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JJøørgensenrgensen 1955,1955,
Acta Acta OdontolOdontol ScandScand 13:35.13:35.

Retention of cemented crowns in relation Retention of cemented crowns in relation 
to convergence angle of the preparationto convergence angle of the preparation
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Fracture strength of allFracture strength of all--ceramic ceramic tabletable topstops lutedluted
withwith VariolinkVariolink II II afterafter chewingchewing simulationsimulation

Clausen, Abou Tara & Kern 2010, Dent Mater 26: 533.Clausen, Abou Tara & Kern 2010, Dent Mater 26: 533.

Fracture strength of allFracture strength of all--ceramic ceramic tabletable topstops lutedluted
withwith VariolinkVariolink II II afterafter chewingchewing simulationsimulation
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Bonding Bonding versusversus
ConventionalConventional CementationCementation

 Pro BondingPro Bonding
–– No or limited mechanical No or limited mechanical 

retentionretention
 e.g. resine.g. resin--bonded retainerbonded retainer

–– Moisture control   Moisture control   
ensuredensured

–– Restoration margins Restoration margins 
visible or risk of visibility visible or risk of visibility 
in the futurein the future

–– Time and costs of less Time and costs of less 
concernconcern

 Pro CementationPro Cementation
–– Adequate mechanical Adequate mechanical 

retentionretention
 e.g. full crowne.g. full crown

–– Moisture control Moisture control 
compromisedcompromised

–– Restoration margins Restoration margins 
not visible and no risk not visible and no risk 
of visibility in the futureof visibility in the future

–– Time and costs of Time and costs of 
concernconcern

Adhesive CementationAdhesive Cementation

AdvantagesAdvantages

 Minimal invasive techniquesMinimal invasive techniques
–– often only minimal abutment preparation neededoften only minimal abutment preparation needed

 Improved estheticsImproved esthetics
–– bonding ceramics without visible cementation linebonding ceramics without visible cementation line

 Stabilization of the tooth structure & restorationStabilization of the tooth structure & restoration
–– strengthening of the restored tooth through a strong strengthening of the restored tooth through a strong 

bond between the restoration and the tooth structurebond between the restoration and the tooth structure

 Less secondary cariesLess secondary caries
–– gapgap--free restoration marginsfree restoration margins

Fracture strength of crowns (incisors)Fracture strength of crowns (incisors)
(cemented or resin(cemented or resin--bonded)bonded)
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Fracture strength of crowns (incisors)Fracture strength of crowns (incisors)
(cemented or resin(cemented or resin--bonded)bonded)
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Mirage ceramic premolar crowns axially loaded

Zinc phosphate cement

Composite resin

Composite resin +
dentin adhesive

Composite resin +
dentin adhesive;
ceramic silanated

Burke 1995, Quintessence Int 26:293.Burke 1995, Quintessence Int 26:293.

MechanicalMechanical retentionretention versusversus
bondedbonded sealingsealing

GuGu & Kern 2003, & Kern 2003, IntInt J J ProsthodontProsthodont 16:109. 16:109. 

HavardHavard CementCement

ED Primer ED Primer 
Panavia FPanavia F

MechanicalMechanical retentionretention versusversus
bondedbonded sealingsealing

GuGu & Kern 2003, & Kern 2003, IntInt J J ProsthodontProsthodont 16:109. 16:109. 
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MicroleakageMicroleakage of of allall--ceramicceramic
crownscrowns afterafter chewingchewing simulationsimulation

GuGu & Kern 2003, & Kern 2003, IntInt J J ProsthodontProsthodont 16:109. 16:109. 
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MicroleakageMicroleakage of of allall--ceramicceramic
crownscrowns afterafter thermal thermal cyclingcycling

GuGu & Kern 2003, & Kern 2003, IntInt J J ProsthodontProsthodont 16:109. 16:109. 

ResinResin bondingbonding allall--ceramicceramic restorationsrestorations

Problems:Problems:

Limited indicationsLimited indications

Higher treatment costsHigher treatment costs

Handling highly technique sensitiveHandling highly technique sensitive

LongLong--term prognosis of new bonding term prognosis of new bonding 
systems uncertain until scientific data is systems uncertain until scientific data is 
availableavailable
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In vivo factors influencing In vivo factors influencing 
adhesive bonds negativelyadhesive bonds negatively

 Mechanical loadingMechanical loading

 Water sorption of the resinsWater sorption of the resins

 Temperature changes Temperature changes 

(thermal cycling)(thermal cycling)

750g

55°C5°C

Thermocycling

Kern & Thompson 1993, Kern & Thompson 1993, DtschDtsch ZahnZahnäärztlrztl Z 48:769.Z 48:769.

InIn--vitrovitro testingtesting

Tensile test after 3 days

BuonocoreBuonocore, M.G.:, M.G.:

A simple method of increasing the A simple method of increasing the 
adhesion of acrylic filling materials to adhesion of acrylic filling materials to 
enamel surfaces.enamel surfaces.

J Dent Res 34, 849J Dent Res 34, 849--853 (1955).853 (1955).

AcidAcid--etchetch techniquetechnique
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Resin bond strength to human enamel Resin bond strength to human enamel 
= golden standard= golden standard

Kern 1994.Kern 1994.
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Resin bond strength to tooth structureResin bond strength to tooth structure
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FrenzelFrenzel & Kern 2001, J & Kern 2001, J DentDent Res 80:706.Res 80:706.
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Resin bond strength to tooth structure Resin bond strength to tooth structure 
–– selfself--etching resinetching resin

Kern et al. 2003, Kern et al. 2003, unpublishedunpublished datadata..
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Resin bond strengthResin bond strength
to human regional dentinto human regional dentin
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Yang, Ludwig, Adelung & Kern 2006, Dent Mater 22:45.Yang, Ludwig, Adelung & Kern 2006, Dent Mater 22:45.

Yang, B., Ludwig, K., Yang, B., Ludwig, K., AdelungAdelung, R., Kern, M.:, R., Kern, M.:

MicroMicro--tensile bond strength of three tensile bond strength of three lutingluting
resins to human regional dentine.resins to human regional dentine.

Dent Mater 22, 45Dent Mater 22, 45--56 (2006).56 (2006).

Hybrid Hybrid layerlayer of of variousvarious lutingluting resinsresins

Super Bond C&BSuper Bond C&B Panavia F 2.0Panavia F 2.0 RelyXRelyX UnicemUnicem

Bonding to dentin with a soBonding to dentin with a so--called called 
selfself--adhesive adhesive lutingluting resinresin
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3d / 0TC

3d / 37,500TC 20-40°C

3d / 37,500TC 5-55°C

BrunzelBrunzel, Yang, , Yang, WolfartWolfart & Kern 2010, J & Kern 2010, J AdhesAdhes Dent 12:143.Dent 12:143.
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ResinResin--bondingbonding to metalsto metals

MacroMacro--mechanicalmechanical
–– retentions of various kindsretentions of various kinds

MicroMicro--mechanicalmechanical
 sandblastingsandblasting
 electrolyticalelectrolytical & chemical etching& chemical etching

MechanoMechano--chemical chemical (sandblasting always 1st step)(sandblasting always 1st step)
++ silica coating & silica coating & silanatingsilanating
++ tin platingtin plating
++ adhesive monomersadhesive monomers
–– acrylizingacrylizing

base alloy surface

base alloy surface
OH OH OHOH
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MechanoMechano--chemicalchemical bondingbonding methodsmethods
to metalsto metals

 SilicaSilica coatingcoating
++ SilicoaterSilicoater / / SilicoaterSilicoater MD / MD / SilocSiloc

++ RocatecRocatec

 TinTin platingplating
++ OVS systemOVS system

++ Kura Kura AceAce

 AdhesiveAdhesive monomersmonomers
++ Phosphate Phosphate monomermonomer

++ Metal Metal primersprimers

 AcrylizingAcrylizing
–– KevlocKevloc

Resin 
bond to 
enamel

Kern & Thompson 1994, Kern & Thompson 1994, DentDent Mater 10:19.Mater 10:19.
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ResinResin bondbond strengthstrength to to basebase alloysalloys
((NiCrNiCr, , WironWiron 99, 99, BegoBego, , BremenBremen))
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Resin 
bond to 
enamel
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brush cleaning alcohol cleaning

ResinResin bondbond strengthstrength to to basebase alloysalloys
((NiCrNiCr, , WironWiron 99, 99, BegoBego, , BremenBremen))

Quaas et al. 2005, Dent Mater 21:192.

Resin 
bond to 
enamel

AntoniadouAntoniadou, Kern et al. 2000, J , Kern et al. 2000, J ProsthetProsthet DentDent 84:554.84:554.
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ResinResin bondbond strengthstrength to noble to noble alloysalloys
((HeradorHerador NH & NH & BioMaingoldBioMaingold SG, SG, HeraeusHeraeus KulzerKulzer, , HanauHanau))
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Panavia
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ResinResin bondbond strengthstrength of Multilink of Multilink AutomixAutomix to to alloysalloys
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Monobond Plus vs established systems

3 d/0 TC

167 d/37.500 TC

Azimian, Klosa & Kern 2012, J Adhes Dent 14:275.Azimian, Klosa & Kern 2012, J Adhes Dent 14:275.

EmpressEmpress e.max ZirCade.max ZirCad AuPdAuPd PdAgPdAg
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Monobond PlusAlloy PrimerMonobond PlusAlloy Primer

Monobond Plus vs Alloy Primer

3 d/0 TC

167 d/37.500 TC

Resin bond strength of Multilink Resin bond strength of Multilink AutomixAutomix
to alloysto alloys

Azimian, Klosa & Kern 2012, J Adhes Dent 14:275.Azimian, Klosa & Kern 2012, J Adhes Dent 14:275.

AuPd alloyAuPd alloy PdAg alloyPdAg alloy

Recommended methodsRecommended methods

KernKern 2012.2012.

Bonding to dental Bonding to dental alloysalloys

LutingLuting

Chemical Chemical bondingbonding

CleaningCleaning, , 
chemicalchemical activationactivation

& & rouheningrouhening

Functional Functional 
stepssteps

AnyAny luting luting resinresin

Phosphate Phosphate monomermonomer
containingcontaining primersprimers oror

llutinguting resinsresins
((e.ge.g. Monobond Plus . Monobond Plus oror

PanaviaPanavia))

SilicaSilica coatingcoating & & 
silanatingsilanating oror

PrimingPriming
((e.ge.g. Monobond Plus). Monobond Plus)

SandblastingSandblasting
5050--110 110 µµm at 2.5 bar,m at 2.5 bar,

i.ei.e. 36 PSI. 36 PSI

SandblastingSandblasting
5050--110 110 µµm at 2.5 MPa,m at 2.5 MPa,

i.ei.e. 36 PSI. 36 PSI

Base Base alloysalloysNoble Noble alloysalloys

in in wtwt%%

CompositionComposition of dentalof dental
silicatesilicate ceramicsceramics

VariousVarious sourcessources

1111--191911--55000000--55LiLi22OO
00--111100--4400--4400--7700--33othersothers

----33--77--22--1010NaONaO
00--13131212--20201010--1414--66--2020KK22OO
00--550.50.5--55001414--191900--22MgOMgO

00--551616--20201919--232300--221111--1717AlAl22OO33

5555--6565

OptecOptec
HSPHSP

5757--8080

e.maxe.max
PressPress

5959--63635555--65655858--7373SiOSiO22

EmpressEmpressDicorDicorFeldspathicFeldspathic
ceramicceramic
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in in wtwt%%

CompositionComposition of dentalof dental
silicatesilicate ceramicsceramics

VariousVarious sourcessources

<0.005<0.005<0.005<0.0050.10.166--7711--22othersothers

9595--97979595--9696--2626--ZrOZrO22

33--5533--55------YY22OO33

------771212LaLa22OO33

----99.999.957578282AlAl22OO33

--

CerapostCerapost
CosmopostCosmopost
DCSZirkonDCSZirkon

--

e.maxe.max
ZirCADZirCAD
LavaLava

……
--33--4444--55SiOSiO22

ProceraProcera
AlAl--CubesCubes

InIn--CeramCeram
AluminaAlumina

InIn--CeramCeram
AluminaAlumina

Kern 2009, J Kern 2009, J AdhesAdhes SciSci TechnolTechnol 23:1097.23:1097.
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ResinResin--bondbond to dental to dental ceramicsceramics

Silicate Silicate ceramicsceramics
 EtchingEtching withwith hydrofluorichydrofluoric acidacid ((oror sandblastingsandblasting))

 SilanatingSilanating

C C
H

H

CH3

C O

O

CH2 CH2 CH2 Si OH

OH

OH

+ HO Si

Si

Si

HO

HOX

ResinResin--bondbond to dental to dental ceramicsceramics

HighHigh--strengthstrength oxideoxide ceramicsceramics
 Not Not etchableetchable withwith hydrofluorichydrofluoric acidacid
 Silane Silane doesdoes notnot bondbond to to oxidesoxides otherother thanthan silicasilica

Kern 2009, J Kern 2009, J AdhesAdhes SciSci TechnolTechnol 23:1097.23:1097.
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Oxidkeramik

Oxidkeramik
O H O H O HO H

+

CH3

C

C

O

CH2

H2C

CH2

H2C
CH2

H2C

CH2

H2C

CH2

H2C

H2C

O

P
O H

O
HO

O

- 2H 2O

CH3

C
H2C

OC

O
O

O
P

O
H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2
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Oxidkeramik

Oxidkeramik

ResinResin--bondbond to dental to dental ceramicsceramics

10-Methacryloylodecyl-Dihydrogen-
Phosphate (MDP)

HighHigh--strengthstrength oxideoxide ceramicsceramics
 SandblastingSandblasting
 AdhesiveAdhesive monomersmonomers ((oror silicasilica coatingcoating & & silanatingsilanating))

oxide ceramic

oxide ceramic

Kern 2009, J Kern 2009, J AdhesAdhes SciSci TechnolTechnol 23:1097.23:1097.

Resin 
bond to 
enamel

Kern & Kern & WegnerWegner 1998, 1998, DentDent Mater 14:64; Mater 14:64; WegnerWegner & Kern 2000, J & Kern 2000, J AdhesAdhes DentDent 2:139.2:139.

Resin bond strength to sandblasted Resin bond strength to sandblasted 
zirconia ceramiczirconia ceramic
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Resin bond strength to the alumina ceramic Resin bond strength to the alumina ceramic 
with various surface treatments with various surface treatments ((ProceraProcera))
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Hummel & Kern 2004, Hummel & Kern 2004, DentDent Mater 20: 498.Mater 20: 498.
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Influence of primers and airInfluence of primers and air--abrasion on abrasion on 
the resin bond strength the resin bond strength zirconiazirconia ceramic ceramic 
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Zirconia
Primer

No
Primer

Clearfil
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Primer
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Zirconia
Primer

No
Primer

Clearfil
Ceramic
Primer

Alloy
Primer

Metal-
Zirconia
Primer

Kein
Primer

Multilink Automix - tensile test

3 d/0 TC

150 d/37,500 TC

Kern, Kern, BarloiBarloi & Yang & Yang 2009, J Dent Res 88:2009, J Dent Res 88:817.817.

No No AirAir--AbrasionAbrasion AirAir--AbrasionAbrasion 0.5 bar             0.5 bar             AirAir--AbrasionAbrasion 2.5 bar2.5 bar
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Monobond PlusClearfil Ceramic PrimerMonobond PlusMonobond S

Monobond Plus vs established systems
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167 d/37.500 TC

ResinResin bondbond strengthstrength of Multilink of Multilink AutomixAutomix
to to ceramicsceramics

Azimian, Klosa & Kern 2012, J Adhes Dent 14:275.Azimian, Klosa & Kern 2012, J Adhes Dent 14:275.

EmpressEmpress e.max ZirCade.max ZirCadEmpressEmpress e.max ZirCade.max ZirCad
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Bonding to airBonding to air--abraded abraded zirconiazirconia ceramicceramic
((e.maxe.max ZirCADZirCAD) using different conditioning methods) using different conditioning methods
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Silica-coated +
Monobond

Plus

Silica-coated +
EspeSil

Air-abrasion +
Monobond

Plus

Silica-coated +
Monobond

Plus

Silica coated +
EspeSil

Air-abrasion +
Monobond

Plus

Tensile bond strength of Multilink Automix

3 d/0 TC
150 d/37,500 TC

Attia & Kern 2011, J Prosthet Dent 106:319.Attia & Kern 2011, J Prosthet Dent 106:319.

Cleaned by airblastingCleaned by airblasting Cleaned ultrasonically in alcoholCleaned ultrasonically in alcohol

Recommended methodsRecommended methods

LutingLuting

Chemical Chemical bondingbonding

Chemical Chemical activationactivation
& & rouheningrouhening

CleaningCleaning

Functional Functional 
stepssteps

((PhosphoricPhosphoric acidacid
etchingetching))

AnyAny luting luting resinresin

Phosphate Phosphate monomermonomer
containingcontaining primer primer oror

llutinguting resinresin
((e.ge.g. Monobond Plus . Monobond Plus oror

PanaviaPanavia ))

SilanatingSilanating

SandblastingSandblasting
5050--110 110 µµm at 0.5 m at 0.5 -- 2.5 bar,2.5 bar,

i.ei.e. 7.2 . 7.2 -- 36 PSI36 PSIHydrofluoricHydrofluoric acidacid
etchingetching

HighHigh--strengthstrength
oxideoxide ceramicsceramicsSilicate Silicate ceramicsceramics

Bonding to dental Bonding to dental ceramicsceramics

Kern 2009, J Kern 2009, J AdhesAdhes SciSci TechnolTechnol 23:1097.23:1097.

Cleaning of acidCleaning of acid--etched lithium etched lithium disilicatedisilicate ceramicceramic
((e.maxe.max Press) after contamination with saliva & siliconePress) after contamination with saliva & silicone

0

10

20

30

40

50

60

MPa

Phosphoric +
hydrofluoric

acid

Hydrofluoric
acid  20s

Phosphoric-
acid 60s

AlcoholNo
contamination

Tensile bond strength of Monobond S/Multilink Automix

3 d/0 TC

150 d/37,500 TC

Klosa, Wolfart, Lehmann, Wenz & Kern 2009, J Adhes Dent 11:127.Klosa, Wolfart, Lehmann, Wenz & Kern 2009, J Adhes Dent 11:127.
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CleaningCleaning of of airair--abradedabraded zirconiazirconia ceramic ceramic 
after contamination with fit checker/salivaafter contamination with fit checker/saliva

0

10

20

30

40

50

MPa

Sandblasting
15s

2x
Phosphoric

acid 30s

1x
Phosphoric

acid 60s

AlcoholNo cleaning

Tensile bond strength of Panavia F 2.0

3 d/0 TC

150 d/37.500 TC

QuaasQuaas, Yang & Kern 2007, , Yang & Kern 2007, DentDent Mater 23: 506.Mater 23: 506.

CleaningCleaning of of airair--abradedabraded zirconiazirconia ceramic ceramic 
after contamination with fit checker/salivaafter contamination with fit checker/saliva

0

10

20

30

40

50

MPa

Sandblasting
15s

      2x     
Phosphoric

acid 30s

Aceton
cleaning

Water
cleaning

No
contamination

Tensile bond strength of Panavia 21

3 d/0 TC

150 d/37.500 TC

Yang, Wolfart, Scharnberg, Ludwig, Adelung & Kern 2007, J Dent RYang, Wolfart, Scharnberg, Ludwig, Adelung & Kern 2007, J Dent Res 86:749.es 86:749.

Failure rates of glassFailure rates of glass--ceramic crownsceramic crowns

in relation to location and cementationin relation to location and cementation

*8.8% veneering ceramic chipping **replaced because of core frac*8.8% veneering ceramic chipping **replaced because of core fracture or chipping  ture or chipping  

00 AA00002424e.maxe.max CADCAD6262FasbinderFasbinder 20102010

AA2.52.5--3636e.maxe.max CADCAD4141Reich 2011Reich 2011

AA4.24.25.65.6120120EmpressEmpress 22261261ValentiValenti 2009**2009**

CC
C/AC/A
AA

AA

AA

AA

AA

AA

CementCement

00
1.0 1.0 

--

1.11.1

2.72.7

5.85.8

15.615.6

00
Ant.Ant.

Failure rates in %Failure rates in %

00

00

15.615.6

7.07.0

10,810,8

5.45.4

2.32.3
PMPM

7.77.7

00

12.012.0

29.029.0

10.810.8

24.024.0
MM

3636e.maxe.max PressPress3939BBööningning 20062006
6060EmpressEmpress 22102102Kinnen 2006*Kinnen 2006*

7373EmpressEmpress 11138138LehnerLehner 19981998

168168DicorDicor10441044MalamentMalament 19991999

4343EmpressEmpress 11110110SjogrenSjogren 19991999

3838EmpressEmpress 222727Zimmer 2004Zimmer 2004

132132EmpressEmpress 11125125FradeaniFradeani 20022002

3030OptecOptec9595HankinsonHankinson 19941994

TimeTime
(months)(months)

CeramicCeramicNNFirst authorFirst author
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Failure rates of crowns made from Failure rates of crowns made from 
alumina based ceramicsalumina based ceramics

CC8.78.73.33.37272ProceraProcera AA107107Walter 2006Walter 2006
CC

CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC

CementCement

--

00
00
--

2.52.5
1.11.1

6.56.5
7.77.7

2.12.1
00

5.05.0
00

Ant.Ant.

FailureFailure ratesrates in %in %

6.56.5
3.63.6

1.51.5
PMPM

00

1.21.2
4.84.8

00
--

0.80.8

6.26.2
7.37.3

MM

5.45.4

6060ProceraProcera AA205205FradeaniFradeani 20052005
5555ProceraProcera AA155155GalindoGalindo 20062006

2424InIn--Ceram ZrCeram Zr2020ÇÇehreliehreli 20092009

120120ProceraProcera AA8787OdmanOdman 20012001

3939InIn--Ceram A/SCeram A/S4343Bindl 2002Bindl 2002
5050InIn--Ceram SCeram S4040FradeaniFradeani 20022002

1212--7070InIn--Ceram ACeram A546546Segal 2001Segal 2001

4848InIn--Ceram ACeram A8080HaseltonHaselton 20002000
3636InIn--Ceram ACeram A223223McLaren 2000McLaren 2000
6060ProceraProcera100100OdOdéénn 19981998
7272InIn--Ceram ACeram A457457RinkeRinke 19971997
3030InIn--Ceram ACeram A9595PrPrööbsterbster 19961996

Time Time 
((monthsmonths))

CeramicCeramicNNFirst authorFirst author

in relation to location and cementationin relation to location and cementation

*6.7% veneering ceramic chipping*6.7% veneering ceramic chipping

Failure rates of crowns made Failure rates of crowns made 
from from zirconiazirconia ceramicsceramics

CC/A/A2.02.02424CerconCercon5454Groten 2010Groten 2010

---- CC003939LavaLava1919Schmitt 2010*Schmitt 2010*

C/AC/A11.211.26060NobleProceraNobleProcera205205ÖÖrtoprtop 20122012

6.76.7 CC--2424CerconCercon2020ÇÇehreliehreli 20092009

9.79.7

7.07.0

Ant.Ant.

Failure rates in %Failure rates in %

PmPm MM

C/C/AA

C/C/AA

CementCement

4848CerconCercon7272Barnes 2010Barnes 2010

6060CerconCercon815815KerschbaumKerschbaum 20092009

Time Time 
(months)(months)

CeramicCeramicNNFirst authorFirst author

Only few framework fractures, 5 % Only few framework fractures, 5 % -- 25% chipping of the veneering ceramic.25% chipping of the veneering ceramic.
*feather*feather--edged marginal preparationedged marginal preparation

in relation to location and cementationin relation to location and cementation

FatiqueFatique fracture resistance of allfracture resistance of all--
ceramic fixed dental prosthesesceramic fixed dental prostheses

 Decreasing after Decreasing after 
dynamic loadingdynamic loading

 Lower with lower Lower with lower 
fracture toughnessfracture toughness

 Often only 50% of the Often only 50% of the 
initial fracture initial fracture 
resistance  (static resistance  (static 
fracture strength)fracture strength)

 Decreasing with Decreasing with 
increasing abutment increasing abutment 
mobilitymobility
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C=conventional cementation, A=adhesive cementation C=conventional cementation, A=adhesive cementation 
*additional fractured veneers (repairable), *additional fractured veneers (repairable), °°recommended connector dimensions not always obtainedrecommended connector dimensions not always obtained

--

C/AC/A6.76.76060EmpressEmpress 222121Kinnen 2007Kinnen 2007
CC37377272EmpressEmpress 221818MakarounaMakarouna 20112011

AA--30*30*5050EmpressEmpress 223131Marquardt 2006Marquardt 2006

AA28.628.6120120EmpressEmpress 222121SolSoláá--RuizRuiz 20132013

MMPmPm
CementCement

Failure rates in %Failure rates in %Time Time 
(months)(months)

CeramicCeramicNNFirst authorFirst author
Ant.Ant.

--

2424

27.2*27.2*°°
27.627.6

1212

--
00

5.65.6
00
00

00
9,19,1
--

1111
19.019.0

22.222.2
2525
--

C/AC/A
AA
CC
CC
AA
CC
CC
CC

7676InIn--Ceram AlCeram Al4242OlssonOlsson 20032003

5252EmpressEmpress 224343EdelhoffEdelhoff 20052005
3838EmpressEmpress 223131Zimmer 2004Zimmer 2004

2424EmpressEmpress 225151PospiechPospiech 20002000

6060InIn--Ceram AlCeram Al2020VultVult v. v. SteyernSteyern 20012001

4242InIn--Ceram AlCeram Al1818TinschertTinschert 19991999
3636InIn--Ceram AlCeram Al6161SorensenSorensen 19981998

3636--7272InIn--Ceram AlCeram Al4444HHüülsls 19951995

Failure rates of crownFailure rates of crown--retained allretained all--ceramic ceramic FDPsFDPs
InIn--Ceram Ceram aluminaalumina and and EmpressEmpress 22

in relation to location and cementationin relation to location and cementation

Failure rates of crownFailure rates of crown--retained allretained all--ceramic ceramic FDPsFDPs
InIn--Ceram Ceram zirconiazirconia, , zirconiazirconia ceramicsceramics and and e.maxe.max PressPress

CC16.6*16.6*°°--8484CerconCercon9999RinkeRinke 20132013

CC8*8*--6060LavaLava2525Schmitt 2012Schmitt 2012
C/AC/A12.1*12.1*0*0*121121e.maxe.max PressPress3636Kern 2012Kern 2012

CC10*10*--6060LavaLava2020RaigrodskiRaigrodski 20122012
AA33.0*33.0*°°--128128DCMDCM4141SaxSax 20112011
AA0*0*--7272ProceraProcera ZrZr4848SorrentinoSorrentino 20112011

0*0* CC----6060LavaLava3535PospiechPospiech 20082008

CC
CC
CC
CC

C/AC/A

C/AC/A

CementCement

--
--
--
--

0*0*

0*0*
Ant.Ant.

Failure rates in %Failure rates in %

--
9.59.5

8.1*8.1*°°
4*4*
0*0*

0*0*
PmPm

3.1*3.1*

0*0*
MM

3737DCSDCS6565TinschertTinschert 20082008
4545CerconCercon2424Wolfart 2008Wolfart 2008
4646CerconCercon cantilcantil..3737Wolfart 2008Wolfart 2008
4040CerconCercon2121BeuerBeuer 20092009

3939DigiZonDigiZon2222EdelhoffEdelhoff 20082008

5454InIn--Ceram ZrCeram Zr6565Eschbach 2009Eschbach 2009

Time Time 
(months)(months)

CeramicCeramicNNFirst authorFirst author

C=conventional cementation, A=adhesive cementationC=conventional cementation, A=adhesive cementation
*5 % *5 % -- 25% chipping of the veneering ceramic   25% chipping of the veneering ceramic   °°2.2 2.2 –– 8.5 % failures related to framework fracture8.5 % failures related to framework fracture

in relation to location and cementationin relation to location and cementation

Sax, C., Sax, C., HHäämmerlemmerle, C.H.F., , C.H.F., SailerSailer, I.:, I.:

1010--year clinical outcomes of fixed dental year clinical outcomes of fixed dental 
prostheses with prostheses with zirconiazirconia framework.framework.

IntInt J Comp Dent 14, 183J Comp Dent 14, 183--202 (2011).202 (2011).

WorldwideWorldwide firstfirst clinicalclinical studystudy reportingreporting longlong--
termterm outcomeoutcome of of zirconiazirconia ceramicceramic FDPsFDPs afterafter

10 10 yearsyears
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ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))

 36 36 fixedfixed dental dental prosthesesprostheses
–– 6 6 anterioranterior FDPsFDPs
–– 30 30 posteriorposterior FDPsFDPs
–– Full Full crowncrown abutmentsabutments
–– Experimental Experimental lithiumlithium disilicatedisilicate

glassglass--ceramicceramic ((e.maxe.max press, press, 
IvoclarIvoclar--VivadentVivadent))

 Patient Patient acquirementacquirement
–– Start in 2/2000Start in 2/2000
–– End in 1/2001End in 1/2001
–– Status 4/2011Status 4/2011

Kern, Sasse & Wolfart 2012, J Am Kern, Sasse & Wolfart 2012, J Am DentDent AssocAssoc 143: 234.143: 234.

ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))

 PreparationPreparation
–– 0.8 mm 0.8 mm circumferentialcircumferential reductionreduction
–– 1.5 mm 1.5 mm occlusalocclusal reductionreduction
–– ChamferChamfer oror shouldershoulder preparationpreparation

 ConnectorConnector dimensionsdimensions
–– AnteriorAnterior 4 mm in 4 mm in heightheight and       and       

3 mm in 3 mm in widthwidth (12 mm(12 mm²²))
–– PosteriorPosterior 4 mm in 4 mm in heightheight and     and     

4 mm in 4 mm in widthwidth (16 mm(16 mm²²))

 StainingStaining techniquetechnique

ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))

 CementationCementation
–– 19 19 conventionallyconventionally withwith glassglass--

ionomerionomer cementcement

–– 17 17 adhesivelyadhesively withwith compositecomposite
resinresin ((SyntacSyntac classic/Variolinkclassic/Variolink II)II)
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ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))

 ResultsResults
–– Service time 79Service time 79--133 months133 months

–– 2 connector fractures in 7th year, 2 connector fractures in 7th year, 
1 fracture in 10th year (fracture 1 fracture in 10th year (fracture 
rate 8.3 %)rate 8.3 %)

–– Ceramic chipping in 5 Ceramic chipping in 5 
restorationsrestorations

–– Loss of retention in 3 Loss of retention in 3 
restorations, which were rerestorations, which were re--
cementedcemented

–– Endodontic treatment in 2 casesEndodontic treatment in 2 cases

Kern, Sasse & Wolfart 2012, J Am Kern, Sasse & Wolfart 2012, J Am DentDent AssocAssoc 143: 234.143: 234.
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 SurvivalSurvival rate rate accordingaccording to Kaplanto Kaplan--MeierMeier

Kern, Sasse & Wolfart 2012, J Am Kern, Sasse & Wolfart 2012, J Am DentDent AssocAssoc 143: 234.143: 234.

ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))
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DCM-Zirkon (Sax et al. 2011) 

 SurvivalSurvival rate rate accordingaccording to Kaplanto Kaplan--MeierMeier

Kern, Sasse & Wolfart 2012, J Am Kern, Sasse & Wolfart 2012, J Am DentDent AssocAssoc 143: 234.143: 234.

ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))
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 ComplicationsComplications accordingaccording to Kaplanto Kaplan--MeierMeier

Kern, Sasse & Wolfart 2012, J Am Kern, Sasse & Wolfart 2012, J Am DentDent AssocAssoc 143: 234.143: 234.

ProspectiveProspective clinicalclinical studystudy at Kiel University at Kiel University withwith
allall--ceramicceramic fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))

Failure rates of allFailure rates of all--ceramic ceramic FDPsFDPs retained retained 
by resinby resin--bonded retainer wings or inlaysbonded retainer wings or inlays

in relation to their locationin relation to their location

----26.126.1120120InIn--Ceram Al orCeram Al or
InIn--Ceram Ceram ZrZr

16162 wings2 wingsKern 2011Kern 2011
----5.65.612012021211 wing1 wingKern 2011Kern 2011

00--2020InIn--Ceram YZCeram YZ2323
2 inlays with 2 inlays with 
add. wingsadd. wings

AbouAbou Tara 2011Tara 2011

55.655.6--7070e.maxe.max presspress45452 inlays2 inlaysHarder 2010Harder 2010

----39.739.72121Empress 2 orEmpress 2 or
e.maxe.max presspress

17172 wings2 wingsRiesRies 20062006

----9.19.1151521211 wing1 wingRiesRies 20062006

----004242e.maxe.max ZirCADZirCAD30301 wing1 wingSasseSasse 20122012

1010----1212e.maxZirCADe.maxZirCAD3030
2 inlays or2 inlays or

inlay & crowninlay & crown
OhlmannOhlmann 20082008

2 wings or2 wings or
2 inlays2 inlays

2 2 wingswings

RetainerRetainer

--18.218.2002626Empress 2Empress 21515EdelhoffEdelhoff 20022002

MMPMPMAnt.Ant.

----5.35.33434OptecOptec HSPHSP1919DumfahrtDumfahrt 19951995

Failure rates in %Failure rates in %Time Time 
(months)(months)

CeramicCeramicNNFirst authorFirst author

ProspectiveProspective clinicalclinical studystudy at Kiel Universityat Kiel University
withwith inlayinlay--retainedretained fixedfixed dental dental prosthesesprostheses ((FDPsFDPs))

 45 45 inlayinlay--retainedretained FDPsFDPs
–– PosteriorPosterior FDPsFDPs
–– LithiumdisilicateLithiumdisilicate glassglass--ceramicceramic

((E.maxE.max press, press, IvoclarIvoclar--VivadentVivadent) ) 
mademade in in fullfull press & press & stainingstaining
techniquetechnique

 ResultsResults
–– Service time Service time 2020--120120 monthsmonths
–– 25 total failures (25 total failures (55.6% 55.6% failuresfailures))

 17x fractures17x fractures
 6x loss of retention6x loss of retention
 2x combinations2x combinations

–– 1 1 pulpitispulpitis, restoration retained, restoration retained
HarderHarder, Wolfart, Eschbach & Kern 2010, J , Wolfart, Eschbach & Kern 2010, J DentDent 38:875.38:875.
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 Survival rate (KaplanSurvival rate (Kaplan--Meier)Meier)

Prospective clinical study at Kiel UniversityProspective clinical study at Kiel University
with inlaywith inlay--retained fixed dental prostheses (retained fixed dental prostheses (FDPsFDPs))

Harder, Harder, WolfartWolfart, , EschbachEschbach & Kern 2010, J Dent 38:875.& Kern 2010, J Dent 38:875.

Conclusion: Conclusion: 
In adequate method!In adequate method!

ModifiedModified designdesign of of inlayinlay--retainedretained FDPsFDPs
ZirconiaZirconia ceramicsceramics withwith smallsmall retainerretainer wingswings

Wolfart & Kern 2006, Wolfart & Kern 2006, QuintessenceQuintessence IntInt 37:27.37:27.

Prospective clinical study at Kiel University with Prospective clinical study at Kiel University with 
inlayinlay--retained retained FDPsFDPs in the new designin the new design

 23 inlay23 inlay--retained posterior retained posterior FDPsFDPs
with add. retainer wingswith add. retainer wings
–– 18 replaced molars18 replaced molars

–– 5 replaced premolars 5 replaced premolars 

–– ZirconiaZirconia ceramic (Inceramic (In--Ceram YZCeram YZ--Cubes, Cubes, 
Vita)Vita)

–– LutedLuted adhesively (adhesively (PanaviaPanavia 21 TC) 21 TC) 

 Results Results (Status 3/2010)(Status 3/2010)

–– Mean service time 20 monthsMean service time 20 months

–– No major failuresNo major failures

–– 1 x loss of retention1 x loss of retention

–– 2 x chipping of the veneering ceramic2 x chipping of the veneering ceramic

–– No biological failures No biological failures 

AbouAbou Tara, Eschbach, Wolfart & Kern 2011, J Tara, Eschbach, Wolfart & Kern 2011, J DentDent 39:208.39:208.
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Kern et al. 1991, Kern et al. 1991, QuintessenceQuintessence IntInt 22:257.22:257.

Maryland Maryland typetype allall--ceramicceramic FDPsFDPs

AdvantagesAdvantages
 No No greyishgreyish shineshine--through of through of 

the metal frameworkthe metal framework
 Visible framework parts might Visible framework parts might 

be esthetically acceptablebe esthetically acceptable

 Transparent, Transparent, toothtooth--coloredcolored
luting luting resinsresins maymay bebe usedused

 RigidityRigidity of of thethe frameworkframework

AdvantagesAdvantages
 Minimal invasiveMinimal invasive
 No parallel No parallel preparationpreparation neededneeded
 PhysiologicalPhysiological toothtooth mobilitymobility

DisadvantagesDisadvantages
 LimitedLimited fracturefracture strengthstrength
 PossibilityPossibility of abutment of abutment toothtooth migrationmigration
 LongLong--termterm clinicalclinical outcomeoutcome??

Kern & GlKern & Glääser 1997, J ser 1997, J EsthetEsthet DentDent 9:255.9:255.

ResinResin--bondedbonded allall--ceramicceramic FDPsFDPs
-- oneone retainerretainer designdesign

Criterion: Restoration in situ 
and no fracture
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Criterion: Restoration in situ 
(in part with unilateral fracture)
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Kern & Sasse 2011, J Kern & Sasse 2011, J AdhesAdhes Dent 13:407.Dent 13:407.

FractureFracture stengthstength of of allall--ceramicceramic
resinresin--bondedbonded FDPsFDPs

Study designStudy design
 Caries-free abutment teeth with artificial 

periodontal membrane

 Fabrication with Celay copy-milling technique
– Pontic width in maxilla: 8.5 mm
– Pontic width in mandible: 5.5 mm
– Height of the connector: 3.0 mm
– Diameter of the connector:  1.5 mm
– Thickness of the retainer wing: 0.5 mm

 Evaluation of influence of the retainer number
KoutayasKoutayas et al. 2000, J et al. 2000, J ProsthetProsthet DentDent 83:540.83:540.
KoutayasKoutayas et al. 2002, et al. 2002, IntInt J J ProsthodontProsthodont 15:223.15:223.

FractureFracture stengthstength of of allall--ceramicceramic
resinresin--bondedbonded FDPsFDPs

KoutayasKoutayas et al. 2000, J et al. 2000, J ProsthetProsthet DentDent 83:540.83:540.
KoutayasKoutayas et al. 2002, et al. 2002, IntInt J J ProsthodontProsthodont 15:223.15:223.
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PreparationPreparation forfor retainerretainer wingswings

Metal Metal ceramicceramic
C C –– ChamferChamfer
G G –– GroveGrove
P P –– PinholePinhole
S S –– ShoulderShoulder

AllAll--ceramicceramic
C C –– ChamferChamfer
B B –– BoxBox
P P –– PinholePinhole
S S –– ShoulderShoulder

Kern & GlKern & Glääser 1997, J ser 1997, J EsthetEsthet DentDent 9:255.9:255.

G

C

S

C

P

S

B
P P

PreparationPreparation forfor retainerretainer wingswings

 30 single retainer resin30 single retainer resin--bonded bonded FDPsFDPs
–– MaxillaMaxilla (N=19)(N=19)

 15 lateral 15 lateral incisiviincisivi
 4 4 centralcentral incisiviincisivi

–– MandibleMandible (N=11)(N=11)
 4 laterale 4 laterale incisiviincisivi
 7 7 centralcentral incisiviincisivi

–– ConnectorConnector sizesize
 3 mm 3 mm heightheight and 2 mm and 2 mm widthwidth

–– Bonding Bonding systemssystems ((randomizationrandomization
 Multilink Multilink Automix/MetalAutomix/Metal ZirconiaZirconia Primer (N=14)Primer (N=14)
 PanaviaPanavia 21 TC (N=16)21 TC (N=16)

 ResultsResults
–– Mean service time: 41.7 months (Update 12Mean service time: 41.7 months (Update 12--2012: 51.9 months) 2012: 51.9 months) 
–– One One debondingdebonding caused by trauma in each groupcaused by trauma in each group

Prospective clinical study at Kiel University Prospective clinical study at Kiel University 
with with zirconiazirconia ceramic RBFDPsceramic RBFDPs

Sasse, Eschbach & Kern 2012, J Sasse, Eschbach & Kern 2012, J DentDent 40:783.40:783.
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FFuture developmentsuture developments

Restorative goalsRestorative goals

 Minimal invasive Minimal invasive 

 Highly estheticHighly esthetic

 BiocompatibleBiocompatible

 Cost reductionCost reduction

 Proven longevityProven longevity


