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             .   
               
   -        .  Cercon (DeguDent, 

Germany), LAVA (3M ESPE, USA)  Procera AllZirkon (Nobel Biocare, Geermany)     
  ,            

  .1)            
    .2)

             . 
       ,  ,  

,        5   .3)    
  ,         .   

   ·  ,    (    ),      
         .   (tooth structure)     

           .4,5)   
         ,       

      .      
   ,         

     .6)

   (adherend)        (wettability)  
      .         

                 ,  
           .7) 
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           ,     
          .

      (light-cured),  (chemical-cured)   (dual-
cured)   ,          -  (total-
etch), -  (self-etching)  -  (self-adhesive)   .8)

, -    -   -        -
    ,    /        

   . ,          
 .    -    RelyX ARC (3M ESPE, USA), Variolink II (Ivoclar-Vivadent, 

Liechtenstein), Choice 2 (Bisco, USA), Calibra (Dentsply Caulk, USA)  Nexus (Kerr, USA)  ,  
        .

, -       Panavia (Kuraray Medical, Japan)  Multilink Automix 
(Ivoclar-Vivadent)  .  -           

  ,   -        .
,      - ,       -  

   . -        ,  
-          .8)    RelyX Unicem 

(3M ESPE), BisCem (Bisco), Smart Cem 2 (Dentsply Caulk), Maxcem Elite (Kerr, USA), Speed-CEM (Ivoclar-
Vivadent)  RelyX Unicem 2 Automix (3M ESPE)  .

-      (  ,     
)     ,         10   
 .9)     -       -  

               
     1   . ,    (smear 

layer)           .  ,  
     -      ,    

     .  -    ,  ,    
        .        
  -          . 

-            ,  
               (Table 1). -  

  - ,               
, -               

     .           , 
 -          .       
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,  -     , -      , -
   -          . , -

  -           -
     . Abo-Hamar     RelyX Unicem  

 -   (Syntac/Variolink II), -   (Panavia F2.0)    (Ketac-
Cem, 3M ESPE)  , RelyX Unicem          

      .10)

 -               
   ,   -          

    .        -    
      .           
     , -           

  ,         .    
 -            ,  

         . 
-      (filler)         

       (matrix)   . -     
-              pH  

       -          
    . -     -    ,    

     .  -          
, Unicem       pH    pH     . 

          pH    ,  -
             

 .         ,     
      .   -        
       .   -    RelyX Unicem   

     ,           

RelyX Unicem 3M ESPE, USA methacrylated phosphoric ester monomer

Clearfil SA Cement Kuraray, Japan MDP (10-methacryloyloxydecyl dihydrogen phosphate)

Speed Cem
Ivoclar-Vivadent 
Liechtenstein

methacrylated phosphoric ester monomer

GCem GC, Japan 4-META (4-methacryloyloxyethyl trimellitate anhydride)

Breeze Pentron, USA 4-META (4-methacryloyloxyethyl trimellitate anhydride)

Maxcem Elite Kerr, USA - (methacrylate ester monomer)

BisCem Bisco, USA - bis(hydroxyethyl methacrylate) phosphate

U-Cem (  ) Vericom, Korea 4-META (4-methacryloyloxyethyl trimellitate anhydride)
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 . 

          .     
    -        .11)  

           ,   , 
             .

     (feldspathic), leucite-reinforced  lithium disilicate     
 (hydrofluoric acid)  -         

   . ,          -
       ,          

 .12)           
               
 .13-15) 

              
  .16)       (1)  (grinding), (2)   

   (abrasion), (3)  (sandblasting) (4) -  (acid-etching with HF)  (5)  
             Rocatec   

 .
Behr       Rocatec   Calibra (Dentsply), Maxcem (Kerr), 

Multilink (Ivoclar-Vivadent), Panavia F 2.0 (Kuraray), RelyX Unicem (3M ESPE)  Variolink II (Ivoclar-Vivadent) 
   -       (90   , 12,000  )  

             
             .17) 

   ,          
      ,      .14)

            
     ,        

  .            , 
    ,           .18) 

     -           
     .19)        

      . ,       
undercut          .20)      

       ,21)     
           .
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,   ·           
.              

  ,22)            .18) 
              . 

Kern            ,23)  
               

    .24)         
     ,          

    .25,26) 

          . 1989      
      Rocatec system (3M ESPE, Germany)  .   

      (110 )     tribochemical   
   /     . CoJet  (3M ESPE, Germany)  
  /     ,   30   tribochemical  

    .13,27-29)            
     ,      -     . 
   tribochemical          
           .13)

   50    , Rocatec    
  110        110   2   

 .  Özcan  110        50  
       , 110       

    .30)          
                

      .           
   30  (Cojet Sand)  110  (Rocatec Soft)      

(grinding),  (abrasion)             .
Tribochemical            .31)    
        ,       
   .         (13 )   (6.06 g/ )    

tribochemical            .7,19,32)  
             tribochemical  

        .33) Tanaka       
tribochemical         .15)    

       tribochemical      
   .             

    tribochemical       . Matinlinna    
  EDXA   Si  11.2 at%     ,   
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     .32)      siloxane  , 
     -   ≡Si-O-Al≡     ≡Si-O-Si≡ 
  .33)       75.2 at%   

 ≡Zr-O-Si≡         . ,     
tribochemical            -

     .    tribochemical    
      ,32,34)       

 -       ,33,35)     
      .
Oyagüe     tribochemical        

 .36) 2       ,   
     .  -      

  ,        .   
  MDP              

.             
  ,           .

             
   .            

 ,37) selective infiltration  -     ,38) Nd:YAG   
  39)   -  -  40)    

            .    
              
       .

           .41) -  
    -           

, 3-trimethoxysilylpropyl methacrylate (MPS)       (Table 2).   
      3    alkoxy   .32,42,)   
    -    silanol   , 

      .      
        .    ,    
       .  -        

 ,         .  
              

 siloxane network    -      .
        metal primer   . 

Metal primer          ,    
  .      -     , 
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       . Lindgren    
   Metal Primer II (GC, Japan)  Ceramic Primer (GC, Japan)  RelyX Unicem   
  , metal primer    180      

 , ceramic primer       .43)  
        zirconate  .44) Zirconate   

 -      , -      
.

          .     
  MDP     polysiloxane network    . ,  

     MDP    (Clearfil Ceramic Primer)   
           

   .           , 
  poly-molecular         .44) Atsu  MDP   

            
 .14)

       phosphonic acid   phosphate ester  
(6-MHPA, MDP )             

 .            
(4-META  carboxyl group  MDP/MEPS  hydrogen group)       

            (Table 3).

   ,  ,           
 /        .       

              
     .        bisphenol A diglycidylether 

Monobond-S Ivoclar-Vivadent 
Liechtenstein

MPS (1%), ethanol (53%), DW (47%), pH 4

ESPE Sil 3M ESPE, USA silane (% NA), ethanol (>90%)

RerlyX Ceramic Primer 3M ESPE, USA silane (<1%), ethanol (70-80%), DW (20-30%)

Porcelain Repair Kerr, USA silane (15-20%), ethanol (80-85%)

Solicoup A and B Kulzer, Germany MPS (% NA), isopropanol (92%)

Bisco Porcelain Primer Bisco, USA silane with methacrylate (MPS ?), alcohol

Clearfil Porcelain Bond Activator Kuraray, Japan MPS (% NA), hydrophobic aromatic dimethacrylate

Bifix Voco, Germany MPS (% NA), alcohol, DW

Shofu Porcelain Primer Shofu, Japan MPS, ethanol, others
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methacrylate (Bis-GMA), 4-methacryloxyethyl trimellitate anhydride (4-META)  10-methacryloyloxydecyl 
dihydrogen phosphate (MDP)    .  Bis-GMA      

 ,      .21)        
  ,             

. Bis-GMA        tribochemical      
    , -       .45) Oyagüe   

        ,   Bis-GMA  
       , 6          

    .46)

 Bis-GMA  MDP         ,  
    .47)         

 (96 % ZrO2)        .45) Wegner  MDP   
tribochemical          ,35) Özcan  tribochemical 

    MDP      Bis-GMA      
  .48)            

         .16) 

     phosphate acid ester  phosphonic acid acrylates    
 . MDP  , , , ,        

    ,         
    .19)  MDP          
  hydroxyl group   siloxane   ,     

Clearfil Ceramic Primer Kuraray, Japan 3-Methacryloxypropil trimethoxy silane, MDP, ethanol

Clearfil SE Bond Primer Kuraray, Japan hydrophilic dimethacrylate, MDP, HEMA, di-camphorquinone, N,N-
diethanol-p-toluidine (NDPT), water

Alloy Primer Kuraray, Japan 2-HEMA, MDP, water accelerator, sodium benzene sulphinate

Epiguard Primer, ED Primer Kuraray, Japan MDP containing monomer

Porcelain Liner M Sun Medical, Japan Liquid A: MMA, 4-META
Liquid B: MMA, silane coupling agent, stabilizer

Tokuso Ceramic Primer Tokuyama, Japan Silane coupling agent, phosphate ester monomer, alcohol

Metaltite Tokuyama Japan MTU-6 (6-methacryloyloxyhexyl-2-thiouracil-5-carboxylate)

GC Ceramic Primer GC, Japan A-Primer: silane coupling agent, ethanol, 
B-Primer: UDMA, MMA, organic acid, ethanol

Metal Primer GC, Japan MEPS (thiophosphoric methacrylate) based

AZ Primer Shofu, Japan 6-MHPA (6-methacryloxyhexylphosphonoacetate), acetone

Z-Prime Plus Bisco, USA organophosphate monomer, carboxylic acid monomer

Metal / Zirconia Primer Ivoclar-Vivadent, 
Liechtenstein

DMA, tertiary butyl alcohol, methyl isobutyl ketone, phosphonic acid 
acrylate, benzoyl peroxide containing primer
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     MDP    .    
 MDP  21)  siloxane   2    .49)    MDP 
          .50) Blatz  MDP  

         MDP    ,51) 
 MDP         MDP     . 

, Akgungor   MDP     ,   
    MDP-ZrO2  siloxane    .52)

Özcan      CoJet-Sand    (MPS  MPS/4-META 
)     (Panavia F 2.0  SuperBond)    37     3  

    .53)     MPS    
Panavia F 2.0  SuperBond    , SuperBond    MPS  MPS/4-META

     , Panavia F 2.0    MPS    MPS/4-
META         .

SuperBond  MDP             
   polysiloxane      . Derand  Derand  4-META   
 (Superbond C&B)   MDP    (Panavia 21)    .54) Kato 
 4-META     4-META          MDP 
 4-META           .41)  Oyagüe  
             ,46) Oyagüe  

             
.36)

      /        
  tribochemical          MDP  4-META 

          .    
          .  5     

21.7 %   59 %             
   .55,56)

 (retention)    (adhesive strength)      (mechanical 
retention form)   .        MTBS (microtensile 
bond strength)  SBS (shear bond strength)      ,   

 full coverage restoration          .    full 
coverage restoration  axial wall  ,   taper       

.57)             .58,59)

       MTBS  SBS    
Pull off test        .60-62)  pull off test  -  

  (RMGI)        .28,57,63) RMGI    
 CEJ          RMGI   

.64)      micro-gap    , RMGI     gap 
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        .        
     RMGI      Al-Amleh     .65)

    /        RMGI   
     ,          
          .
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