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etiology of periodontal disease 2
we will continue what we begin in the last lecture we talked about plaque , in this lecture we will talk about host microbial interaction to understand how bone destruction and how lost of attachment occur , in the last lecture we said that most of  damage that happen in  periodontal disease occur due to immune  response ( host response ) as host try to defense  by mounting  immune system against plaque →tissue  destruction will occur.
lecture Outline :
· Inflammatory response in the periodontium:
· Microbial virulence factors
· Host-derived inflammatory mediators
· Immune responses in periodontal pathogenesis:
· Innate immunity
· Adaptive immunity
· Alveolar bone resorption 
· Concept of host susceptibility
· calculus

· Host microbial virulence factor(give pathogens the ability to trigger  immune response ) examples : 
· lipopolysaccharides (LPS)
· proteases : enzymes produced by some bacteria that destroy collagen and tissue matrix . 
· Toxic : produced by some bacteria like Ammonia.   

· host derived inflammatory mediators
· cytokines: IL-1β & TNF-α  
· prostaglandin ( PG )
· matrix metalloproteases ( mmp )

1) cytokines:
Soluble proteins act  as messengers and transmitting signals between cells .
HOW do they work ? 
when immune cell recognize a foreign antigen →changes in transcription of this immune cell occur → producing proteins (cytokines) that's act as messenger between cells , usually they act locally ( affecting only the surrounding immune cells ) when the cytokine bind  to surrounding  immune cell receptor  it will initiate an intra-cellular signaling cascade resulting in change of protein transcription → alteration of immune cell function                  ( activation against the pathogen ) .
1) IL-1 β( interleukin-1 Beta ) :
· is one of the most important cytokines in periodontal disease .
· elevated in sites affected by periodontal disease 
· produced mainly by monocytes, macrophages , neutrophils and other cells like epithelial cells , fibroblast and osteoblast .
studies try to find away to know if the pocket is stable or active ( still  infected with  periodontal disease, can progress , more and more lose of attachment might happen) by measuring IL-1β since it elevated in sites affected by periodontal disease, but the study didn't success to find a test to measure    IL-1β .
if a patient come to your clinic  and he has a periodontal disease ,before doing the procedure he demand you will send him to periodontist for a periodontal treatment  , after the periodontal treatment you should ask your self :
· is the patient  perio stable ?
·  does he need a further periodontal treatment ?
 if he come again to your clinic  to do a Cr or RCT for example how you can be sure that after scaling the pocket is stable and he is now ready  to do the procedure unfortunately we don't have a clear test that give us accurate prediction  :(  that was the idea of the previous study to measure the amount of IL-1 β as away to indicate periodontal disease .
SO what things we are doing today help us to predict if the pocket stable or not ?
 we try to gather more than one clinical diameter { if the pocket > 5 mm + bleeding upon propping + bifurcation invasion1 } 
2) TNF-α (tumor necrosis factor alpha)
· secreted by activated macrophages and other immune cells 
functions of TNF-α :
1) positive feedback : induce secretion of  TNF-α by other cells .
2) IL-1β secretion .
3) production of other cytokines .
4) development of osteoclast.
5)apoptosis of osteoblast.
6) leukocyte recruitment .
7)PGE2 secretion .
note : both of IL-1β + TNF-α increase secretion of PGE2 which play an important role in bone resorption .

______________________________________________________________bifurcation invasion1 : loss of bode due to periodontal disease to the level of root furcation  
2) prostaglandin 
· Lipid compounds derived from the degradation of arachidonic acid  found in the plasma membranes of most cells.
· arachidonic acid is degraded  by COX-1 & COX-2 to give prostaglandin & thromboxanes.
· example of prostaglandin that is important in periodontal disease is PGE2 that induce osteoclast + Matrix metalloproteinases. 
· COX-2 up regulated by IL-1β, TNFα and LPS. 

note : lipopolysaccharides (LPS) that found in bacteria induce up regulation for COX-2 that what we said before { most of the destruction happen due to activation of immune system }.
3) Matrix metalloproteinases (mmp)
· they are zinc dependent proteolytic enzymes to degrade extracellular matrix such as collagen , gelatin and elastin so they are important for maintenance and turnover of connective tissue.
· secreted by most of cells specially fibroblast and neutrophil.
· Upregulated by IL-1β & TNFα.
· Contributes to the breakdown of connective tissue and bone.

in the past they thought that each mmp degrade specific component of extracellular matrix as mmp8 only degrade collagen which is wrong 
there is overlapping ( degrade more than one component in extracellular matrix) .     

Immune responses in periodontal pathogenesis

in the past immune system was divided into :
1. specific immune system.
2.  not specific immune system
but now it's divided into :
1. innate immune system.  
2. adaptive immune system. 

note : innate immune system has some degree of specificity because 
· it has Toll like receptor (found in humans and animal) which is able to recognize LPS .
Innate Immunity composed of :
1-Saliva
2-Epithelial tissues
3- gingival crevicular fluid (GCF)
4-Pathogen recognition
5-Neutrophil 


saliva
[image: ]
epithelial tissues

· act as barrier 
prevent the passage of bacteria but it's NOT an absolute barrier it has some degree of permeability :( , so it's semi permeable permit the passage of some irritants .

· epithelial cell secret  inflammatory mediators
like MMP & beta-defensins.
 
gingival crevicular fluid

· flushing bacteria out .
· it contain Antibodies + complement .
Pathogen recognition
as we said before that there is some degree of specificity in innate immune system toward highly conserved bacterial protein when antigen presenting cell like dendritic  cell that recognize antigen .  
Neutrophil
migrate  from vessels to the site of infection which called chemotaxis that happen when chemotactic agent produced wither from host cells or from pathogen , when they reach the infected tissue they start phagosytosis .
 adaptive  Immunity composed of :
1-T-cells 
2-B-cells
3-Antibodies 
note :  if we get strong immune response → this activate T helper 1 (Th1  ) that has cytotoxic effect  { cell mediated immune response}  .
             if we get week immunity response → this activate T helper 2 ( Th2 ) { humeral mediated immune response }  that activate B-cell to produce anti-bodies .
 Q: in periodontal disease what kind of immune response do we get ?
actually it is combination of both week and strong immune response .
Alveolar bone resorption
· Osteoclast is the responsible for bone resorption .  
· osteoclast is strongly associated with immune system and there is branch of science called osteoimmunology .
· derived from Monocyte  .
·  monocyte is stimulated by IL-1β  to turn to osteoclast .
· IL-1β previously was known as OAF ( osteoclast activating factor ).

activation of osteoclast and bone resorption depend on two factors :
1- concentration of mediators ( cytokines ) : must exceed a cretin concentration  ( threshold ) at which bone resoption begin .  
2- distance from bone : inflammation  need space to provide a room for immune cells and edema fluid , that why host cells destroy some extracellular matrix and resorpe bone.
<RANK/RANKL/OPG pathway> { important :) }
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1- pre-osteoclast has receptor called receptor activator kappa nuclear factor {RANK}
2-osteoblast secrete a soluble protein called RANK ligand & osteoprotegrin 
    →if RANK ligand bind to RANK pre-osteoclast turn to osteoclast.
    → if osteoprotegerin ( OPG )  bind to RANK ligand  it will prevent formation of osteoclast and enhancing bone deposition .
   studies try to know the ratio between OPG & RANK ligand to predict if the pathway is going toward deposition or resorption   but they didn't success to find a test to measure the ratio .
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this is the same pathway but it shows that :
· not only osteoblast produce RANK  ligand  fibrobalst also produce it.
·  not only IL-1β activate formation of osteoclast  also TNF-α.


[image: ]this fig. is summary of what is happen when plaque accumulate→ this produce antigen , antigen react with antibodies to produce antigen-antibodies complexes →this complexes will activate complement system , complement system is responsible for:
1- chemotaxis: recrute immune cells .
2-opsonization : in which pathogen is marked for phagocytosis . 
3-phagocytosis occur :so the Antigen can  be presented to other immune cell .
note : Antigen must undergo phagocytosis in order to be presented .
if plaque persist osteoclast will be activated by the previous mechanism → bone resorption
last step happen in periodontitis not gingivitis because in gingivitis there is no bone resorption .
  
Host Susceptibility
A question to answer : why in some patients  gingivitis still gingivitis , in other patients gingivitis develops into periodontitis ?
As a rule : not every patient has gingivitis will be converted into periodontitis .
So there has to be something with the host .
As a response to stimulus , there are large number of playing agent : pro inflammatory and anti inflammatory cytokines , this happen in relation to host – environmental factor (ex.smoking).
Patients who develop periodontitis from gingivitis have hyper-inflammatory trait (exaggerated  immune response ).
So . there may be a strong relation between periodontitis and rheumatoid arthritis and cardiovascular diseases(ex.atherosclerosis) .because atherosclerosis is an inflammation for blood vessels  macrophages accumulation and atherosclerotic plaque …
hyper-inflammatory trait (exaggerated  immune response ) more tissue damage .
In recent years with - genome mapping – development ,scientists tried to find genes polymorphisms responsible about periodontitis .unfortunately , nothing clear to say this gene polymorphism is the reason , but still ongoing researches .
What do genes polymorphisms mean ?
For example: someone’s cells  make IL1-B which is also made by  another person’s cell  but it may not as intense and responsive ,because there is polymorphisms for the same product .
Epigenetics : environmental factors lead to gene changes  protein changes change in function and cell phenotypes. for example : smoking may lead to cancer 
Doctor showed a diagram for response difference between people . when you there’s the same amount of bacterial challenge , different responses will be among population. if person crosses threshold , then there’s hyper-response ,then person is susceptible to periodontitis more than others .
Another illustration showing how different factors interplay with each other (microbial challenge , different mediators involved , environmental and acquired risk factors ,smoking increase susceptibility to periodontitis 6 times than normal individual ,also genetic factors play a role in immune response .
Doctor prefers to read (etiology of periodontal diseases ) chapter from Carranza .
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Fig. 8-6 Schematic illustration of key processes of the host bacterial interaction in periodontal diseases. (Carranza's Clinical periodontology 2002 ).page139






New lecture about calculus
The primary etiology of periodontal disease is plaque . the mechanism of periodontal disease is host – immune response .
No plaque  no inflammation  no tissue destruction 
other etiologic Secondary factors : calculus  , iatrogenic factors ( overhangs ) , anatomic factors , open cavities , malocclusion (occlusal actors) , orthodontic treatment , impacted 3rd molars extraction , habits , injuries …
calculus  : Calculus consists of mineralized bacterial plaque that forms on the surfaces of natural teeth and dental  prostheses. Do we have to have plaque to have calculus ? no. why ? saliva itself may induce calculus formation by protein adhesion and then calcification .

Calculus is classified as supragingival or Subgingival, according to its relation to the gingival margin.
If there’s subgingival calculus ,recession happen to the gingival margin   will be supragingival calculus , although its features (color and attachment) resemble the subgingival calculus

Supragingival calculus is located coronal to the gingival margin and therefore is visible in the oral cavity. It is usually white or whitish yellow in color, but may take stains from oral cavity . hard with claylike consistency, and easily detached from the tooth surface. Also rapidly formed as you make scaling for a patient  , after 2 weeks come to you with new calculus.
Calcification begins rapidly after teeth brushing just within hours ,not calculus but foci of calcification within plaque .
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Fig. 11-1 Supragingival calculus is depicted on the buccal surfaces                Fig. 11-2 Extensive supragingival calculus is present on the lingualsurfaces of lower                
of maxillary molars adjacent to orifice for Stenson's duct.                                               anterior teeth.


Subgingival calculus is located below the crest of the marginal gingiva and therefore is not visible on routine clinical examination. The location and extent of Subgingival calculus may be evaluated by careful tactile perception with a delicate dental instrument such as an explorer. It’s actually better than perio probe in this case .
typically hard and dense and frequently appears dark brown or greenish black in color(due to heme pigment)  while being firmly attached to the tooth surface . usually extend nearly to the base of periodontal pockets in chronic periodontitis but do not reach the junctional epithelium .never ever reach at the base of the pocket .
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                                                                                                                                                                                                                                                  Fig. 11-3 Dark pigmented deposits of subgingival calculus are shown on the distal root of an extracted lower   molar.        









The first areas to exhibit calculus deposits were the facial aspects of maxillary molars and the lingual surfaces of mandibular incisors.   May be seen at young age , usually stays localized in the presence of good oral hygiene.

 supragingival or Sub gingival  calculus may be seen radio graphically , but you can’t till it’s supra or sub , sometimes soft tissue profile appear on x- ray here you can till .
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Fig. 11-6 A bitewing radiograph illustrating extensive subgingival
calculus deposits that are depicted as interproximal spurs.

Composition
· Inorganic Content (70% to 90%) mainly calcium phosphate and other traces  crystalline in structure.
· These crystals have same composition but differ in crystal shape .
· The four main crystal forms and their percentages are as follows:
· Hydroxyapatite, approximately 58% .
· Magnesium whitlockite, approximately 21% .
· Octacalcium phosphate, approximately 12% .
· Brushite, approximately 9% .
· Organic Content. The organic component of calculus consists of a mixture of protein-polysaccharide complexes, desquamated epithelial cells, leukocytes, and various types of microorganisms (originally plaque components ).

Attachment to the Tooth Surface
Four modes of attachment
have been described attachment by means of an organic pellicle : mechanical locking into surface irregularities such as resorption lacunae and caries , fusion(because crystals resemble each other) with close adaptation of calculus undersurface depressions to the gently sloping mounds of the unaltered cementum surface , and penetration of calculus bacteria into cementum.
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Notice close adaptation of
Cementum and calculus                                                                              Fig. 11-7















Formation
· Calculus is dental plaque that has undergone mineralization.
·  The soft plaque is hardened by the precipitation of mineral salts .
· Stimulus of calculus deposition(calcium deposition on plaque) is unknown.
· Calcification entails the binding of calcium ions to the carbohydrate protein complexes of the organic matrix and the precipitation of crystalline calcium phosphate salts.
·  Crystals form initially in the intercellular matrix and on the bacterial.
· surfaces and finally within the bacteria. starts within 4-8 hrs .calcification of 90% within 12 days. microorganisms aren’t necessary .
· some people develop calculus fast , others need months to build up same amount , that’s due to differences in rate of calcification and initiation in calcium deposition.

Triggers 

We don’t know exactly what happens, but if saliva or gingival clavicular fluid are supersaturated , or there’s seeding agents (some bacterial types) ,will facilitate formation of calcification foci .

Subgingival calculus is usually the product and not the cause of pocket formation(which’s plaque) , it’s a late arrival .but if plaque is formed over calculus ,here the cause is plaque (will be in close contact with tissues).
Important note : the cornerstone in a successful periodontal therapy is subgingival  calculus removal (why?)because plaque will accumulate on top of calculus .
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