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Abstract

One of the most controversial areas of restorative dentistry is the
subject of liners and bases. Currently, there is no single protocol,
with respect to the use of liners and bases, for clinicians to follow.
This article is an in-depth literature review that discusses the use
of liners and bases and the types of materials that are available to
the restorative dentist. The new emerging concept of minimally
invasive dentistry will require new restorative techniques. These
changes will require the clinician to reevaluate their use of liners
and bases. Other clinical considerations and findings from recent
research are discussed.
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1. Introduction

Restorative dentists have many decisions to make in their
general practice, one of which is which material to use for any
given procedure. To make matters more difficult for the clinician
Is the vast number of available choices. Published papers and
lectures which conclude that different materials are ideal add to
this confusion. Dental manufacturers do not make the decision
making any easier, as they constantly introduce ‘new and
improved’ versions of existing products.

The subject of liners and bases is not immune to this confusion.
In 1991, Christensen wrote that the use of bases and liners is
confusing: the state-of-the-art use varies enormously; many
different procedures are successful; and unanimity of opinion is
not likely to be achieved soon[1]. Surveys of North American
dental schools both five and 15 years later came to the same
conclusion[2,3] .In order to lessen this confusion, Cox and Suzuki
suggested that clinicians re-evaluate the liners and bases they
use[4]. Should clinicians decide to make a change, they should do
as Asa recommends, and do so to obtain a better outcome, as
opposed to making a change for its own sake[5]. He goes on to
say that the selection process necessitates that dentists confer with
colleagues and review current literature.

Another aspect of the confusion surrounding liners and bases
involves the terminology used, and this can be seen in current
dental materials textbooks. In the textbook, Restorative Dental




Materials, the authors define a ‘cavity liner’ as a suspension of
calcium hydroxide in an organic liquid. Upon evaporation of the
solvent, the remaining film on the tooth is the liner[6]. Contrast
this to Ferracane, who defines a liner as a material that is applied
as a thin layer to seal the dentine floor and walls of the cavity
from the influx of bacteria and irritants from restorative
procedures[7]. Additional confusion with nomenclature is seen in
Phillip’s Science of Dental Materials which defines a liner as a
thin layer of ‘cement’ used for the protection of the pulp[8].

This same perplexity is seen with bases. Anusavice defines a base
as a layer of insulating, sometimes medicated, cement placed in
the deep portion of the cavity preparation to protect the pulp from
thermal and chemical injury. This is similar to Ferracane but he
adds that bases are placed in thick layers and must be strong
enough to support a restorative material during its placement and
function. Additionally, it should provide thermal and electrical
protection (from galvanic activity). Craig and Powers separate
bases into two categories. The first is for low-strength bases of
calcium hydroxide (CaOH) and zinc oxide eugenol (ZOE)
cements which are referred to as liners. The second category
covers high strength bases, which has the same description as
Ferracane.

It has been generally accepted that the materials that were used to
restore teeth posed a danger to the tooth and allowed for the
occurrence of postoperative sensitivity. If this were true, then a
barrier or protective layer needed to be placed on the tooth before
the final restoration. This buffer would, in part, act to reduce or
even eliminate postoperative sensitivity.
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Over time we have come to learn that it is not the restorative
material that causes problems, but bacteria and the by-products of
bacteria. These bacteria, present in the oral cavity, enter the tooth
at the margin of the restoration through capillary action of oral
fluids. This is referred to as microleakage.Others have defined
microleakage as ‘the marginal permeability of bacterial,
chemical, and molecular invasion at the interface between the
teeth and restorative material[9].
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2. Review
2.1 A liner defined

a material that is applied in a thin layer, usually 0.5 mm thick,
to seal the dentin on the floor and walls of a cavity from the influx
of bacteria or irritants from restorative materials and
procedures[10]. Additionally, a liner (other than a varnish) may
provide some therapeutic benefits[11]. Varnish, calcium
hydroxide, zinc phosphate, glass ionomer, and resin can be used
as a liner.

2.2 A bases defined

Bases are applied in thick layers to provide the pulp with
thermal protection. These materials must be strong enough to
support a restorative material during placement and function[13].
They encourage the recovery of the injured pulp. Essentially,
bases serve as a replacement or substitute for dentin that has been
destroyed by caries or removed during cavity preparation[14].
Bases can be shaped and contoured to specific forms.Craig and
Powers subdivided bases into low strength and high strength
categories, with the low-strength bases referred to as liners.
Varnishes and calcium hydroxide materials are not suitable for
use as a base.

2.3 Use of liners and bases




The rationale for the use of liners and bases has changed over
the years. Initially it was believed that prior to placement of a
final restoration, a medicament was needed on the dentin surface
to protect the tooth and pulp. Dental schools taught that this
medicament was intended to protect the tooth from what was
thought to be the toxic effects of the restoration, even though
irritation from the restoration is mild and temporary. When
postoperative pulpal inflammation did occur, the cause of this
inflammation was bacteria and their byproducts within the
dentin[15]. Bacteria in the dentin can lead to severe inflammation
and even necrosis of the pulpal tissues[16].

A new model for the cause of postoperative sensitivity has
emerged. According to Brannstro[17],postoperative sensitivity is
not caused by bacteria or their byproducts but is due to fluid that
is found in the gaps at the tooth-restoration interface. It is the
movement of this fluid that causes changes in osmotic pressures
under the restoration, leading to postoperative sensitivity. More
dentinal fluid is found in the tubules in deeper cavity preparations
compared to that found in shallow ones, so there would be a
greater osmotic effect with deeper restorations. Therefore,
conservation of dentin would help combat postoperative
sensitivity. In addition, an increase in the remaining dentin
thickness will reduce the number of bacteria that reach the pulp.
This was shown by Meryon, who demonstrated that increasing
the remaining dentin thickness (RDT) by 0.5 mm would reduce
the amount of bacteria reaching the pulp by 75%, and an increase
in the RDT by 1.0 mm would decrease the bacteria by as much as
90%[18].




2.4 Requirements for Liners and Bases

1. They should be non-harmful, and it does not irritate to the pulp
and other tissues.

2. It is not soluble In saliva and fluids taken into the mouth.

3. It provides good mechanical properties which fulfil the
requirements filling material to be packed on liner.

4. Protect the pulp from pulpal reactions caused by different
restorative material.

5. Under a large metallic restoration cement is used to provide
thermal insulation to the pulp e.g. amalgam

6. Liners and bases also provides chemical protection to prevent
infiltration of hazardous chemicals from the dental material to the

pulp.
7. 1t provides electrical insulation under the metallic restoration
to reduce the galvanism.

8. Optical properties for cementation of a translucent restoration
(for example, a porcelain crown) the optical properties of the
cement should be parallel to those of tooth substance.

9. A cement should ideally be adhesive to enamel and dentin, and
to gold alloys, porcelain and acrylics, but not to dental
instruments.




10. It should be bacteriostatic while inserted in a cavity with
residual caries.

11. Cements should have a minimum adverse effect on the pulp.

12. For luting purposes, cements should have a low film
thickness.

2.5 TYPES OF LINERS AND BASES

Desirable properties for liners and bases include the absence of
adverse effects on the pulp, high compressive and tensile
strengths, and radiopacity[19]. Certain ideal properties of
temporary cements would also be desirable in liners and bases.
Ideal features of temporary cements include controlled
dispensing, compact kit (resulting in minimal waste), easy mixing
and easy cleanup, and rapid setting[20]. The ideal liner or base
would have properties from both lists. When using any such
material, proper isolation is essential to reduce bacterial
contamination of the cavity preparation. Use of the rubber dam is
the ideal method for achieving isolation.

Numerous products can function as a liner, base, or cement. These
can include varnish and calcium hydroxide-based, zinc oxide
eugenol/noneugenol-based, zinc  phosphate-based  (zinc
oxyphosphate), zinc polycarboxylate-based, glass iono-mer-
based, or resin-based products .

2.5.1 Calcium hydroxide




2.5.1.1 Definition

for the purpose of pulp protection is avail- able in various forms,
such as in agueous suspensions or as cements, liners, or filled
risens. Calcium hydroxide agueous suspensions are suspensions
of calcium hydroxide in water. After application, the solvent
evaporates, leaving behind (as a liner) a layer of calcium
hydroxide, for example, Pulpdent (Pulpdent, Brookline, MA,
USA). Calcium hydroxide liners, however, are a combination of
calcium hydroxide with a var- nish to modify the viscosity and to
improve handling,[21]for example, Hydroxline (George Taub,
Jersey City, NJ, USA).

2.5.1.2 History of CaOH2 liner

Between 1928 and 1930 he studied the reaction of vital pulp
tissue to calcium hydroxide to prove that it was a biocompatible
material. Since then, calcium hydroxide has been recommended
by several authors for direct pulp capping, but it took until the
middle of 20th century until it was regarded as the standard of
care[22].

2.5.1.3 Composition of Conventional calcium hydroxide liners

Powder contains zinc oxide approximately 90.2% and
magnesium oxide 8.2% which reduce the temperature of
calcination process during manufacture, other oxides 1.6% which
alters the working characteristic and final properties of the

10




cement. Bismuth trioxide imparts smoothness to the freshly
mixed cement. Magnesium oxide also imparts white colour to the
cement besides improving the strength. The liquid is composed
aqueous solution of phosphoric acid (50 to 60%), which is
combined with aluminium and zinc 16.2 % and acts buffers and
partially neutralize the phosphoric acid, thus tempering the
reactivity of liquid and water 33%. The rate of acid base reaction
Is influenced by water. Large amount of water results in reduction
of both compressive strength and tensile strength. The setting
time for zinc phosphate cement is 2.5 and 8 minutes.

Eavity Lining
: ,
hydroxide

DPI

2.5.1.4 properties of Conventional calcium hydroxide liners

Ideally, liners should possess antibacterial properties. The
ability of these liners to prevent bacterial growth under
restorations is of great importance as the numbers of bac- teria in
a cavity decrease the extent of pulpal inflammation is reduced.
Calcium hydroxide liners are reported to display antibacterial
properties[23]. The antimicrobial properties of calcium hydroxide
come from its dissociation into calcium and hydroxyl ions. The
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hydroxyl ions create an alkaline pH that is unfavorable for
remaining bacteria in the cavity. Hydroxyl ions are highly oxidant
free radicals that show high reactivity[24].

The antimicrobial action of hydroxyl ions on micro- organisms
can be explained by their influence on growth, structure,
metabolism, and bacterial cell division. The antibacterial
properties of calcium hydroxide were reported inferior to RMGI
liners[25]and stronger than other materials commonly used for
lining (especially the conventional glass ionomer cement).

Calcium hydroxide liners were also reported to reduce bacterial
numbers much more effectively than only sealing the
cavity.However, calcium hydroxide liners show reduced
antibacterial activity overtime.

The antibacterial properties of calcium hydroxide were reported
inferior to RMGI liners and stronger than other materials
commonly used for lining (especially the conventional glass
lonomer cement). Calcium hydroxide liners were also reported to
reduce bacterial numbers much more effectively than only sealing
the cavity. However, calcium hydroxide liners show reduced
antibacterial activity overtime[26].

Another properties is
Properties:

1- The set material has an alkaline PH (9.2-11.7), which reduces
the acidity of zinc phosphate when used as a sub base material in
deep cavities.
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2- The antimicrobial action of calcium hydroxide makes this
material useful in indirect pulp capping procedures.

3- Calcium hydroxide stimulate the odontoblast cells for the
formation of secondary dentin (stimulate the formation of
dentinal bridge) when it is put directly over exposed pulp tissue,
so calcium hydroxide is used for direct pulp capping.

4- Water is important component for the setting reaction of
calcium hydroxide based liner.

2.5.1.5 Advantage of Calcium hydroxide

Has the ability to slightly demineralize dentine, and in turn
release transforming growth factor-f1 from the matrix that
signals tertiary dentinogenesis that is responsible for repair in
dentine pulp complex and, in turn, supports the success of much
of restorative dentistry[27]. About et al[28]reported that calcium
hydroxide maintained the highest number of odontoblasts
(compared to zinc polycarboxylate, ZOE, and RMGI) beneath
restored cavities when the RDT is <0.5 mm. Murray et
al[29]reported that in cases with a cavity RDT is <0.5 mm and no
pulp exposure is present; calcium hydroxide liners displayed the
greatest area of reactionary dentine deposition when compared
with other pulp-protecting materials, such as RMGI, ZOE, and
zinc polycarboxylate.

2.5.1.6 Disadvantage

13




Calcium hydroxide has significant drawbacks; the low elastic
modulus and low compressive strength of calcium hydroxide
cavity liners restricts their usage to thin layers in specific areas,
which is not critical to the support of restorations[27]. Calcium
hydroxide liners have low thermal conductivity, but they are
usually not used in thick enough layers (<0.5 mm) to provide
thermal protection;therefore, thermal protection should be
provided with a separate base.

2.5.2 Light-cured calcium hydroxide liners
2.5.2.1 Definition

A single component liner that contains calcium hydroxide and
Is polymerized by visible light was introduced in 1988 to help
address the limitations of the chemical cure calcium hydroxide;
that is, they set on command, improved strength, essentially no
solubility in acid, and minimal solubility in water[30].

2.5.2.2 Composition of light cured calcium hydroxide liner

A visible light-cured (VLC) calcium hydroxide liner consists of
calcium hydroxide and barium sulfate dispersed in a urethane
dimethacrylate resin containing initiators and accelerators
activated by visible light[31].

14




Calcium Hydroxide
Cavity iner 1.C;

. ﬂ‘ BT Cavic Liner 1€
R

2.5.2.3 Advantage

Ca ions help in the differentiation and mineralization of pulp
cells.[32] The released Ca ions increase the proliferation of
human dental pulp cells which is dependent on the dose.[33].In
addition, Ca ions modulate osteopontin and BMP-2 levels during
the pulp calcification,[34] and the release of Ca also enhances the
activity of pyrophosphatase  which  maintains  dentin
mineralization and forms a dentin bridge.[35] Thus, continuous
release of Ca ions from a pulp capping material is the main reason
for the proliferation and differentiation of human dental pulp
cells.
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Ca neutralizes lactic acid released from osteoclasts which
prevents dissolution of mineral components from dentin. It also
inactivates the lipopolysaccharide endotoxin which causes
inflammation by acting on macrophages and induces the
periapical pathosis [36] and osteoclastogenesis. Superficial
coagulation of dental pulp is caused by damage to blood vessels.
This coagulation necrosis helps in the differentiation of
odontoblasts and elaborates the matrix. Ca ions also reduce the
permeability of new capillaries to Ca. Thus, more Ca ions are
retained in healing because source of Ca for reparative dentin
formation is blood and the Ca from Ca(OH)2 cement is only the
stimulating agent.

2.5.2.4 Disadvantage

Unfortunately, self-curing Ca(OH)2 cement (Dycal) is soluble,
raises alkalinity, and forms a necrotic layer at the material—pulp
interface and also it has greater chances of microleakage. Pulp
capped with lack of tight restoration showed inflammatory
response in pulp tissues and became necrotic.[37] The success of
pulp capping agents relies on the ability of Ca(OH)2 to disinfect
the superficial pulp and dentin. The qualified bacteria-free or
bacteria tight seal provided by the restoration is a very important
factor in successful pulp capping. Recontamination through
microleakage of restoration increases the failure of the
procedure.[38]
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2.5.3 Zinc oxide eugenol
2.5.3.1 Definition

combination of zinc oxide and eugenol finds its principal
applications as a cavity liner in deep cavity preparations, root
canal sealing but has certain additives, in the cementation of
temporary crowns and temporary filling.

In dentistry the indications for use of zinc oxide-eugenol(ZOE)
materials include pulp protection and temporaryrestoration. The
major goal of eugenol-based temporarymaterials for filling is to
protect the pulp from physical andchemical injuries from the oral
cavity [39] and to sterilizethe remaining affected dentine in acute
caries lesions.

2.5.3.2 Properties
1.Film thickness about 40 um.

2.The solubility is high, about 1.5% by weight in distilled water
after 24 hours.

3.Presence of eugenol in the set cement gives a sedative effect on
the pulp in deep cavities. Also antibacterial action appears to
facilitate pulpal healing. But in direct contact with connective
tissue, the material is an irritant.

4.Eugenol interferes with polymerization of resin based filling
material cause discoloration so not used as alining with these
filling.

5.High solubility so not used as a luting agent. Effective thermal
barrier.

17
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2.5.3.3 Composition

Powder is zinc oxide, silica, zinc acetate or sulfate may be
present to accelerate the setting.

Liquid is eugenol, olive oil (control viscosity) with small amounts
of water, which is essential to the setting reaction.

A chemical reaction occurs between zinc oxide and eugenol, with
the formation of zinc eugenolate.
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The reaction is reversible because the zinc eugenolate is easily
hydrolyzed by moisture to eugenol and zinc hydroxide. Thus, the
cement disintegrates rapidly when exposed to oral conditions[40].

2.5.3.4 Advantages

The main advantage of these materials is their effect on the
pulpal tissues, together with their good sealing ability and
resistance to marginal penetration.

2.5.3.5 Disadvantages

Disadvantages include low strength and abrasion resistance,
solubility and disintegration in oral fluids, and little
anticariogenic action.

2.5.4 Zinc Polycarboxylate

2.5.4.1 Definition

Zinc Polycarboxylate cement was the First cement that was
developed with the property of an adhesive bond to tooth structure
along with some metallic cast restorations. is one of the few dental
materials that demonstrate true adhesion to tooth structure. The
powder is primarily zinc oxide, and the liquid is polyacrylic acid
or a copolymer of that acid. Although the final pH of the set
cement is comparable to that of zinc phosphate cement, its
biologic properties are excellent. For this reason, polycarboxylate

19




cement is useful as a base or as a luting agent, particularly when
the cavity preparation is close to the pulp[41].

2.5.4.2 COMPOSITION:

Zinc Polycarbolylate cement is available as powder and liquid
Also as a Water settable cement in which the polyacrylic acid is
a freeze-dried powder that is mixed with the cement powder. The
liquid is water or a weak solution of NaH2PO4

POWDER:

o Zinc oxide

o Magnesium oxide
o Bismuth oxide

o Aluminum oxide

o Stannous oxide — Modifies the setting time, increases the
STRENGTH and acts as Anticariogenic agent.

LIQUID:

> 30 to 40% aqueous solution of Polyacrylic acid and its
Copolymers of molecular weight between 30,00 to 50,000

o Unsaturated Carboxylic Acid EX: Itaconic acid, Maleic Acid,
Tricarboxylic acid.

20
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2.5.4.3 Properties of Zinc Polycarboxylate Cement:

1 The pH of Liquid in Zinc Polycarboxylate: 1.7 which is readily

neutralized by the addition of powder which makes the pH higher
than Zinc Phosphate cement.

2 In spite of the initial low pH of Zinc Polycarboxylate cement it
IS not an irritant to the Pulp. This can be attributed to the large

size of the Polyacrylic acid molecules which limit the diffusion
through dentinal tubules.

3 It 1s highly biocompatible to the Pulp which is similar to ZOE
cement.

4 1t is Anticariogenic, Fluoride release from this cement is only
15 — 20% of the amount released from glass ionomer cement.

5 Working time: 2.5 minutes

6 Setting time is 6 to 9 minutes
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7 Compressive Strength: 55Mpa (inferior to Zinc phosphate
cement)

8 Tensile Strength: 6.2 Mpa (Slightly higher than Zinc phosphate
cement )

9 Film Thickness: 21 micrometers. It is pseudoplastic and more
viscous than Zinc phosphate cement.

10 Solubility: 0.6% solubility of the cement in water is low ut
more in acids. It is comparable to that of zinc phosphate cement.

11 Viscosity is slightly higher than Zinc Phosphate cement. The
mixed cement appears thick but flows readily when applied to the
tooth surface.

12 Thermal insulation: Good. In the thickness of 1.5mm. At less
than 1.5 mm thickness it is not an effective thermal insulator when
compared to the other cement+.

13 Opaque nature: It is Opaque because of the large quantity of
unreacted zinc oxide.

2.5.4.4 Advantages of using Zinc Polycarboxylate Cement:
1 Low irritancy

2 Adhesion to tooth

3 Easy manipulation

4 Strength tensile (similar to Zinc Phosphate)

5 Solubility (similar to Zinc Phosphate)

6 Film thickness (similar to Zinc Phosphate)
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2.5.4.5Disadvantages of using Zinc Polycarboxylate Cement:

Needs accurate proportioning of the powder and salt Lower
compressive strength  (similar to Zinc Phosphate cement) Shows
greater visco elasticity (similar to Zinc Phosphate cement)[42].

2.5.5 Zinc Phosphate cement
2.5.5.1Definition

Is composed of a powder and other liquid can each with its own
characteristics. The working time is measured from the beginning
until the viscosity of the mixture is low enough to flow when
compacted and form a thin layer.

It does not cause any reaction with the hard tissues and other
surrounding restorative materials, since the adhesion is done by
mechanical gear and not by chemical interactions[43].

L

Adhesor

Tine Phosphote Cement

PENTRON
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2.5.5.2 Properties
* Mechanics
* Solubility

 The prosthesis can be disinfected if the underlying cement is
subjected to stresses above its strength.

 The high solubility can cause the loss of cement necessary for
retention and can form plague accumulation zones.

» The presence of phosphoric acid causes the acidity to be very
high at the moment in which the prosthesis is placed.

2 min. After the start of the mixture, the pH of the cement is
approx. 2, which increases rapidly but will be 5.5 hours after 24
hours.

Zinc Phosphate Cement Components

Powder Liquid
. Zinc Oxide 90% s Ortho-phosphoric acid 64%
. Magnesium Oxide 10% . Water 30-35%

® Fluorides and bismuth oxide,
silica The ortho phosphoric acid has a PH
between 2 and 4, which acts as a pulpal

They melt at a temperature of
1000-1400 ° C, where it becomes a
block that is crushed into a fine
powder.

The size of the particles influences
the speed of hardening of the cement
mixture. The smaller the size of the
particle, the faster the cement
hardens

irritant, therefore the use of an
insulator such as cavitary varnish on the
restorations is recommended. The salts
of aluminum oxide and zinc oxide,
behave like buffers, minimizing the
effect of Ortho-phosphoric acid and
delaying the reaction of cement

24
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2.5.6 Glass-ilonomer cement
2.5.6.1 Definition

Glass-ionomer cements belong to the class of materials known
as acid-base cements. They are based on the product of reaction
of weak polymeric acids with powdered glasses of basic character
[44]. Setting occurs in concentrated solutions in water and the
final structure contains a substantial amount of unreacted glass
which acts as filler to reinforce the set cement.

2.5.6.2 Indications

Modern glass-ionomer cement is a versatile, “smart” dental
material, with the following applications:

« definitive restorative material in low load-bearing areas in
adults

* definitive restorative material for deciduous teeth
» provisional restorative material in adults

* core build-up material prior to crown placement
* liners and base

* luting cement for crowns, posts and bridges

* fissure sealant

* bonding agent for composite resins and dental amalgam.

25




2.5.6.3 Composition

There are three essential ingredients to a glass-ionomer cement,
namely polymeric water-soluble acid, basic (ion-leachable) glass,
and water [45]. These are commonly presented as an agueous
solution of polymeric acid and a finely divided glass powder,
which are mixed by an appropriate method to form a viscous paste
that sets rapidly. However, alternative formulations exist which
range from both the acid and the glass being present in the
powder, and pure water being added to cause setting, to
formulations in which some of the acid is blended with the glass
powder and the rest is present in a dilute solution in water. This
solution is used as the liquid component in forming the paste for
setting. The effect of these differences is not clear, because these
formulations are proprietary, so that the exact amount of each
component is not widely known. However, there appears to be no
obvious effect on the final properties of presenting these materials
with the components distributed differently between the powder
and aqueous phases.
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2.5.6.4 Properties of Glass-lonomers

The physical properties of glass-ionomer cements are
influenced by how the cement is prepared, including its
powder:liquid ratio, the concentration of the polyacid, the particle
size of the glass powder and the age of the specimens. Care is
needed therefore in making generalisations about the properties
of these materials. There is also the possibility that part of the
success of glass-ionomers may arise because their performance is
satisfactory even if they have not been properly mixed, or allowed
to mature under ideal conditions.

The current ISO standard for glass-ionomers [46] gives minimum
values for certain physical properties. are the least acceptable for
a material to be allowed onto the market, rather than typical for
materials known to perform well clinically.

The only type of strength that the 1SO standard deals with is
compressive strength, but glass-ionomers also have reasonable
flexural strength . Their biaxial flexure [26] and their shear punch
strengths have also been determined. As expected for a composite
material, they show the same trends as compressive strength,
typically improving at higher powder:liquid ratios and high
concentration of polyacid.
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2.5.6.5 Advantages

Glass-ionomer cements are popular materials as they display
the following clinical advantages:

* they are tooth-coloured

» they bond chemically to tooth substance and non-precious
metals without the need for additional adhesives

* they release fluoride

» their coefficient of thermal expansion is equivalent to that of
tooth structure

* they have good biocompatibility.

2.5.6.6 Disadvantages

The advantages of glass-ionomer cements are offset by the
following disadvantages:

* low fracture toughness, limiting applications in high load-
bearing areas

 some types cannot be finished and polished at the same visit
they are placed

* some types are vulnerable to acid erosion

 some types exhibit low flexural strength and wear resistance.
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2.5.7 Resin-Modified Glass-lonomers
2.5.7.1 Definition

Small quantities of light-polymerizable resin groups (usually
2-hydroxyethyl methacrylate or HEMA) into the acidic liquid
component was added to modify conventional GIC’s physical
properties and translucency[45].

2.5.7.2 Composition

These materials were introduced to the dental profession in
1991 [46]. They contain the same essential components as
conventional glass-ionomers (basic glass powder, water,
polyacid), but also include a monomer component and associated
initiator system. The monomer is typically 2-hydroxyethyl
methacrylate, HEMA, and the initiator is camphorquinone [47].
Resin-modified glass-ionomers set by the twin processes of
neutralization (acid-base reaction) and addition polymerization,
and the resulting material has a complicated structure based on
the combined products of these two reactions . Moreover,
competition between these two network-forming reactions means
that there is a sensitive balance between them . This mixture of
setting reactions may jeopardize the reliability of the set material,
and as a consequence, close adherence to the manufacturer’s
recommendations on the duration of the irradiation step is
essential in order to produce material optimal properties .
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2.5.7.3 Advantage

Resin-modified glass-ionomer cements have the advantage of
a long working time combined with a rapid set and higher early
strength. They are also easily bonded to resins. They have the
strength properties comparable to conventional glass-ionomer
cements rather than composite resins

2.5.7.4 Disadvantage

they share with composite resins the disadvantage of
containing free monomers and therefore may not be as
biocompatible as conventional glass-ionomer cements.
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2.5.8 Biodentin
2.5.8.1 Definition

Biodentine material has been recently introduced in dentistry
in order to provide dentin substitute for coronal and radicular
pulp. Although number of materials like Amalgam, GIC,
Composite and MTA are available in market for repair of dentin
loss in tooth structure, none of these possesses ideal properties.
Despite of number of advantages of MTA, its limitations cannot
be overlooked.

2.5.8.2 Composition

Powder component of biodentine consists of Tri-calcium
silicate, Di-calcium silicate, Calcium carbonate & oxide, Iron
oxide and Zirconium oxide. Liquid consists of Calcium chloride
and Hydrosoluble polymer.[48]

Tricalcium silicate and dicalcium silicate are indicated as main
and second core materials, respectively, whereas zirconium oxide
serves as a radiopacifier. The liquid, on the other hand, contains
calcium chloride as an accelerator and a hydrosoluble polymer
that serves as a water reducing agent. It has also been stated that
fast setting time, one unique characteristics of the product, is
achieved by increasing particle size, adding calcium chloride to
the liquid component, and decreasing the liquid content [49].
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Biodentine

2.5.8.3 Properties of Biodentine

The electrochemical properties of this cement are due to the
solid phase and ion mobility of free ions inside the pores filled
with the electrolyte [50]. Impedance spectroscopy is a technique
that allows studying the process of hardening of cement. This is a
non-destructive method that may monitor the hardening process.
The electrical resistance increases when the porosity of the
system is reduced. The setting reaction of Biodentine leads to the
formation of initial porosities that are gradually filled after several
days by new crystal compounds. During this final step, the solid
phase increases and finally reaches a maximum.

2.5.8.4 Advantages of Biodentine

Amongst the wide range of advantages of this dentin substitute,
the ones with clinical significance are:
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* Reduced setting time
* Better handling & manipulation
» Improved mechanical properties

* Bioactivity of material

2.5.9 Cavity varnish

2.5.9.1 Definition

provides a barrier against fluid penetration into the underlying
dentin. When applied to dentin, a varnish may reduce
postoperative sensitivity and limit migration of corrosion
products into dentin, thereby reducing tooth discoloration.
2.5.9.2 Indications for use

1.Sealing dentinal tubules

2.Reducing leakage around a restoration

3.Acting as a barrier to protect the tooth from highly acidic
cements such as zinc phosphate

This material is contraindicated in its use under composite resins
and glass ionomer restorations.
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2.5.9.3 Advantages:

* Easy to apply

» Have different flavours

« It has a sticky consistency which helps to stay in contact with
tooth for several hours

* Dry rapidly

» Reduce the number of cariogenic bacteria s. mutans by over
ten-fold

« It has a higher concentration than the foam and gel

2.5.9.4 Disadvantage

1.They may cause a temporary change in the surface of teeth due
to the color and adherence

2.Varnish may damage by eating and brushing so the yellowish
color fades

3.Cost is more than gel

4.Some patients can cause nausea due to the taste of varnish
especially when consuming food within 24 hours post-treatment

2.5.10 The mineral trioxide aggregate (MTA)
2.5.10.1 Definition

The mineral trioxide aggregate (MTA) is a hydrophilic and
biocompatible endodontic cement, capable of stimulating
healing and osteogenesis.

In the past 10 years, the MTA found its application in the field
of dentistry with specific fit within the conservative and
endodontic treatments. A dental trauma is an event that cannot
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be predicted and usually it is not easy for the clinicians to
manage it. The dentist should therefore be prepared to intervene
in patient who has suffered a dental trauma.

2.5.10.2 Composition of MTA

It consists of a powder of fine trioxides (tricalcium oxide, silicon
oxide, bismuth oxide) and other hydrophilic particles (tricalcium
silicate, tricalcium aluminate, responsible for the chemical and
physical properties of this aggregate), which hardens in the
presence of humidity[52]. The hydration of the powder results in
the formation of a colloidal gel with pH 12.5, which solidifies in
a structure in about 3 to 4 hours[53].

2.5.10.3 Indication of MTA

For restorative endodontic, and regenerative dental procedures.
1. Vital pulp therapy (pulp capping and pulpotomy)[54]

2. Apexification

3. Perforation repair(lateral and furcation)

4. Root-end filling

5. Internal bleaching

6. Resorption repair

7. As sealer and as obturating material (partial or complete).

2.5.10.4 Contraindications of MTA

1. MTA is an hydrophilicmaterial, so it requires moisture to set,
making absolute dryness [55]

2. Potential for discoloration, especially when used in the
anterior esthetic zone

3. MTA not used for post retention.
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2.5.10.5 Properties

1. Compressive strength-within 24 hours of mixing - 40.0MPa-
greater in gray MTA than WMTA

2. Setting Expansion- Set MTA exhibit<0.1%.

3. Radiopacity- 7.17 mm[56].

4. Solubility-set cement has no signs of solubility,but increase
whenexcess H20 is added while mixing.The event of
cementogenesisis due to calcium hydroxideby reaction of Set
MTA with water.

5. Marginal adaptation and sealingability -excellent[57].

6. Antibacterial and antifungal property-Torabinejad et al
reported that MTA has no antimicrobial effect against any
anaerobes but has some effect on

S.mitis,S.mutans,S.salivarius, Lactobacillus andS.epidermidis .
7. Reaction with other dental material-MTAdoes not react or
interfere with any other restorative Cements[58]. While
remaining calcium hydroxide reacts with the MTA to dentin
thereby reducing its sealing.Cements like GIC, composite resins,
doesn’t affect the setting of MTA. Several intracanal irrigantor
oxidizing agents have been found to affect the push-out strength
of GMTA as it is susceptible to sodium hypochlorite, sodium
perborate mixed with saline, so 30% hydrogen peroxide,sodium
perbonate mixed with 30%hydrogen peroxide and saline fora era
of 7 days.GMTA is susceptible to oxidizingagents. H202-based
canal preparatory agent showed reduced push-out strength of
GMTA to dentin whereas 2% and 5.25%of chlorhexidine and
NaOCI respectively did not affect
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8. Biocompatibility- MTA is not mutagenic[59], less cytotoxic
compared to IRM. Superior to formocresol as pulpotomy medi
cament.

9. Tissue regeneration- MTA capable of activation of
cementoblasts and production of cementoblast[60].

2.5.10.6 Clinical application of MTA:

In primary teeth:

1. Pulp capping

2. Pulpotomy

3. Root canal filling

4. Furcation perforation repair
5. Resorption .

In permanent teeth:

Pulp capping

Partial pulpotomy

Perforation repair-Apical,lateral,furcation

Resorption repair-External and internal

Repair of fracture-Horizontal and vertical

Root end filling

Apical barrier for tooth with necrotic pulps and open apex
Coronal barrier for regenerative endodontics

Root canal sealer

©CoOoNoUR~RWPNDE

2.6 Discussion

In addition to selection of appropriate materials for a given
clinical situation, it is important to use these materials properly.
All new chairside employees should be checked for their
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knowledge of cements, and all should be educated about any new
cement introduced to the practice. If a person is having trouble
mixing a product by hand, then it should be determined if that
product is available in another delivery system, such as an
encapsulated form (that can be triturated). Further, when
cementing a restoration, occlusion should be checked
immediately after seating and corrected if necessary. Some
cements set quickly, making removal of the casting difficult. The
staff should remember to check the time of trituration before and
after use of these products, as the trituration time may be different
than that for amalgam.

Clinicians have seen an increase in the number of products that
have been packaged in capsules and automix cartridges/syringes
(eg, TempAd-vantage, GC America) due to their ease of use. This
format requires no spatulation, allows easier cleanup, and ensures
equal dispensing of all components. In addition, there is a recent
emergence of resin cements that are self etching (eg, Embrace
Wetbond Universal Resin Cement, Pulp-dent; RelyX Unicem,
3M ESPE). These products have initially been shown to reduce
the amount of postoperative sensitivity associated with
cementation[51]. Another advantage of these products is ease of
use. There are less clinical steps involved for the clinician, as all
of the necessary materials are included in the cement itself.
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2.7 Conclusion

Liner, base, and cement materials are constantly changing.
Clinicians have an obligation to keep informed by reading the
literature so that the appropriate materials are selected for specific
clinical situations.
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