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GLASS IONOMER CEMENTS

(a.k.a. glass polyalkenoate)



Glass ionomer cements were developed in an attempt to capitalize on the favorable properties of both silicate and polycarboxylate cements.  Unfortunately, the first generation materials had severe limitations.  Excessive opacity, limited shade selection, mixing and handling problems, and a troublesome clinical technique quickly doused the enthusiasm surrounding this new product.  As a result, glass ionomer has struggled to gain popularity even though continued research and development has produced a clinically useful restorative material.   

There is no such thing as a perfect dental restorative material and glass ionomer is no exception.  However, it is the obvious material of choice in many situations.  The purpose of this lecture is to better understand the strengths and weaknesses of glass ionomer cement, indications for its use, and techniques for successful clinical application. 

Development

1969 – First develop by A.D. Wilson and B.E. Kent

1973 – First material marketed (ASPA IV)  (USA 1977)

1975 – First luting material

1978 – Cermet ionomer cements

1982 – Water-activated cements

1986 – Resin modified cements

1988-89 – First commercial product from 3M   (Vitrebond()

1990-93 – Several “Resin-Ionomer Hybrid” liners and restoratives introduced

1994 – Resin-glass ionomer hybrids officially names “Resin Modified Glass Ionomer Cements at the International Symposium on Glass Ionomer Cements.

1995 – Present – Introduction of compomers and packable glass ionomers

1) Classification (Phillips, Science of Dental Materials, 9th edition)

a) Type I  -  Luting Agents

i) Conventional

(1) Ketac-Cem( Radiopaque (handmixed)(ESPE)

(2) Ketac-Cem( Aplicap® (handmixed)(also radiopaque)(ESPE)

(3) GC Fuji I( (GC America)

(4) CX-Plus GlasIonomer® Cement (Shofu)

(5) Vivaglass™Cem  (Vivadent)

(6) Ketac-Endo® Aplicap® 

ii) Resin-modified (hybrid, resin reinforced)

(1) Advance( (Caulk)

(2) Fuji( Plus( (GC America)

(3) Fuji Ortho™ LC (GC America)

(4) Fuji Ortho™ Self-Cure (GC America)

(5) Vitremer( Luting Cement(3M() ( RelyX™
(6) Photac-Cem( (ESPE)

(7) Pro Tec Cem (Vivadent)

b) Type II – Restorative Materials

i) Conventional

(1) Ketac-Fil( (ESPE)

(2) GC Fuji II( (GC America)

(3) GlasIonomer® Cement (Shofu)

ii) Resin-Modified 

(1) GC Fuji II( LC (GC America)

(2) Photac(-Fil Quick Aplicap( (ESPE)

(3) Vitremer( Tri-Cure Glass Ionomer System (3M()

iii) Metal Modified Glass Ionomer

(1) Silver alloy admix – Miracle Mix(  (GC America)

(2) Cermet (Chelon-Silver(, Ketac-Silver() (ESPE)

iv) “High Strength,” “Packable,” “High Viscosity” Glass Ionomer 
     (conventional GI’s)

(1) GC Fuji IX( GP  (GC America)

(2) Ketac(-Molar Aplicap( (ESPE)

v) Core Build-up Materials (Glass ionomers as core materials have limitations!!)

(1) Fuji II( LC Core (GC America)

(2) Coreshade( (Shofu)

(3) Vitremer( Core Build-up (3M()

(4) metal modified materials listed above

c) Type III – Liners and Bases

i) Conventional (self-cure)

(1) Ketac(-Bond (ESPE)

(2) GlasIonomer® Base Cement (Shofu)

(3) GC Lining Cement (GC America)

(4) Dentin Cement (GC America)

ii) Resin-Modified 

(1) Vitrebond( (3M()

(2) Fuji Bond( LC (more recent version)(GC America)

(3) Fuji Lining( LC (earlier version)(GC America)

2) Physical Properties

a) low solubility

b) coefficiant of thermal expansion similar to dentin

c) fluoride release and fluoride recharge

d) high compressive strengths

e) bonds to tooth structure

f) low flexural strength

g) low shear strength

h) dimensional change (slight expansion)  (shrinks on setting, expands with water sorption)

i) brittle

j) lacks translucency

k) rough surface texture


Type II            Glass Ionomer
Typical Small Particle Hybrid Composite

Compressive Strength (MPa)
up to 200
350 - 500

Tensile Strength (MPa)
15
34 – 62

Modulus of Elasticity (MPa) 
20,000
13,500 – 18,000

Coefficient of Thermal Expansion       
                                       (x 10-6/oC)
10.2 – 11.4
25 - 38

Thermal Diffusivity    (mm2/sec)
0.198
0.675

3) Composition

a) Liquid

i) water

ii) Polyacid (Acrylic, Maleic, Itaconic)

iii) Comonomer – D-Tartaric – accelerates set, improves properties

b) Powder  (%weight)  (acid-soluble calcium fluoroaluminosilicate glass)

i) Silicon
13.3

ii) Aluminum
13.3

iii) Calcium
17.3

iv) Sodium
  1.6

v) Phosphorus
  2.5

vi) Fluoride
 22.7

vii) Oxygen
 28.0

4) Setting Reaction

a) Acid-Base Reaction  (metal + acid = salt)

b) Water is critical for the reaction to occur

c) If the material does not have this reaction, it is not a true glass ionomer.  In other words, if you do not have to mix anything, the material is not a glass ionomer.

d) Reaction Steps

(1) Acid soluble glass is attacked by the polyacids releasing Ca++, Al+++, Na+, and F-.

(2) Initially calcium, and later, aluminum replaces the hydrogens on the carboxyl groups of the polyacids to make calcium and aluminum polysalts

(3) The salts hydrate to form a gel matrix while the unreacted portion of the glass particles are surrounded by silica gel that arises from the loss of the surface cations.

(4) The set cement consists of unreacted glass surrounded by silica gel bound together by a matrix of hydrated calcium and aluminum polysalts.

(5) Notice that fluoride is not an integral part of the matrix formation, therefore it is available for release without compromising the structural integrety of the restoration.

e) Reactions notes:

i) Water is what hydrates the salts and allows them to crosslink.  Too much water dilutes the metal ions resulting in an opaque restoration that lacks strength and hardness.  If water is lost during setting, the maturation of the cement will be disrupted resulting in cracking and crazing of the material.  Initially, water is loosely bound and the material will dessicate quite readily.  

ii) At the initial set, calcium polysalts dominate the matrix and the cement is rather opaque.  As post-set maturation progresses, aluminum polysalts become the dominate component and opacity decreases.

5) Adhesion to Tooth Structure

a) Primarily chemical (calcium – carboxyl groups)

b) Micromechanical

c) Bond to enamel better than bond to dentin

d) Barriers to adhesion

i) smear layer not removed

ii) contamination (blood, saliva, too much water)

iii) setting reaction too far advanced before application (cement must have a glossy surface when applying to tooth.)

6) Biocompatibility

a) Pulp reaction – ZOE < Glass Ionomer < Zinc Phosphate

b) Powder:liquid ratio influences acidity

c) Manufacturer recommends using a Ca(OH)2 liner when within 0.5 mm’s of the dental pulp

7) Indications for use of Type II glass ionomer cements

a) non-stress bearing areas

b) class III and V restorations in adults

c) class I and II restorations in primary dentition

d) temporary or “caries control” restorations

e) crown margin repairs

f) cement base under amalgam, resin, ceramics, direct and indirect gold

g) core buildups when at least 3 walls of tooth are remaining (after crown preparation)

8) Contraindications

a) high stress applications

i) class IV and class II restorations

ii) cusp replacement

iii) core build-ups with less than 3 sound walls remaining

9) Advantages of glass ionomer

a) bonds to enamel and dentin

b) significant fluoride release, can be recharged

c) coefficient of thermal expansion similar to tooth structure

d) tooth colored

e) low thermal conductivity

f) 10 year clinical studies (conventional GI)

10) Disadvantages of glass ionomer

a) opacity higher than resin

b) less polishability than resin

c) poor wear resistance

d) brittle, poor tensile strength

e) poor longevity in xerostomic patients

11) Fluoride Release

a) derived from flux used during glass fusion

b) fluoride release is not part of the structural matrix of the material

c) fluoride released in form of NaF

d) initial high fluoride release (1 – 2 day burst) followed by low sustained release, constant release occurs at about 3 weeks

e) fluoride release requires water movement

f) more fluoride is released from Type II glass ionomers than from liners or luting cements 

g) applying varnish or resin to the surface of the restoration decreases fluoride release until abrasion removes the coating.

h) restorations with larger surface area release more fluoride

i) materials must be recharged in order to provide fluoride levels necessary to remineralize tooth structure.

j) most recharged fluoride released again in 24 hours

k) application of acidic fluorides should be avoided with glass ionomer restorations as the acid will cause surface deterioration of the restoration.

l) higher fluoride releasing materials are more effective at reducing recurrent caries than are low fluoride releasing materials.

12) Metal Modified Glass Ionomer

a) Silver alloy admix  (silver amalgam alloy particles mixed with glass particles)

b) Cermet (glass sintered with silver)

c) Physical Properties compared to conventional glass ionomer cement

i) Strength  (  Same

ii) Fracture Toughness ( Same

iii) Wear Resistance ( Increased slightly

iv) Fluoride release (  reduced with Cermet, same or slightly increased with admix

13) Resin Modified Glass Ionomer

a) Also known as:

i) Visible Light Cure Glass Ionomers (VLC)

ii) Hybrid Glass Ionomers

b) Composition

i) Liquid

(1) Polyacrylic acid copolymer

(2) Tartaric acid

(3) Methacrylate groups (HEMA)

(4) Photoinitiator

ii) Powder

(1) Same powder as chemical cure glass ionomer

(2) Photosensitizer

iii) Setting Reaction

(1) Polymerization of resin + normal glass ionomer acid-base reaction

(2) If not supplied in two components, not a glass ionomer

iv) Requirements to be a Resin Modified Glass Ionomer Cement

(1) Acid-base reaction critical to setting

(2) Have a pH change & formation of carboxylate salt

(3) Material must contain fluoroaluminosilicate glass, a polymeric carboxylic acid and water

v) Comparison to Conventional Glass Ionomer

(1) Generally improved physical properties

(2) Improved shades and translucency

(3) Water sensitivity reduced

(4) Can be finished almost immediately

(5) Slightly less fluoride release

(6) Fluoride can still be recharged

(7) Slight increase in thermal expansion

(8) Can be dual or tri-cure

vi) Precautions

(1) Must be light cured to achieve good bond

(2) Fill in increments of 2 mm’s or less

(3) Bond to dentin highly dependent on surface conditioning

14) “High Strength,” “Packable,” or “High Viscosity” Glass Ionomers

a) Developed for the Atraumatic Restorative Technique (ART) for use in third world countries (primitive conditions, strong caries control restoration, no curing light)

b) Conventional setting reaction

c) Higher powder to liquid ratio 

i) Increased compressive and flexural strengths

ii) Lower solubility

iii) Improved wear resistance

iv) Increased surface hardness

v) More “packable” than conventional glass ionomers

vi) Radiopaque

vii) Similar fluoride release to conventional glass ionomers


Conventional Glass Ionomer
Resin-Modified Glass Ionomer
Compomers
Fluoride Releasing Resin
Composite Resin

Typical Products
Ketac-fil      Fuji II, Fuji IX, *Ketac-silver, Miracle Mix
Fuji II LC, Photac-fil Quik, Vitremer
Dyract AP, Elan, F2000, Compoglass F
GeriStore, Variglass, Resinomer, Hytac
Herculite XRV, Prisma TPH, Heliomolar, Tetric Ceram, Solitaire, SureFil

Fluoride Release
High       (*Ketac-silver medium)
High
Medium
Low
Lowest

Fluoride Recharge
High
High
Some
Very Low
None

Thermal Expansion
Lowest

Medium

Highest

Translucency
Lowest



Highest

Tensile Strength  & Fracture Toughness
Lowest



Highest

Burgess, JO Fluoride Releasing Materials – Facts and Fiction (unpublished)
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