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Glass ionomer cements are adhesive tooth-colored
anticariogenic restorative materials which were
originally used for restorations of eroded areas.

Current glass ionomers have been modified to allow a
wider application. These cements evolved from a
general dissatisfaction with silicate cements. The first
usable glass ionomer system was formulated in 1972
by Wilson and Kent and was known as ASPA.

Subsequently great improvements were made and
today these materials are very popular and widely
used.

It was named glass ionomer because, the powder is a
type of glass and the setting reaction and adhesive
bonding to tooth structure is due to ionic bond.

Unlike other restorative materials, this cement requires
minimal cavity preparation as it bonds adhesively to
tooth structure.

Compared to composite resin they are less technique
sensitive. Glass ionomer cement is often known as a
biomimetic material, because of its similar mechanical
properties to dentine. For this reason it is one of the
most popular cements in dentistry.

* . Poly (alkenoate) cement
* . GIC (glass ionomer cement)

* . ASPA (alumino silicate polyacrylic acid)

APPLICATION

1. Anterior esthetic restorative material for Class III
cavities.

2. Restorative material for eroded areas and Class V
restorations (Fig. 8.12).
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Figure 1: a fouryear- old glass ionomer restoration.
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3. As a luting agent for restorations and orthodontic
brackets.

4. As liners and bases.

5. For core build up.

6. To a limited extent as pit and fissure sealants.

7. Intermediate restorative material.

8. Atraumatic restorative treatment (ART) technique.

Glass ionomer cements are not recommended for Class
II and Class VI restorations, since they lack fracture
toughness and are susceptible to wear.

CLASSIFICATION

The general ISO classification of cements apply to
glass ionomer (ISO 9917-1:2007)*

a. Luting

b. Bases and liners

c. Restorations

Difference between various types

The various types of GIC cements are chemically
identical. They vary primarily in the powder/ liquid
ratio and particle size.

The GICs used for luting have a lower powder/liquid
ratio and a smaller particle size when compared to the
restorative variety.

These features enable the luting GIC to have a thinner
film and better flow.

They may also be classified as

1. Conventional GIC

2. Resin-modified GIC

3. Metal-modified GIC

Representative commercial products
Aquacem, Fuji I — Luting

Ketac bond — Bases and liners

Chem Fil, Fuji IT — Restorations

Vitra bond — Light cure GIC
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AVAILABLE AS
1. Powder/liquid in bottles (Figs. 8.13 and 8.14)

Figure 1: representative glass ionomer luting cements (type i).

(J3Y) £ sl A il Liala 311 (slaly) ciliiand 1 JS&)
2. Preproportioned powder/liquid in capsules
3. Light cure system

4. Powder/distilled water (water settable type)

COMPOSITION

Powder
The powder is an acid-soluble calcium
fluoroaluminosilicate glass.

It is similar to that of silicate, but has a higher
alumina-silica ratio. This increases its reactivity
with liquid.

ingredient Weight (%)
silica (510}, 419
Alumina (ALD.) 286
Aluminum fluoride (AlF,) 15
Calcium fluoride (CaF) 157
Sodium flucride (Mak) 23
Aluminum phasphate (AIPO,) 38

The fluoride component acts as a ‘ceramic flux’.

Lanthanum, strontium, barium or zinc oxide
additions provide radiopacity.

Liquid
Originally the liquid was a 50% aqueous solution
of polyacrylic acid. It was very viscous and had a

tendency to gel. Modern glass ionomer liquids are
in the form of copolymers.
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Figure 2: water settable glass ionomer luting cement.
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Component

Polyvacrylic acid in the form of copolymer
with itacenic acid, maleic acid and
tricarballylic acid

Tartaric acid

Water

Copolymerizing with ftaconic, maleic acid, etc. tends to

increase reactivity of the liguid, decrease viscosity and
reduce tendency for gelation.

Improves the handling characteristics, increases working time
and shortens setting time:

Wateris the most important constituent of the cerment liguid,
it is the medium of reaction and it hydrates the reaction
products. The amount of water in the liguid is critical. Too
muchwater results in a weak cement. Too little water impairs

the reaction and subseguent hydration.
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Water settable cements

The polyacrylic acid copolymer is freeze dried and
then added to the glass ionomer powder. The liquid is
water or water with tartaric acid.

An example of a water settable cement is shown in
Figure 2.

When the powder is mixed with water, the polyacrylic
acid powder goes into solution to form liquid acid.
Then the chemical reaction takes place as in the
conventional powder and liquid systems.

These cements are known as water settable cements
and they set faster than those with polyacrylic acid.

MANUFACTURE

The components are sintered at 1100 °C to 1500 °C.
The glass is then ground to particle sizes ranging from
15 to 50 um.

SETTING REACTION

Leaching

When the powder and liquid are mixed together, the
acid attacks the glass particles.

Thus calcium, aluminum, sodium and fluoride ions
leach out into the aqueous medium.
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Calcium cross-links

The initial set occurs when the calcium ions cross-links
(binds) the polyacrylic acid chains. This forms a solid
mass.

Aluminum cross-links

In the next phase, the aluminum also begins to cross-
link with polyacrylic acid chains.

Sodium and fluorine ions
These ions do not take part in the cross-linking.

Some of the sodium ions may replace the hydrogen
ions in the carboxylic groups.

The rest combine with fluorine to form sodium
fluoride which is uniformly distributed within the
cement.

Hydration

Water plays a very important role in the cement.
Initially it serves as the medium.

Later it slowly hydrates the matrix, adding to the
strength of the cement (maturation process).

Silica gel sheath

The unreacted glass (powder) particle is sheathed
(covered) by a silica gel.

It is formed by the leaching of the ions (Ca2+, Al3+,
Na+, F ) from the outer portion of the glass particle.

Structure of set cement

The set cement (Fig. 8.15) consists of agglomeration
of unreacted powder particles surrounded by a silica
gel sheath and embedded in a matrix of hydrated
calcium and aluminum cross-linked polyacrylic gel.

Lullaill 2 gl Sl Ll g 4

e Lol Sl 0 ) g Jasi 5 Lavie Y1 calail) sy
Aolis ABS <8 Lae el 580 sl (aen Judls
Lyl a2 guial¥) b4

e Judls we b je asital) 8 ) o8 Lag ¢ Jal gkl b
RERIPN RPN

Craslil] g p gt gual) )] g

el sl o) sl oda oyl Y

G omsoued) JaE amagall s pan daia oS
s 5 S e sana

JSh g g ) sl o g g JSE Cp Sl ae AL LS

daLay/
a5 a5 28 Do) a8 ccnan) AL T )0 e Ll Canly

Alee) Ciia) 5 ) liwas ooy A 4y oghy claay
()
(Silicall 230 CidlE

Sl (i) s Aleliidl e (Grad) zlao) s
Sl

e

psnsall casniall caadl&l) o) s FLE ) DA e JSIS
el Clioal il e sl e )Ml

claial) ciland) Al

eyl Gl e e ABS (e (3 JSA) caliaiad) cinen) cally
Qe 5 peanial 5 bl e Cidlay dllad) Alelial e
Agadl) o sl 5 o Sl pe i€l ST Jsdl Sla (e

— Silica gel sheath

]

Figure 3 representation of structure of set glass ionomer.
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Sensitivity to air and moisture

Exposure of the cement to water before the hardening
reaction is complete, leads to loss of cations and anions
which form the matrix as they can be dissolved.

Thus, it is very important to protect the cement surface
(by applying varnish, etc.) after it is placed in the
mouth.

PROPERTIES

Some of minimum requirements for the different types
of GI cements are presented in Table 8.1.
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Mechanical properties LSSl (ailadl)

Compressive strength Lleaiy) 548
Because of differences in the powder-liquid ratio GIC . .

G Lot adtiad) clinkil Jaf ge aasied GIC 0 el

used for different applications show variations in their
physical properties.

Restorative GIC has a compressive strength of 150
MPa. The luting GIC has a lower compressive strength
of about 85 MPa.

Tensile strength

Luting type—6.2 MPa
Restorative type—6.6 MPa
Hardness

(49 KHN) Less harder than silicates. The hardness is
also far lower when compared to composites.

Fracture toughness

A measure of energy required to produce fracture.
Type Il GIC’s are far inferior to composites in this
respect.

Elastic modulus

(7.3 GPa) It is a measure of their stiffness.

The MOE is half that of zinc phosphate cement.
Wear resistance

They are more susceptible to tooth brush abrasion and
occlusal wear when compared to composites.

Solubility and disintegration
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The initial solubility is high due to leaching of
intermediate products.
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The complete setting reaction takes place in 24 hours;
therefore, the cement should be protected from saliva
in the mouth during this period.

Glass ionomer cements are more resistant to attack by
organic acids.

* . Solubility in water for Luting type—1.25% wt.

* . Solubility in water for Restorative type—0.4% wt.

Adhesion
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It adheres well to enamel and dentin. Shear bond
strength ranges from 3-5 MPa.

Mechanism of adhesion

Glass ionomer bonds chemically to tooth structure.
The exact mechanism has not been fully understood.

The bonding is due to the reaction between the
carboxyl groups of the polyacids and the calcium in the
enamel and dentin.

The bond to enamel is always higher than that to
dentin, probably due to the greater inorganic content
of enamel and its greater homogeneity.

Esthetics
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Esthetically they are inferior to silicates and
composites. They lack translucency and have a rough
surface texture. They may stain with time.

The restorative GICs are available in different shades.
The esthetics are sufficient for restoring cervical
lesions and minor defects in nonesthetic zones.

The luting cement is opaquer than the restorative
cement.

Biocompatibility
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Pulpal response to GIC is classified as mild.
Type II glass ionomers are relatively biocompatible.

The pulpal reaction is greater than that from zinc oxide
eugenol cements but less than that produced by zinc
phosphate cement.

Polyacids are relatively weak acids.
The water settable cements show higher acidity.

Luting type GIC is more acidic than Restorative type
because of the lower powder/liquid ratio.
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Occasionally sensitive patients show a painful
response to GIC luting cement.

Pulp protection

Deep areas are protected by a thin layer of calcium
hydroxide cement.

Anticariogenic properties
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Type 1l glass ionomer releases fluoride in amounts
comparable to silicate cements initially and continue
to do so over an extended period of time.

In addition, due to its adhesive effect they have the
potential for reducing infiltration of oral fluids at the
cement-tooth interface, thereby preventing secondary
caries.

MANIPULATION

+ . Conditioning of tooth surface.

* . Proper manipulation.

* . Protection of cement during setting.
* . Finishing.

Preparation Of Tooth Surface

The tooth should be clean for effective adhesion of
cement.

The smear layer present after cavity preparation tends
to block off the tooth surface and so should be removed
to achieve adhesive bonding.

This is achieved by
* . Rubbing with a cotton pellet and pumice slurry

» . Etching with 10% polyacrylic acid or 37%
phosphoric acid.

(The objective is to remove the smear layer but still
leave the collagenous plug in place. The plug acts as a
barrier to the penetration of acid from the cement).

Conditioning
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This is achieved with 10% polyacrylic acid or 37%
phosphoric acid for about 10 to 20 seconds.

Next rinse with water for 20 seconds.

Very deep areas of the preparation should be protected
by a dab of calcium hydroxide.
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After conditioning and rinsing, the surface is dried but
not desiccated. It should be kept free of saliva or blood
as these will interfere with bonding. If contaminated
the whole procedure is repeated.

Proportioning and Mixing

Powder/liquid ratio
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Powder/liquid ratio varies according to the type of GIC
and intended use.

Most manufacturers provide a plastic scoop which is
useful for measuring.

The manufacturers recommended ratio should be
followed.

Low P/L ratio reduces mechanical properties and
increase the chances of cement degradation.

Moisture contamination alters the acid-water balance.

Spatula used Stiff plastic or metal spatula.

Mixing
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Manual mixing
The powder bottle is tumbled gently. The powder and
liquid is dispensed just prior to mixing.

A nonabsorbent paper pad or a cool and dry glass slab
may be used. The powder is divided into two or more
increments (Figs. 8.16A to C).
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Figures 8.16a to c (a) dispensed powder and liquid. (b) mixing
of glass ionomer. (c¢) mixed glass ionomer showing right
consistency for luting.

The first increment is incorporated rapidly into the mix
with a stiff bladed spatula in about 5-10 seconds. The
material should not be spread over a large area.
Subsequent increments are incorporated and mixed
using a swiping and folding technique.

The material is collected and folded on to itself. Total
mixing time should not exceed 30-40 seconds.
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A good mix should have a glossy surface (Fig5 A).

This indicates the presence of residual polyacid (which
has not been used up in the setting reaction) and
ensures proper bonding to the tooth.

A mix with dull surface (Fig. 5 B) is discarded as it
indicates prolonged mixing and reduces the adhesion.

e
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Figures 8.17a and b (a) a good mix should have a glossy surface.
This indicates the presence of residual polyacid and ensures
proper bonding to the tooth. (b) a mix with dull surface (right)
is discarded.

Mixing time
45 seconds.
Insertion

The mix is packed into the cavity without delay using
a plastic filling instrument.

If the mix loses its gloss or forms a skin it should be
discarded.

Mechanical mixing
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GIC supplied in capsule form containing
preproportioned powder and liquid is mixed in an
amalgam triturator. The capsule has a nozzle and so
the mix can be injected directly into the cavity or
crown (Figs. 6 A and B).

e

Figures 8.18a and b (a) glass ionomer in capsule form. Mixing

is done in a triturator (similar to an amalgam triturator). (b)
the cement is expressed through the nozzle with the help of a
special gun.

gles B o Lyga oY g S5 il GIC Y £ 5w
L) 7 e Jlen an Bl 5 Gl (o L

gl o sial e leia oSa Jally o) At dlbi
(6 os2)

laa 730 4 335y 7 3l oy 2 80 gl 30 Al guusl IS (A 16 JSE
(oAl utaaa ) Ja 3a ol Rl s Cilans¥) (s o (B piaY) € 30 S

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:33\@.9‘/'1;«.;.9\



Js ¥ Jed

s Blied|

“t’ - f“.. iﬂ. 3\‘y

Consistency after mixing

This varies according to the type of GIC and its
intended wuse. For example, restorative
consistency differs from luting consistency.

For luting the material should have sufficient flow
to ensure complete seating. Care should be taken
not to make it too fluid as it can reduce strength.

For restorations, a thicker consistency is required
to provide sufficient body for manipulation and
placement into the cavity.

In the ART (atraumatic restorative treatment)
technique the material has a very heavy or putty
like consistency for improved packability.

Advantages

1. Better properties due to controlled P/L ratio.
2. Less mixing time required.

3. Convenient delivery system.

Disadvantages

1. Cement quantity limited by the manufacturer.

2. Shade selection is limited, colors cannot be
blended.

Setting time
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Luting type — 7 minutes

Restorative type — 4 to 5 minutes

Protection And Shaping Of Cement

During Setting

Glass ionomer cement is sensitive to air and water
during setting. It should be protected from moisture
contamination as well as drying during setting and for
a few days after setting.

For placement into the cavity, the Crescent Metal
Matrix (Abdullah Technique) (Figs. 7) may be applied
to

1. Protect the cement from the environment while
setting.

2. Provide maximum contour so that minimal finishing
is required.
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3. Ensure adequate adaptation on to the walls of the
cavity.

Protection Of Cement After Setting

The matrix is removed after complete set. Immediately
after removal, the cement surface is again protected
from drying with

1. A special varnish supplied by manufacturer, or
2. An unfilled light cured resin bonding agent, or
3. Cocoa butter or petroleum jelly.

This protects the cement from drying while the dentist
proceeds with the finishing.

Failure to protect the cement surface from contact with
air results in a chalky or crazed surface.

The causes for chalky or crazed surface are

* . Inadequate protection of freshly set cement (from
air)

* . Low powder/liquid ratio

* . Improper manipulation

FINISHING

Excess material is trimmed from the margins.

Hand instruments are preferred to rotary tools to avoid
ditching. Further finishing if required is done after 24
hours.

Before dismissing the patient, the restoration is again
coated with the protective agent to protect the trimmed
areas.

Failure to protect the cement from saliva for the first
24 hours can weaken the cement.

Figures 7: Crescent Metal Matrix (Abdullah Technique)
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1. If the liquid contains polyacids, it should not be
placed in a refrigerator as it becomes very viscous.

2. The restorations must be protected from drying at all
times, even when other dental procedures are to be
carried out later.

3. The glass slab should not be below dew point, as
moisture may condense on the slab and change the
acid-water balance.

s Blied|

GUaluiaY

LY (pmleall e e il gia) Jla 8 00l & Qi) g Ssa Y
Al sl 8

“h’ - w.... iﬂ. 3\‘y

el die ia ccli gV A0S 8 Galial) e i) Agles 235 ) g
LAY Al culeljaY)

e K 8 sl )l Y gaill ddat cnt mla N 2 ) 0S¥

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:33\.)\?9‘/'1)9.;.1



Js ¥ Jed heol8l el Apage 3 e Slye

Packable Glass JIonomer For[Jlllctas il Jal ge dall S8 o L&l zla 3

Posterior Restorations PEEN

A packable GIC (Fuji VIII for anterior teeth and Fuji

.. & ge & :: P - P
IX or posterior teeth—Figs. 74 A and B) with a dough Fuji gl gl Fuji VIIT) &l 443 GIC b a5

like consistency is available as a cheaper alternative to das A J03 el (14 Jsd) 4l e IX
compomers and composites for posterior restorations. Al claegll CujeeSlly el ad

- {ff‘ ¥
Figures 8 a and b high viscosity gic. (a) fuji viii for anterior. (b) Fuji IX B &) ¢liadd Fuji VIIT <A A>3 e GIC 2 :8 Jsi
fuji ix for posterior. AR gliudl
1. Pediatric and geriatric restorations. & seill Jukd sie clage g 1
2. Intermediate restorative material. Agds e Sgage fisile 2
3. Permanent restorative material in non-stress zones. seall Az el e 3l 6 Ads duase sioke 3
4. As a core material. osla) cldsale 4
1. Higher wear resistance than conventional GICs. Aol ¢ 5L 4 lae Ale o) ) A glia
2. Packable and pressable. Laaall g @lall JE
3. Fluoride release. slall s
4. Simple to place (single step). (3as) 5 Al o) kil g
5. Less technique sensitive Ao J8 s

Atraumatic Restorative Dentistry e DM e il Gy Giba

(ART) (ART)

In areas with no access to electricity or equipment, &) et Joa gl oS Y ) Bhliall 8 oam sall llay o oS

Patlents may be treateq using thfe ART concept which iy ey 52 ART o sge il < juga) o ol 480
involves hand excavation of caries. )

ol g el

Since hand excavation is often incomplete, one has to Slo adel ol o cung tals j2 (S & sl iy el o L
rely on amat.eria‘ls that bonds adhesively to enamel and i) Alan ol o slill 5 jaty slisal s (altlly dut 5 5l
release fluoride in order to protect teeth under adverse

.. Bkl VA s
conditions.
The material of choice in this case is packable GIC (8l all A GIC b (o2 Al oda s sl 3ol
(Figs 8 A and B).
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Fissure Sealing(Special Applications)

The traditional glass ionomer cement is somewhat
viscous, which prevents penetration to the depth of the
fissure.

Thus the fissure orifice in general must exceed 100 um
in width.

Fissures or pits that are smaller are better treated with
acid etching and light cured resin sealants.

The use of glass ionomer in sealant therapy will
increase as formulations are developed that are less
viscous (e.g. light cured) and have good wear
resistance.

MODIFIED GLASS IONOMERS

Over the years glass ionomer has been modified by
manufacturers in order to compensate for some of their
deficiencies. This has resulted in new products.

The modified glass ionomers are:

1. Metal modified GIC
2. Resin modified GIC

Modified Glass

Metal
Cement

Ionomer

Metal-reinforced glass ionomer cements were first
introduced in 1977 to improve the strength, fracture
toughness and resistance to wear and yet maintain the
potential for adhesion and anticariogenic property.

The addition of silver-amalgam alloy powder to
conventional materials also provided radiodensity.

Subsequently, silver particles were sintered onto the
glass and a new product called cermet was launched.

These materials are currently considered oldfashioned,
as the conventional glass ionomer cements have
comparable physical properties and far better esthetics.

TYPES

Two methods are employed

1. Silver alloy admixed

Spherical amalgam alloy powder is mixed with
restorative type GIC powder (Miracle Mix—Fig. 9).

2. Cermet

Silver particles are bonded to glass particles. This is
done by sintering a mixture of the two powders at a
high temperature (Ketac-Silver) (Fig. 10).
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Figure 9 miracle mix. The bottle in the center contains the

silver alloy.

Aadl Aadd o Ciatiall 33 gaall (s gia3  Miracle Mix :9 JS&l

USES

1. Restoration of small Class I cavities as an alternative
to amalgam or composite resins.

They are particularly useful in young patients who are
prone to caries.

2. For core-build up of grossly destructed teeth.
PROPERTIES

Mechanical properties

Figure 10 ketac-silver.

ketac-silver :9 Jsal
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1. The strength of either type of metal modified cement
(150 MPa) is not greatly improved over that of
conventional cement.

2. Diametral tensile strength of the cement is similar
to conventional GIC.

3. The fracture toughness of metal modified GIC is
similar to that of conventional GIC.

4. In the mouth both metal modified and conventional
GIC appear to have similar wear rates.

From the above properties it is clear that there is no
appreciable advantage of using metal modified GIC
over conventional GIC.

The clinical performance of cermet cements is
considered to be inferior to other restorative materials.

Anticariogenic property
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Both metal modified ionomers have anticariogenic
capability due to leaching of fluoride.
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However, less fluoride is released from Cermet cement
than restorative GIC, since the glass particle is metal
coated.

On the other hand, the admixed cement releases more
fluoride than restorative GIC. Here the metal filler
particles are not bonded to the cement matrix and thus
there are pathways for fluid exchange. This increases
leaching of fluoride.

Esthetics

These materials are gray in color because of metallic
phases within them; therefore, they are unsuitable for
use in anterior teeth.

Resin-Modified Glass lonomer

These are relatively new materials having various
names like compomer, resin-ionomers, RMGI (resin-
modified glass ionomer), light cured GIC, dual cure
GIC, tricure GIC, reinforced GIC, hybrid ionomers,
etc.

These materials were developed to overcome some of
the drawbacks of conventional GIC like

1. Moisture sensitivity
2. Low initial strength
3. Fixed working times.

CLASSIFICATION

Depending on which is the predominant component.
These materials may be classified as (McClean et al).

1. Resin-modified glass ionomer cement
(RMGI), e.g. Fuji I1 LC (Figs. 11 A to C), Vitremer,
Photac Fil, etc.
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Figures 11 a to ¢ resin-modified glass ionomer cements. (a) a
light cured base/liner. (b) GC’s Fuji II LC is a radiopaque light
cured restorative cement. (c) resin-modified luting cement.

2. Compomers or polyacid-modified composites
(PMC), e.g. Dyract Variglass VLC.
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1. Restoration of Class I, III or V cavities.

2. Bases and liners.

3. As adhesives for orthodontic brackets.

4. Cementation of crowns and FDPs.

5. Repair of damaged amalgam cores or cusps.
6. Retrograde root filling.

Note Uses vary according to brand.

SUPPLIED AS

» . Chemical cure (acid-base setting reaction of the
glass ionomer portion).

¢ . Dual cure (combines acid-base setting reaction of
the GIC portion and light curing of the resin portion).

e . Tricure (combines acid-base setting reaction,
chemical and light cured polymerization of the resin
portion).

All of them are usually supplied as powder and liquid.
The light cured type is supplied in dark shaded bottles
(for light protection).

COMPOSITION

Since these are combination materials, they contain
components of both resin and glass ionomer. However,
their proportions vary.

Powder Liquid

lon keachable glasses (silica, alumina) Palyacrylic acid
Photainitiators or chemical initiators or bt Water
Polymerizable resin

Hydroxyethyl methacrylate monomers

Methacrylate monomer

SETTING REACTION

Setting includes both polymerization and acid-base
reaction. The initial setting occurs by polymerization
of the methacrylate groups giving it a high early
strength.

Polymerization may be light cured or chemical cured
depending on the type of cement.

Subsequently the acid-base reaction sets it thereby
completing the setting reaction and giving the cement
its final strength.
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MANIPULATION

RMGI is mixed and applied after conditioning the
tooth with polyacrylic acid (10-25%).

The powder and liquid are mixed according to the
manufacturer’s instruction.

Light cured RMGI is cured by exposure to blue light
(which is used for curing composite).

PROPERTIES

Strength

The compressive strength is slightly lower (105 MPa)
when compared to conventional GIC. The diametral
tensile strength is however greater (20 MPa).

They have a greater fracture toughness because of the
greater resilience of the resin component.

Hardness

Saladil
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(225080 culatl axdidl) 3,3

5 gl

e L e die (JSulilise 105) Lows Limsiie el 5
(JSslilaze 20) T 4 kil 2l 558 o V) e sadsl) GIC

el o sSall oY) e laall dags el Ll e liay s
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The hardness (40 KHN) is comparable to that of
conventional GIC.

Adhesion

i) GIC U 4Blaa (KHN 40) 5 sl

alaily

The bonding mechanism to tooth structure is similar to
that of conventional GIC.

Micromechanical retention also plays a role in the
bonding process.

These materials bond better to composite resins than
conventional GIC. This may be because of the
presence of residual unreacted monomers within the
RMGIL.

Microleakage

(gl GIC 1l ABlas cyudl Ay el V)

Ll Y Aglee 81550 (SlSal (g el codiil ey Gl
GIC 5 a8 5l clasd J) e daadl (<30 ol sl 538 Lasi 53

Agad plall Glass sy I eV e g e dy sadal
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These materials have a greater amount of
microleakage when compared to GIC. This may be
partly due to the polymerization shrinkage and partly

due to the reduced wetting of the tooth by the cement.

Anticariogenicity
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These materials have a significant anticariogenic
effect because of the fluoride release.

Some tests indicate fluoride release may be equivalent
to that of conventional GIC.
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Pulpal response

gl Adnia)

The pulpal response to the cement is mild (similar to
conventional GIC).

Esthetics

(28 GIC 1 Alag) Abseria Ciiandl il lany|

Glallaad)

They are more translucent and therefore more esthetic
than conventional GIC. This is due to the closeness of
the refractive indices of the powder and the monomer
in the liquid.
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Resin cements based on methyl methacrylate have
been available since 1952 for cementation of inlays,
crowns and other appliances.

Development of resin cements came naturally with the
development of composites resins.

They are essentially low viscosity flowable
composites. These cements are known for their high
esthetics and high bond strengths.

They were widely used for the cementation of
orthodontic brackets and resin-bonded restorations

(Figs 12).

Figure 12 bonding of orthodontic brackets.

The development of esthetic all-ceramic restorations
led to a renewed interest in an esthetic bonding system
which complemented the esthetics of the restoration.

The color of the underlying cement can influence the
esthetics in translucent restorations.

The resin cement also improves the esthetics at the
margins of the restoration. According to some studies
resin cements reduce fractures of all-ceramic
restorations.

Thus, they are popular for the cementation of all-
porcelain restorations.

APPLICATIONS

1. For bonding of orthodontic brackets to acid-etched
enamel (Fig 12).

2. Cementation of porcelain veneers and inlays.

3. Cementation of all-porcelain crowns and FDPs (Fig.
13).

4. Cementation of etched cast restorations (Fig. 74).
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Figures 13 a and b (a) representative resin luting cement (dual
cured). (b) resin cement is directly injected into the crown
through the static mixing tip.

FIGURE 14 An etched resin-bonded cast restoration
(Maryland bridge).

CLASSIFICATION

Based on curing system

¢ . Chemical cure

* . Light cure

¢ . Dual cure

Chemically activated resins

can be used for all types of restorations.
Light activated resins

cannot be used in all situations because of problems
of light penetration.

Thus, their use is limited to thin ceramic restorations
which allows some passage of light, composite
restorations like inlays, ceramic or plastic orthodontic
brackets, etc.

Dual cure resins

are used when the material being bonded allows some
degree of light penetration, e.g. ceramic crown,
brackets, inlays, etc.

The resin around the margins are cured using light to
initiate setting. The portions where light cannot
penetrate cure subsequently by chemical reaction.
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SUPPLIED AS

They are supplied in syringes

1. Chemical cured

-- Two paste system containing base and accelerator

-- Single paste system with activator in the bonding
liquid
2. Light cured:

Single paste system.

Most systems also include a bonding agent and
etchant.

Representative Commercial Names Panavia F,
Infinity, ResiLute (Pulpdent), Transbond XT (3M),
Maxcem Elite (Kerr), Variolink Esthetic (Ivoclar)
(Fig. 8.29A), etc.

COMPOSITION

The resin cements have a composition similar to that
of modern composites.

The filler content has to be lowered and diluent
monomers are added to adjust the viscosity.

Some contain fluoride (e.g. Panavia F).

To promote adhesion to enamel and dentin,
organophosphates (MDP), HEMA and 4 META are
used as bonding.

POLYMERIZATION

1. Chemically by peroxide-amine system
2. Or by light activation
3. Or by both chemical and light activation (dual cure).

Polymerization mechanisms are similar to those of
resin-based composites.

PROPERTIES

Compressive strength : 180 MPa (26000 Psi)
Tensile strength : 30 MPa (4000 Psi)

Film thickness : 10-25 um

Biological properties : Irritating to the pulp. Pulp
protection with calcium hydroxide or GIC liner is
necessary for areas close to the pulp.

Solubility : Insoluble in oral fluids.

ity dale Laad 2alal) alana e

Names Panavia F, Infinity, :ified 4lail el
{Transbond XT (3M) (ResilLute (Pulpdent)
Variolink Esthetic s Maxcem Elite (Kerr)
.(14 Jsa) (Ivoclar)

S

sl 23 puasl Blaw i 5 Tyl ciliaasdd
g S0 Juant] i FLS g Filcd o T Sl Qi Cing
.(Panavia F :Jiw) 5kl (5 siny )

4 o (HEMA ‘(MDP) 4 gmnll Cilan gl F\Aslu\ T
gl el Y sl 50 Jal cetda ) dele ) HEMA

a5 s aldas Akl LilaS 1

Gipal byl bl 2

(bl ) ekl el il dklugy 3
ol ) paeklly Lualal) bl ABLee el il
oaibaidll

Jullasal 80 sl 5 8

JWulloe 30 il 5 48

0388 25-10 :dadall 443

poand Sl elay Qlll Alan o5 cll (i ja than sl (ailadd)
calll (e Ay Bl (8 L5 ea cplaill GIC ) S
AL 5l 8 Jaie DY)

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:35\.)\?9‘/3*9.;.9\



Js ¥ Jed

s Blied|

“t’ - f‘... iﬂ. 3\‘y

Polymerization shrinkage : Is high

Adhesion properties : They do not adhere to tooth
structure, which may lead to microleakage if used
without etching and bonding.

Bond strength to enamel : 7.4 MPa (1070 Psi). Bond
strength to enamel is usually strong.

Failure most often occurs at the metal-resin interphase.

Technical

Manipulation and

Considerations

Like composites, resin cements are technique
sensitive. Improper procedure can lead to poor bond
strength and failure.

The following processes are involved.
1. Etching the restoration

2. Etching the tooth surface

3. Bonding and curing

4. Removal of excess cement

ETCHING THE RESTORATION
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Etching metal

The metal surface can be etched or roughened by
blasting with 30-50 g m alumina to improve
retention.

Etching is usually more effective. The process is
carried out in a electrolytic bath containing an acid like
sulfuric acid—also known as electrochemical etching.
The non-bonding surface is protected with wax. Silica
coating can also be used to improve bonding.

Etching porcelain

Ceramic is a highly inert material and is immune to
attack by most acids.

it can be etched by using hydrofluoric acid. The
esthetic surfaces are protected with a coating of wax.

Orthodontic brackets

In the case of orthodontic brackets, a fine mesh on the
bonding side of the bracket helps to improve its
retention.

The cement flows into the mesh and locks to provide
good mechanical retention.

Coating with organosilane also improves bond
strength.
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ETCHING THE TOOTH SURFACE

The tooth surface is etched with phosphoric acid. This
is followed by an application of bonding agent.

BONDING AND CURING

Chemically activated systems
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Two paste systems

The two components are combined by mixing on a
paper pad. Mixing time is 20-30 seconds.

Single paste system with activator in bonding
agent

In some systems, the activator is present in the
bonding agent. The bonding agent is painted on to the
etched tooth surface as well as on to the restoration.

Setting occurs when the cement on the restoration
contacts the bonding agent on the tooth.

Dual cure system
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* . The two components are mixed and light cured.

» . Time of exposure should never be less than 40
seconds.

« . Light curing gives high initial strength.

+ . Light curing polymerizes the exposed cement at the
margins of the restoration which is affected by air
inhibition.

REMOVAL OF EXCESS CEMENT

Excess cement removal is critical. Removal of excess
cement can sometimes be very difficult because of the
high strength of the material.

Therefore, removal of the excess cement should be
attempted soon after seating before the material has
fully hardened.

Some manufacturers recommend a partial light cure to
facilitate removal followed by completion of curing.
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Compomer (Polyacid-Modified Composite Resins)
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Compomer

(Polyacid-Modified
Composite Resins)

Shortly after the introduction of RM GICs,
‘compomers’ were introduced to the market. They
were marketed as a new class of dental materials that
would provide the combined benefits of composites
(the ‘comp’ in their name) and glass ionomers
(‘omer’).

These materials had the fluoride release features of
GIC with the durability of composite.

Based on their structure and properties, these materials
belong to the class of dental composites.

Often, they have been erronecously referred to as
‘hybrid glass ionomers’, ‘light-cured GICs’ or ‘resin-
modified glass ionomers’.

The proposed nomenclature for these materials is
polyacid-modified composite resins, a nomenclature
that is widely used in the literature.

APPLICATIONS

1. Restorative materials in pedodontics.

2. Restorative material in nonstress bearing areas.
3. Class V lesions.

4. Bases.

5. Luting (permacem) (Fig. 75).
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Figure 15 luting procedure of 2 all ceramic anterior crowns.
Excess cement is removed.

Their applicability as orthodontic adhesives, amalgam
bonding systems and veterinary restorative materials
has also been reported.
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SUPPLIED AS

These materials are sensitive to moisture. They are
usually supplied as

+ . Light cured single paste in moisture proof packets
(Dyract, Compoglass) (Fig16)

* . Powder/liquid (Principle) (Fig77)

+ . Two paste static mixing system (PermaCem) (Fig.

19).

< Ty

2 Dyruer AP P

Figure 16 single component compomer restorative cement
(dyract, dentsply).

.(dyract, dentsply) GsSall 28 (rara Al saa 500 981 Candd 116 JSEN

Figure 17 two paste static mixing compomer luting cement
(permacem by dmg).

(permacem by Gsazall A CSlall 7 5al) e gaa S Glal) cilan) 117 Jsdl)

.dmg)
Commercial names
Restorative ~ —Dyract  (Dentsply), Compoglass
(Ivoclar).

Luting —Permacem, Principle (Dentsply), etc.

COMPOSITION

These materials have two main constituents:
dimethacrylate monomer(s) with two carboxylic
groups present in their structure and a filler that is
similar to the ion-leachable glass present in GICs.

The ratio of carboxylic groups to backbone carbon
atoms is approximately 1:8.
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Figure 18 powder/liquid type luting cement (principle by
dentsply).
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There is no water in the composition of these materials
and the ion-leachable glass is partially silanized to
ensure some bonding with the matrix.

Single component system

Silicate glass, sodium fluoride, and polyacid modified
monomer, photoinitiator.

Double component system

Powder - Glass fillers, accelerators, initiator, TiO2
Liquid - Acrylic monomers, photoinitiator, water,
carboxylic acid dimethacrylate.

SETTING REACTION

The initial set is via a free radical polymerization
reaction activated by light.

Subsequently water from saliva is absorbed by the
cement and an acid-base reaction sets in between the
carboxylic groups and areas of filler not contaminated
by the silane coupling agents. It is this reaction which
releases fluoride.

BONDING AND CURING

Bonding and curing mechanisms are similar to the
resin luting cements.

» . Light cured
* . Chemically cured
* . Dual cured

Etching and bonding are similar to the resin luting
cements. Some current materials are selfetching and
bonding (e.g. Permacem by DMG, Fig 17).

No additional etching and bonding are required in
these materials.

MANIPULATION

For the single component system

the tooth is etched and bonding agent applied.

The material is injected into the cavity and cured by
light.

For the powder/liquid system

the powder and liquid is dispensed and mixed
according to the manufacturer’s instruction for 30
seconds.

For the static mixing system,

the material comes out mixed when it is extruded
through the spirals in the mixing tips.
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Considering the low volume fraction filler and the
incomplete silanization of the filler, it could be
postulated that they are inferior to composites.

Both in vitro and in vivo investigations have confirmed
this expectation.

Lower flexural strength, modulus of elasticity,
compressive strength, flexural strength fracture
toughness and hardness, along with significantly
higher wear rates compared to clinically proven hybrid
composites, have been reported for these materials.

Fluoride release
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Though these materials release fluoride they have
significantly lower levels of fluoride release than
GICs.

Although low, the level of fluoride release has been
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are necessary.

Biocompatibility

With the exception of concerns about the release of
HEMA from these materials, no other biocompatibility
issues have been associated with their usage.

Advantages and disadvantages

The prime advantage of these materials is their fluoride
release anticariogenic potential.

The disadvantage is their lack of adhesion. Thus
bonding agents are required which increase in the
number of steps and time required for placement.

Constant reformulations of these types of materials
may eventually make them comparable or even
superior to existing composites, but as long as they do
not set via an acid-base reaction and do not bond to
hard-tooth tissues, they cannot and should not be
classified with GICs.
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Giomers
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The term ‘giomer’ is an English combination of ‘glass
ionomer cement’ and ‘resin composite’.

Unlike compomers that incorporate lyophilized
modified resin groups and initially inactivated
reactivefillers, giomers use dehydrated and silanized

preactivated reactive fillers.

Composition and Chemical Reactions

No functional acid groups or dehydrated acid groups
are incorporated in the composition; the material
therefore lacks adhesive potential and requires the use
of an adhesive.

Setting is performed by photopolymerization, and the
photoinitiators found are similar to those contained in
resin composites.

The main feature of a giomer is that in addition to the
nonreactive silanized glass fillers of the resin
composite, it incorporates reactive fillers of
preactivated Fluoro-Alumino-silicate FAS (i.e., coated
with Si02 gel), similar to those contained in HV-GICs
after the setting reaction.

For this purpose, before their incorporation into a
material that already contains organic monomers and
silanized nonreactive glass fillers, the FAS fillers are
pre-etched with polyacrylic acid to cover them with A
silicic gel, dehydrated by freeze-drying, and
functionalized by silanization to allow their
copolymerization with the resin monomers and to
make them suitable for ion release in contact with
water when it is absorbed into the material.

The fillers obtained at the end of this treatment are
called pre-reactive glass ionomer particles (PRGs).

These materials, marketed by the Shofu Company, are
provided in the form of single-use compules or
reusable tubes.

Handling properties and esthetics

Working with giomers is considered easy in
comparison to composite resins.

They have high flexibility and are less likely to be
dislocated from areas with high functional stress.
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Color, fluorescence and translucency together,
essentially contribute to the esthetical integration of a
new restoration. Therefore, new materials should
imitate the color of natural teeth and all other optical
properties.

Adhesion and micro-leakage

For giomers, a self-etch system is mainly used to
obtain the adhesion of the material to the tooth
structure.

With the purpose of increasing the antimicrobial
protection, the effect of topical fluoridated solutions on
the surface of giomers restorations is being tested. The
effect of these applications might negatively influence
the bond strength between giomer and tooth structure
and increase the microleakage.

shown that this
phenomenon is higher for giomers and lower for glass-
ionomers and zircomers (other flouride releasing

micro-leakage studies have

dental materials). However, the force necessary to
displace a giomer filling is higher than for the other
two materials.

A method of avoiding secondary decays is the use of
chlorhexidine as disinfectant of the cavity. However,
in the case of giomers, when used with a self-etch
adhesive system, the supplementary disinfection might
negatively influence adhesion quality and therefore
increase the risk for micro-leakage.

Fluoride releasing and protection

offered by giomers

There is no ideal formula for a dental material that is
applicable to all clinical cases.

Bioactive glass included in the composition of
giomers, dissolves upon contact with biological fluids,
allowing for a therapeutic ion release like phosphate,
fluoride, calcium, influencing the capacity to form
apatite.

In the field of orthodontics it helps prevent white spots
lesions.
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Clinical indications

1.

9.
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Giomers have ideal properties for treating cervical

non-carious lesions.
For all restorations (class i, i, iii, iv, V)
Patients with a high carious index

Direct veneers because of high esthetic properties

and chameleon effect

Proper restoration of pink esthetics in exposed

cervical areas (gingival shades)
Pit and fissure sealants

Base materials or liners

For pediatric use

Varnish for hypersensitive exposed areas

10. Cementation of restorations

11. Collating orthodontic brackets.

e

s Blied|

LA ) dallad Al pailady O e pal) aian
gl

(sl cad I el ¢ S (V) Canall) Clage i) e
.‘?de\ Lﬁ)ﬁ-‘j‘ )z.ﬁvd\ Lﬁ}b «5“’)““

Al Adieail lpaibad o 3 bl heatll o gl
.91—])3.“ ﬁﬁtj

Alial) laliall (& Aol dpendl (Bhlial daulin ilae 55
N ERPAl AN TR

cu lall 5 ala 5l 3alu 30l

et 3ol g Auac\d 30l

LY i Gl 8 Hasiy)

i o3 kil A, Aatlaad Zhudeg

Aap A 350

) et

1

4

cCilase Al i (10

e 58l @) alall Jaf e 111

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:35\&‘/'1*9.;.9\



