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ZIRCONIA 
State of the art and research outcomes

Amélie Mainjot 

based Dental Prostheses 

Yttrium Zirconia and dental prostheses 
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Toughness 
   

Stress-induced crystalline transformation (t-m transformation) 

 
C h e v a l i e r  e t  a l .  J  A m  C e r a m  S o c .  2 0 0 9  

L u g h i  e t  a l .  D e n t  M a t e r .  2 0 1 0  
 
   

Zirconia  

   
Low Temperature Degradation 

Musta fa  K ,  Wennerberg  A ,  A rv idson  K ,  Messe l t  EB ,  Haag  P ,  Kar l s son  S ,   C l i n  Ora l  Imp lan ts  Res .  2008  

Biocompatibility 
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Zirconia  

   5-yr follow-up 

 
 1 Sch ley  e t  a l .  Eur  J  Ora l  Sc i .  2010 ,  A l -Amleh  e t  a l .  J  Ora l  Rehab i l .  2010 ,  Sa i l e r  e t  a l .  C l i n  Or  Imp l  Res  2007  

 2 P je tu rsson  e t  a l .  C l i n  Or  Imp l  Res  2007 ,  Goodac re  e t  a l .  J  P ros th  Dent .  2003  3 Pe laes  e t  a l .  In t  J  P ros thod  2012 ,  V igo lo  e t  a l .  J  P ros thodont  2012 ,  He in t ze  e t  a l .  In t  J  P ros thod  2010  4	  Koen ig  V ,  Vanheusden  A ,  Le  Go f f  S ,  Ma in jo t  A ,   J  Dent  2013    
  
  

 
 
 
 
Technical complications 1 
 
Framework fracture 1 
 

 Survival rate 1  94,3% 

23,6% 

0-10%  

Veneer fracture (Chipping) 1 
 

0- 54%  
                12.9% Mean 32 studies4 

               2.9%2 PFM ‘s veneer fracture significantly lower 3 
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UNDERSTANDING  
CHIPPING 

TENSILE  STRESS = RESIDUAL STRESS+ EXTERNAL STRESS 

 
-  Compress ive⊕  
-  Tens i le⊝  

Residual Stress  
   Locked-in stresses generated during the cooling process 
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Metal  F ramework 

C o m p r e s s i v e  T e n s i l e  

Zi rconia  Framework 

C o m p r e s s i v e  T e n s i l e  

Residual Stress  

   

Main jo t  AK ,  Scha je r  GS ,  Vanheusden AJ ,  Sadoun MJ ,  Dent  Mate r .  2011  May  
Ma in jo t  AK ,  Scha je r  GS ,  Vanheusden AJ ,  Sadoun MJ ,  Dent  Mate r .  2011  Sept   

Crystall ine Transformation 

Zi rconia  Framework 

Residual Stress  

   

VOLUME INCREASE 
AT THE INTERFACE:  
 
-  CTE mismatch STRESS ?  
-  D IFFUSION process  ?  

SEM observation+ XRD, Raman    
t-m transformation ? 

Tho ley  M.  e t  a l .  Dent  Mate r  2009  
Ha l lmann L  e t  a l .  J  P ros the t  Dent  2014  
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Deflection measurements 

   
In favor of diffusion processes 

Jakubowicz  B . ,  Sadoun M,  Dou i l l a rd  T ,  Ma in jo t  A .  Dent  Mate r  2014  

Wash layer 100µ 

Firing Zirconia 

Deflection measurements 

   
In favor of diffusion processes 

Jakubowicz  B . ,  Sadoun M,  Dou i l l a rd  T ,  Ma in jo t  A .  Dent  Mate r  2014  

Confocal Raman miscroscopic and EDS analysis 

   
No monoclinic phase but interdiffusion zone ? 

Durand JC  e t  a l .  Dent .  Mate r .  2012  
Durand  JC  e t  a l .  J .  Mate r .  Sc i .  Mate r .  i n  Med.  2012  
Ramos  CM e t  a l .  J  P ros the t  Dent  2014  

2 microns-deep silicon-zirconium interdiffusion zone 
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SEM and FIB nanotomography 

   Observation of structural changes 

Main jo t  A ,  Dou i l l a rd  T ,  Grémi l l a rd  L ,  Sadoun M,  Cheva l i e r  J . ,  Denta l  Mate r i a l s ,  2013  

 
-  Des igned and Th ick  f ramework (min  1mm) 
-  Th in  veneer  (max 1/1 .5  mm) 
  

Residual Stress 

   

Main jo t  AK ,  Scha je r  GS ,  Vanheusden AJ ,  Sadoun MJ ,  Dent  Mate r .  2012  Jan  
Ma in jo t  AK ,  Scha je r  GS ,  Vanheusden AJ ,  Sadoun MJ ,  Dent  Mate r .  2012  Mar  

Importance of Veneer-Framework thickness ratio 

Residual Stress  

   
Influence of framework material 

Fukush ima K ,  Sadoun M,  Cesar  P ,  Ma in jo t  A .  Dent  Mate r  2014  

- Alumina 
- YTZP 
- ZTA 
 
0.7+1.5 
Classic cooling 
Sintered without liner 
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External Stress 

   

- Parafunctional habits 
- Absence of occlusal splint    1,2 
 
- Restorations on implants 
- Ceramic restoration as antagonist 
- Multi-units restorations 
- Hard-milling manufacturing 1 
 
 

Clinical risk factors: Retrospective study at the University of Liege 

1 Koen ig  V ,  Vanheusden  A ,  Ma in jo t  A ,   submi t ted  
2 Papaspyr idakos  e t  a l .  C l i n  Ora l  Imp l  Res  2012  (16  FPD ’ s  on  imp lan ts )  

External Stress 

   

5 - m t h s  f o l l o w  u p  

External Stress 
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P F M  

External Stress 

   

Pressed Veneer ing Ceramic  

Zirconia  

   
Alternative to the classical veneering process 

Mil led  Veneer ing Ceramic  

FUTURE PERSPECTIVES? 
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21 3
Data Acquis i t ion  Manufactur ing Data  process ing 

CAD-CAM processes:Limitations 
Accuracy 

CAD-CAM processes:Limitations 
Economical and environmental aspects 
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Z i r k o n z a h n  Ⓡ  

Ful l  Z i rconia  Crowns 

Zirconia  

   
Monolithic crowns 

Zirconia 
   

K im e t  a l ,  J  Dent ,  2012   
P re i s  e t  a l ,  Denta l  Mate r  2011  

Yung e t  a l ,  J  Adv  P ros thodont ,  2010   
Suput tamongko l  e t  a l ,  Dent  Mate r  2008  

Y TZP 
Feldspathic Glass Ceramic 

MATERIAL and ANTAGONISTIC WEAR 

Lithium Disilicate  

Reinforced Glass Ceramic 

Less abrasive than other ceramic materials 

1μ 

 

Conclusions 
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