periodontal 

disease. The relationship between periodontal disease and coronary heart disease was 

most evident in men aged 25 to 49 years (Loesch, 1994). After all the known risk factors 

such as smoking and serum cholesterol levels were accounted for, periodontitis was still 

significantly associated with coronary heart disease. 

These findings are stunning because we normally do not think of dental disease as 

affecting the rest of the body, except when there are acute abscesses. But the teeth, as the 
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only non-renewable surface in the body, harbor numbers of bacteria. Bacteria and 

bacterial by-products constantly irritate the periodontal tissues to the extent that some 

degree of inflammation is considered normal. 

Topical Application of Antimicrobial Agents in 

The Treatment of Periodontal Disease 

Topical application of antimicrobial agents can be a valuable adjunct to the 

conventional treatment of periodontal disease. While mouth-washes used alone do not 

significantly penetrate subgingivally, some have a beneficial effect in the control of 

gingivitis. When delivered subgingivally with an oral irrigating device, however, 

mouthrinses may be helpful in fighting periodontal disease by attacking established 

subgingival periodontopathic microorganisms. A number of chemical agents have been 

evaluated over the years to determine their antimicrobial effects in the oral cavity and the 

impact of these effects on oral health. 

Chlorhexidine 

Of all the chemical agents, chlorhexidine has proven to be the most effective 

agent for the reduction of both plaque and gingivitis. Short-term studies have reported 

and gingivitis reductions averaging 60%. There long-term studies in over 700 patients 

showed reductions in plaque averaging 55% and reductions in gingivitis averaging 45% 

(Devore, 1990). 

Chlorhexidine's action is related to a reduction in pellicle formation, alteration of 

bacterial absorption and/or attachment to teeth, and an alteration of the bacterial cell wall 
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causing lysis to occur. Chlorhexidine has a high degree of substantivity. It has a 

property which permits it to adhere to tissues and remain there for a long time, thus 

making it very effective in fighting bacteria. It is sold in the United States by 

prescription in a 0.12% concentration in the mouthrinses Peridex and PerioGard, and is 

accepted by the American Dental Association and the Food and Drug Administration for 

control of plaque and gingivitis. Some manufacturers also distribute it as part of their 

ultrasonic and irrigation delivery systems. 

Numerous studies of the product suggesting chlorhexidine is effective against the 

bacteria which cause gingivitis. Perhaps the most significant series of studies of 

chlorhexidine showed that chlorhexidine, when used in an irrigating device 

supragingivally at half the strength of Peridex (0.06%), is more effective than it is when 

used at twice the strength in a rinse. These studies show significantly greater reductions 

in plaque and gingivitis when compared to the use of water as an irrigant or to rinsing 

with a 0.12% chlorhexidine. In addition, use of a lower concentration of chlorhexidine 

reduces the possibility and severity of adverse side effects. 

The recommended use of chlrohexidine is twice daily. It should not be used 

within 30-60 minutes of using toothpaste since most contain sodium laural sulphate, 

which can deactivate chlorhexidine. Stannous fluoride products should always be used 

after chlorhexidine since the stannous ion and chlorhexidine both compete for and occupy 

the same site on the tooth. Some patients have reported some slight adverse side effects 

which include staining of teeth, reversible desquamation in young children, alteration of 
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taste, and an increase in supragingival calcified deposits. Long-term and microbiological 

studies do not demonstrate the development of resistant strains. Enteric rods, however, 

are not normally affected by chlorhexidine. 

A Study of Chlorhexidine Chewing Gum 

The objective of this study was to compare dental plaque formation following the 

use of chlorhexidine acetate, xylitol and sorbitol containing, chewing gum The 

volunteer subjects for this study were healthy with good oral hygiene. They refrained 

from mechanical oral hygiene for six days. Each of them received a thorough cleaning to 

get a zero plaque score prior to the start of each trial of the three chewing gums. Each of 

the three chewing gums were randomly assigned and used following the morning, noon, 

and evening meals. The gums were not labeled but contained either 5.0mg chlorhexidine 

acetate pa- piece, 0.8g xylitol per piece, or l.Og sorbitol per piece. Each piece of gum 

was chewed for 20 minutes equaling one hour of exposure per day. Each subject waited 

seven days between trial periods. This short-term study looked at the formation of plaque 

in subjects who used three different chewing gums and abstained from mechanical oral 

hygiene. The result of this study support the findings of the other short-term studies 

suggesting that the regular use of a chewing gum containing chlorhexidine may be useful 

to control dental plaque formation (Tellefsen, 1996). However, this study does not 

support the findings of other studies using xylitol and sorbitol It should be noted that a 

no-treatment control may explain the difference. Replacing mechanical hygiene with 

equal or more effective chewing gum products is appealing from a convenience and 
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compliance perspective. 

Supragingival and Subgingival Irrigation 

Dental irrigators were popular in the 1960's. However, they began losing their 

popularity when they failed to remove disclosed attached plaque. Since a water irrigation 

device alone will not remove or kill plaque, for many years they fell into disuse. 

In the 1970's, it was recognized that specific microorganisms were associated 

with, and might cause, different forms of periodontal disease. In addition, it became 

known that many suspected pathogens reside in the unattached or loose plaque. Harmful 

bacterial by-products are also located between the plaque and the crevicular unattached or 

loose plaque, and between the plaque and the crevicular epithelium. Subgingival 

irrigation offers an opportunity to get an antimicrobial agent to the plaque. 

In the 1980's, dental irrigators had a resurgence of popularity when it was 

suggested that irrigation might have the ability to disrupt these subgingival areas of 

unattached plaque. Suddenly, the oral irrigator was seen not simply as an oral irrigator, 

but as a modality to deliver an antibacterial and antiseptic agent. Studies have shown that 

when patients place the tip of the irrigating device into the pocket, the chemical agent can 

be delivered into half the depth of the pocket When irrigated subgingivally, one 

commercially available mouthrinse showed a decreased bleeding index and reduction of 

motile rods when compared to a hydroalcohol solution. 

When irrigated subgingivally with stronger antimicrobial agents like 

chlorhexidine, periodontal pockets have shown an even greater reduction of bleeding 
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index and reduction of motile rods (Shiloah, 1993). A solution of 0.06% chlorhexidine 

used daily over three months in a dental irrigator has been shown to significantly reduce 

the microflora and improve gingival health (gingival index bleeding, bleeding on 

probing, plaque and pocket depth) when compared to irrigating with water alone. 

Short-term (six weeks) studies of combining subgingival antimicrobial irrigation 

at the time of professional prophylaxis have been shown to significantly reduce the 

population of spirochetes, motile rods, and coccoid cells. Several studies indicate that 

antimicrobial therapy at the time of prophylaxis can alter the subgingival flora over that 

achieved by prophylaxis alone. 

A Study on Gingival Irrigation 

A study was conducted to evaluate the effectiveness of gingival irrigation and 

rinsing with an antiseptic mouth-rinse prior to scaling inflamed tissue in patients who are 

at risk of developing endocarditis (Fine et al. 1996). 

The results showed that the aerobic and anaerobic colony counts were measured 

for the test quadrants and the control quadrants. The use of pre-procedural irrigation and 

rinsing with an antiseptic mouth-rinse was shown to be effective in significantly reducing 

the number of aerobic and anaerobic bacteria following scaling. The American Heart 

Association recommends pre-procedural irrigation with an antiseptic agent as an adjunct 

to systemic antibiotic prophylaxis in patients at risk of developing bacterial endocarditis. 

Fluorides 

Fluorides are reported to have some anti-plaque properties. Studies show the only 
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fluoride which produces antimicrobial results is stannous fluoride. Use once or twice 

daily favors compliance. Stannous fluoride's antimicrobial mechanism of action appears 

to be related to an alteration of bacterial aggregation and metabolism. Stannous fluoride 

has moderate substantivity, the antibacterial activity may be related to the stannous ion, 

and a 0.4% concentration may be the most effective. Some toothpaste manufacturers are 

currently considering release of a stabilized form of stannous fluoride in a 0.45% 

concentration in a toothpaste called Crest Gum Care. Studies report a reduction in 

gingivitis and bleeding over a seven-month period and a reduction in plaque of about 

25%. 

Essential Oils 

The only agent in this category is Listerine, a mixture of the essential oils, thymol, 

menthol, eucalyptol, and methylsalicylate. Studies have shown plaque and gingivitis 

reductions averaging as much as 35%. The mechanism of action appears to be related to 

alteration of the bacterial cell wall. This product is uncharged and has a low 

substantivity. 

Pre-Brushing Rinse 

The only agent in this category is Plax. A number of investigations have not been 

able to reproduce plaque reduction results reported in manufacturer supported studies. 

These studies demonstrated no effect on plaque reduction when compared to a placebo 

used in a similar manner. 
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Quaternary Ammonium Compounds 

Quaternary ammonium compounds have been evaluated in a number of short-

term studies that report an average plaque reduction of 35% and mixed effects on 

gingival health. Cepacol and Scope are two well-known representatives of this group 

with concentrations of 0.05% and 0.045% cetylpyridinium chloride (CPC), respectively. 

The mechanism of action is related to increased bacterial cell wall permeability that 

favors lysis, decreased cell metabolism, and a decreased ability of bacteria to attach to 

tooth surfaces. 

Triclosan 

Triclosan is a non-ionic germicide with low toxicity and a broad antimicrobial 

spectrum Triclosan has been incorporated into dentifrices in concentrations between 

0.2% and 0.3% and marketed worldwide by a number of manufacturers in combination 

with either zinc citrate, a pyrophosphate, or Gantrez. Studies of six months or longer 

show that these dentifrices significantly reduce plaque and gingivitis. These dentifrices 

are not currently available in the United States. 

A Study Comparing Chlorhexidine, Cetylpyridinium Chloride, 

Triclosan, And C31G Mouth-rinse 

The objective of this study was to screen three mouth-rinse products that promise 

plaque inhibition. Chlorhexidine 0.12% was the positive control, and saline was the 

placebo. The mouth-rinses studied were: 0.5% cetylpyridinium chloride (CPC), 0.03% 

triclosan, and C32G (aldyl dimethyl betamine dimethyl alkylamine oxide, sodium 
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fluoride) (Renton-Harper et al., 1996). 

The result showed that the decreasing order of effectiveness was chlorhexidine, 

CPC, triclosan, C31G, and saline. Therefore, CPC, triclosan, and C31G provided 

intermediate plaque inhibitory results between the positive and negative controls. CPC 

and triclosan produced similar results and were more inhibitory than C31G. 

Assessing Antimicrobial Agents and Their Delivery Systems 

In order to assess any antimicrobial agent and its delivery system, the following 

requirements must be considered: the agent must be effective (in the laboratory) against 

the target pathogen(s), the agent must reach the site of the infection in an effective 

concentration, the agent must remain at the site long enough to be effective. Local 

delivery of antimicrobial agents has different effects, depending upon the agent used and 

the disease treated. While no one has studied their long-term effects on periodontitis, 

short-term studies show there may be a significant effect. Despite the increasing 

popularity and potential effectiveness of some of these antimicrobial agents, the 

instrumentation of periodontal pockets remains the most productive method of reducing 

bacterial accumulation subgingivally. The clinician's role in the treatment of periodontal 

diseases has and will continue to change. Periodontal disease has been effectively treated 

in the past. The future holds even more promise. 

Pregnancy and Periodontal Disease 

Although it may seem improbable, a possible link between infection in the gums 

of pregnant women and a more than sevenfold increase in premature delivery of low birth 
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weight babies has been revealed in a research study conducted by Dr. Steven Offenbacher 

at the University of North Carolina at Chapel Hill. The study suggests that untreated 

periodontal disease may account for a large share of premature births for which no other 

explanation can be found. 

Low birth weight is a major public health problem in the United States, 

contributing substantially to infant mortality and childhood handicaps. Today in the 

United States, 10% of newborns are tamed as being low birth weight (less than 5 pounds 

8ounces), and these infants account for five million neonatal intensive care unit days per 

year, at an annual cost of more than $5 billion (Health, 1982). 

This new study explains how periodontal disease might interfere with the 

development of an unborn child and leads to premature labor. Rather than directly 

attacking the fetus, the periodontal pathogens appear to retard fetal growth by releasing 

toxins into the bloodstream that reach the placenta and interfere with fetal development. 

The periodontal disease also stimulates the production of inflammatory chemicals that are 

similar to those used to induce abortion, which can cause the cervix to dilate and set off 

uterine contractions. 

Dr. Offenbacher assessed the extent of periodontal disease in 93 women who had 

delivered premature babies of low birth weight and comparable group of 21 women who 

gave birth to infants of normal weight. Without the outcome of the women's 

pregnancies, periodontists examined six sites per tooth in each woman's mouth to 

determine the extent of periodontal damage. 
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The women who had delivered premature, low birth weight babies were found to 

have significantly worse periodontal disease than those whose babies were born at term at 

normal weight. The study concluded that after taking other possible causes of 

prematurity into account, the risk of having a premature baby of low birth weight was at 

least 7.5 times as high for women with severe periodontal disease as it was for women 

with lesser degrees of periodontal infection (Offenbacher, 1996). 

Periodontal disease can often be prevented by good oral hygiene techniques and 

regular, thorough cleaning of the teeth by dentist, dental hygienist, and periodontist. If 

the periodontal disease is already established, then more extensive periodontal therapy is 

required to arrest and stop its progression. Pregnant women and their obstetrician should 

be aware of these findings and should be concerned about periodontal infection as they 

would any other infection that can be detrimental to the health of mother and baby. A 

prenatal check with your dentist or periodontist is highly recommended along with other 

regular prenatal care (Gortmarker, 1978). Avoid smoking, alcohol, and other illicit drugs 

or any prescription or over-the-counter drugs that were not prescribed by a doctor who is 

aware of the pregnancy. Eat a good diet and gain enough weight is highly recommended. 



CHAPTER 4 

DENTOALVEOLAR INFECTIONS 

Pus-producing or pyogenic infections which are associated with a tooth and 

surrounding supporting structures, such as the periodontal membrane, cementum and 

alveolar bone, have been described using a number of terms such as periapical abscess, 

apical abscess, chronic periapical dental infection, dental pyogenic infection, periapical 

periodontitis, and dentoalveolar abscess. The clinical presentation is variable and is 

related to the interaction of a number of factors such as the virulence of the causative 

microorganisms, the state of the local and systemic defense mechanisms of the host, and 

a number of anatomical features. Depending on how these factors interact, the resulting 

infection may present itself as an abscess localized to the tooth which initiated the 

infection, as a diffuse cellulitis which spreads along facial planes, or a mixture of both. 

The primary source of microoganisms in these infections is either from the apex of a 

necrotic tooth or from periodontal pockets. Usually the source of infection in the 

periapical region is from dental caries via the pulp chamber and root canal. 

Etiology of Dentoalveolar Abscesses 

Microorganisms present in the initial carious lesion extend into dentine and 

spread to the pulp via the dentinal tubules. The pulp responds to infection in a number of 
» 

ways, varying from rapid acute inflammation involving the whole pulp which quickly 
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becomes necrosed, to the development of a chronic localized abscess with most of the 

pulp remaining viable. It is not clear why these different responses occur but it is 

probably due to a combination of a number of factors, such as variation in the toxicity of 

different bacterial species, as well as in the specific and non-specific defense mechanisms 

of the host. Microorganisms may enter the pulp by routes other than through a carious 

lesion, e.g. invasion may occur as a result of tooth fracture or as a result of a traumatic 

exposure during dental treatment. Pulp death may occur as a result of trauma without 

fracture or by chemicals used incorrectly during restorative treatment. In these examples, 

the dead pulp tissue is sterile but may subsequently become infected via the gingival 

lymphatics or as a sequel to a bacterameia caused, for example, by tooth extraction at a 

different site. 

Infection and death of the pulp results in the pulp chamber and root canal 

becoming colonized by microorganisms. These microorgansims have a potential to 

produce a wide range of irritant substances, for example, enzymes, acids and toxins. 

Bacterial and their irritant products may leak from the root canal into the periapical 

tissues and stimulate an acute inflammatory response. As in the case of the dental pulp, 

the periapical tissues may react to infection in a number of ways depending on the 

virulence of the microorganisms involved and the efficiency of the host specific and non-

specific defense mechanisms. However, the precise reasons why an acute abscess 

develops during periapical infection in some individuals but not others remains unclear. 
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Spread of Infection 

Pus, once formed, may remain localized at the root apex with the formation of a 

chronic abscess that can develop into a focal osteomyelitis, or may spread by various 

routes. Pus may spread through the cortical bone of the jaws into the superficial soft 

tissues or, more rarely, into the adjacent facial spaces. Once in the soft tissues, the pus 

may localize as a soft tissue abscess by spreading through the overlying oral mucosa or 

skin producing a sinus linking the main abscess cavity with mouth or skin, or extend 

through the soft tissue to produce a cellulitis. When dentoalveolar infection spreads 

deeply into soft tissues it tends to follow the path of least resistance, Le. through 

connective tissue and along facial planes. Extension of infection into deep facial spaces 

is determined by the relation of the original abscess to the anatomy of the adjacent 

tissues. Infection via facial planes often spreads rapidly and for some distance from the 

original abscess site and occasionally may cause severe respiratory distress, due to 

occlusion of the airway by edema. Finally, pus may spread into the deeper medullary 

spaces of alveolar bone, producing a spreading osteomyelitis. 

Clinical Presentation 

The presenting features of acute dental alveolar abscesses are very variable 

depending on the site of infection, the degree and mode of spread, the virulence of the 

causative microorganisms, and the efficiency of the host defense mechanisms. Usually, a 

mixture of some or all of the following features are present: a non-viable tooth with or 

without a carious lesion, a large restoration, evidence of trauma, swelling, pain, redness, 
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local lymph node enlargement, sinus formation, and raised temperature and malaise due 

to toxemias. 

Microorganisms Involved 

Generally the microflora associated with pulp and dento-alveolar infections are 

similar but different to that present in carious dentine. Since carious dentine is believed 

to be the main source of bacteria that infect necrotic pulp tissue, it is surprising that such 

difference occur. One likely explanation is that over a period of time, complex 

interactions occur between the different species that enter the pulp via carious dentine. 

Perhaps with time, the environment of the necrotic pulp may favor the very small 

numbers of strictly anaerobic bacteria derived from dentine and thus allow them 

subsequently to proliferate and predominate. 

A microbiological investigation on a non-contaminated sample of pus from a 

dentoalveolar infection may yield a single isolate, a mixture of two to three different 

bacterial species, or a complex mixture of microorganisms involving perhaps eight 

different species. A single isolate is unusual and a mixture of three to four different 

species much more common. Many earlier reports dealing with the microbiology of 

dentoalveolar abscesses have undoubtedly underestimated the incidence of strictly 

anaerobic bacteria, probably due to a combination of inadequate sampling and 

transportation to the laboratory, together with poor laboratory technique. Well-controlled 

studies have shown that strict anaerobes are usually the predominant organisms and that 

S. viridans is less common than one would assume from many reports. While almost 
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every member of the oral flora has been isolated from dentoalveolar infection at one time 

or another, there is little doubt that some bacterial species are more common than others. 

It is clear that strict anaerobes predominate in the non-specific abscesses, although 

facultative bacteria, e.g. 5. milleri are also found both in pure and mixed culture. 

There is little information concerning the in-vivo pathogenic potential of the 

bacteria commonly isolated from dental abscesses and therefore, until proven otherwise, 

all isolates should be regarded as equally important. Of course, this is unlikely to be true 

and there is good evidence that some strictly anaerobic bacteria, especially Bacteriodes 

gingivalis, endodontalis, and Fusobacterium spp. are more likely to cause severe 

infection than other bacterial species. There are a number of examples in medical 

microbiology where mixtures of strict anaerobes and aerobes or facultative bacteria are 

more pathogenic than either species alone. Such synergistic microbial interactions are 

likely to be important in the severity of dentoalveolar abscesses. 

Treatment and Pathogenesis of Pulp and Periapical Infections 

The clinical presentation and severity of these infections are related to the way in 

which the host defenses interact with the infectious agents present in the pulp cavity. An 

overall scheme of the stages involved in the spread of microorganisms from the pulp into 

the periapical tissues. Once bacteria gain access and proliferate in the pulp, it is unusual 

for the host defenses to completely eliminate them. As a result, healing of infected pulp 

tissue is uncommon. The time necessary for complete necrosis of the pulp to take place 

is very variable. Localized chronic infection may be present for many months or even 
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years before the pulp dies. During this process, the pulp may become sterile, especially if 

the carious cavity has been restored and the apical foramen occluded by calcified tissue. 

Usually variable microorganisms can be isolated from necrotic pulp tissue and they may 

either remain localized in the root canal or spread into the periapical tissues via the apical 

foramen or lateral root canals. It is not entirely clear if periapical granulomas develop in 

response to the presence of viable bacteria in the periapical tissues or if they form as a 

reaction to sterile, toxic products leaking from necrotic pulp tissue via the periapical 

foramen. However, recent studies suggest that the majority of granulomas contain 

relatively small numbers of bacteria which appear to be located within small areas of 

necrosis randomly scattered throughout the lesion. Little is known about the role, if any, 

of microorganisms in the development of periapical cysts. Dental cysts without any 

obvious pathway to the oral environment can become infected and it is possible that, in 

these cases, bacteria within the cyst itself proliferate due to alteration in the host-parasite 

relationship. 

Role of Microbiology in Endodontics 

It is generally accepted that the role of endodontic therapy is to render the root 

canal and periapical tissue sterile and thus ensure the success of subsequent root canal 

filling. At first sight, sterility testing is most attractive since it encourages a meticulous 

clinical technique and assists the clinician in deciding when the root should be filled. 

Thus, even if one bacterial cell is present within a root canal then the canal cannot be 

termed sterile. Furthermore, there is good evidence that the presence of small numbers of 
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bacteria in root canal is compatible with clinical success. This is not surprising since it is 

very unlikely that a few bacteria sealed within a well-prepared and filled root canal will 

be able to proliferate, release toxic products, or spread into the adjacent tissue. 

Therefore, for a number of reasons the case for routinely culturing samples from root 

canals is poor. 

Treatment 

The most important part of endodontic therapy is the use of aseptic technique to 

remove mechanically vital, non-vital, or infected tissues, and to prepare the canal so that 

complete root canal filling can be subsequently performed. In the past, antimicrobial 

agents were commonly used as an adjunct to endodontic therapy but in recent times their 

use has declined and some clinicians believe that they should be used only in the 

management of cases complicated by severe or persistent infections. Antimicrobial 

agents can be used in three main ways: as irrigants to wash out canals during mechanical 

cleansing procedures, as topical agents sealed in the root canal for a few days to kill 

microorganisms inaccessible to mechanical therapy, and as systemic agents to destroy 

microorganisms within the periapical tissues. Many of the topical agents used are 

volatile and it has been suggested that in vapor form they can penetrate into the periapical 

tissues and destroy microorganism. This appears unlikely and antibiotics should be used 

if the clinician is attempting to control infection which he believes to be in the periapical 

tissues. A wide range of antimicrobial agents have been used in endodontic therapy over 

the years. A few of the common agents are as follows: 
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litigants Topical Agents Systemic Drugs 

1. Sodium hypochloride 1. Beechwood creosote 1. Penicillin 

2. Hydrogen peroxide 2. Formocresol 2. Amoxycillin 

3. Iodine compounds 3. Paraformaldehyde 3. Metronidazole 

4. Normal saline 4. Noxythiolin 4. Erythromycin 

From a microbiological point of view, there seems little sense in using antiseptics 

routinely, either as irrigants or as topical medication, unless there is some evidence that 

infection is or is likely to become a problem. Many antiseptics are inactivated by blood 

and serum and may therefore fail to exert any lasting effect on the microflora either 

within the canal or periapical tissues. Furthermore, many medications are toxic to host 

tissues and if they pass from the root canal into the periapex, they are likely to damage 

and whether or not nerves are affected. The patient may experience pain or loss of 

sensation. There is a strong case for discontinuing the use of most medications, 

especially those containing paraformaldehyde. On balance, it is likely that the tissue 

damage which can result from the use of disinfectants in endodontics far outweighs their 

mild antimicrobial activity when used in-vivo. Therefore, whenever possible, substances 

with low or zero toxicity should be used as a root canal irrigant, e.g. sterile normal saline. 

It is difficult to give definitive guidance on the use of antimicrobial agents in 

endodontics since much depends on the experience and skill of the operator. Antibiotics 

should be prescribed in the management of periapical infections, certainly in the acute 

phase, and arguably in chronic but persistent infections which cannot be controlled by 
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any other means. 

Treatment of a dento-alveolar abscess is based on drainage of pus, removal of the 

source of infection and treatment with antibiotics. The specific treatment in any given 

individual will vary, depending on the clinical presentation of the lesion and the general 

health of the patient. If the abscess is localized within bone in the periapical area, 

drainage is accomplished by extraction of the tooth. If the tooth is to be retained, 

drainage should be established through the pulp chamber. Antibiotic therapy is probably 

not required for the majority of localized abscesses, although it may be necessary when 

root canal therapy is planned. If the abscess has spread to the superficial soft tissues of 

the mouth or face, antibiotic therapy should be included in patient management. The 

results of a number of microbiological studies suggest that a conventional five day course 

of penicillin-V (250mg) or short-course, high-dose amoxycillin (two 3g sachets of 

amoxycillin) are suitable in the management of most abscess. However, when penicillin 

therapy is not appropriate, e.g. in hypersensitive patients, erythromycin (250mg every six 

hours for five days) or metronidazole (200mg every eight hours for five days) should be 

used. The use of clindamycin has been advocated for abscesses but its use should be 

limited to specific, severe infections, due to the well-defined relationship of clindamycin 

therapy with antibiotic-associated colitis. 



CHAPTER 5 

MICROBIOLOGICAL TESTING 

PRESENT AND FUTURE 

Enumeration and identification of the microflora of the periodontal pocket have 

been an important part of research for many decades. It is speculated as many as 300 

distinct bacterial species can inhabit the periodontal pocket. Many of these have not been 

identified. With this vast number of organisms, there is a great potential for complex 

interactions of the microbes with the host to cause periodontal diseases. 

Current concepts of periodontal pathogenesis focus on a specific plaque 

hypothesis. This hypothesis states that the periodontal diseases are a group of specific 

infections each associated with different and specific groups of microorganisms. Bacteria 

that have been strongly associated with periodontal diseases included A. 

actinomycetemcomitans, associated with juvenile periodontitis. Other bacteria associated 

with the periodontal diseases include Bactericides forsythus, Campylobacter rectus, 

Fusobacterium nucleatwn, Eubacterium spp., and spirochetes. The identification of these 

organisms can sometimes aid in diagnosis, selection of antibiotics, determining the 

endpoint of treatment, and adjusting maintenance schedules. Indications for the use of 

microbial testing include: 

63 



64 

1. Patients with advanced attachment loss and bone loss before the age of 25 (juvenile 

periodontitis or prepubertal periodontitis). 

2. Patients, usually age 25-35, with rapid destruction of attachment and bone in a 

relatively short period of time (rapidly progressive periodontitis). 

3. Patients who continue to lose attachment despite adequate treatment (refractory 

periodontitis). 

Available Tests 

1. Darkfield And Phase Contrast Microscopy 

Darkfield microscopy illuminates bacteria present in a sample while maintaining a 

dark background in areas where no microbes are present. Phase contrast microscopy uses 

light waves passing through the cells to illuminate the bacteria. In each of these tests, a 

plaque sample is examined for shape and motility. Bacteria associated with health, such 

as non-motile cocci, and bacteria associated with disease, such as spirochetes and motile 

rods, can be detected. Shifts in bacteria from a non-motile flora to a motile flora can be 

also detected, suggesting a change from health to disease. Experience suggests that 

>20% spirochetes in any plate sample permits the diagnosis of an anaerobic infection. 

The disadvantage of these tests is that individual bacterial species can not be discerned 

unless one uses an immunologic staining reagent specific for the organism in question. 

Such immunodiagnostic reagents have been used to detect and quantitate the levels of P. 

gingivalis, P. intermedia, P. denticola, and A. actinorrtycetemcomitans in the plaque. 
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2. Bacterial Culture And Sensitivity 

Plaque samples are collected, dispersed, and placed on different growth media 

under either aerobic or anaerobic conditions. This test can determine the widest range of 

species and relative proportions for bacterial present in the plaque sample. The 

sensitivity of non-selective culture is 10,000-100,000 organisms for selected bacterial and 

1,000 for selective culture. Antibiotic sensitivity and resistance can also be determined 

which can aid in selection of appropriate chemotherapeutic agents. These tests can be 

very expensive and time consuming, and they can not detect nonviable bacteria. 

3. Immunoassays And DNA Probes 

These tests are targeted to specific bacterial species, the immunoassays use 

antibodies to detect antigens on target bacteria. The labels can then be detected and 

presence of bacteria confirmed. These methods are rapid, relatively inexpensive, and 

they can detect nonviable species. The sensitivity for immunoassays is 1,000 organisms 

and for the DNA probes is 100 organisms (Wolff, 1992). Disadvantages of these tests 

include possible cross reactivity between similar species and inability to determine 

antibiotic sensitivity or resistance. 

4. Polymerase Chain Reaction 

The polymerase chain reaction has the highest sensitivity of any assay. The test 

can detect as little as 10 organisms in a plaque sample. It is a rapid test and can detect 

nonviable species. In this test, two DNA primers are added to a solution containing 

double-stranded DNA from the patient's plaque sample. The mixture is heated to 90-95 
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°C and denatured into single DNA stands. The mixture is then cooled to 40-60 °C, and 

the DNA primers hybridize to specific localizations on the patient's single-stranded 

DNA. The temperature is then increased to 70-75 °C to allow extension of the DNA 

primers to make a complete DNA strand. The temperature is then increased to 90-95 °C, 

and the entire process is repeated to obtain multiple copies of the targeted DNA segment. 

Once sufficient copies are made, a less sensitive test, such as DNA probes, can be used to 

identify the pathogen (Preus, 1993). 

Current and Future Commercial Tests 

1. Evalusite 

(available in Europe and Canada) 

This chair-side immunoassay detects A. actinomycetemcomitans, P. gingivalis and 

intermedia by complexing antibody to specific antigens on these bacteria. The plaque 

sample is mixed with a detergent and placed on a membrane with antibodies to the 

targeted bacteria. When the antibody-antigen complex forms, a colored enzyme substrate 

is added to the mixture. A positive test will form a blue dot on the reagent pad. This test 

takes about 10 minutes (Snyder, 1994). 

2. Omnigene 

(Omnigene Laboratory Services, Cambridge MA, currently available) 

This DNA probe tests for A. actinomycetemcomitans, P. gingivalis and 

intermedia, and a few other organisms. Non-viable organisms can be detected. Results 

are given as negative of low, moderate, or high presence of the targeted bacteria. 
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3. MicroProbe 

(under development) 

This DNA probe system can be completed in the dental office in one hour. 

Oligonucleotide-coated beads specific for A. actinomycetemcomitans, P. gingivalis and 

intermedia are contained on a small plastic card. The patient's plaque sample is 

dispersed and the DNA is extracted with reagents contained in the kit. The card with the 

beads is moved through the solutions of the kit, and a positive test results when the while 

bead changes to blue. This reaction is precipitated by the antigen-antibody complex 

formation of the targeted bacteria. 

4. PerioScan (BANA Test) 

(Qral-B Laboratories, Edwood City CA, currently available) 

N-benzoyl-DL-arginine-2-napthylamide (BANA) is a colorless substrate that is 

degraded by trypsin-like enzymes produced by B.forsytkus, P. gingivalis, and 

Treponema denticola (Loesch, 1993). A blue-black color on a reagent card will form if 

the patient's plaque sample contains one or more of these organisms. The test can be 

done chair-side, takes 15 minutes, and is relatively inexpensive. The BANA test can not 

detect nonviable organisms, and it detects groups of bacteria, not individual species. 

5. PST 

(Medical Science Systems, Inc., San Antonio, TX) 

This is the only test to reveal a specific genetic marker that identifies individuals 

at high risk for severe periodontitis. A sample of the individual's DNA is collected from 
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a finger stick blood sample in a dentist's office. The sample is then sent to Medical 

Science Systems and analyzed in a licensed genetic laboratory using advanced 

technology to determine if the individual is genotype-negative. The evidence supports 

that when genotype-positive individuals are bacterially challenged, they are at least six 

times more likely to develop severe generalized periodontitis. They may, therefore, need 

to be managed even more aggressively to keep plaque under control. 

Conclusion 

Patients with refractory periodontitis, the early onset periodontal diseases, and 

patients in supportive periodontal therapy could benefit from microbiological testing to 

monitor treatment effectiveness in eliminating the infection. Research also indicates that 

infection with specific bacteria in the periodontal pocket may increase a patient's risk of 

attachment loss. The role of these tests in periodontal therapy is to help the clinician 

diagnose the specific periodontal disease process, select appropriate antibiotics if 

necessary, sequence treatment (eliminate infection before extensive restorative 

treatment), single out those individuals who are more susceptible to periodontal disease, 

and determine the effectiveness of periodontal therapy in eliminating the infection and 

preventing it. 

Today, clinical parameters such as attachment loss, probing depth, and 

radiographic bone loss, give information on past disease but not future attachment loss. 

In the future, microbiological testing may determine active disease and predict future 

attachment loss, ultimately improving treatment prognosis. 
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Another Kissing Disease 

New research findings have definitely proven that periodontal disease is 

contagious. According to a 1995 study at Finland's University of Helsinki, bacteria 

passed back and forth during kissing can spread periodontal pathogens from one mouth to 

the next (Von Troil-Linden, 1995). Sharing food and using the same utensils are another 

possible way of transferring bacteria. 

Periodontal pathogens inhabit the mouth. These bacteria thrive in inflamed 

periodontal pockets but can also reside on the tongue, mucosal surfaces and in saliva. 

Most humans with periodontitis harbor the same genetic clones of periodontal pathogens 

both in saliva and in deep periodontal pockets, which suggests that periodontal pathogens 

spread from the diseased periodontal pockets to the saliva. The frequency of exposure to 

infectious saliva and the recipient's susceptibility to microbial colonization affect the 

likelihood of mouth-to-mouth transmission of periodontal bacteria. 

At a recent study at Emory University School of Dentistry, it was found that there 

is a similarity of periodontal pathogens in husbands and wives. The study revealed that 

the odds of these bacteria would be present in one spouse were three times greater if they 

were present in the other spouse (Saarela, 1993). 

In addition, researchers at the State University of New York at Buffalo, using 

DNA analysis reported that the bacteria responsible for causing periodontal disease may 

be readily transmitted between people in very close contact, such as family members. 

The adhesive interactions which contribute to the microbial colonization of tooth 
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surfaces include direct attachment of bacteria to the pellicle, the aggregation of bacteria 

by soluble and insoluble glucans, salivary macromolecules, and specific interbacterial 

adherence by coaggregation of one bacterium with another. 

Further colonization of the tooth surface occurs via several concurrent processes, 

including the attachment of new organisms to extracellular materials produced by the 

original colonizers, attachment of new organisms to previously attached or original 

colonizers, and the multiplication of original and subsequent colonists. After a few days, 

a mature plaque has developed that has a composition that depends upon a multiplicity of 

environmental and intermicrobial interactions of the early colonizers. The mutilayered 

colonization of the surface of a tooth is limited by abrasive and washing forces, although 

the specificity of cohesive interactions between bacteria and their synthesized surface 

polymers and between cells of different bacterial genera has been reported to be 

significant for the sequence of microbial colonization. 

Composition of Dental Plaque - Microbiology 

Dental plaque consists primarily of proliferating microorganisms along with the 

scattering of epithelial cells, leukocytes, and macrophages, in an adherent intercellular 

matrix. Bacteria make up approximately 70 to 80 percent of this material. These bacteria 

exist in an extremely complex arrangement. There may be as many as 200 to 400 

different species in one site with some species not currently identified. Dental plaque 

may contain microorganisms other than bacteria; Mycoplasma, fungi, protozoa, and 

viruses have been demonstrated in different proportions. 
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