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        Microbiologic aspect of dental caries prevention    Dr.Azhar Al-Kamal 

        Dental caries: - it is a mulifactorial disease mainly bacterial 

etiology, characterized by demineralization of the inorganic portion and 

destruction of organic substance of the tooth. 

The etiology of dental caries  

1- Host factor  

a- Tooth – enamel composition, morphology of the tooth, position 

of the tooth and nutrition. 

b- Saliva ---its role in cariogenic effect on the teeth, buffering 

action, salivary flow rate, salivary cleaning effect and inorganic 

compound that contain. 

2- Microbiology 

a- Bacteria involved streptococci e.g. mutans, sobrinus; 

lactobacilli e.g. acidophilus. 

b- Possibly associated bacteria: - streptococci e.g mitis; 

Actinomyces e.g viscosus. 

3- Carbohydrate. 

Types of dental caries 

1- Pit and fissure caries  

2- Smooth surface caries  

3- Rampant caries 

4- Recurrent caries  

5- Root or cemental caries  

6- Baby (nursing) bottle caries 

Physical and microscopic features of incipient caries 

The development of caries occur in three distinct stages; - 

1
st 

stage: - incipient lesion histological changes of enamel 

2
nd

 stage:- progression of demineralization toward the DEJ and dentin. 

3
rd

 stage: - development of frank lesion (cavitation). 

If the time between onset and development of cavity too rapid then its 

called rampant caries. 
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The speed of progression of caries depends on: - 

1- Ion concentration 

2- pH of saliva 

3- buffering actions 

4- salivary flow 

      The initial acid attack dissolve Mg and carbonate ion and later less 

soluble Ca ion, ph and other ions that part of the crystal. 

Caries zones 

Zone 1: - Translucent zone, 50% of the lesion, lies at the advancing 

front of the lesion, slightly more porous than sound enamel 1.1%. It's 

not always present. 

Zone 2: - Dark zone, 95% occur in lesion, this zone is usually present 

and refer to as positive zone, 2-4 % pore vol. it's formed due to 

demineralization. 

Zone 3: - Body of the lesion, 5-25 % pore vol. it's found between the 

surface and the dark zone, it’s the area of greatest demineralization. 

Zone 4: - Surface zone 1 % pore, relatively unaffected area, greater 

resistance probably due to greater degree of mineralization and greater 

F concentration. 

 

Caries of enamel  

Smooth surface caries  

        Due to plaque formation on enamel, the earliest manifestation of 

incipient caries (early caries) of enamel is usually seen beneath dental 

plaque as areas of decalcification (white spots). The first change seen 
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histological is the loss of inter-rod substance of enamel with increased 

prominence of the rods; this is followed by the loss of 

mucopolysaccharides in the organic substance presence of transverse 

striation of the enamel rods. As it goes deeper, the caries form a 

triangular pattern or cone shaped lesion with the apex towards DEJ 

and base towards the tooth surface. Finally there is loss of enamel 

structure, which gets roughened due to demineralization and 

disintegration of enamel prisms. Once cavitation occur the zones of 

incipient lesion become not clear less defined because of (1)less 

mineral present, (2) presence of bacteria and (3) bacterial end product, 

plaque, residual substance which support further lesion development. 

Pit and fissure caries in enamel 

         Lesion begins beneath plaque, with decalcification of enamel. Pit 

and fissures are often deep, with food stagnation. Enamel in the 

bottom of pit or fissure is very thin, so early dentin involvement 

frequently occurs. Here the caries follows the direction of the enamel 

rods; it's triangular in shape with the apex facing the surface of the 

tooth and the base towards the DEJ. When reach the DEJ the greater 

number of dentinal tubules are involved and produce greater cavitation 

than the smooth surface caries and there is more undermining of the 

enamel.  

Caries of dentin 

       Begin with the normal spread of the process along the DEJ and 

rapid involvement of the dentinal tubules. The dentinal tubules act as 

tracts leading to the pulp, during caries infection more fluid is forced 

into tubule also act as path for microorganisms. 

Early dentinal changes 

1- Initial penetration of the dentin by caries leading to dentinal 

sclerosis because odontoblast loss their vitality and become dead 

tract and began to calcify. 

2- Calcification of dentinal tubules and sealing off from further 

penetration by microorganisms (protective barrier) more prominent 

in slow chronic caries. 
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3- The pulp begins to form amorphous reparative dentin for further 

protection of the pulp. 

4- If surface intact in slow caries theoretically can be reminerilized. 

5- Shape of the lesion is triangular with the apex toward the pulp and 

the base toward to the enamel. 

Root caries 

       Root caries defied as a soft progressive lesion that is found 

anywhere on the root surfaces that has lost its connective tissue 

attachment and it's exposed to the oral environment. The prevalence of 

root caries was shown in men 1.1-2.5 more than women. The root 

surface must be exposed to the oral environment before caries develop 

also studies founded that in age 30s 1/1000, while in 50s 1/5 may have 

root caries. Plaque and microorganisms are essential for the cause and 

progression of the lesion, mostly Actinomyces. Microorganisms 

invade the cementum either along the Sharper's fibers or between the 

bundles of fibers. After decalcification of cementum, destruction of 

matrix occurs similar to dentin ultimate softening and destruction of 

the tissue. Finally invasion of microorganisms into the dentinal tubule 

leading to pulp involvement and the rate is slower due to fewer 

dentinal tubules than in crown area. 

      The root caries appear clinically as yellowish brown coloration, 

non cavitation, soft, may assume any out line, depth 0.5-1 mm, 

complete loss of cementum. The expose of dentin may undergo 

reminerlization or arrest. 

Arrested root caries 

         Its demonstrated three physical characteristics: - 

1- Outer barrier layer of hyper mineralized dentin. 

2- Sclerotic inner barrier between carious and sound dentin. 

3- Mineralization occurring within the dentinal tubules. 

The mineralized lesion appears glossy, smooth, hard, while hyper 

mineralized the active lesion has leathery feeling.  
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Bacterial colonization of the mouth 

           One milliliter of whole saliva may contain more than million 

organisms representing more than 250 different bacterial species. These 

microorganisms constitute a very complex microorganism which itself 

does not result in disease as they exist in equilibrium and in balance with 

the host. 

           The oral cavity is sterile in uteri, but although during birth the 

neonate is exposited to all the complex micro flora of the birth canal, 

these organisms fail to colonize illustrating the highly selective 

environment of the mouth. A distinctive oral flora is rapidly established 

soon after birth. Streptococci are numerically dominant, particularly S. 

salivarius, S. mitis, and S. oralis, which colonize the mucosal surfaces 

and dorsum of the tongue. Since the normal habitat of all these species is 

most likely that the source of these will be an adult, most probably the 

mother or other primary career. S. mutans preferentially colonizes hard 

surfaces and hence, its appearance is delayed until the eruption of the 

first molar teeth. A majority of infants, therefore, acquire S. mutans 

during the age of two. It was possible to accept the conclusion that 

matching patterns in mothers and children had not occurred chance, and 

the maternal transmission was must be the source of S. mutans in 80% of 

the children while, reducing mutans levels in mothers can delay infection 

of their child, whereas no evidence of father-child transmission was 

found. It may not feasible to achieve a lifetime free of S. mutans, but 

delaying the age at which a child becomes infected can reduce their 

subsequent caries risk.                                                                                    

    All surfaces within the oral cavity will constantly be subject to 

microbial colonization, the pattern of which will be partly dependent 

on the surface properties. As the sequamous epithelium of the mucous 

membranes of the oral cavity is constantly being renewed as a result of 

turnover in the epithelium, the surface epithelial cells will be constantly 

being desquamated, together with the colonizing microorganisms and 

swallowed.                                                                                                        

         On tooth surface no surface renewal takes place and therefore 

microorganisms are able colonize and grow on these surfaces unless 

removed mechanically or chemically. Colonization may be somewhat 

different on tooth surface that are exposed to chewing forces and abrasion 

from foods on lips and cheeks than in areas which are not easily accessible, 

such as proximal site, tooth surfaces along the gingival margin, and in 

irregularities of tooth surface, such as occlusal fissures. These areas are 

often designated stagnation areas.  

        The dental plaque was formed in two step; firstly formation of 

acquired pellicle then plaque formation after deposition of bacteria   
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1- Acquired pellicle  

       Microorganism do not deposit or adhere directly an appetite 

crystal surface. Within seconds after saliva first contact the 

external tooth surface, a coating of salivary materials called the 

acquired pellicle begins to develop on the tooth. 

The saliva compartment is separated from the 
-
tooth by a thin layer 

of material called the acquired pellicle. This layer of salivary 

protein adhere strongly to the enamel that is not removed during 

tooth brushing  The pellicle is defined as a cellular layer of 

adsorbed salivary proteins and other macromolecules on the dental 

mineral surface that is continually deposited on those surfaces of 

the tooth exposed to the oral cavity. The formation rate varies 

between individuals probably due to differences in salivary 

composition. If the pellicle is displaced by prophylaxis, it begins 

to reform immediately. 

The pellicle layer even if thin has an important role: - 

1- Protecting the enamel against mechanical and chemical insults 

(abrasion and attrition), moreover, this film can take up stain and 

in other way influence the coating of the teeth. 

2- Pellicle in other wards can be defined as protective diffusion 

barrier formed on enamel from salivary protein. Because of its 

perm selective nature, restricting transport of ions in and out 

the dental hard tissues, through this matrix network surface, 

fluids and small sized molecules can slowly diffuse throughout the 

enamel; therefore, the pellicle may play an important 

modifying role in caries process. Experiments has shown that 

the pellicle delay the initiation of caries and the dissolution of 
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the enamel when teeth are placed in low pH soft drink. 

 There is a competition for the binding sites on the pellicle, not only by 

receptors on the bacteria, but also from host protein, such as 

immunoglobulins, ie antibodies; proteins of the complement system, 

and the enzyme. These host protein originate from the saliva and the 

gingival crevicular fluid. Once one of the competing entities occupies 

a pellicle site, occupancy by another is interdicted. Not only dose 

competition arises for occupancy of binding sites but an antagonistic 

relationship often exist between different types of bacteria occupying 

the binding sites. For example, it has been shown that some 

streptococci synthesize and release bacteriocins, which can inhibit some strains 

of Actinomyces  

     The bacterial colonization of the acquired pellicle can be 

beneficial for the bacteria because the pellicle components can serve as 

nutrients                                                                                                      

       In
 
the initial stage (pioneer) species of bacteria colonize the 

tooth surface by binding to component of the salivary pellicle, among 

these initial colonizers are believed to constitute a highly selective 

part of the oral micro flora, mainly                                                

 Sterpotococcus sanguis , streptococcus oralis and Streptococcus mitis. 

 In addition,the initial microflora comprises minor proportion of 

Actinomyces and gram- negative  bacteria, e,g. Haemophilus spp.  

The selective manner in which the bacteria attach to the tooth 

surface in two ways                                                                       

 1- The fact bacteria on their surfaces contain a recognition system which 

enables component on the bacterial surface (adhesions) to bind to 

complementary molecules (receptors) in the pellicle.                               

2- Bacterial adhesion may be done through the phenomenon termed 

calcium bridging, which links negatively charged bacterial cell 
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surfaces to the negatively charged acquired pellicle via interposed, 

positively charged divalent calcium ions from the saliva.                         

 

          

 

 

 

        Dental caries is the result of the metabolic activities of bacteria in 

microbial communities on teeth termed dental biofilms (often referred to 

as dental plaque). There are two hypotheses for plaque formation: - 

1- The specific plaque hypothesis proposed that, out of the diverse 

collection of organisms comprising the resident plaque microflora, 

only a single or very small number of species were activity 

involved in disease. This proposal has been easy to promote 

because it focused efforts on controlling disease by targeting 

preventive measures and treatment against a limited number of 

organisms, such as by vaccination or gene therapy or by 

antimicrobial treatment. This may be due to the structure of the 

biofilm and the localization of mutans streptococci in plaque. 

2- The non-specific plaque hypothesis considered that disease is the 

outcome of the overall activity of the total plaque microflora, so 

not just those that make acid, but also species that produce alkali or 

consume locate need to be considered. Thus, a heterogeneous 

mixture of microorganisms could play a role in disease mutans 

streptococci are found in high numbers in plaque but in the 

apparent absence of any demineralization of the underlying 

enamel. 
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Explain of non specific theory 

1- There is extreme variation in supra gingival plaque. 

2- Other plaque bacteria have the same biochemical characteristics  

3- Bacteria associated with caries other than mutans streptococci and 

lactobacillus.  

4- The presence of lactate-consuming species (e.g. Veillonella). 

5- The production of alkali to raise the local pH (e.g. by ammonia 

production from urea arginine by S. salivarius and S. sanguinis, 

respectively).  

 There are six stages of plaque biofilm development. 

Stage 1: - Formation of a cellular layer.  Called the acquired pellicle, 

this layer of salivary glycoproteins, phosphoproteins, and lipids, but no 

bacteria, forms almost immediately on naked enamel surfaces. 

Stage 2:- Initial attachment.  Free-floating early colonizers of the teeth, 

such as Streptococcus sanguinis, which are normal inhabitants on the 

mouth, form an initial attachment to the pellicle by weak and reversible 

van der Waals forces.  If these bacteria are not removed, they eventually 

anchor themselves with adhesive structures, such as pili. 

Stage 3: - Irreversible attachment.  Organisms that were unable to 

attach to the pellicle begin to adhere to the first layer of colonizers with 

irreversible attachments via specific adhesion-receptor interactions.  The 

bacteria replicate and form microcolonies embedded in an extracellular 

matrix. 

Stage 4:  Early Maturation (also called Maturation I).  As a result of the 

previous steps in which bacteria form attachments, early colonizers 

become established.  This leads to increased dental plaque complexity 

due to allogenic factors, such as oxygen consumption within plaque 

creating anaerobic zones, food chains becoming established, and an 

increased range of receptor sites for bacterial attachments.  Cell division 

and recruitment of new bacteria also allows the bacterial population to 

increase. 

Stage 5:  Late Maturation (also called Maturation II).  In this stage, 

microbial diversity continues to increase, while rates of cell division 
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decrease.  The heterogeneous nature of plaque becomes apparent as a 

mosaic of microenvironments develop, particularly areas of different pH, 

oxygen concentrations, and secondary metabolite accumulations around 

and within microcolonies.  The plaque microbial ecology reaches a 

pseudo-steady-state climax community, where there is a constant 

turnover of cells, but the overall composition remains roughly the same.  

At this point, a thick, three-dimensional layer of dental plaque biofilm has 

formed. 

 Stage 6: Dispersion.  Enzymes that degrade the biofilm (such as 

dispersin B) allow some bacteria to detach themselves from the biofilm–

sometimes in response to deleterious environmental conditions–in order 

to spread and colonize new surfaces in the oral cavity.  

Role of mutans streptococci (M.S) in dental caries including the 

fallowing: - 

1- Correlations of M.S count s in saliva and plaque with the 

prevalence and incidence of caries. 

2- M.S can often be isolated from the tooth surface immediately 

before development of caries. 

3- Positive correlation between the progression of carious lesions 

and S.M counts. 

4- Production of extracellular polysaccharides from sucrose (which 

help to cement the plaque organisms together and to the tooth 

surface). 

5- Most effective streptococci in caries studies in animals (rodents 

and non-human primates). 

6- Ability to initiate and maintain microbial growth and to continue 

acid production at low pH values. 

7- Rapid to metabolism of sugars to lactic and other organic acids. 

8- Ability to attain the critical pH for enamel demineralization more 

than other common plaque bacteria.  

9- Ability to produce intracellular polysaccharides as glycogen, 
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which may act as a food store for use when dietary carbohydrates 

are low. 

10- Immunization of animals with specific S.M serotype 

significantly reduces the incidence of caries.  

 Streptococcal adhesions  

       Mutans streptococci are able to attach to the tooth surface by either of 

two mechanisms: - 

1-Sucrose - independent adsorption, in which the bacteria attach to the 

acquired pellicle through specific extracellular proteins (adhesions) that 

bind to salivary glycoprotein on tooth surface. 

 2 -Sucrose dependent mechanisms, in which bacteria was require the 

sucrose to produce sticky extra cellular polysaccharides, or glucan which 

allow attachment and accumulation.                                                             

         Many fermentable carbohydrates may be utilized by plaque bacteria to 

generate the acids which attack enamel substance, sucrose is recognized as 

being particularly important in caries process because not only can it be 

fermented, but it also
 
serves as a substrate for extracellular enzymes of 

plaque bacteria which synthesize sucrose - derived polymers.  

These polymers are of central important: 

1-  Adhesive interaction in plaque where they mediate attachment 

           of bacteria to the tooth surface and to other bacteria. 

2- They stabilize the plaque biofilm  

3-  Serve as energy stores aiding the survival of plaque bacteria, 

4- Volume of dental plaque is increased through its content of glucans,    

which provide a barrier to diffusion of acids away from the 

tooth surface. 
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The role of lactobacilli 

Lactobacilli were previously believed to be the causative agents of dental 

caries. They were considered to be candidate organism for caries because of: - 

1- Their high numbers in most carious lesion affecting enamel (many studies 

have now shown its high prevalence in root surface too). 

2- The positive correlation between their numbers in plaque and saliva and 

caries activity. 

3- Their ability to grow in low-pH environment (below pH 5) and to produce 

lactic acid. 

4- Their ability to synthesize both extracellular and intracellular 

polysaccharides from sucrose. 

5- The ability of some strain to produce caries in gnotobiotic (germ-free) rats. 

6- The fact their number in dental plaque derived from healthy sites are 

usually low. 

7- On the negative side, however, lactobacilli are rarely isolated from plaque 

before the development of caries and they are often absent from incipient 

lesion. 

      Although the role of lactobacilli in the carious process is not well defined, 

it is believed that they are involved more in the progression of the deep 

enamel lesion (rather than the initiation); they are the pioneer organisms in the 

advancing front of the carious process, especially in dentine. 

The role of Actinomyces spp 

         Root lesions differ from enamel caries in that the calcified tissues are 

softened without obvious cavitation. The association studies in vivo; in vitro 

experiment work with pure cultures; experimental work in gnotobiotic rodents 

despite the fact that Actinomyces spp (especially A. viscosus) predominate in 

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

have reported both mutans streptococci and Lactobacillus spp. The sites from 

which these organisms were isolated appeared to have risk of developing root 
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surface caries than other sites, so the role of Actinomyces spp in caries was 

not clear. 

The role of Veillonella  

        Gram 
–ve

 anaerobic coccus present in significant number in supra gingival 

plaque samples. Require lactate for growth but unable to metabolize it, so they 

use lactate produced by other bacteria and convert it into weaker and less 

cariogenic organic acids, so it has beneficial effect demonstrated in vivo and in 

animal experiment but not in human. 

 Metabolism of plaque 

     Dental plaque: - it’s a tenacious microbial community which 

develops on soft and hard tissue surfaces of the mouth, comprising 

living, dead and dying bacteria and their extracellular products, 

together with host compound mainly derived from saliva. 

      For metabolism to occur, a source of energy is required, for 

streptococcus. Mutants and many other acid forming organisms this 

energy source can be sucrose. Almost immediately following exposure of 

these organisms to sucrose, they produce 

1-acids 

 2- An intracellular polysaccharide which provide a reserve source of 

energy for each bacterium.  

3- Extracellular polysaccharide glucan (e.g. dextran) and fructan (levan). 

         
                 The streptococcal are of a central importance in the metabolism of  
plaque because they are well equipped to survive in the fluctuating 

conditions. Within plaque, it has been estimated that the glucose 

concentration may vary over a 10000-fold range; the pH may shift 

from7.5-4.0 and while oxygen is freely available at the plaque surface, 

condition are entirely anaerobic close to the tooth surface. The 

streptococcal are well suited to flourishing under varying condition of' 

oxygen availability (facultative anaerobic). With regard to acid, S. mutans is 

notable in combining the properties of being extremely acidogenic and also 

aciduric. As consequence when there is a good supply of carbohydrate, S. 

mutans will produce a large amount of acids mainly lactic acids that will 

lower the plaque pH, continues to metabolize under the low pH condition 

while other competing species are disadvantage (different plaque species 

differ in the range of pH that they can tolerate), with the net result that the 

relative proportion of S. mutans in plaque population increase. 
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 Prevention of dental caries  
 

Patient evaluation  

1- Microbiological test in caries assessment 

              Saliva samples can be used establish the numbers of 

Streptococcus mutans and Lactobacilli spp in the oral cavity. This can be 

done as follows: - 

A paraffin wax for stimulation sample of mix saliva is collected, then in the 

laboratory the saliva is appropriately diluted and cultured on selective media 

(mitis salivarius bacitracin agar for S. mutans; Rogosa SLagar for 

lactobacillus spp). The number of typical colonies is then quantified and 

extrapolated to obtain the count per milliliter of saliva: - 

 

High caries activity: ˃106ml S.mutans and /or ˃100 000/ ml Lactobacillus ssp 

Low caries activity: ˂ 100 000/ml S.mutans and ˂ 10 000 ml Lactobacillus 

spp. 

2- Assessment of dietary habits 
The major approaches to prevention of caries by stopping or reducing 

between meal consumtion of carbohydrates, or substituting non-

cariogenic artificial sweeteners (sugar substitutes) like sobitol, xylitol 

or lycasin. 

3- Increase resistance of teeth 
       Making the tooth structures was less soluble to acid attack by 

using fluoride and pit & fissure sealants to protect susceptible area of 

the tooth. 

4- Reducing cariogenic flora 

     When the cariogenic flora decrease even in the present of sucrose 

the acid production will be decrease, this can be achieve by using oral 

hygiene aids, antibacterial agents and possible immunization. 

 

Preventing of infection 

            Disinfection of the sources (reduce the level of the bacteria in 

the mother) can be as far as possible reduce the risk of cross infection 

of the infant.  That this approach is practicable was first demonstrated 

by treating expectant mothers to reduce their carriage of S. mutans by 

intensive professional oral hygiene, including chlorhexidine treatment, 

and giving dietary advice during pregnancy and after the birth of the 

child. A reduction in the salivary level of mutans streptococci could be 

demonstrated in mothers and this dramatically reduced the likelihood 

of their babies becoming colonized with S. mutansa.  
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Chlorhexidine 
       Chlorhexidine (CHX) as a 0.2% mouth wash is by far the most 

effective antimicrobial in plaque control 

1- It disrupts the cell membrane and the cell wall permeability of 

many G –ve & G+ve bacteria. It is able to bind tenaciously to oral 

surfaces and is slowly released into saliva. 

2- It interferes with the adherence of plaque-forming bacteria, thus 

reducing the rate of plaque accumulation. 

3- Compared with other bacteria involved on plaque formation, 

mutans streptococci are exquisitely sensitive to CHX, and are 

therefore preferentially destroyed. . 

4-  Plaque reduction of (45% - 61%) and gingivitis reductions of 

(27% - 67%) was noted by the use of CHX. 

 Disadvantage of CHX 

1- Unpleasant test  

2- Can cause brown staining of teeth, tongue & composite 

restoration 

3- Transient impairment of taste perception. 

So CHX is normally only used for short-term therapy.   
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