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Bonding system II 
In the last lecture we said that we have two strategies in order to have bonding with enamel and dentin :
1- Itch and rinse technique ( using a strong acid )
2- Self itching adhesive ( using a weak acid )

-Itch and rinse technique is the one we are using in our clinics  and we use strong acid like the phosphoric acid with 37% concentration and its ph is less that one ( < 1 ph or 0.4 -0.7) …in this technique – we are talking about the fifth generation which is the last one in this technique - 
1-  we do the acid itching – that removes the hydroxyl apatite crystals around the dentinal tubules - 
2- then rinsing 
3-  then we apply the primer,, the primer has a bifunctional molecule which are the  
       a- HEMA that replaces the water in the dentinal tubules  ,
       b- one of three solvents ( acetone , ethanol , water ) these solvents will dissolve the dentine bonding agent or the hema functional rinsing molecules ?!, and these will bond around the collagen network..
4- after applying the primer we should remove the solvents from the tooth surface so we do air drying for 10 seconds  but not too much drying rater we do what so called (wet dry – like wet sand – or pop drying ) because we still want to have some water in dentine , so that dentine wont be over dried, so we have what so called '' glessinin ! " of the dentine '' , this means that the water that was in the dentine after rinsing has been replaced by one of the solvents, then we remove the solvents because these spaces must be filled with resin later on.

** Dentine bonding agents (spelled dentin bonding agents in American English) are resin materials used to make a dental composite filling material adhere to both dentin and enamel.
Bonding agents are often methacrylates with some volatile carrier and solvent like acetone. They also contain some diluent monomers, most typically HEMA and TEGDMA, but occasionally UDMA. * diluents are diluting agents that decreases the viscosity of the fluids so ease its transport from one point to another . 
For proper bonding of resin composite restorations dentin should be etched with acids to remove a smear layer, created during mechanical treatment with dental bore, and expose some of the collagen network or organic matrix of dentin. Adhesive resin should create the so-called hybrid layer (consisting of a collagen network exposed by etching and embedded in adhesive resin). This layer is an interface between dentin and adhesive resin and the final quality of dental restoration depends greatly on its properties. Modern dental bonding systems come either as a “three-step system”, where the etchant, primer, and adhesive are applied sequentially; as a “two-step system”, where the etchant and the primer are combined for simultaneous application; and as a “one-step system”, where all the components should be premixed and applied in a single application (so-called seventh generation of bonding agents)  -- Wikipedia -- .

-We should not over dry the dentine , some says that you have to dry it untill you get the white chalky appearance but this not right , that appearance means its over dried and so the collagen net work has collapsed ,, if the whole cavity was in enamel then over drying is not a problem , the problem is when its in dentine because it’s the one that have collagen network . 
- How can we dry so that we don't have excess water but at the same time not to collapse the dentine ,there is more than one method : 
1- You can dry using air for few seconds 
2- Put high volume suction beside the tooth 
3-put a dry cotton pledget '' feeha zy el kha9eyyeh el sha3reyeh bl anabeeb fa btes7ab el extra material '' 
* some people over dry the cavity and then they put a wet cotton roll back again on the cavity , this is not right since the collagen network has already collapsed .        
- In the Self itching adhesive technique we use weak acid , we use acidic  monomers – acidulated monomers – means that the acids that present in the bonding agent it self is converted to a more acidic one ( lower ph but not as low as the phosphoric acid ph ), we have 4 types of monomers in this technique.
-

* Notes 
- the ph at which the demineralization process takes place is around 5.5 , so the acid that we use for itching much  have a ph that is lower than 5.5
- Inorganic acids like ( phosphoric acid , sulfuric acid , nitric acid ) are stronger than the organic acid that contains carbon compounds in it like (the carboxylic acid , maleic acid , polyacrylic acid) .  
- phosphoric acid is one of the strongest acids that we know , however, its weaker that the nitric and the sulfuric acid , and in the past they used to use this acid in its full concentration (100%)  but that gave us a poor itching pattern because it melts downs every ]thing , the only material that is not affected by this acid is the gold – the gold needs a combination of two acids one of them is the nitric acid -   
- The low ph – high acidity - of the phosphoric acid that we use , is an indication of how strong enamel and dentine are .
- We want to modify the smear layer rather than to remove it all , so we  can't use sodium hypochlorite as acid itch cause it denaturates the collagen network which we need to form the hybrid layer.

- There are inactive enzymes around the collagen network they are called metalloproteinase's one of them is the collagenase "hadool mawjoodeen bl article lazim ne7fazhom w net3arraf 3ala asma2hom la2enu el dr bedo yjeebhom bl emte7an xD " , there is a cascade of events that take place it’s a little  bit complicated so we don’t need to know it , in brief what happens is that when we do the acid itching( by phosphoric acid or acidulated monomer) then the enzymes would be activated – reactivation -  so now they are active and what they do is that they start to degrade the collagen network so there will be degradation in the bond between the composite and the tooth structure.
* We want the bond to be Reliable meaning that the bond strength must be more than 20 metapascal , and in addition the bond must be Durable.
-The Durability of the bond depends on many things 
   1-To be reliable  cause if we don't have the 20 metapascal  strength this means that the filling under occlusal forces will detach .
   2- It should not be affected by the humidity neither the pressure – the cyclic loading - .
   3- We should not have a lot of metalloproteinases activation .
- So what we should think about is that how can we counter act these metalloproteinases , there is more than one way , we can deactivate the metalloproteinases that was activated by the acid itching , so after we do the acid itch then you rinse and dry then you wet the dentine with    chlorhexidine  or water aldehyde or some times they use the same  primer as it can contain one or several of the previous molecules , so by that we deactivate the metalloproteinases . 
* so we have to put in mind that the metalloprotenases might be the reason why sometimes the bond isn't as durable or strong as other structures , so that’s why we say that the life expectancy for the composite filling is between 5-8 years in general.
* If we have a reliable bonding 100% , then the structural dentine must not have water at all this means that  after we did the acid itching and did the rinsing and the water took 70% of the dentine structure (remember that the rest 30 % are organic contents so they are not affected by the acid itching ), then we put the primer and then dry at that time if we put suction we will not find water – if it was perfect bonding - ,But this structure if you take it after a year or two and the metalloprotinases were active – there action was not deactivated - , then we will find out some voids filled with water that comes from the pumping pressure in the dentinal tubule coming from the pulp "ya3ni ka2eno pressure mn el dentinal tubules 3m tedrob bl hybrid layer bedha tzee7ha w benafs el wa2t bl hybrid layer fe eshi 3m bekhaleeha tet2akal mn jowwa  elli hommeh el metalloproteinases elli sarelhom activation mn el acid itch bs ma rje3na 3melnalhom deactivation ".

-The problem in the itch and rinse technique is that the itching pattern or depth with the phosphoric acid is more than 5 microns ( remember that the smear layer thickness is 0.2 microns ) so the itching pattern depth is about 25 times more than the smear layer thickness or depth ,so the rest ( 5 mirons – 0.2 microns = 4.8 microns ) the rest are dentinal tubules that are open now but without a hybrid layer and not filled with resin and this will result in post-operative sensitivity and this might end up later on in devitalization of the tooth structure.   

- When we open the dentinal tubules and put a monomer (resin monomer) in it , not all the monomers will turn in polymers there will always be residual monomer – even in the best composite qualities the polymerization reaches up to 70-80% - and the residual monomer is a low molecular weight molecule , and any "low molecular weight molecule " can diffuse through the dentinal tubules and affect the pulp and causes devitalization  especially if that molecule was a toxic one like the HEMA that we use it is toxic one  .
* So mainly the problems with composite and the itch and rinse technique is the post-operative sensitivity and the devitalization that can occur some times , and that’s because the itching depth is more than the penetration of the monomers .    
        **We have many theories for the post-operative sensitivity , but we mainly we say that because we have turbulence of the flow in the dentinal tubules and the nerve endings reads this turbulence as pain .

- There are molecules in the resin that polymerizes and bond to the tooth structure and creates stresses and others that just stay monomers – residual – reliefs the stress created by these bonded molecules  , now if all the resin polymerizes then the composite will fall , so if we have a 100% curing or bonding or  polymerization then the composite will fall , because a lot of stresses will be created and it will shrinks a lot so it will detach from the tooth structure . ( so the thing is that either the composite will fall without the hybrid layer and so here we don't have enough bonding – polymerization, curing – or we have the composite going out with the hybrid layer , and here it means we have a lot of bonding- curing , polymerization -  , but we know that we will never have the full bonding because the polymerization will not reach 100% as we said before even the best quality won't reach the 100% rather 70-80% which is a good thing actually )

- the two problems mentioned previously of the itch and rinse technique  ( sensitivity and depth of itching compared to the depth of cure or hybridization ) , this thing is solved when we use acidulated monomer (the self itch adhesive technique) so it itches and at the same time makes the bond , so here we did not do more itching than needed not 5 microns , so we will not have that sensitivity problem , and the depth that  has been itched is same one that will be filled with the monomer to the same depth ,,, so that’s what makes us go toward using the self itching adhesive technique .
- In the itch and rinse we use phosphoric acid and that’s a strong one so it will do the proper itching pattern and remove part from the smear layer and open the dentinal tubule so hybridization can be easily achieved ,,, but in self itching adhesive technique using acidulated monomer which has a ph more than 2 we have (1-  strong self itching adhesive  –with a  ph 1.5-2 , so similar to the itching  pattern of the phosphoric acid and mainly used with enamel - , 2- medium  ,3-  weak , 4- ultra weak self itching adhesive- this one can be used with dentine when its soft like dentine under the filling and so on, we use this one to do what so called nano-layring "mawjood bl article el mafrood be general dental material 2011/2012 xD " )  

*When we use a solvent weather  in the self itching adhesive , or in the primer of the itch and rinse technique  the best solvent to use is the ethanol not the acetone , in case of ethanol if we over dried we will not be worried we will still be able to have a bond with tooth structure but that’s not the case in acetone .
Bonding to ceramics 
when do we need bonding to ceramics ?  in indirect restorations for example .    
 - We said in crown and bridges we need minimal  preparation requirements and by passive cement and retention by friction we will be able to retain the tooth 
- When do we need to have active cement ? 
   1-  in case of weak ceramics like the old silica ceramic ! , we'll talk about them later .- there was a study it  revealed that the glass ceramic that  were retained by resin cement has four times more like hood for success than the one retained  by zinc phosphate cements . 
   2-  Short clinical crowns , even in the metal crowns we can do adhesive cementation .
  3- partial crowns . 4- fiber posts  5- minimal preparations adhesive bridges , gold onlays , partial coverage , veneers.

- Ceramics can be divided into itchable ceramics like glass ceramics , and non-itchable ceramics which are not used that much nowadays .

- Nowadays Zirconia crowns and bridges are famous  , it’s a high strength ceramic , we deal with it as if we are dealing with a metal cause the bonding to it is harder than other ceramics because it doesn't have preferential itching  like the one we have in tooth structure "like in enamel the inter prismatic space is the one that is itched while the prisms stay and that give us roughness and a micro mechanical retention– so here we have itchable components which are the inter prismatic spaces more than the prisms – "
- In ceramics we don't use the phosphoric acid for itching  because it causes destruction of the ceramic , rather we use the hydrofluoric acid which is a little bit weaker , but the problem is that it’s a toxic one we shouldn't inhale it , its concentration is between 5-10% , the application time  is 10 seconds for the 10 % concentration  on lithium disilicate ceramics (e.max).
- We have two types of itchable ( bondable ) ceramics 
1- Feldspathic porcelain and lucide based ceramics, the structure that is itched in them is the lucids which are needle like structure when they are removed then we will have spaces that we can bond to . Examples on these lucide based ceramics are the Empress 1 or the veneering porcelain that we use with enamel ….these lucid based ceramics needs a prolonged itching with hydrofluoric acid , time between 60-90 seconds , the rinse for the same amount of time. 
    *Having lucids gives us  :
  a- preferential itching .
  b- makes the coefficient of thermal expansion of the ceramics close to that of the metal .
  c- Makes the index of refraction of the light close to that one in the enamel  , so from esthetic perspective these are the best ceramics to use.
  2- lithium disilicate based ceramics or Emax  , we either use 5% acid itch with hydro fluoric acid and silane coupling agent for 20 seconds , or  10% for 10 seconds and then rinse and let it dry at room temperature or using dry heat "seshwar " ,, the dr said that he put "seshwar "on the silane coupling agent too because the studies showed that when its heated then the bonding strength is doubled .
- Hydro floric acid itch comes in tubes , and the silane coupling agent comes in one or two tubes and the two tubes are better it stays for longer times if it is stored , while if it was in one tube as a single component then it wil not be stable and may degrade if stored for long time . 
- After applying the acid itch and washing it we must put it in ultra sonic solution with distilled water in order  to remove any debris as the smear layer and then we put the silane coupling agent. – doing that makes the veneers life expectancy as the class I amalgam-
-Iin the veneers we will have chemical bonding between the silica particles in the filler of the resin cements and the silica particles in the ceramics. 
- in the clinics we do the crown preparation and then we put a dentine bonding agent , we light cure it and then take the impression and send it to the lab . 
- the cements that we usually use is resin cements which are either chemical (self) , dual or light cure cements, the problem with the self and the dual cure cement is that there activator is not color stable so you are not allowed to use it in veneers , we only use light cure one in case of veneers , while other restorations like crowns or posts where light cannot penetrate we use the chemical or dual cure one .     
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