
Lecture 8: Biomaterials 

(Cements) 
By Dr Cheryl Fu



Learning Objectives

• Different permanent and temporary cements and their 

uses

• Bonding/luting mechanisms

• Clinical steps for cementing a permanent crown (glassy 

vs crystalline vs metallic) 

Reading: Chapter 30 

Contemporary fixed 

prosthodontics +  



Cements

Divided into temporary and permanent cements

• Temporary cements such as zinc oxide 

eugenol/eugenol free cements covered in 

temporization 

Permanent cements can then be classified in many ways:

• Composition:
• Resin based vs Water based (GIC, zinc polycarboxylate and zinc phosphate) 

• Bonding mechanism
• Non adhesive luting vs micromechanical retention vs molecular adhesion 



Luting

“A term sometimes used to refer to final placement of a fixed prosthodontic 

restoration is to “lute” the restoration. It derives from the Latin lutum, which means 
mud or clay. A “luting agent” is the substance—such as cement, wax, or clay—that 
coats a joint area to make a tight seal. Historically, luting agents were used to 
mechanically link restorations to a prepared tooth.”

• Luting cements work based of mechanical friction by

• Traditionally for cast restorations 

• The luting cement powder sets into a hardened 

matrix  

• However luting cements generally have solubility 

issues due to the matrix consisting of ionic salts



Micromechanical bonding

• Resin cements 

• Etching dentin/enamel (Phosphoric acid)

• Etching glassy ceramics (hydrofluoric acid) 

• Sand blasting metal/zirconia crowns 



Molecular adhesion

• Physical forces such Van der Waals or chemical ionic 

bonding.

• 10-MDP

• At the moment cements still require other methods of 

retention (parallel walls)

• Can not rely solely on this. 



Ideal Properties of Cements

• Low film thickness

• Suitable working time and setting time

• High compressive strength

• Similar elastic modulus as dentin

• Biocompatible

• Plaque/caries inhibition

• Low solubility

• Low microleakage

• Easy removal of excess

• High retention



Biocompatible and Antimicrobial Effects

• Cements should ideally not interact with bodily tissues, 

and not cause sensitivity or allergic reactions

• Antimicrobial effects to prevent marginal caries. 

However evidence in inconclusive whether low level 

fluoride or other antimicrobial agents can provide long 

term inhibition. (Will the fluoride etc still be there in 10 

years?)



Suitable working and setting time

• Ideally enough time to mix the cement, seat and clean 

up excess in appropriate time

• Benefit of tack cure resin cement.

• However if excess resin cement is not fully removed 

before final cure, will be extremely hard to remove 

excess 



Microleakage/Solubility

• Solubility of cements in the oral environment (water) 

can lead to microleakage at the marginal interface and 

possible loss of retention. 

• Zinc phosphate and zinc polycarboxylate have high 

solubility

• Resin cements have low solubility



Microleakage/Solubility

Fleck = zinc phosphate

HOWEVER ITS NOT 

APPROPRIATE TO 

SAY RESIN CEMENTS 

ARE PERFECT



Film thickness

• Low film thickness preferred

• ADA states a maximum film thickness of 

25um for luting cements

• Associated with better seating of crown 

and possibly lower marginal 

discrepancies. 



Elastic modulus and compressive strength

• If cement has a similar 

elastic modulus as dentin, 

there will be less stress 

concentration at the 

interface 

• Some studies claim that 

fracture of ceramic 

restoration begin at the 

cement layer.

• Fracture load of zirconia 

crowns may not be greatly 

affected by cement type

• However chemical 

adhesion may be more 

important for lithium 

disilicate crowns



Compressive Strength



Retention

• Lithium disilicate crowns cemented adhesively with 

resin cement had a higher failure load compared to 

GIC. Additionally, fewer cases of debonding. 



Retention

• Mixed literature regarding 

zirconia crowns  

• Some suggest MDP 

containing cements 

promoted better bond 

strength

• Some found no differences

• We will review zirconia 

bonding towards the end 

of this lecture



Retention



Zinc Oxide Eugenol 

• Basic composition: 
• Zinc oxide + Eugenol +Rosin + Zinc Acetate 

• Low strength + high solubility in oral environment

• A potential “sedative” effect for the pulp and otherwise 

biocompatible

• Issues with eugenol inhibiting resin polymerization 

• Temporary cement



Zinc Phosphate 

• Basic composition:
• Zinc oxide + magnesium oxide + phosphoric acid + water +buffers

• Popular cement for use in traditional cast 

restorations, (has been around since 1800s)

• Acceptable film thickness of 25um

• Ease of removal of the excess material after setting

• Potential issues with biocompatibility due to the 

inclusion of phosphoric acid (pH 2 at time of 

cementing). However generally well tolerated if 

preparation is not too close to the pulp 

• Acceptable working time of about 5 minutes 



Zinc Polycarboxylate 

• Basic composition
• Zinc oxide + polyacrylic acid

• Attempts to address some biocompatibility issues from zinc 

phosphate by changing to polyacrylic acid

• Also exhibits some adhesion to the tooth surface through 

chelation of calcium (but not to cast metal surfaces)

• Potentially technique sensitive due to mixing of viscosus

powder and liquid (mitigated via capsules) 

• Additionally very short working time of under 3 minutes

• Indicated for high retention preps, or close to pulp horns



Glass ionomer cement (GIC)

• Basic composition
• Polycarboxylate + fluorialuminosilicate glass + water + tartaric acid

• Good biocompatibility + theoretically anticariogenic

• Aesthetic due to translucency of the cement

• Potential for water absorption during early setting which 

would lead to erosion of the weakened material

• Ionic bonding to tooth structure 

• Concerns regarding possible post-op sensitivity not 

supported by literature when manufacturer guidelines 

followed



Resin modified glass ionomer

• Basic composition
• GIC + resin 

• Due to the inclusion of resin and corresponding 

photoactivators, some of the issues of GIC cement were 

improved

• Resin matrix improves the mechanical properties such as 

compressive and fracture strength compared to unmodified 

GIC

• Also suggest improvement in retention and bond strength 

• Could be harder to remove excess. (Remember to tack 

cure)

• Some studies say it is contraindicated for all ceramic 

crowns (risk of fracture after water absorption)



Resin based cements

• Basic composition
• Resin + filler (lower filler ratio for lower film thickness)

• Similar to restorative composite (exactly the same 

steps required)

• Offers micromechanical retention

• Very high compressive strength

• Least soluble 

• Technique sensitive (moisture control)

• May be more expensive

• Self cure, dual cure or light cure options 

• Removal of excess may be difficult if not removed at 

tack cure stage 



Special mention: Panavia

Panavia

• Resin cement with bifunctional 

monomer, 10-methacryloyloxydecyldi-

hydrogen-phosphate (MDP)

• 10-MDP is able to interact with metal 

oxides via the hydrophilic phosphoric 

acid end group

• 10-MDP also facilitate a chemical 

bond with dentin through the formation 

of MDP-Ca insoluble salts 



Summary



Cementation

• After ensuring permanent crown seats fully (covered in 

other lecture, and consent from patient to cement. 

• Zirconia vs Lithium Disilicate crowns



Glassy ceramic crowns

Lithium disilicate, etc. 

• Lab steps:
• Prior to returning the crown, the lab may have already etched the internal fitting surface 

with hydrofluoric acid (eg ceram etch 9% hydrofluoric gel)

1% HF 20 s 1% HF 120 s



Glassy ceramic crowns

Lithium disilicate, etc. 

• Lab steps:
• Prior to returning the crown, the lab may have already etched the internal fitting surface 

with hydrofluoric acid (eg ceram etch 9% hydrofluoric gel)
• Silane coupling agent eg 3-methacryloxypropyltri-methoxysilane (MPS) forms bridge 

between the organic compounds in resin cements and inorganic ceramic molecules, 
hence improving the bond strength. Also increase surface energy and contact angle 
decreased for better resin/adhesive contact. 



Glassy ceramic crowns

Lithium disilicate, etc. 

• Lab steps:
• Prior to returning the crown, the lab may have already etched the internal fitting surface 

with hydrofluoric acid (eg ceram etch 9% hydrofluoric gel)
• Silane coupling agent eg 3-methacryloxypropyltri-methoxysilane (MPS) forms bridge 

between the organic compounds in resin cements and inorganic ceramic molecules, 
hence improving the bond strength. Also increase surface energy and contact angle 
decreased for better resin/adhesive contact. 



Zirconia crowns

Zirconia:

• Lab steps:
• Not able to be etched
• Micromechanical surface treatments

• Airborne particle abrasion to increase surface roughness (Pressure ~1 bar)
• Chemical surface treatments

• Hot acid treatment (eg sulfuric acid and hydrogen peroxide)
• Silica coating (aluminum oxide particle coated with silica)

Control

Air-abraded

Air-abraded



Glassy ceramics

• After try in completed

• Fitting surface cleanser: Katana or Ivoclean

• Otherwise can use phosphoric acid to remove saliva 

contaminants 



Glassy ceramics 



What about zirconia?

Air-borne particle abrasion: best outcome to restore previous uncontaminated surface bond strengths. 

Followed by HF acid or intaglio cleaners  



Glassy ceramics



Glassy ceramics



Zirconia



Zirconia



Metal crowns/PFM crowns



Metal crowns/PFM crowns



Guidelines



Rely X Unicem 2 Automix

• Another cement available in clinic 

Two types of tips



Rely X Unicem 2 Automix

• Marketed as a “dual curing, self-adhesive resin cement for 

indirect restorations”

• Resin cement (like Variolink aesthetic), but it is self adhesive and 

does not require etching and bonding. 

• Think of it like “self-etch adhesives” vs “two step etch and rinse 

adhesives”

• Achieves demineralization via acidic monomers (carboxylic acid 

or phosphoric acid functional groups). 

• Methacrylated phosphoric esters

• However due to limited demineralization and infiltration, may not 

have good bond strength to enamel. 

• Dual cure with a setting time of about 6 minutes 



Rely X Unicem 2 Automix

• Instructions for use:
• Clean tooth, rinse and slightly dry with 2-3 bursts of air, but DO NOT OVERDRY.
• After appropriate cleaning and pretreatment of the fitting surface, dispense into the 

crown with the “standard tip”. 
• Continue with steps for clean up as per regular resin cements



Self adhesives cements

• Benefits:
• Simplified clinical procedure
• Cementation of root canal glass fibre posts (due to shape of root canal and C factor, 

lower polymerization shrinkage may be beneficial)

• Disadvantages
• Long term bond strength may be lower than that of conventional resin cements (Mixed 

results)

Skupien JA, Sarkis-Onofre R, Cenci MS, MORAES RR, 

Pereira-Cenci T. A systematic review of factors associated 

with the retention of glass fiber posts. Brazilian oral 

research. 2015 Jun 16;29:1-8.

Sarkis-Onofre R, Skupien JA, Cenci MS, Moraes RR, 

Pereira-Cenci T. The role of resin cement on bond 

strength of glass-fiber posts luted into root canals: a 

systematic review and meta-analysis of in vitro studies. 

Operative dentistry. 2014 Jan 1;39(1):E31-44.



Thanks for listening

Anything you want to recap?
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