Microbiology of endodontic infections

Objectives of endodontic treatment
 It's not just mechanical treatment its essentially biological. 
Cleaning and shaping without disinfection is useless, biological seal is the deal and root canal tx (endodontic tx) should be viewed and practiced on a sound biologic bases in order to have a successful outcome.
Primary the endodontic tx goal should be elimination of a tooth as a source of irritation to the attachment apparatus !.and elimination of all microorganisms. 
Recently we have many changes to endodontic science resulted in a shift from mechanically oriented  tx to a more biologically focused approach, this shift toward biology in tx relies mainly in maximizing disinfection, it relies a new protocols , a new concept in disinfection of the root canal system during tx.
Among 700 distinct species of bacteria coexist in an adult mouth, any of these microbes from the oral flora might turn up perfectly in an infected root canal to produce disease.
Pathways of the pulp  
We are all familiars with the pathways through which bacteria could reach the pulp ( through caries,, periodontal disease ,, exposed lateral canals .. also through bruxism and trauma or traumatic injuries)
Anatomy of the infection 
The most important question is .. What is the infection? 
Endodontic lesions are of inflammatory nature, caused by irritants in the root canal system, so biologically this means that any periodontically affected teeth contain bacteria , this also biologically means that when a lesion is present infection is present in the apical portion of the root canal system, and when this lesion is large the diversity of bacteria in the root canal is greater and this will affect the outcome of tx. 
Infection in root canal is contained and limited to the canal and it is conscientious (well organized and difficult to remove) apically with the canal .. what we call the zone of necrosis or the zone of infection. 
As for distribution of bacteria in the root canal system the pattern in each those was unique, but the abundance was greater apically than coronally and in the middle one intended to have less bacteria and that’s curious, if we are starting with less bacteria and ending up with more bacteria that’s say something about the dynamics of infection as will be discussed later in this lecture.
Not all dental tubules are invaded by bacteria ,, infection tends to be localized within the main canal because most of the  nutrition is usually  within the main canal, only if cementum is eroded and we get serum from the other part of the root then esp in cases of chronic apical periodontitis in the apical area then this will facilitate bacterial penetration and invasion through the whole thickness of  the root by  bacteria. 
Apical periodontitis (pathogenesis)  
As you know in acute apical periodontitis bacteria will produce destructive components that will induce immune response .. immune response will mobilize molecular weapons  such as phagocytes and antibodies in the root canal system, these molecular weapons will accumulate near to the exit of bacteria in the apical foramen  ..why?
This is an attempt of the body to limit the disease inside the root canal system.. It was to prevent bacteria from gaining access to the bone ,, and to avoid some kind of osteomylitis or systemic effect. 
These immune responses and functions are a double sword ,, from one side they protect ,, from the other side they cause damage .. some of these mediators are slow activators of the osteoclasts and can cause the connective tissue and/or bone destruction ..  From this point on the patient will present clinical signs and symptoms of disease at the same time we will have environmental changes (inflammatory exudates) which are rich in proteins and lipoproteins.. this shift in nutrition in the apical part of the root canal will provide bacteria with nutrients .. bacteria will grow and another circle will be established .
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In many recent studies, many factors also associated to the host .. genetic factors, systemic conditions, acquired habits.. all can affect the severity and progression of disease and also they can affect the response to treatment. 
What happens beyond the apical foramen is controversial and it is subject to debate.
Do periapical lesions serve as foci of infection?
Or let's say can secondary disease occur from oral focus? Is root canal tx safe?
Still we are suffering from the remainings of focal infection theory.
Henderson tried to find a link between root canals and cancers ..  she found about 70 to 80 % of the cancer victims they have root canal treatments in their mouth .. Why?
Spread of infection is still possible if root canal tx is delayed or performed unsuccessfully.. but long standing teeth are the natural teeth and the well-treated and restored teeth, even when show a lesion wide expectancy for the tooth is favorably long !!!!
If you want it to die leave it or extract it .. if you want it to left do proper root canal tx. 
Relationship between endodontics and microbiology
It is said that bacteria have been in the existence for 2 billion years ,, able to colonize ..divers and harsh habitats in the air .. if we take a look at the evolution  of the life little creatures and particularly bacteria are capable to survive .. esp bacteria in the root canal system are beyond any doubt very fortunate .. pulp universes and interruption of pulp circulation to the pulp canal space will allow them to enjoy their life away from the body defense mechanisms .
On the other hand it will provide them with a culture media for further growth because the death of pulp will provide them conditions similar to an ideal incubator regarding temperature, humidity and selenium..
The first scientific report about the diversity of the microbiology in endodontic infections was reported as early as 1894 by Miller who observed the presence of bacteria in the inflamed pulp. 
The ultimate role of bacteria in pulpal or periapical disease was reported by paper of kakehashi from Japan in 1965 .. who demonstrated conclusively the role of bacteria in pathogenesis of pulpal and periapical disease. 
Kakeshashi investigated the effect of surgical exposures in 2 groups of rats ,, the germ free and the conventional rats, they found that bacteria is the major cause of endodontic infections.
Until 1975 .. dominant concept was that anaerobes are not significant in pulpal and periapical infections .. why?  this was the concept of Louis Grossman the father of endodontics ,, he believed that anaerobes are usually  destroyed after contact with oxygen after access cavity and after being exposed to the oxygen librated from various irrigating solutions. 
 A study on the role of strict anaerobic bacteria in induction and perpetuation of endodontic infections was published by sundqvist in 1975.
He reported the role of strict anaerobic bacteria in these diseases 
Another studies followed the study of sundqvist using strict anaerobic culture techniques that expanded the diversity of endodontic microbiota as found by sundqvist and  the number of bacteria isolated from the root canal system started to increase.
Picture of diversity has changed over the years ,,what is important  is that endodontic infections  differ from infections elsewhere in the body in that they are not  caused by one specific microorganism .. in endodontic infections we find bacterial part of complex polymicrobial  complexities caused by mixtures of facultative and anaerobic G+ strains dominated by obligate anaerobes. 
With current culture techniques we can isolate up to 12 species of bacteria ,, let say up to 20!,  using one sophisticated molecular culturing techniques  we can isolate up to  40, while the estimated number of bacteria inside the root canal is around 90 almost the same as in perio flora! 
In the root canal also we have microorganisms other than bacteria that can cause opportunistic infections and can cause failure creating extreme environments such as fungi archea and viruses 
Teeth left open for drainage!,, this was a miss understanding of the statement of >> if you file don’t close if you close don’t file,  this term was understood by many dentists and the fact is that teeth should be kept close throughout tx ,, don’t leave teeth open ,, you can leave it open in cases you have active productive lesion but only under special protocol and only for very limited time. 
Otherwise the teeth should be kept always closed coz after that any attempt to reclose the tooth will fail. 
After 5 generations of studies in endodontic microbiology and species of endodontic infections, new concept from recent studies is that apical periodontitis is a biofilm induced disease which means it is caused by biofilm or greatly associated with biofilms. 
Community as a pathogen disease .. but who is our enemy depending on this concept .. in the root canal we can find bacteria in free-floating state in the canal, they are called planktonic bacteria (free-floating) in terms of tx plankotnic bacteria may not be important, may not be significant because instruments and irrigants have find access to these bacteria .. most important bacteria are those adhered to the canal walls forming sessile community known as biofilms. 
So planktonic bacteria ,, free-flaoting bacteria are eradicated  physically by the irrigant .. bacterial eradication will be slowler when the irrigant runs at  slower rate inside the canal .. so we need to do activation to the irrigation inside the root canal system ..( agitation or activation of the irrigation inside the root canal system) 
So the big puzzle in dentistry and certainly in endodontics now in the last 10 years is a biofilm. 
In the natural world more than 99% of all bacteria live in biofilm communities and at least 65%  of all bacteria in infections have biofilm as an integral part of their pathogenesis.
Pattern of microbial colonization :
1- suspended (planktonic state)
2- adhered (sessile state, biofilm)  
So now we are more concerned with biofilms or let's say microcolonies that are formed in the internal surface of root canal in different thicknesses and in acute situations we can find a quite thick layer of bofilm inside the root canal system. 
The concept of biofilms is relatively new in endodontics,, (started in the last 10 years)
In biofilms bacteria act as a single large multicellular organism that has a great intelligence ,  and not a simple inner structure that we can simply kill ,, what we still don’t know is what is the ratio of planktonic vs. biofilm bacteria in the root canal system 
We can find biofilms in varius categories, first of all we have the lateral canal biofilms from inside the dentine holes in the root canal system .. 2-extraradicular biofilms which are present as a opacifing  mass on the root surface  (more dangerous) these are responsible for the delayed healing after root canal tx ..3- periapical biofilm (most danger) isolated in the periapical region ,, 4-foreign body centered biofilm facilitated by aggregation of actinomyces cells .. this is a major complication associated with prosthesis  and implant supported prosthesis and it is related to the failed lesions that don't heal following root canal tx.
Disease severity and response to tx may be related to the bacteria community profile ,,  we have different types of bacteria and these types determine the severity of the disease and the response to tx. 
Riccuci and siqueira from brazil (study of 2010 ).. they studied hundreds of biopsy clinical specimens to find biofilms in the apical part of the canal in teeth with apical  periodontitis ,, they found prevalence in 77% of the cases ..more specifically  80% in untreated teeth and 74% in treated teeth. 
The conclusion  in the last 4 years is the large majority of teeth we are treating we are dealing with biofilms , and in teeth with apical periodontitis we have a great chance to deal with biofilm in the apical part of the canal .
They are more found ( biofilm) in wide lesions and particularly in cystic lesions. 
If we consider that wide lesions and cystic lesions can have the long standing toxicity we can understand that the older the process of infection the higher the chance to find a biofilm ,, simply because bacteria will have time to organize themselves forming biofilms and fully mature biofilms,, low success rate in these cases in wide  or cystic lesions is not because of the size of the lesions ,, but because the cause of large lesion is more complex and is very difficult to eradicate. 
As for the extraradicular biofilms ,, found as a calcified mass (plaque) ,, we have to remove it by perio tx ,, these found only in 6% of the cases ,, and extraradicular infection can be dependent of independent intraradicular infection (2 in 1 disease) you can eliminate the intraradicular infection but this is not a grantee that you will eliminate the extraradicular infection >> if you treat the inraradicular infection without treating the extraradicular one >>recurrent infections. 
Combinations of oral bacteria as has been  found in many studies they are able to survive better than single species this is very important because of synergism (1+1>2) effect in the biofilm ,, causing direct and indirect damage to the host this means very important thing that the community as a pathogen depends on a team work ,, more than 30 bacterial strains contributes in the formation in the biofilm. 
The community based pathogens : now we know who is there,, now we have to move on to determine what they are doing there ,, what they are inducing in their environment ,, because we have very limited information on this ,, I think the question relates to the different species in this community because it is obvious that eradication of key elements in the community may lead to an ecological disaster that will result in ultimate death of the remaining species in this community.! 
In the root canal system presence of biofilms and infected root canals will create a great challenge to endodontic tx ,, because the structural dense organization of the biofilm restricts the penetration of any agent ,, they (biofilms) grow slowly ,, they become calcified ,, they become very mature 
Bacteria in biofilms are one thousand times more resistant to phagocytosis , antibodies and antimicrobials than non biofilm producing bacteria than bacteria in the free form (planktonic bacteria )  ,, so that bacteria in biofilm are found to be resistant to amoxicillin , metronidazole and doxycylcin. 
And like most of any living system ,, biofilm needs something to hand into this is why elimination of biofilm or  fighting this biofilm should go through one of these mechanisms (biofilm adherence failure ) :
1- mechanical removal using instruments (effective only in some areas of root canal , in the best case 40-60% of the canal walls are untouched after tx )
2- dissolution by hypochlorite
3- detachment by ultrasonic energy 
 (
إذابة
)In recent study it was found that the use of activation or agitation of irrigation inside the root canal system will remove debris into solution and this is very important ,, you cannot remove biofilms unless you remove them into solution   >>   
,, this is the only way to remove the,, 3 dimensional cleaning and shaping procedures should aim at destructing any given biofilm step by step:
1- breaking of the matrix of the biofilm (cause it is adherent to the canal خلخلها wall forming sessile commuinty) > 
إذابة  2- move it into solution> 
3- remove it from the canal 
A new philosophy Is now found around this concept which is very far from the traditional approaches used in root canal irrigation ,, removal of biofilm requires multiple attached strategies ,, this means that  a multi agent approach that attach deferent aspects of bacterial cell membranes should be searched. 
Complex instrumentation regimens can become a thing of the past as the devices capable of reaching inaccessible areas to remove biofilm tissue ,bacteria , smear layer  and dentine tubules are extent never before seen predictably.

