Dental Cements
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Dental cements are materials of multiple uses
including restorations, luting and therapeutic.

They are generally materials of comparatively low
strength, but have extensive use in dentistry.

The first dental cement is said to have been introduced
in 1785 by Sorel who created the ‘zinc-oxide-chloric-
cement’.

Nearly a hundred years later Rostain and then Fleck
developed and introduced the zinc phosphate cement.
Around the same period silicates were also developed.

CLASSIFICATION

Cements have a wide variety of uses, properties and
reaction mechanisms. This makes them generally
difficult to classify.

ISO standards covering cements

ISO 9917-1:2007 Water-based cements-Part 1:
Powder/liquid acid-based cements

ISO 9917-2:2010 Water-based cements-Part 2: Light-
activated cements

ISO 3107:2011 Zinc oxide/eugenol and zinc
oxide/noneugenol cements

ISO 4049:2009 Polymer-based filling, restorative and
luting materials

ISO classification

Water-based cements Zinc phosphate, glass ionomer,
etc.

Oil-based cements ZOE and noneugenol cements
Resin or polymer-based cements Resin cements,
compomer, etc.

According to setting reaction

The materials may be classified as

* . Acid-base reaction cements
* . Polymerizing cements

¢ . Dual cure cements

* . Tricure cements

Acid-base reaction cements

They are formulated as powder and liquid. The liquid
acts as the acid and the powder as the base. On mixing
the two an acid-base reaction takes placing resulting in
a viscous paste, which hardens to a solid mass.
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Polymerizing cements

These cements set by polymerizing reaction
which may be light activated or chemically
activated,

e.g. resin cements.
Dual and tricure cements

Dual cure cements set by acid base and any one
of the polymerization (light activated or
chemically activated) mechanisms.

Tricure cements utilize all three mechanisms for
hardening.

Classification of cements based on

application (ISO 9917-1:2007)*

a. Luting
b. Bases or lining

c. Restoration

GENERAL STRUCTURE

On mixing the powder and liquid, only a part of
the powder reacts with the liquid and the final set
material is composed of

* Acore of unreacted powder, surrounded by

* A matrix formed by the reaction product of the
powder and the liquid.

Uses of cements

Cements have a wide variety of usage in dentistry.

Final cementation Zinc phosphate, zinc silicophosphate, EBA cement, zint polycarboxylaie, glass ionomer,
resin cement

Temporary cementation Zinc oxide eugenol, noneugenaol zinc oxide

Bases Zinc phosphate, reinforced zinc oxide 2ugenol, zinc polycarboxylate, glass icnomer, zinc

oxide eugenol, calcium hydroxide
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Long-term restorations

Temporary and intermediate  Zinc oxide eugenol, reinforced zing oxide eugenol, zing polycarboxylate, glass ionomer

restorations
Pulp therapy Calcium hydroxide

Obtundant (pain relief) Zinc oxide eugenal

Liners (Calcium hydroxide in a suspension

Root canal sealer

(zlass ionomer, compoemer, metal modified GIC

Zinc oxide eugenol, zinc polycarboxylate

PECEGU RSP U RC, R S G PR P o LG R T PP (PRE 5 R

Ala yo g liGe Slaga

?_,_._u.nlﬂ Slele ulllc‘::l.c.
G ¥ g ol 30 s (ABU (Sese) Cihala
Glae b 2 gl ol Ll o gl

Osian g 20 30 gl o g 1 g 30 )

40l Sl gia () sane

General properties of cements

Though cements are formulated to serve a variety of
functions, the two most common applications of dental
cements are luting and restorations.

Some of the minimum requirements for water based
dental cements are presented in 1.

Net setting time

Net setting time is the period of time, measured from
the end of mixing, until the material has set (as per ISO
criteria).

Strength

Most cements are comparatively weak when compared
to restorative materials like amalgam and composites.

The strength required depends on the application. For
example, a cement used as a base under amalgam

should have sufficient strength to withstand
condensation forces.

Many dental cements as well as restorative materials
continue to gain strength with time. For this reason,
patients are often advised to wait at least 2 hours before
any food is placed in the mouth.

In addition, the side in which the restoration has been
placed is avoided for a further 24 hours period.
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Modulus of elasticity (MOE)

This is a measure of the stiffness of the cement.

Cements under ceramic crowns should have sufficient
stiffness to withstand masticatory loads.

A low MOE can result in flexing of the restoration
resulting in fracture.

Solubility and disintegration

This is an important property as it can determine the
long-term survivability of restorations (Figs.1, 2A and
B).
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Figure 1: one cannot rely entirely on the cement for sealing an
open margin. most cements slowly dissolve and disintegrate in
the oral cavity leading to microleakage and subsequent failure.
A good marginal fit of the crown is therefore essential.

Figures 2 :a and b cement dissolution. (a) area of inflammation
in relation to the leaking margin (arrow). (b) on removing the
crown, area of cement dissolution is clearly visible (arrows).

Solubility and disintegration of the cement at the
margins can eventually lead to problems like
inflammation, caries, sensitivity, etc.

Most cements exhibit varying degrees of solubility.

Solubility and disintegration can be reduced by proper
manipulation, minimizing the exposure of the cement
to the oral environment and protecting of the cement
during setting and the initial 24 hours period.
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Film thickness

Film thickness is an important property especially for
luting cements. A thinner film is more advantageous
for luting.

1. It improves the seating of the restoration.

2. It helps in greater flow and wetting of the tooth and
restoration surface, thus improving bonding.

3. It minimizes the air spaces and structural defects
present in the bulk of the cement.

Film thickness is measured in um. ISO 9917-1:2007
specifies maximum film thickness for luting cements
as 25 um.

Biological properties

Most cements are placed within the dentin and in many
instances in close proximity to the pulp. Thus, it is
important that the cement should not be irritant or toxic
to the pulp.

PH of the cement
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Most cements are acidic. The exceptions are zinc oxide
eugenol, calcium hydroxide and resin cements.

The acidity of cements is higher at the time of
placement but gradually decrease with time.

Pulpal response
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The pulp response may be classified as mild, moderate
or severe. Originally silicate cement was used as a
reference to compare the pulpal response to various
cements.

Because of its high acidity, silicates were classed as
severe irritant. High acidity can irritate and sometimes
lead to irreversible pulpal damage. In some patients it
can cause severe pain and sensitivity. Monomer
present in resin-based cements is also a potential
irritant.

Pulp protection
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In case of deep cavities and where the cement is
classed as an irritant, measures to protect the pulp are
indicated.

1. Avoid thin mixes.

2. Pulp protection should be carried out in deep
cavities through the use of an intervening liner or base.
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Fluoride release

Many cements contain fluoride which is gradually
released over a period of time to impart adjacent teeth
structure with caries resistance.

Glass ionomer is an example of a fluoride releasing
cement.

Fluoride recharging
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The process by which a restorative material,
specifically glass ionomer cement, absorbs fluoride

from a solution with a high fluoride concentration.
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TABLE 8.1 Requirements for water based dental cements (ISO 9917-1:2007)

Chemical type Application  Film Net setting Com- Acid Opacity  Acid- Acid
thickness time pressive  erosion Con soluble soluble
mm min strength mm ' As Pb
MPa content content
mg/kg  ma/kg
max. min. min. max. min. max. max. max.
Zinc Luting 25 25 8 50 030 2 100
phosphate
Zinc polycarboxylate  Luting 25 25 8 50 040 2 100
Glass polyalkenoate  Luting 25 1.5 8 50 0.17 100
Zinc Base/lining 2 6 50 030 2 100
phosphate
Zinc polycarboxylate  Base/lining 2 50 040 2 100
Glass polyalkenoate  Base/lining 1.5 50 0.17 100
Glass polyalkenoate  Restoration 15 6 100 0.17 035 090 100
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Silicate cements

.,;u;

,,,,,,

BELACIN

Dental silicate
2-component
filling cement

& | powder 509
, liquid 30g

iolll 3 el sl g R Ny b3l ko o dlas o001



Js ¥ il

e

Dental silicate
2-component
filling cement

powder
liquid

Figure 3 silicate cement.

Silicate cements (Fig.3) are said to have been
introduced in 1873 by Fletcher as an anterior esthetic
filling material. They were translucent and resembled
porcelain in appearance.

Though the initial esthetics was satisfactory, over a
period of time silicates degraded and stained.

Leakage around the margins result in dark margins.
Silicates are attacked by oral fluids and in time
degrade.

The average life of a silicate restoration is four years.
Some may last as long as 25 years; others may require
replacement in a year or even less.

The incidence of secondary caries is markedly less
around silicate restorations. This is surprising when
considering that severe leakage takes place at its
margins.

Also, the incidence of contact caries is less when
compared to amalgam restorations (contact caries is
the term applied to caries occurring on the proximal
surface of the tooth adjacent to the restoration).

The anticariogenic property is due to presence of 15%
fluoride. Fluoride release is slow and occurs
throughout the life of the restoration.

Silicate cements were classed as a severe irritant to the
pulp because of its low pH (acidic).

For many years, silicate served as a standard for
comparing the pulpal response to other material.

In deep cavities the pulp had to be protected with
varnish or calcium hydroxide.

With the development of better alternate materials like
composite resin and glass ionomer cements, silicates
gradually fell out of favor.

BELACIN
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By the 1980s and 1990s they were gradually phased
out of the market and are rarely used.

However, silicate cements are of historical interest as
they were the first tooth colored filling materials. It
also forms the basis for the glass ionomer system.
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ZINC PHOSPHATE CEMENT
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ZINC PHOSPHATE CEMENT

Zinc phosphate is the oldest of the luting cements and
thus serves as a standard with which newer cements
can be compared.

Applications

1. Luting of restorations (inlays, crowns, fixed dental
prostheses, etc.)

2. High strength bases.
3. Temporary restorations.

4. Luting of orthodontic bands and brackets.

Classification

ISO 9917-1:2007 designates them as

a. Luting (Maximum film thickness—25 u m)
b. Bases and lining

Available as

* . Powder and liquid system.

. Capsules of preproportioned powder and liquid.
Supplied in shades of yellow, gray, golden brown, pink
and white.

Representative commercial products Confit, Harvard,
Zinc cement (DPI), Modern Tenacin, Poscal (VOCO),
De Trey Zinc (Dentsply), Hy Bond, etc.

Some representative products are shown in Figure 4.
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Figure 4: three representative zinc phosphate cements.
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Composition s Al
Powder sl
Ingredient Weight {95) Function
Zinc oxide 802 Principal constituent
Magnesium oxide B2 Aids in sintering
Other oxides (like bismuth tricxide, calcium 0.2 Imiproves smoothness of mix
cxide, barium oxide, etc)
ilica 14 Filler, aids in sintering
dada gl | (%) oot oSl
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Liquid St/
Ingredient Weight (%) Function |
Phosphoric acid 382 Reacts with zinc oxide
Water 360 Controls rate of reactien
Aluminum phosphate or sometimes zinc phosphate 162 Buffers, to reduce rate of reaction
Aluminum x5
Zinc 7.1
Wkl [ (%) oo sl
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MANUFACTURE

The ingredients are mixed and heated at temperatures
between 1,000 °C and 1,400 °C (sintering).

After sintering, the cake formed is cooled quickly. This
causes the material to crack which helps in grinding of
the material to a fine powder. This process is known as
fritting.

The liquid is produced by adding aluminum and

sometimes their compounds
orthophosphoric acid solution.
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SETTING REACTION

When the powder is mixed with liquid, phosphoric
acid attacks the surface of the particles and releases
zinc ions.

The aluminum in the liquid is essential for cement
formation. The aluminum complexes with the
phosphoric acid and the zinc ions to form a zinc
aluminophosphate gel. The reaction is exothermic.

STRUCTURE OF SET CEMENT

The set cement has a cored structure consisting
primarily of unreacted zinc oxide particles embedded
in a matrix of zinc aluminophosphate.

NET SETTING TIME

According to ISO 9917-1:2007, the net setting time
can vary from 2.5 to 8 minutes for luting and 2.5 to 6
for base and lining type.

The setting time of cements in general vary widely.
The setting time between different
manufacturers. Climatic conditions too have a

varies

significant effect. Warm humid climatic conditions
accelerate the setting.

The portion of the material placed in the mouth sets
faster than that on the table. This is because of the
warm and moist conditions in the mouth.

Control of setting time
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Manufacturing process

1. Sintering temperature The higher the temperature,
the more slowly the cement sets.

2. Particle size Finer particles react more quickly as a
greater surface area is exposed to the liquid.

3. Water content of liquid Presence of excess water
accelerates, whereas insufficient water retards the
reaction.

4. Buffering agents When added slow down the
reaction.

Factors under control of operator

1. Temperature Higher temperatures accelerate the
reaction. Cooling the mixing slab is an effective
way of slowing the reaction and prolonging the
working time.
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2. Powder-liquid ratio More the liquid, slower the
reaction.

3. Rate of addition of powder to liquid The reaction is
slower if the powder is incorporated slowly.

4. Mixing time The longer the mixing time (within
practical limits), the slower is the rate of reaction.

PROPERTIES

COMPRESSIVE STRENGTH

The fully set zinc phosphate cement has a relatively
high compressive strength ranging from 104 to 119
MPa. The set cement gains approximately 70% of its
maximum strength in the first 30 minutes. The strength
continues to rise with time and maximum strength is
attained at the end of 24 hours.

The strength of zinc phosphate cement is sufficient
when used as a base or luting agent.

However, when it is exposed to the oral environment,
e.g. temporary restorations, its brittleness and low
strength causes it to fracture and disintegrate.

Also, the prolonged contact with the oral fluids or
water gradually reduces its strength. This may be due
to the slow dissolution of the cement.

Factors affecting strength

1. Powder-liquid ratio More the powder, greater the
strength.

2. Water content of the liquid Both loss or gain,
reduces the strength.

TENSILE STRENGTH

The set cement is weaker in tension (5.5 MPa), thus
making it brittle.

Modulus of elasticity (stiffness)

It is comparatively high (13.7 GPa). This makes it stiff
and resistant to elastic deformation. This is beneficial
when it is used to cement restorations that are
subjected to high masticatory stresses.

Solubility and disintegration

This property is important for cements used for
permanent cementation. When tested according to ISO
specification, maximum solubility permitted is 0.3
(Table 1).
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However, in the mouth they show greater
disintegration over a period of time. This shows that
other factors are involved (like wear, abrasion,
chemical attacks by products from decaying food,
etc.).

Factors affecting solubility

1. Powder-liquid ratio Thicker mixes show less
solubility.

2. Water content of liquid Any change in the water
content is accompanied by increased solubility.

3. Effect of moisture contamination Premature
contact of the incompletely set cement with water
results in the dissolution and leaching of the surface.
Varnish application over the exposed cement margin
is beneficial.

FILM THICKNESS

The smaller the particle size, less is the film thickness.

The thickness is lesser than the size of the particles
because, during mixing the particles are crushed and
dissolved.

The thickness can also be reduced by applying
pressure on the casting during seating.

THERMAL PROPERTIES

Zinc phosphate cements are good thermal insulators
and may be effective in reducing galvanic effects.

ADHESION PROPERTY

The primary retentive mechanism of zinc phosphate is
micromechanical. The cemented restoration is held by
mechanical interlocking of the set cement with surface
roughness on the tooth and restoration.

BIOLOGICAL PROPERTIES

pH of the cement

The acidity is high at the time of insertion due to
phosphoric acid. At the time of cementation, the pH is
2 (approx.).

As time passes the acidity reduces. By the end of 24
hours the pH is 5.5, which is still in the acidic range
(neutral value is 7).
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Pulpal response
The pulp response may be classified as moderate.
Pulp protection

A thickness of dentin as great as 1.5 mm can be
penetrated by the acid of the cement. If dentin is not
protected against infiltration of this acid, pulpal injury
may occur, especially during the first few hours.

1. Avoid thin mixes.

2. Pulp protection should be carried out in deep
cavities through the use of an intervening liner or base

-~ Zinc oxide eugenol

-- Calcium hydroxide

-- Cavity varnish

3. Some patients are extremely sensitive to the acid.

Cementation of a restoration such as a crown or FDP
on to vital teeth can cause severe sensitivity or pain.

An anesthesia should be used in these instances.

Optical properties

The set cement is opaque.

MANIPULATION

Spatula used Stainless steel.
Mixing time 1 min. 15 seconds.
Powder to liquid ratio 1.4 g/0.5 mL

A cool glass slab is used in order to delay the setting
and allow more powder to be incorporated

before the matrix formation occurs. The liquid should
be dispensed just before mixing.

Procedure
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The powder is added in small increments. Mixing is
done with stainless spatula using brisk circular motion.

Each increment is mixed for 15 to 20 seconds. A large
area is covered during mixing in order to dissipate the
exothermic heat (Figs. 5A and B).
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Figures 5: manipulation of zinc phosphate. (a) the cement is
mixed over a large area to dissipate heat. (b) luting consistency.

Maximum amount of powder should be incorporated
in the liquid to ensure minimum solubility and
maximum strength.

Note: An appropriate consistency is attained by
addition of more powder to the liquid and not by
allowing a thin mix to thicken.

Insertion
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The crown should be seated immediately and held
under pressure till set. Field of operation should be dry.
Varnish is applied at the margins, where the cement is
exposed.

Advantages and disadvantages of

zinc phosphate
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Advantages

MR

1. Long track record with proven reliability.

2. Good compressive strength.

Disadvantages
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1. No chemical adhesion. Not indicated if the retention
is poor.

2. No anticariogenic property.
3. Pulp irritation.

4. Poor esthetics; cannot be used with translucent (all
ceramic) restorations like crowns and veneers.
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COPPER CEMENTS

Copper cements are basically modified zinc phosphate
cements. Silver salts or copper oxide are sometimes
added to the powders of the zinc phosphate cements to

increase their ‘antibacterial’ properties.

Copper cements gradually fell out of favor because of
their poor biological properties. It was highly acidic
and the copper was considered toxic to the cell.

This may have been due to the extremely high copper
content (97%) in certain cements (Ames).

There has been a renewed interest in copper cements
recently.

New formulations have come out with lower copper
content (2%). It is claimed that these new generation
copper cements are safe and is especially
recommended for indirect pulp capping and where
there is active caries.

APPLICATIONS

aslal Agons S it 3)ge

il Cililad

S il A Gl G Gl Gl e Alaee il
3l @bl i el Gsaae ) Ulal il as
oo yall saliad) Lpailias

leaaibiad Aaih g el A L) it o3a Cinuid
Dhie) (Y Al edlle dua s il Lo LS bl G gl
Lglal Ll sl

any b (%97) Jadl ulaill s ginall Y ) 138 g 5ey 8
.(Ames) i)

coslal) ey Cuas olaial as g |35

A5 o(%2) Laidia a5 sinar lall Dpaal) GLS Jal) A
IS L ey s Al ) Jeall (e alatll cltiand o eleaY)
Alaln st aa 6 G 3 bl e Al sl Gals

e

1. Temporary fillings in children.

2. Intermediate restorations.

3. For retention of silver cap splints in oral surgery.
4. Indirect pulp capping.

5. As base beneath composite restorations.

CLASSIFICATION

Julay) die di5e a5 .1

s e Slae i 2

A gadll As) ) 8 dpadl) 4y guatlal) ylall cnis 3
Sodball e dull) sl 4

Cu ysaSl) Clate i Cndsacli a8 5

il

-

Classified according to the percentage of the copper
oxide that is used as a replacement for the zinc oxide.

Commercial examples Ames copper (discontinued),
Doc’ s best red and white copper kit (Fig. 6).

Figure 6: white and red copper cements
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COMPOSITION s )
« . Copper oxide olaill s e
* . Zinc oxide i3l sl e
+ . Liquid used is clear phosphoric acid hall )su gl (aea g4 aadiud QL) e
PROPERTIES uaibadll

1. Biological properties: They have poor biological
properties. Because its pH is 5.3, it is irritant to the

pulp.

2. They are bactericidal or bacteriostatic.

MANIPULATION

s Admaa Gan ol gy palliads 4T i ) pailadd) L]
Allds 2a @i 5.3 PH

el all a8 g o) ABE (ailiady aian 2

g

The chemistry of the copper cements is very similar to
that of the zinc phosphate cements and they are
manipulated in the same manner.
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Zinc polycarboxylate cement
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Zinc polycarboxylate cement

Canadian biochemist Smith developed the first
polycarboxylate cement in 1968 by substituting the
phosphoric acid of zinc phosphate cement with
polyacrylic acid.

Polycarboxylate became the first cement system
developed with potential for adhesion to tooth
structure.

APPLICATIONS

1. Primarily for luting permanent restorations.

2. As bases and liners.

3. Used in orthodontics for cementation of bands.
4. Also used as root canal fillings in endodontics.
AVAILABLE AS

* . Powder and liquid in bottles (Fig. 7)

* . Water settable cements (Fig. 7)

* . As precapsulated powder/liquid system

FIGURES 7: A AND B (A) Representative zinc
polycarboxylate cement products. (B) A water settable cement.
Commercial Examples Poly F (Dentsply), Durelon
and Durelon Maxicap (encapsulated) (3M ESPE),
Carboco (Voco), Imibond P (Imicryl), Hy Bond
polycarboxylate (Shofu).

Water settable cements
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In these cements the polyacid is freeze dried and added
to the cement powder. Water is used as the liquid.

When the powder is mixed with water, the polyacrylic
acid goes into the solution and the reaction proceeds as
described for the conventional cements.
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Liquid

Aqueous solution of polyacrylic acid or copolymer of
acrylic acid with other unsaturated carboxylic acids,
i.e. itaconic, maleic, or tricarballylic acid.

MANUFACTURE

The powder mixture is sintered at high temperature in
order to reduce the reactivity and then ground into fine
particles.

SETTING REACTION

When the powder and liquid are mixed, the surface of
powder particles are attacked by the acid, releasing
zinc, magnesium and tin ions. These ions bind to the
polymer chain via the carboxyl groups.

They also react with carboxyl groups of adjacent
polyacid chains to form cross-linked salts.

Structure of set cement

The hardened cement consists of an amorphous gel
matrix of zinc polyacrylate in which unreacted powder
particles are dispersed.

PROPERTIES

Mechanical properties
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Compressive strength ISO requires a minimum
compressive strength of 50 MPa for this cement (Table
1). Polycarboxylate cement is inferior to zinc
phosphate cement in this respect.

Tensile strength 6.2 MPa. Its tensile strength is
slightly higher than that of zinc phosphate cement.

The strength of the cement depends on

* . Increase in P/L ratio increases strength.
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* . Molecular weight of polyacrylic acid also affects
strength. A mix from a lower viscosity liquid is
weaker.

Solubility and disintegration
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It tends to absorb water and is slightly more soluble
(0.6% wt) than zinc phosphate. Thus the marginal
dissolution is more when used for cementing. It is
more soluble in organic acids like lactic acid. Low P/L
ratio results in a significantly higher solubility and
disintegration in the oral cavity.

Biocompatibility
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Pulpal response is classified as mild. Despite the initial
acidic nature of polycarboxylate cement, the pH of the
liquid is 1.0-1.7 and that of freshly mixed cement is
3.0-4.0. After 24 hours, Ph of the cement is 5.0-6.0.

They are less irritant than zinc phosphate cement
because:

* . The liquid is rapidly neutralized by the powder. The
pH of polycarboxylate cement rises more rapidly than
that of zinc phosphate.

* . Penetration of polyacrylic acid into the dentinal
tubules is less because of its higher molecular weight
and larger size.

The histological reactions are similar to zinc oxide
eugenol cements but more reparative dentine is
observed with polycarboxylate.

Adhesion
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An outstanding characteristic of zinc polycarboxylate
cement is that the cement bonds chemically with the
tooth structure.

The carboxyl group in the polymer molecules chelates
with calcium in the tooth structure.

Bond strength to enamel is 3.4-13.1 MPa and to
dentine 2.07 MPa.

Factors affecting bond
1. A clean dry tooth surface improves bonding.

2. If the inside surface of the metal crown is not clean,
the cement cannot bond with the metal. So, to improve
the mechanical bond, the surface should be carefully
abraded with a small stone or with airborne abrasives.

3. The presence of saliva reduces bond strength.
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4. Unlike zinc phosphate cements, the adhesion is
better to a smooth surface than to a rough surface.

5. Does not adhere to gold or porcelain.

6. Adhesion to stainless steel is excellent. Thus, it is
used in orthodontics.

Optical properties
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They are very opaque due to large quantities of
unreacted zinc oxide.

Anticariogenic properties
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Some manufacturers have attempted to incorporate
fluoride within the cement. However, the fluoride
release is limited when compared to glass ionomer
cement.

Thermal properties
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They are good thermal insulators.

MANIPULATION

CONDITIONING
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The tooth structure should be meticulously clean for
proper bonding.

To clean the surface, 10% polyacrylic acid solution
followed by rinsing with water, or 1 to 3% hydrogen
peroxide may be used. Then dry and isolate the tooth.

PROPORTIONING
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1.5 parts of powder to 1 part of liquid by weight.
PROCEDURE
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The powder and liquid are taken on a cooled glass slab.

The liquid is dispensed just prior to the mixing,
otherwise its viscosity increases.The powder is
incorporated into the liquid in bulk (90%) with a stiff
cement spatula and remaining powder is added to
adjust consistency. The mix appears quite thick, but
this cement will flow readily into a thin film when
seated under pressure.

Mixing time and setting times
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Mixing time ranges from 30 to 40 seconds. Setting
time can be from 7 to 9 minutes (The setting time can
be increased by cooling the glass slab. It also depends
on method of manufacture of powder and liquid).
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Points to note

* . The cement should be used while the surface is still
glossy. Loss of lustre indicates that the setting reaction
has progressed to an extent that proper wetting of the
tooth surface by the mix is no longer possible.

If the surface is not creamy and shiny and is matted
and tends to form cobwebs, the mix should be
discarded.

» . After insertion the excess is mnot removed
immediately as it passes through a rubbery stage, it
tends to get lifted from the cavity. Remove excess
cement only when it has hardened and breaks off.

* . The powder may be cooled, but the liquid should
not be cooled since the viscosity of the liquid
increases.

Polycarboxylate cement adheres to instruments
« . Use alcohol as release agent for mixing spatula.

. Instruments should be cleaned before the cement
sets.

* . Excess cement from the spatula can be chipped off.
Any remaining material is removed by boiling in
sodium hydroxide solution.

Advantages and disadvantages

Advantages
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1. Comparatively less irritating to the pulp.

2. Chemical bond to tooth structure.

Disadvantages
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Limited fluoride release when compared to GIC.
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ZINC OXIDE EUGENOL CEMENT

These cements have been used extensively in dentistry
since the 1890s. Depending on their use they vary
widely in their properties.

In general, they are cements of low strength. They are
the least irritating of all dental cements and are known
to have an obtundant (sedative) effect on exposed
dentin.

To improve the strength many modified zinc oxide
eugenol cements have been introduced, e.g. EBA-
alumina modified and polymer—reinforced zinc oxide
eugenol cements noneugenol zinc oxide cements are
also available. They are suitable for patients sensitive
to eugenol.

CLASSIFICATION (ISO 3107:2011)*
Type I-for temporary cementation
Type II —for bases and temporary restorations

The previous version of this classification (ISO
3107:2004) * listing 4 classes, has been replaced by
ISO 3107:2011, in which only 2 classes are described.

Type I cements

are meant for short term luting (1 to 6 weeks—Fig. 8A).

They are used to cement provisional restorations for
the period it takes to make the definitive restoration.

Permanent restorations are also sometimes cemented
for a short period for the patient to try it. They have
low strength which allows easy removal of the
restoration without damage to the restoration or the
tooth.

[ [ASSF—

Figures 8: a to ¢ (a) type i zinc oxide eugenol for temp(;rary

cementation. (b) type ii zinc oxide eugenol cement for
temporary restorations. (c) type ii zinc oxide eugenol—cavity
liner (was previously type iv).
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Type II cements

are used for the interim period (few weeks to few
months) when a tooth is undergoing treatment or until
it is ready for a permanent restoration. They can also
be used as bases under non-resin based permanent
restorations.

AVAILABLE AS
+ . Powder and liquid (Fig. 8B)
¢ . Two paste system (Fig. 8C)

Representative commercial names
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Typel TempBond

Typell DPI zinc oxide
Cavitec (Kerr)

COMPOSITION

SuperEBA

Powder

ingredent  Welght/%] Function

Jinc anidz 2l Frincipdl mgrediert

\White msin i To duce britleress of st comert
lncssme 10 Fezplergioy, plastice

Incapae 17 Receleratoe, improves sength

Magresium addz Is acided in some powders, acts with eugenal in & simikir mannes &
i

Liquid

Wgredent Height %) Function

Eugenal &l Reacts with zinc quige

(e ol bl Pastici=

SETTING REACTION

In the first reaction hydrolysis of zinc oxide takes
place. Water is essential for the reaction (dehydrated
zinc oxide will not react with dehydrated eugenol).

ZnO + H20 — Zn(OH)2
The reaction proceeds as a typical acid-base reaction.
Zn(OH)2 + 2HE — ZnE2 + 2H20

Base Acid  Salt

(Zinc hydroxide) (Eugenol) (Zinc eugenolate)

TempBond clear

MNogenol, Zone Freegenol

IRV, Kalzinal

TempBond NE
S Al
(i sauall
i Gssall 69 il s
claial cieud) dlad JIE 293 Gan¥l g siall il
Odla <f pun 1 SN i
5 g8l (g (g 0.7 ER] il
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ZnO + H20 — Zn(OH)2
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Zn(OH)2 + 2HE —» ZnE2 + 2H20
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Structure of set cement

The set cement consists of particles of zinc oxide
embedded in a matrix of zinc eugenolate.

latall e Al

o B Cpacn Aais giall @l I sl il e e calaiall el callsy
30 Y i

General properties of zinc oxide[ll<li}) ws) Uiy daad  ailadl)
eugenol cements Jsia ¥l
Mechanical properties LSSl (ailadl)
Compressive strength Lliaiy) 548

They are relatively weak cements. The strength
depends on what it is used for, e.g. cements intended
for temporary purposes like temporary restorations
and cementation will have a lower strength.

The compressive strength, therefore, ranges from a
low of 5 to 55 MPa. Minimum requirements are
presented in Table 2.

calal e Caniia b e Lt g aaind L Adima Ciliiand) oa
55 Caigall cndil g Cilage sll de giadll cilitan) dllicin b
.Jdl

2 Jsaald Lely (JSullize 55-5 o Ll 58 7 4 S
Ll el

TABLE 8.2 Requirements of ZOE cement as per ISO 3107:2011 ]

Type Setting time at 37 °C  Compressive strength at 24/h  Film thickness  Acid-soluble arsenic mass fraction
MPa

min

min. max. min.
Typel 15 10
Typell 1.5 10 5

pm my/kg*

max. max.
25 2
N/A 2

Type I 6 to 28 MPa (ISO—maximum of 35 MPa)
Type II 45 to 55 MPa (ISO—minimum of 5 MPa)

Particle size affects the strength.

In general, the smaller the particle size, the stronger
the cement. The strength can also be increased by
reinforcing with alumina-EBA or polymers

Tensile strength
Ranges from 0.32 to 5.3 MPa.
Modulus of elasticity

(0.22 to 5.4 GPa) This is an important property for
those cements intended for use as bases.

(JSullize 35 552Y) oy caliall daill) JSlilise 28-6 1Y) Jaall
(JSulilige 5 530¥) rny Lial) Aall) JSulilase 55-45 (AUl Jaadl)
sl e cliyjall aaa i

835 cSars ccliyjall aaa e LS Cuian) 5 8 a5 tlasac
. aad gl g EBA ) Lina ol 45 g8l (DA e Lad 3 480
Al 5 g8

JBulilaze 5.3 A 0.32 o sl 5

g pall Jalra

e giad) clined dege dnaldll o2 5 (J&WLae 5.4-0.22

(A ge Clage JiS

Thermal properties Ayl al) pailadl)
Thermal conductivity 3.98 [Cal. Sec-1 cm-2 (°C/cm)- 3.98 [Cal. Sec-1 cm-2 (°C/cm)-1] x :da ) adl 801
1] x 10-4. 10—4

Their thermal insulating properties are excellent and
are approximately the same as for human dentin. The
thermal conductivity of zinc oxide eugenol is in the
range of insulators like cork and asbestos.

Coefficient of thermal expansion 35 x 10-6/°C.
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Solubility and disintegration

Sgin) LAy

The solubility of the set cement is highest among the
cements (0.4 to 1.5 % wt).

They disintegrate in oral fluids. This break down is due
to hydrolysis of the zinc eugenolate matrix to form
zinc hydroxide and eugenol.Solubility is reduced by
increasing the powder/liquid (P/L) ratio.

Film thickness

% 1.5-0.4) clian) G oY) & lasiall Citanl) LD
(G

Aala At SHS i oy sail) i sl s el 024 Jat
dsuas¥ls B3 aS e Jal B3 oY el
L Y (5 gl Fs 33 3y DAY bl

A al) 0145

This property is important for those cements (Type I)
used for luting of restorations.

The film thickness of zinc oxide eugenol cements (ISO
maximum of 25 um) is generally higher than other
cements.

Adhesion

Ghal G Aetied Gliadl dwally dege dpaldll ol
(JsY) Taaill) laga 5

i) e legee el Jgua 15 ol 31 s dads 4las o
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alaily)

They do not adhere well to enamel or dentin. This is
one reason why they are not often used for final
cementation of crowns and other fixed dental

pand Gl ol gz lally clud)l ) am 0SS Gaaili Y

prosthesis. (s AY)
The other reasons are low strength and high solubility. LAallad) D) dcadand) Lt s s a Y bl
Biological properties da ol gl Lailiadl)
1. pH and effect on pulp (pH is 6.6 to 8.0): reulll o S PH

They are the least irritating of all cements. Pulpal
response—classified as mild.

2. Bacteriostatic and obtundent properties:

They inhibit the growth of bacteria and have an
anodyne or soothing effect (obtundent) on the pulp in
deep cavities, reducing pain.

3. Eugenol is irritating to skin and eyes. Repeated

el Ll lanay) G Cua et ou Lajas O

LiSeuall g asdl salt 4dd gall Sariliail)

8 Pl (0Seg) e S fage il iy ol ) se B
ANl Aigead) jaal)

DSl Gl o oK opelly all 4dSe Jola oY

contact may cause allergic dermatitis. il Laalees
Optical properties & padl) ailaidl)
The set cement is opaque. S Cloid) i)
Material interactions dgalall edeLal)

Eugenol interferes with the hardening/and or cause
softening of resin based restorations and are therefore
contraindicated as a base under these restorations.

Powder/liquid ratio 4:1 to 6:1 by weight.
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Powder/liquid system
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The bottles are shaken gently. Measured quantity of
powder and liquid is dispensed onto a cool glass slab.

The bulk of the powder is incorporated into the liquid
and spatulated thoroughly in a circular motion with a
stiff bladed stainless steel spatula.

Zinc oxide eugenol exhibits pseudothickening.
Although it appears to thicken early during
spatulation.

Further vigorous spatulation loosens the mix. Smaller
increments are then added until the mix is complete.

For temporary restorations a thick putty-like
consistency is recommended.

Oil of orange is used to clean eugenol cement from
instruments.

Two paste system
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Equal lengths of each paste are dispersed and mixed
until a uniform color is observed.

A ) g e dis Osame IS e oulildie Cplsh gy A3y
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Setting time latll (e
4-10 minutes. Gy 104

ZOE cements set quicker in the mouth due to moisture
and heat.

Factors affecting setting time

3 adl 5 Ay sk )l Aais ol e gl ZOE clinen) alias
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The complete reaction between zinc oxide and eugenol
takes about 12 hours. This is too slow for clinical
convenience.

1. Manufacture The most active zinc oxide powders
are those formed from zinc salts like zinc hydroxide
and zinc carbonate by heating at 3,000 °C.

2. Particle size Smaller zinc oxide particles set faster.
3. Accelerators Alcohol, glacial acetic acid and water.
4. Heat Cooling the glass slab, slows the reaction.

5. Retarders The set can be retarded with glycol and
glycerine

6. Powder to liquid ratio Higher the ratio, faster the
set.
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These were introduced to improve some of the
shortcomings of the regular unmodified zinc oxide
eugenol.

The modified ZOE cements are
» . EBA-Alumina modified cements

* . Polymer reinforced

EBA-Alumina Modified Cements

These are modified ZOE cements (Fig. 9).

Jsn ¥y il s Ciad Qe (lany gt leali &
aedl p sl
Ul ZOE ) cliiand Cpauais
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Figure 9: EBA cement.
It is available as a white powder and a pinkish liquid.

Its greater strength allows its use as an intermediate
filling material and as a base.

A part of the liquid is substituted by orthoethoxy
benzoic acid. Alumina is added to the powder.

These cements are increasing in popularity as a
retrograde filling material because of the high cost of
MTA.

USES

1. Long-term cementation.
2. Temporary and intermediate restorations.

3. Root end filling material.

COMPOSITION

| Powder

et Mot
firc oide H0-75 EA

(cethoethany berok acd) £15

Fused Qharz or Auming {3 Fugerdl 75
ryrgeraled Hosin i

EBA el ;9 Jedi)

(533 Bl add (e IS8 o 850

Aaeli o g o D5 Clage € Lealasinly oY) Lgia sl o

Caiy eclys i S S Gmens dilall e e a Jaid 3
sl Y Uipe 1 L

RS Aas aal 0 st Kasa 5 3 g€ e 03 et 335
MTA 4k

Silajadio)

A Josh el 1
Lla ) A5 Clage 51 2
4o il ils sl 3

S Al
Jaludd) (8 93sual)
Qs | st .
(%) OsSall (%) Ossall
EBA | 75-60 &3 2]

625 | dhigrs S5l fogl aes
37.5 | dsims¥) 35-0 | geaial) 3y oSl gl Liva i)
6]  Fosall s siall miil )

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:35\.)\?9‘/3*9.;.9\



Js ¥ il

PROPERTIES

Their properties are better than that of unmodified
ZOE. They are easier to handle and have improved
carvability.

1. Compressive strength is higher—55 to 60 MPa

2. Tensile strength—4.1 MPa

3. Modulus of elasticity—2.5 GPa

4. Film thickness—25 pm

5. Solubility and disintegration in water—0.05% wt.
cements

Despite their low solubility, these

disintegrated and wore more quickly clinically when
compared to the polymer modified zinc oxide cements.

6. Effect on pulp—these cements are relatively mild to
the pulp.

7. Adhesion—these materials adhere well to tooth
structure.

MANIPULATION

A glass slab is recommended for EBA-alumina
modified cements.

After dispensing, the powder is incorporated into the
liquid in bulk, kneaded for 30 seconds and then
stropped for an additional 60 seconds with broad
strokes of the spatula to obtain a creamy consistency.

They have long working times.

Setting time

9.5 minutes.
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Polymer Reinforced Zinc Oxide

Eugenol Cement

The modifications take the form of resins added to the
powder or the liquid. The aim is to improve the
strength and reduce the solubility of the cement.

Resin-modified cements are among the strongest of the
zinc oxide eugenol-based cements. Their high strength
and low wear make them ideal intermediate restorative
materials that can last as long as 1 year.

USES

1. Luting agent
2. As base
3. As temporary filling material

Available as 1. Powder and liquid. 2. Capsule for
mechanical mixing.

Commercial Names IRM (Dentsply) and Kalzinol
(DPI) (Fig. 10).

Figure 10 IRM and Kalzinol are two popular resin modified zinc oxide
cements for intermediate restorations (type ii).

COMPOSITION
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The zinc oxide powder is surface treated. The
combination of surface treatment and polymer
reinforcement results in good strength, improved
abrasion resistance and toughness.

SETTING REACTION

The setting reaction is similar to zinc oxide eugenol
cements. Acidic resins if present, may react with zinc
oxide, strengthening the matrix.

PROPERTIES

These cements have improved mechanical properties.
* . Compressive strength: 48 MPa

* . Tensile strength: 4.1 MPa

* . Modulus of elasticity: 2.5 GPa

* . Film thickness: 32 um

* . Solubility and disintegration: 0.03% wt

o . Material interactions: Similar to ZOE these
materials interfere with the hardening/ and or cause
softening of composites and are therefore
contraindicated as a base under resin based

restorations.
* . Pulp response: Classified as moderate

* . Improved abrasion resistance and toughness.

MANIPULATION

The proper powder/liquid is dispensed on a dry glass
slab. 50 percent of the powder is mixed into the liquid
and the remainder in small portions with vigorous
spatulation.

The mix will appear quite stiff, however continued
stropping for an additional 5 to 10 seconds improves
plasticity (known as shear thinning effect).

After mixing, the plastic zinc oxide eugenol is swiped
into the tooth cavity and condensed using a moist
cotton pellet.

Working time
These cements have a long working time.
Setting time

6 to 10 minutes.
Heat and moisture in the mouth cause it to set faster
than on the mixing pad.
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Factors affecting setting time
1. Low powder-liquid ratio increases setting time
2. Moisture accelerates setting time.

3. Cooling the glass slab slows the setting.

Other Zinc Oxide Eugenol Products

ENDODONTIC SEALERS
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Zinc oxide eugenol is very popular as an endodontic
sealer. Two traditional formulations— Rickert’ s

formula and Grossman’ s formula are very popular.

Along with gutta-percha, these materials are used in
endodontic therapy to seal the canals.

Some materials are used as therapeutic sealers and are
formulated with ingredients such as iodoform,
paraformaldehyde or trioxymethylene which have
therapeutic value.

Others contain antibiotics such as tetracyclines and
steroids as anti-inflammatory agents.

Some formulations can also be used for pulp capping.

Endodontic sealers also contain radiopaque materials
such as barium sulphate, bismuth salts or silver
powder.

Zinc Oxide/Zinc Sulphate Cements

These are single component temporary filling
materials. Their main advantage is their ease of
placement.

SUPPLIED AS

As putty in small tubes, syringes or plastic containers
(Fig. 11).
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Figure 11: various zinc oxide/sulphate temporary restorations.

Representative products Cavit (ESPE), Caviton (GC),
Coltosol (Coltene).
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USE

Short-term restorations after caries excavation, root
canal therapy, etc.

COMPOSITION

* . Zinc oxide 40-60 %

* . Zinc sulphate-1-hydrate 1-20 %

« . Calcium sulphate-hemihydrate 15-35 %

* . Ethylene bis (oxyethylene) diacetate - 15-35 %
* . Barium sulphate 0-20 %

* . Poly (vinyl acetate)

. Diatomaceous earth

SETTING REACTION

The material sets by reacting with water which it
absorbs from the mouth or from the cavity.

The setting occurs slowly. It expands on setting.

PROPERTIES

It may be white or pink colored putty-consistency
material. It has good initial sealing.

Since it expands on setting (up to 18%), the marginal
seal is further improved.

The seal gradually decreases with time as it
disintegrates.

The strength is low and its life is short.

The material should be used for not more than 1 to 2
weeks. It slowly disintegrates with time and is
therefore not indicated for any longer term temporary
restorations.

The material is radiopaque.

Short-term pain may be experienced because of
dehydration of the cavity.

MANIPULATION

The material is inserted into the cavity using a cement
carrier. The container should be closed immediately. It
is condensed into the cavity using a plastic filling
instrument (condenser). Since it sets by hydration, the
cavity should not be fully dried before placing the
material.
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The surface hardens in about 20 to 30 minutes. T 4883 30-20 Pla mhaod) sy
Complete hardening takes place in 2 to 3 hours. el 3-2 Pla Al bl sy
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CALCIUM HYDROXIDE CEMENT
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CALCIUM HYDROXIDE CEMENT

Calcium hydroxide is a relatively weak cement
commonly employed as direct or indirect pulp capping
agents. Due to their alkaline nature they also serve as
a protective barrier against irritants from certain
restorations.

A light cured calcium hydroxide base material and a
calcium hydroxide root canal sealing paste is also
available.

APPLICATIONS

1. For direct and indirect pulp capping.

2. As low strength bases beneath restorations for pulp
protection.

3. Apexification procedure in young permanent teeth
where root formation is incomplete.

AVAILABLE AS

* . Two paste system containing base and catalyst
pastes in soft tubes (Fig. 12)
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Figure 12 dycal is a well-known brand of calcium hydroxide pulp
capping agent.

* . Light cured system

* . Single paste in syringe form (Pulpdent, Fig. 13)

Figure 13 calcium hydroxide root canal pastes. The syringe
form (top) allows the material to be conveniently applied into
the narrow root canal.
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+ . Powder form (mixed with distilled water)
* . Some representative commercial products

+ . Regular set-Dycal (Dentsply), Calcidor

(Dorident), Recal (PSP), Hydrox (Bosworth)

* . Light cured—Septocal LC (Septodont) and
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Calcimol LC (VOCO). (VOCO)
o
Base paste Gl 9ara
Ingredient Weight (%) Liquid
rmethyl trimethylene disalicylate 40 Reacts with Ca(OH), and ZnO |

Calcium sulphate
Titanium dioxide

(Calcium tungstate or barium sulphate

Inert fillers, pigments “

Provides radiopacity
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Ingredient Weight (%) Liquid "

Calcium hydroxide 50 Principal reactive ingredient \

Jinc oxide 10 ‘

Zinc stearate 05 Accelerator l

Titanium oxide Provides radiopacity, filler [

Ethylene toluene sulfonamide 395 Oily compound, acts as carrier [
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trimethylene disalicylate ester to form a chelate viz.
amorphous calcium disalicylate.

Zinc oxide also takes part in the reaction.

Ca (OH)2 + l-methyl trimethylene disalicylate —
calcium disalicylate
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Ca (OH)2 + l-methyl trimethylene disalicylate —
calcium disalicylate

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:33\@.9‘/'1;«.;.9\



Js ¥ Jadl

Calcium hydroxide cements have poor mechanical
properties. However, they are better than zinc oxide
eugenol.

Mechanical properties

Compressive strength

(10-27 MPa after 24 hours). It has a low compressive
strength. The strength continues to increase with time.

Tensile strength
(1.0 MPa) is low.
Modulus of elasticity

(0.37 GPa/m2). The low elastic modulus limits their
use to areas not critical to the support of the
restoration.

Thermal properties

If used in sufficiently thick layers they provide some
thermal insulation. However, a thickness greater than
0.5 mm is not recommended.

Thermal protection should be provided with a separate
base.

Solubility and disintegration
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The solubility in water is high (0.4-7.8%). Some
solubility of the calcium hydroxide cement is
necessary to achieve its therapeutic properties.

Solubility is higher when exposed to phosphoric acid
and ether. So care should be taken during acid etching
and during application of varnish in the presence of
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The cement is alkaline in nature. The high pH is due
to the presence of free Ca (OH)2 in the set cement.

The pH ranges from 9.2 to 11.7.
Formation of secondary dentin:

The high alkalinity and its consequent antibacterial
and protein lysing effect helps in the formation of
reparative dentin.
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Adhesion

gualy)

The material is sensitive to moisture and does not
adhere in the presence of blood, water or saliva.

The adhesive bond is weak.

MANIPULATION

Equal lengths of the two pastes are dispensed on a
paper and mixed to a uniform color.

The material is carried and applied using a calcium
hydroxide carrier or applicator (a ball-ended
instrument).

It is applied to deep areas of the cavity or directly over
mildly exposed pulp (contraindicated if there is active
bleeding).

SETTING TIME

Ranges from 2.5 to 5.5 minutes.
Factors affecting setting time

The reaction is greatly accelerated by moisture and
accelerators. It therefore sets faster in the mouth.

Light Activated Calcium Hydroxide

Cement

Light activated calcium hydroxide cements are
available.

It consists of calcium hydroxide and barium sulphate
dispersed in a urethane dimethacrylate resin.

It also contains HEMA and polymerization activators.
Some contain fluoride.

Light activated cements have a long working time and
is less brittle than the conventional two paste system.
They are radiopaque.

They are supplied in syringe form (Fig. 74) and is
expressed directly on to the tooth through a replaceable
nozzle.

Examples are Septocal LC (Septodont) and Calcimol
LC (VOCO).
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Calcimol LC

Figure 14 light-cured calcium hydroxide.

Root Canal

Calcium Hydroxide

Sealing Pastes

Root canal sealers containing calcium hydroxide are
available.

These are similar to the ones used for pulp capping but
contain increased amount of retarders in order to
extend the working time while they are being
manipulated in the warm environment of the root
canal.

They are also radiopaque.

Commercial names Sealapex (Kerr), Pulpdent, etc.
Their advantages are

1. Effective antibacterial properties without irritation.

2. They stimulate hard tissue repair in the apical
foramen.
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