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Foreword

FJT. Burke, DDS, MSc, MDS, FDS MGDS
(RCS Edin.), FDS RCS (Eng.), FFGDP,
FADM
Professor of Primary Dental Care, University of Birmingham,
UK.

It may be considered that Dental Materials Science is the
foundation upon which restorative dentistry is built, this
tenet being true for the dental student, general dental
practitioner and specialist alike. Get the material wrong for a
given clinical situation, and there is a lessened chance that
the subsequent restoration will perform optimally in terms of,
for example, its appearance, its structural adequacy and/or
its protection of the vital tooth tissues, dentine and pulp.
Forty years ago, the choices available to the clinician were
small — amalgam, early composite, silicate cement, gold and
elementary ceramics. Today, the choice is vast, with the
number of dentine bonding agents currently available
worldwide approaching three figures. It is therefore a bonus
that this book is written by a practising clinician and by one
of the UK’s best dentist/scientists, thereby contributing a
broad range of expertise from the authors. In this regard,
areas of best clinical practice are marked with a good



practice tick.

Today’s buzz word in dental research is ‘translational
research’, broadly meaning, the translation of laboratory
research on a material or technique into research into the
performance of that material or technique in the clinical
setting. This book, very effectively, does this for dental
materials, translating their performance into clinical
relevance. As such, it fills a gap in the market and it should
be essential reading for students and more experienced
clinicians. For example, it translates the relevance of sell-by
date into efficient surgery stock control, also stressing the
fact that the directions for use should not be discarded when
the pack is opened! It explains the significance of the various
test methodologies, adding that some of these must not be
extrapolated into clinical performance and also pointing out
that graphs may provide misleading data by altering the
scales on the graphs

The text is incredibly broad in its coverage of dental
materials. Amalgam, resin-based materials, glass ionomer,
alloys and impression materials might be what the reader
might expect, but there are extensive sections on endodontic
materials, materials for temporisation, preventive and
periodontal materials, implants, bleaching systems, and
cutting instruments. The increasing impact of aesthetic
dentistry is reflected by sections on bleaching and on the
state of the art ceramics available to the contemporary dental
profession.

In summary, A Clinical Guide to Applied Dental Materials is
a comprehensive resource for dental students and practising



dentists alike, presenting, as it does, a blend of science and
the clinical application of dental materials. In an area
complicated by the views of self-appointed opinion-leaders
who present their convincing anecdotal views, this book
presents a refreshing, scientific, comprehensive, evidence-
based approach to dental materials and their clinical
applications. It is therefore an important text for those who
wish to achieve clinical excellence.



Preface



Scope of the Book and Background

The teaching of dental materials at undergraduate level has
traditionally been provided prior to students’ first contact with
patients or at an early stage thereafter. Unfortunately, these
courses have been perceived by students as abstract and
irrelevant as their emphasis is often not practically based,
with little detail provided on the clinical manipulation and
usage of dental materials. The result is that students feel they
cannot appreciate the relationship of the (essential) subject
matter with its clinical application and their interest in
materials quickly wanes.

This book aims to bridge this gap between the knowledge
gained in the basic dental materials science course and the
clinical restorative disciplines. Written by a practising dentist
with academic experience and an academic in biomaterials
with extensive clinical experience, the preparation of this text
has been uniquely approached from two perspectives, with the
emphasis being very much on the practical aspects of dental
materials’ use. It is not intended to serve as a definitive dental
materials or restorative dentistry text, and the reader is
referred to appropriate texts throughout the book for more
theoretical background information. This text attempts to give
the reader a thorough understanding of the dental materials
they are using clinically: how to properly select a given
material for any given situation, how they can use them to
best effect and, how not to use them! It is also important to
consider the impact on the performance of dental materials in



the mouth, an often hostile environment filled with
microorganisms, bacteria, acids and saliva. It has been said
that the oral cavity is a far more hostile environment in which
materials are expected to survive when compared to those
used in North Sea oil exploration. All of these factors are
critical for clinical success and good patient care.

The environment in the mouth can be more corrosive to dental materials than the
North Sea is to oil platforms.

Photograph courtesy of BP.

As well as undergraduate students providing care for
patients, postgraduate students will also find this book of use
when preparing for examinations in subjects allied to clinical
dentistry. Practising dentists will find the information



containing in the book invaluable and very relevant to their
daily work by enhancing their understanding of the materials
they are handling and developing their decision- making
skills. The dental team (nurses, hygienists, therapists and
technicians) will benefit from the many practical tips
contained within the text and be able to relate it to their daily
work. This book will also be of interest to dental
manufacturers and retailers as it provides an overview of
many of the dental materials currently commercially available
(and from a dentist’s perspective,) not to mention the
principles and applications which underpin them.

How to use this book

The text systematically deals with the commonly available
dental materials and equipment. While the reader could work
their way through the chapters, it could also be used to “dip
in” to a particular section as each chapter dealing with a
family of materials stands alone and appropriate cross-
references are provided where relevant. The first section deals
with many important points and principles which are common
to many materials and wunderpin their handling and
behaviour. It includes a chapter which discusses the usage of
materials with special reference to general dental practice.
Thereafter the text visits all the material families with the
second section dealing with materials which are generally
directly placed and includes a chapter on materials and
equipment used in endodontics. The third section introduces
materials which are used in conjunction with indirect



techniques, namely temporization, impression materials, and
bite registration materials and waxes. The fourth section is
concerned with other materials used in the dental clinic,
namely preventive and periodontal materials, biomaterials,
dental implants, bleaching systems and cutting instruments.
The last section covers those materials more commonly seen in
a dental laboratory, but which the practitioner needs to be
familiar with to prescribe effectively and when discussing
cases with their technical colleagues.

Important practical aspects of each material are
presented in boxes to highlight them:

 The boxes with a ‘tick’ include good practice tips.

« The boxes with an ‘exclamation mark’ provide information
about a potential interaction or problem or
precautions to be taken while using a material.

The text contains more details and knowledge
underpinning the highlighted points where relevant.
Important words and terms are either given in bold and
defined within the text or they are defined in boxes following
the text where the term has been used. The concise definitions
will be a wuseful aide memoire during examination
preparation. This also includes technical terms, which are
introduced as necessary throughout the text. By using this
approach these terms are illustrated in context and build the
reader’s understanding in a gradual and relevant manner.

In an attempt to bridge the knowledge gap between the



generic and the proprietary names, trade names used within
the European Union have been used throughout the text.
However, the same material may be referred to by an
alternative name in other parts of the world. It is possible that
some products with the same name may in fact differ in
composition in different countries because of local legislation.
Readers outside the European Union should contact the
manufacturer for questions about the availability of a
particular product in their country. To facilitate this, the
contact details of each manufacturer mentioned in this text is
available online at www.bonsorandpearson.com.

Each chapter ends with a series of self-assessment
questions. These are designed to evaluate the readers’
understanding and application of knowledge gained within
the chapter by posing ‘real-life’ clinical problems. Completion
of this section will enhance knowledge and consolidate
understanding. Answers to the questions are provided online
at www.bonsorandpearson.com.

For the convenience of the reader, ‘Basic dental
terminology’ appears on the inside front cover of this book , a
table containing information on ‘Representative values of
various mechanical and physical properties of generic dental
materials ’ is available on prelim page ii and ‘Regulation of
dental materials and the ISO’ appears on the inside back
cover.

The commercial products featured do not imply any
recommendation or endorsement by the authors and are
included to either illustrate a point or as an example of a
particular material. The commercial products tables are not


http://www.bonsorandpearson.com
http://www.bonsorandpearson.com

exhaustive and list only examples of products. It is important
to stress that neither the Publisher nor the Authors assume any
responsibility for any loss or injury and/or damage to persons
or property arising out of or related to any use of the material
contained in this book. It is the responsibility of the treating
practitioner, relying on independent expertise and knowledge
of the patient, to determine the best treatment and method of
application for the patient.

While much care has been taken to ensure every fact
contained in this text is evidence based, no references are
provided. This has been done deliberately so as not to detract
from the practical, user-friendly approach of the book.
However, a list of standard dental material texts or review
research papers is given in each chapter for readers requiring
further material to complement their knowledge.

With new materials being constantly introduced to the
market, this book may, by definition, become quickly dated.
Every effort has been taken to ensure that all information
contained in it is correct at the time of going to press.
However, the principles and applications described here
provide a blueprint by which new materials can be evaluated
such that the practitioner can determine whether the
manufacturer’s claims can be justified. These precepts should
remain good for some time to come. It is a requirement of
each practising dentist to ensure that their knowledge keeps
pace with this change as, medicolegally, they are responsible
for the dental materials used in the course of their work
including the prostheses made for them by independent
contractors. It is hoped that with a better appreciation of



applied dental materials, the reader’s interest will be
stimulated and that they will extrapolate their increased
understanding and knowledge to practise with increased
satisfaction and more effectively to the betterment of their
patients.

SB, Aberdeen

GP, London






Chapter 1 I

Dental materials in the oral environment

Learning Objectives

From this chapter, the reader will:

» Appreciate the environment within which dental materials are designed to
function

 Understand the common presentations of dental materials

» Appreciate the pitfalls of the manipulation of dental materials in the clinic by the
dental team and the significance of these on material performance

» Understand how the presentation of materials has evolved to reduce such operator
variability.

Introduction

Perhaps surprisingly, when considering their diversity, the
materials that are used across the various branches of
dentistry have much in common. They are conceived,
developed, tested, manufactured and marketed in the same
way by only a small group of dental material manufacturing
companies. When they arrive in the clinic, they are kept in the
same storeroom. When required for use, they are mixed and
manipulated by the dental team in similar ways as they are



available in only a small number of presentations.
Unfortunately, incorrect handling during this phase could
compromise their properties on subsequent placement into the
mouth and in some cases they may be ruined. Dental materials
may set chemically, or the setting may be initiated by light
energy, or a combination of both. They are subjected to the
hostile environment which is the human mouth, where they
are asked to endure similar stresses and strains during
function. With all things being equal their lifespan does not
vary significantly either. The first section of this book,
consisting of five chapters, discusses these general principles
and the commonalities between the different material groups.

This chapter describes the oral environment into which a
material is placed. Failure of the clinician to understand the
conditions in which a material is expected to perform may
lead to incorrect material selection - which will surely
compromise clinical success. The way in which the material is
presented and handled by chairside dental staff will influence
its properties. In order to minimize operator error,
manufacturers have developed less technique-sensitive
presentations. Chapter 2 examines how the dental team may
influence success by considering clinical factors such as the
importance of moisture control when using materials which
may be damaged by exposure to water prior to their complete
setting. The invention and extensive use in modern dentistry
of setting dental materials by exposure to light energy extends
across material types. However, this useful technique has the
potential to be compromised by various factors and the dentist



must be aware of the potential pitfalls.

It is an important criterion that it is undesirable for any
dental material to interact with the host, i.e. dental patient.
Chapters 3 and 4 deal with the biological considerations of
dental materials and how potential interactions may be
minimized by the manufacturers and dental team. Clearly all
materials must be fit for purpose and conform to various
safety, legal and quality standards.

Prior to their launch to market, all dental materials are
tested extensively. It is desirable that the end user (the dentist)
understands which laboratory tests each material has been
subjected to and how relevant this may be clinically. Often
promotional and technical literature may be difficult to
interpret, yet it is vital that the dentist is equipped to
understand this information. By understanding why certain
chemicals are contained in the materials it may be possible to
make an educated assessment as to how the material is likely
to behave with respect to handling and function. This will
enable the clinician to make informed decisions as to whether
a particular material is suitable for a given situation. Lastly,
Chapter 5 describes how materials may be stored and
managed in a clinic or dental practice prior to use. Storage in
the correct manner will ensure that the material reaches the
dentist in optimum condition.

The Hostile Oral Environment

When dental materials are placed in the mouth, they enter a
very hostile environment. In fact, they are asked to perform



and survive in conditions more extreme than those found on
the oil platforms in the North Sea. There are numerous
microorganisms in the oral cavity, and many bacteria produce
acids as a by-product of their metabolism. This has the effect
of lowering the intraoral pH. Ingested foodstuffs and liquids
can also rapidly change the pH of the mouth, swinging
between mildly alkaline and strongly acid. Saliva plays a role
as a protective fluid barrier by acting as a buffer. However,
some of the constituents of saliva such as acids and organic
fluids can cause degradation of the dental restoration with
time by reacting with it chemically.

During function, restorative materials may well be
subjected to intermittent loading and unloading. This is
cyclical loading. The material will have to resist this
mechanical loading, the magnitude and direction of which
contributes to stresses and strains within the material and the
tooth structure supporting it. Furthermore, the material may
be subjected to a variety of fluids at varying temperatures
during the course of a day ranging from freezing to 60°C. This
is called thermal cycling.

pH: stands for the power of the Hydrogen ion and is a measure of the acidity or
basicity of a solution. It ranges from 0.1 (highly acid) to 14 (highly alkaline),
with pH 7 being neutral.

Buffer solution: an aqueous solution in which the change in pH of the solution is
limited when a small amount of acid or base is added to it. Buffer solutions are
used as a means of maintaining pH at a nearly constant value.

(Dental) restoration: a form composed of a dental material designed to restore
both form and function of dental hard tissue.

Stress: measure of the intensity or internal distribution of the total internal forces




acting within a deformable body. Stress is measured in N/m2

(newtons/metrez).

Strain: the change in the dimension of a material per unit length when an
external force is applied to it.

The combination of these chemical, mechanical and
thermal challenges is often synergistic. It is therefore obvious
that over long periods of clinical use, the effects of these
challenges will profoundly influence a material’s behaviour
and therefore a restoration’s performance and longevity.

The influence of the presentation of materials on
success

Unfortunately the harsh oral environment is not the only
hazard which can influence material performance. In many
cases, the material may not be supplied in a controlled and
metered form by the manufacturer. Instead the dental nurse or
dentist must mix the components supplied by the
manufacturer just prior to the placement of the material in the
mouth. This means that the manufacturer may have only a
limited influence over the final state of the material being
used clinically. This is problematic as failure to correctly
manipulate the constituents can have a major influence in the
failure of the material to perform as expected. This potential
for error by the end user (i.e. dental team) is very high. To
minimize these types of error and maximize clinical success,
dental material manufacturers have evolved a range of
material presentations to minimize the risk of mishandling. An



example of this is the reduction in the use of powder and
liquid formulations in favour of ready-mixed pastes which
only require to be light cured. These presentations optimize
both the proportioning of the ingredients and the mixing of
the materials.

Powder and liquid presentations

As the name suggests, these materials, usually cements, are
provided as components which the user must mix and place at
the site of use. This presents a number of problems. Firstly, the
proportions of each component should ideally be similar as it
is often difficult to mix a much smaller volume of one with a
large volume of the second and still ensure even distribution
of the two components. Secondly, the components need to be
dispensed in a manner that ensures that the correct proportion
of each component is metered out. It is also important that the
proportions do not require too much precision as the
dispensation process in the clinic is fraught with problems.

Dispensation of powder is subject to considerable
variability. During storage, undisturbed powder in a bottle or
tub for a period of time will settle and compact. It is
important that the powder is fluffed by shaking the container
so that the correct amount of powder is dispensed. Failure to
do this will mean that more powder is dispensed thus affecting
the powder to liquid ratio.

</

Always shake the bottle or tub before dispensing the powder (Figure 1.1). This




fluffs the powder so that the correct amount is dispensed and mixes the contents
thoroughly as these materials frequently contain mixtures of different powder

compositions.

1T AN V. Wl A bottle of glass ionomer cement (ChemFil Superior, Dentsply) and a
tub of alginate impression material (Blueprint, Dentsply) being shaken by the
dental nurse to ensure the correct dispensation of the powder.

Powder versus granules

The ease with which the solute dissolves affects the rate of
reaction. Generally, speaking dental cements are presented in
either powder, or in the case of newer materials, granular
form. A powder (Figure 1.2) is a fine precipitate produced by
grinding or milling small particles. The finer the particle the
more rapid the initiation of the chemical reaction as the
surface area to volume ratio increases. Granules are larger



agglomerates of semi-fused particles with a porous structure
(Figure 1.3), which facilitates the permeability of a liquid into
the agglomerated mass and the surface area available is
greater for reaction. This is a similar presentation to the
popular coffee granules found in some instant coffees. Figure
1.4 shows the granular and powered presentations of instant
coffee. The granular variety was introduced to improve the
rapidity with which the coffee may dissolve when hot water is
added to it.

conventional glass ionomer powder. This illustrates the considerable range in particle
sizes present in a cement. This can influence the rate of set of the material.




m A scanning electron micrograph and pictorial representation of a
granular glass ionomer powder.

Fig. | W The coffee powder on the left has a granular presentation whilst the
other is ground (powdered) coffee. Note the difference in appearance of the two
samples.

Solute: a solid which dissolves in a liquid.

Rate of reaction

When mixing the ingredients it is important to realize that as
soon as the constituents are bought together then the setting
reaction commences. Many manufacturers incorporate a
retarder into the solute to prevent the setting phase
commencing immediately so slowing the reaction initially.
This has the effect of increasing the working time but there is
still a fixed amount of time during which mixing and
placement of the material can take place. Once this time has



been exceeded, the setting phase will commence (Figure 1.5).

Increase in viscosity of mixed material

;.5 I EI.S I I:S.E
Time (mins)
m The change in viscosity of two cements. At the beginning of mixing, the
viscosity of the paste is low. This viscosity remains the same for 1.5 minutes with
the express set material and 2.25 minutes for the regular cement. After this time the

cement begins to set and thicken and the viscosity decreases. Once the cement has set
the viscosity is the same again.

It is desirable to have a long working time and short
setting time but this is not possible because once the chemical
reaction has been initiated the setting reaction accelerates
until the reactive components are exhausted.

Working time: the time between the commencement of mix and the first
indication of setting.

Setting time: the time from the commencement of mixing to the time at which
the material has set clinically.




Effect of temperature and humidity

The temperature and humidity of the clinic or laboratory
during the mixing and setting phases will influence the rate of
reaction. In general any increase in temperature above
ambient will lead to an acceleration of the setting reaction.
This can have considerable significance in a clinic which does
not have a controlled temperature. On a cold day the material
will have a longer working time while on a hot and humid day
the material will begin to set prematurely. It is often advisable
to store susceptible materials in a refrigerator, the effect of
which will be to increase mixing and working time. However,
this can create problems. Water-based cements have an
optimum level of water to achieve their best performance. If
the slab on which they are mixed is cooled to a temperature
which is below the dew point (Figure 1.6), once the slab is
back at room temperature, condensation of water from the
atmosphere will lead to beads of moisture on the surface
which will then be incorporated into the mix, thus reducing
the powder to liquid ratio and producing a weakened cement.
This can be overcome by using paper mixing pads. However,
these pads are unsuitable for mixing of stiff (highly viscous)
acid-base cements as the paper curls at the edges as the
material is spatulated.
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Fig. | I(CW Drops of water condensing on a chilled glass slab. Incorporation of this
water into a powder/liquid mix will alter the ratio, so affecting the final properties

of the cement.

It is important to remember that the temperature of the oral cavity is generally

between 10 and 14°C above that of the clinic. Once a material is placed in the mouth

the setting rate will be increased substantially.




Dew point: the temperature that air must be cooled for water vapour to
condense into water.

Viscosity: the resistance of a liquid to flow

Clinical implications of the setting phase

To achieve the optimal properties of the material, it should
not be disturbed during the setting phase. Manipulation of the
material during this phase will have long-term deleterious
consequences. Restorative materials must be maintained in a
steady state during the period between the end of the working
time and the completion of set. Failure to do this will lead to
the material being stressed and weakened so impairing its
clinical performance and longevity. For example, in the case
of elastomeric impression materials (such as silicone rubbers,
see Chapter 15), if they are disturbed during the cross-linking
phase, they will stress relax on removal from the mouth. This
leads to distortion resulting in the cast restoration failing to
fit. The impression tray should be evenly supported during the
setting phase. The reliance on the patient to support the tray
or leaving the tray unsupported is likely to lead to
deformation of the impression.

Elastomer: a material which has elastic properties, allowing it to recover to its
original shape after distortion.

Cross-linking: covalent or ionic bonds that link one polymer chain to another to
form a solid structure.

Stress relaxation: the phenomenon of a material under stress to return to its
unstressed original form once any restraint is removed.

Impression material: a material used to record the shape of the structure in the




mouth so that a model may be constructed.

Impression tray: A prefabricated U-shaped carrying device which supports the
fluid impression material (see Chapter 15).

Cast restoration: restoration produced external to the mouth and cemented into
place.

Evolution of Material Presentations

The traditional powder/liquid cement system is the
presentation most likely to result in most significant user
variability as already discussed. If the components of the
material can be delivered to the dental team in the correct
proportions and in such a way that minimal or no mixing is
required, then the risk of operator-induced variability can be
reduced or even largely eliminated. A number of currently
available presentations address these problems, namely:

« Capsules
« Compules

- Automated paste/paste delivery systems.

Encapsulation

A capsule is a container that holds the active ingredients of a
material in separate compartments until activation. It then
becomes the mixing chamber (Figure 1.7). The activated
capsule is then placed into a mechanical mixing machine to
blend the components of the material together. Manufacturers
have designed capsules that allow powders and liquids to be



mixed in the correct proportions to achieve the desired mix

and consistency. Figure 1.8 shows the design of a capsule and
its contents.

|- WMl Examples of capsules, the one on the left is manufactured by 3M
ESPE and contains resin-modified glass ionomer cement (Photacfil) and the other is
ChemFil Supreme (Dentsply), a glass ionomer cement. Note the black plastic of the

Photacfil capsule protects the constituents from ambient light as this material is light
activated.

Cap Clip

Mozzle —— Plunger

o CED

Fig. | IR:V.W W The assembled and exploded capsule components. Note the access
ole to the main chamber and the pillow which lies over this. The grey cylinder

which lies over the end acts a plunger, forcing the cement out through the nozzle
after mixing is complete.




Most capsules consist of a chamber with a nozzle at one
end through which the mixed material may be extruded. The
chamber, internally, is a rounded cylinder with a small hole
either on one side or at one end. The powder is stored in this
central chamber. Over the small hole lies an aluminium pillow
which contains the liquid. This pillow is covered by a plastic
clip. When pressure is applied to the plastic clip, this ruptures
the pillow and the liquid is expelled into the chamber
containing the metered amount of powder. Alternative
systems have the liquid in a pillow at the opposite end from
the nozzle and are activated by a half turn of the bung.

!

Some encapsulated glass ionomer cements require the capsule bung to be twisted

through 180° prior to syringing. Failure to do this will result in no material being
dispensed from the capsule as the nozzle is occluded forcing the outer casing of the

capsule apart (Figure 1.9).




IS AWM Failure to twist the capsule prior to dispensation has resulted in no
material being expressed from the capsule and the capsule rupturing under the
pressure being applied to it by the syringe driver.

</

When using capsules containing ingredients for a cement or restorative which

require activation, the dental nurse should ensure that pressure is applied to the
clip for a period of time long enough to expel all the liquid into the chamber. The
liquid is frequently rather viscous and a minimum time for pressure to be applied is
2 seconds (Figure 1.10). Failure to expel all the liquid will adversely affect the
powder to liquid ratio and may lead to difficulties in expelling the mixed material

through the syringe nozzle.

15T MMV Pressure being applied to the activator device for 2 seconds so that all
of the liquid is expressed from the pillow into the mixing chamber.




The powder in capsules will compact on storage with the compacted powder
settling at the end of the capsule near the exit nozzle. It is therefore important to
always shake the capsule prior to use. Failure to do so will result in a puff of
unmixed powder being expressed first, which may interfere with clinical

placement.

Once the powder and liquid are in the mixing chamber,
the capsule is placed in a mechanical mixer. This machine
agitates the capsule for a fixed period of time as recommended
by the manufacturer and the mixed material is then extruded
into the cavity. Dental amalgam is presented in capsules but
in this case the capsule is used solely for mixing the alloy
powder and mercury. The mercury is stored in a pillow which
is within the body of the capsule. This is ruptures by the
movement of the high density mercury once mixing
commences. Once mixed, the material is placed in a
dispensing dish to be picked up and inserted into the cavity
using an amalgam gun.

Amalgam gun: a carrier device used to inject unset amalgam into the cavity.

Mechanical mixers

Mechanical mixers (Figure 1.11) operate either by rotational
or an oscillating figure of eight movement of the capsule.
The speed is variable and each machine should be provided
with mixing times for each encapsulated material. The reason
for this is the throw of the mixing arm of each manufacturer
varies as does the speed of oscillation. This imparts a



different amount of energy during the mixing process. The
movement of the powder and liquid within the capsule allows
the surfaces of the particles to be wetted and the chemical
reaction to commence. The movement of the mass within the
mixing chamber generates heat, the amount being dependent
on the mass of the components involved. At the end of mixing
a paste of uniform consistency should be obtained.

Rotomix) and (B) another mixing machine that utilizes a figure-of-eight motion (SDS

Kerr 4000).

Wetting: the ability of a liquid to maintain contact with a solid surface due to
intermolecular interactions when they are in close proximity.




Limitation of capsules

Even though the proportioning of the components is carried
out by the manufacturer under standardized conditions, it is
difficult to provide a metered dose precisely. This is because
the powders are usually delivered by a hopper and there is
some variation in the amount dispensed as the hopper
empties. The filling of the pillow has a similar problem as the
metering of small volumes of liquid produces some variation.
Variations in the portioning of either the powder or liquid will
affect the power/liquid ratio and therefore the properties of
the mixed material.

The most significant disadvantage of capsule mixes is in
those cases where the material is injected via a nozzle to the
site. Here the diameter of the orifice of the nozzle will
influence the powder to liquid ratio. Too high a powder to
liquid ratio will make the material difficult to extrude via a
small nozzle which may indeed be the most appropriate for
delivery.

!

It is important that the correct mixing time is adhered to. Too short a time will lead

to an incoherent mass with the powder and liquid inadequately mixed. Too long a

mixing time will reduce working time and accelerate set.

Compules

A compule is a small cylindrical container with a delivery tip



and plunger. They are also sometimes referred to by some
manufacturers as tips or Cavifils™ (Ivoclar Vivadent). An
example of a product presented in compule form is shown in
Figure 1.12. Compules have been designed to deliver materials
where all the active ingredients have already been mixed
together by the manufacturer into an injectable paste. This
reduces the risk of incorrect mixing and produces a material
almost free of air voids. As such those materials suitable for
use in compules are limited to polymer systems activated by
light.

19T MMM Compules containing a resin-based composite (Miris 2, Colténe
aledent).

Polymer: large molecule composed of repeating structural units typically
connected by covalent chemical bonds.

During the manufacturing process the material is loaded
into the compule chamber in paste form and then a plastic
plunger is inserted on top and driven down a fixed distance
(Figure 1.13). The process is usually carried out in an



environment illuminated by amber lights so the material will
not be set prematurely. This ensures that the material is
packed firmly into the base of the compule and up to the
nozzle. The cap covering the nozzle is then placed. The light-
resistant material forming the compule walls provides
protection from ambient light so preventing premature
polymerization. Dispensation is achieved by inserting the
compule into a gun which is designed to drive the plunger
further into the compule chamber, extruding the material via
the nozzle for direct placement into the cavity being restored.
The nozzle diameter varies with the viscosity of the material,
the thicker the paste the wider the nozzle (Figure 1.14).

‘&

Fig NN Bl A dismantled compule demonstrating its components.




| 3739 W W Two compules with different nozzle sizes. The wider one permits the
extrusion of a regular viscosity resin composite material (Miris 2, Colténe
Whaledent) and the narrower one a flowable resin composite material (X-Flow,
Dentsply).

Some materials are so viscous that they cannot be
delivered from compules but are only supplied in a syringe
presentation, e.g. P60 (3M ESPE) (Figure 1.15). The use of a
syringe can result in the material being affected by the
ambient clinic lighting as the material is not delivered directly
to the cavity.

Fig. | 9 Bl P60 (3M ESPE), a packable resin composite material, is so viscous, it
is only supplied in the syringe form. Note the wide bore size.

The compule is placed into a gun for ease of delivery and



Figure 1.16 illustrates two examples from the range of guns
available. Most work on the single lever delivery of the
plunger. This can result in the plunger not passing
horizontally down the internal surface of the compule so an
erratic injection rate occurs. To overcome this shortcoming,
another more sophisticated form of gun is available whose
plunger is driven down the barrel of the compule centrally
and evenly.

(A) single lever delivery gun (B) gun configured to permit plunger to be delivered

centally on capsule plunger.

After the paste has been injected into the cavity, it is
activated by an external energy source such as a light
polymerizing unit. The mechanism of light curing is explained
in detail in Chapter 2.

Limitations of compules

Compules are considered to be a unit dose and should not be
reused. This means that inevitably some material is wasted, as



not all of the material will be required to fill the cavity.
Similarly there may be a small volume of the material that
cannot be expelled out of the compule tip. This is reduced to a
minimum by the conical shape of the plunger which will push
the bulk of the material into the nozzle. However, the
remaining amount is very small in comparison with the
amount frequently wasted when materials are dispensed from
a syringe and left unused on a mixing pad.

Automated paste/paste delivery systems

Where it is not possible to put all the active ingredients
together in one paste, alternative systems have been
developed (Figure 1.17). Here, the two pastes are presented in
double barrel syringes and by applying force to a lever, unit
doses of the two pastes may be dispensed onto a mixing pad
for manual mixing. The advantage of this delivery
presentation is that the pastes are delivered in the correct
proportions to one another and it obviates the proportion
estimation carried out by the dental nurse from two individual
tubes. A more accurate mix is therefore achieved (Figure 1.18).
Different material types are now available in this presentation
(Figure 1.19).



system (illustrated by Vitrebond Plus) and GC’s Paste Pak Dispenser (illustrated by
Fuji Lining LC).

Fig N W RV.C DM The dispensation of two pastes using the Clicker device
dispenser (3M ESPE): the pastes are released as the Clicker lever is depressed. Full




depression of the lever ends the delivery.

19T MMM W Four different materials presented in 3M ESPE’s Clicker™ delivery
system. From top to bottom, a resin-modified glass ionomer luting cement, self-
etching dual-cured resin composite, a resin-modified glass ionomer lining cement and
a dual-cured resin composite adhesive.

Cartridges

A subgroup of automated paste/paste delivery systems
consists of cartridges. Their main indication is for mixing two
semi-viscous pastes where a larger volume is required, such as
impression materials or materials specifically designed for
temporary replacement of tooth structure removed during
crown preparation. Cartridges are designed to permit two
pastes to be mixed in ratios of 1:1 up to 1:10 (Figure 1.20). A
spiral delivery tube is needed to mix the material (Figure
1.21). The number of helical turns depends on the material’s



viscosity. The more viscous the material, the fewer helical
turns are available to thoroughly blend the two pastes
together. The two constituent pastes are injected down the
spiral and slowly blend together allowing the mixed paste to
be extruded at the site of use. A larger-scale variant of this
design is the mechanical impression material mixer which
dispenses the material directly into an impression tray (Figure
1.22).

|9T- WPVl A cartridge mixing system (Protemp 4, 3M ESPE). The difference in
the ratio of paste and catalyst is determined by the differing size of the two tubes. In
this case the ratio of the two pastes is 4:1.



|37 0 WA Bl Three mixing and delivery nozzles with different diameters. Note the
difference in numbers of turns in the helix. The smaller the number, the more
viscous the material.



Fig N BY). S Ol Pentamix 3 (3M ESPE) impression material dispensing machine.
(A) The two reservoirs of pastes: note the different sizes as the proportions are 4:1.
(B) The material is being mixed in the helix of the mixing nozzle. (C) The material is
being expressed into the impression tray.

As has been discussed earlier, the mouth is a hostile
environment in which materials are asked to survive. For a
material to perform satisfactorily in this environment, its
properties must be optimized. In order to achieve this, modern
presentations of materials provide a means of standardizing
proportions of constituents and quality of mixing. This
overcomes the variability associated with hand-mixing and
proportioning, which was commonplace previously. However,
as will become apparent in the following chapters, there are
other variables that impact on a material during use and



which may have significantly detrimental effects on the
performance of dental materials.

Summary

« The mouth is an extremely hostile environment.

« Materials need to be optimized to achieve the appropriate
properties.

« Presentations are now designed to deliver materials as
closely matched in performance to that tested in the
manufacturers’ laboratories to minimize operator
mishandling.

Self-assessment Questions

1. What environmental factors found in the mouth will affect the performance of
a dental restorative material?

2. What are the problems with presenting materials in a powder/liquid form for
hand mixing?

3. What are the advantages of using pre-dispensed materials in the clinic? Are
there any disadvantages?

4. What factors should be considered in establishing the clinic environment?




Chapter 2 I

Clinical manipulation of materials

Learning Objectives

From this chapter, the reader will:

» Understand the importance of achieving a favourable environment for material
manipulation

+ Understand the factors which influence shade taking

+ Appreciate the benefits and shortcomings of light polymerization as a means of
controlled setting

+ Understand the need for good preventive maintenance for dental hardware.

Introduction

There are a number of direct clinical placement factors which
the clinician must be mindful of when working intraorally.
The manufacturers can only do so much and it is incumbent
on the dentist to use dental materials as instructed to ensure
maximal success. This chapter will discuss the factors relating
to clinical manipulation of dental materials.

Moisture Control



A substantial number of dental materials are hydrophobic or
are adversely affected by water. They will perform
suboptimally if water contamination occurs during their
placement and before their final setting. This is a major
problem in clinical dentistry as the mouth is full of fluid and
has high relative humidity.

Hydrophobic: a material which repels water.

It is well accepted that unless the moisture control is
carefully controlled, the clinical behaviour of the restoration
and its longevity may be significantly compromised. Poor
moisture control is a major cause of adhesive bonding failure
and also leads to decreased mechanical properties of the
material. There are many methods of moisture control,
namely cotton wool rolls, dry guards, high volume
aspiration, use of saliva ejectors (Figure 2.1) and some
clinicians have even advocated the use of systemic
medications to reduce salivary flow. This latter approach is
not recommended because there can be systemic side effects
which are undesirable. The most effective and predictable
method of moisture control, however, is rubber dam (Figure
2.2).



ISF SN A selection of devices for moisture control. From left to right: cotton
wool rolls, saliva ejector, aspiration tip and dry guards (small and large).

Fi g. WA Rubber dam in situ prior to restorative treatment.

The many advantages of this technique will be readily
found in operative dentistry textbooks but from a material’s



perspective, it can provide the closest conditions to an ‘ideal’
environment for material placement. Its use will allow the
clinician to control the operating field more precisely and
with respect to humidity and moisture control. It also greatly
improves the dentist’s access when placing the material. The
different types of rubber dam and other materials used in
connection with it are discussed in Chapter 13.

Shade Taking

Shade taking is an important aspect of restorative dentistry
where the dentist attempts to match the colour of the adjacent
teeth or tooth with the restorative material, be it a directly
placed restorative material such as resin-based composite or
one constructed in the dental laboratory such as ceramic.
Often the patient will judge the success of the restoration by
its appearance, with an imperceptible restoration being
considered ideal by them.

Resin composites: hydrophobic materials consisting of an inert glass and a

polymerizable resin.

Ceramic: an inorganic, non-metallic solid prepared by the action of heat and

subsequent cooling.

!

Some dentists favour a slight mismatch between the shade of the restoration and

surrounding natural teeth when providing a posterior restoration. There are two

reasons for this:




1. The margins of the restoration are easier to finish.

2. When the restoration needs to be replaced it is easier to identity the tooth-
coloured material to be removed and tooth tissue can be preserved.

Shade taking is renowned for being one of the most
challenging aspects of restorative dentistry for the dental
team. Although the techniques for shade taking are beyond the
scope of this book, advice relevant to dental materials is
included here.

Matching like with like

It is obvious that to most easily achieve a consistent and
predictable result when selecting a shade of restorative
material to match the tooth tissue being restored, the material
of the shade guide should be the same as the restorative
material. Unfortunately this may not be achieved as many
manufacturers’ shade guides are made from a dissimilar
material to the restorative material being used.

One of the most commonly used shade guides is the Vita
Shade Guide (Figure 2.3), which is used to shade match for
ceramics. Unfortunately, the tabs of the shade guide are made
of a bulk of material whereas the crown is usually in much
thinner sections, altering translucency and shade
substantially. It is also possible to get small tabs of the various
stains that are available to characterize the ceramic (Figure
2.4).
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m Lumin Vacuum Shade Guide (Vita) otherwise known as the Vita Shade
Guide. This is the most commonly used shade guide for matching ceramic

restorations.
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Fig AW Various stains that may be used to characterize dental ceramic.

Some shade guides are designed such that a dentist can
select both a shade for ceramic and acrylic when crowns and
dentures are being provided for the same patient as the shades
for the two materials correspond (Figure 2.5). Several
manufacturers have recommended using the Vita Shade Guide
to shade match for the resin-based composites, and a form of



recipe wheel (Figure 2.6) guides the dentist in using the shades
in the kit.

Chromascop Shade Guide (Ivoclar Vivadent) used for cases when

ceramic units (such as crowns) are to be matched with a denture with acrylic teeth
onit.



| 3T MR A recipe wheel (Filtek Supreme XT, 3M ESPE).

To reduce the risk of error, some manufacturers have
produced shade guides which are made of the same resin-
based composite that is in the kit. This has the benefit that
similar types of material are being matched. There is a greater
chance that a good shade match will be achieved. Figure 2.7
illustrates two shade guides. One is a simple tab system
composed of the resin composite in the kit and the other
involves inserting a core of the ‘dentine’ shade in the shell of
‘enamel’. If a small drop of glycerine (or water) is placed to
remove the air barrier between the two shade tabs, the dentist
can see the final shade result with some certainty.



Fig. P/ Two shade guides constructed using the material in the kit: (A) Venus
(Heraeus) and (B) Miris 2 (Colténe Whaledent).

The other and probably most reliable method of correctly
ascertaining shade is applying a small piece of the composite
to be used to the tooth without any bond and curing it for 10
seconds. This must be cured as there is a change in shade
(shade shift) on curing.

M Shade taking (using Miris 2, Coltene Whaledent)

1. Take the dentine shade by matching it with the cervical region of the tooth.
This area has the most dentine and less enamel (Figure 2.8).

2. Select the enamel shade by comparing it with the incisal edge. This region has
most enamel and less dentine (Figure 2.9).

3. Put the two pieces together with a drop of glycerine between them (Figure
2.10).




13T A NI The enamel shade is selected by using the resin composite ‘shells’ and by
matching the tooth colour at the incisal edge where enamel predominates.
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glycerine between them and the product is the matched shade of the tooth.

Similarly when matching ceramic, ceramic should be used.
Furthermore different batches of ceramic can differ slightly in
their appearance and so ideally the technician should supply
the clinician a shade guide manufactured using the same batch
of ceramic which will be used to construct the restoration
being fitted. For obvious financial reasons this rarely happens.

</

« Women have better eyesight for colour perception as they have more cones
(colour-sensitive cells) in their retinas. It is therefore advisable for male
dentists to ask a female colleague to take the shade or to at least verify it!

* The purest light is the northern light at noon and so if possible take the patient
to a (north facing) window to take shade in natural light. A shade should never
be taken under the operating light or in non-colour-corrected artificial lighting.
It is also advisable to have neutral colours for the surroundings and ensure that
ared background is avoided.

« Eyes tire quickly and therefore it is advisable to take a shade at the start of the
appointment so that the best result may be obtained.
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The shade should always be taken prior to the application of rubber dam. As rubber

dam provides such an effective method of isolation so the teeth pushed through the
dam will dehydrate quite quickly. Dehydrated teeth appear white and chalky. If the
shade assessment was made at this point, then the final composite would be too
light after the teeth have rehydrated after rubber dam removal. Figure 2.11
illustrates this phenomenon. This patient has had rubber dam placed to restore 11
and 21 after trauma. The dam was anchored on 13, so the incisal two-thirds was
through the dam and the cervical third was in the mouth. Note the obvious

demarcation between these parts of the tooth.

-,
Darker (hydrated) tooth
lissue

( Damarcation line al (he m'.lrgin

\ of the rubber dam

Lighter {detydrated) tosth
lissua

13T MM Tooth 13 illustrating the dehydrating effect of isolating the tooth using
rubber dam, so causing a shade change.

New digital technology for shade taking

Digital technology is now available to take the shade to
increase the accuracy of the prescription with the intention of
decreasing remakes. Bespoke digital shade analysis systems
are commercially available which calculate the shade. This



information is then corrected to ensure that the true tooth
colour is sent to the dental laboratory. This analysed data can
then be used by the technician to accurately reproduce the
shade of the tooth in ceramic. An example of the type of
device available is shown in Figure 2.12. The guide is
positioned over a number of points on the tooth surface and
the results are mapped.

Fig. P WA Fasy shade compact (Panadent).

Light Polymerization

Many polymeric materials are prepared in an unset form in
the factory and delivered to the dentist in a sealed container.
The unset material is then dispensed at the site where it is to
be used. The setting reaction is initiated by applying an
external energy source — which is usually light. This section
explains the mechanics of the light polymerization process.



Modern dental polymers generally cure or set into a solid
mass, and this process is catalysed either chemically or by the
application of external energy such as light. This light
polymerization process has been used in dentistry since the
early 1970s, the idea originally being developed in the car
industry to speed up the set of car paint. The original
intention was to save substantial time on the production line
by irradiating the painted surface in a light chamber, instead
of having to wait for it to dry by a chemical reaction.
Although the idea has fallen into disuse in the car industry, its
potential for dentistry was realized and as a result there has
been a major trend in recent years towards the production of
polymeric dental materials which are cured by the application
of light.

Advantages and disadvantages of light curing

Light curing offers a number of advantages:

« The material has an extended working time so it can be
manipulated for a long time without setting. This means
that the unset material may be sculpted into a form
without time pressure. This is particularly useful if
complex aesthetic restorations are being provided. Only
when the dentist is happy with the desired shape is the
light applied and the material set. This is known as a
command set.

« It delivers a more consistent means of polymerization
as a more even distribution of the chemicals within the



paste can be obtained because the blending of the paste is
optimized by the manufacturer in the factory.

« The amount and concentration of amine required in
the material can be lowered. A tertiary amine is one
of the essential components in the (chemical or light)
curing process. Unfortunately the presence of any
residual amine after curing leads to darkening and
yellowing of the set material with time. Restorations in
the anterior sextants of the mouth which are subsequently
exposed to sunlight are particularly affected, which is
clearly not desirable. As the bulk of the amine is used up
during the light-curing polymerization process, a decrease
in the amount and concentration of amine reduces colour
change and enhances colour stability.

« There is a saving in clinic time as there is no need to wait
for a chemical reaction to go to completion before moving
on to the next stage of the operative procedure, such as
finishing and polishing.

« The quality of cure is improved. The level of conversion
of the monomeric component to the polymer varies with
the method of initiation of the reaction. The level of
conversion is lower for two paste (chemical cured)
materials compared to light activated materials. Most
light activated materials convert between 50% and 70%
monomer to polymer. However, this still leaves some
unconverted monomer, which can lead to leaching out of
material in the long term and degradation of the
restoration with time. Conversion of up to 95-97% of the



monomer can be achieved in the laboratory. This
increases the mechanical properties but makes the set
material more brittle. To achieve this optimum
conversion, heat, light and pressure are required and this
can only be achieved extraorally.

Polymerization reaction: is a process of reacting monomer molecules together
in a chemical reaction to form three-dimensional networks or polymer chains.

Monomer: a small molecule that has the potential of chemically bonding to other
monomers of the same species to form a polymer.

Light polymerization also has some disadvantages:

« The hardware required to provide the light energy is
relatively expensive. A number of light curing units are
currently available for the clinician to choose from.

« The systems needs to be compatible in that the excitation
wavelength of the chemicals in the material and the
wavelength of light emitted from the curing lamp must be
matched to achieve acceptable cure.

« There is still a risk of darkening and yellowing of the
restoration as a small amount of residual amine still
remains.

« Failure to deliver adequate energy to the material will
result in a suboptimal restoration.

« Attenuation of the light occurs as it passes through the
material. This means that the deeper parts of a
restoration are not as well polymerized as the surface.



This is exacerbated with some materials where the light
penetration is limited by the addition of opacifiers and
tints.

Mechanism of photo-polymerization

The initiation of the reaction process relies on the use of a
photo-initiator, a chemical activated by light of a specific
wavelength. This activated chemical in turn reacts with an
amine in the material so producing free radicals. The action
of the light on the photo-initiator molecule causing it to break
down is called a photolytic reaction. It is these free radicals
which initiate the polymerization reaction, and once the
initiation phase has been started the reaction propagates until
all the chemical has been reacted in the classic chain reaction.
The process of activation of a light curing system is illustrated
in Table 2.1.

Table 2.1 The mechanism for the setting reaction of light activated resin systems

Photo-initiator +  Light of a specific  — activated
(e.g. an a diketone) wavelength diketone
(e.g. camphorguinone) (470nm)

Activated diketone + amine — Free radical

[R]

[R] + monomer +  copolymer — Polymer




This is similar to the older (chemically cured) paste
systems where one material contained amine and the other
benzoyl peroxide. When the two pastes were mixed, free
radicals were produced. This initiated the polymerization
reaction.

Free radicals: are atoms, molecules, or ions with unpaired electrons. These
unpaired electrons are highly chemically reactive.

Photolytic reaction: is initiated by light energy breaking down a chemical to
produce atoms or molecules to initiate a chemical reaction.

Chain reaction: a series of reactions in which the product or by product of the
initial stages of the reaction causes further reactions to occur.

Copolymer: a polymer derived from two or more monomeric species. It is also
termed a heteropolymer.

Photo-initiator

A widely used photo-initiator used in dentistry is the a
diketone, camphorquinone. This chemical is yellow in
colour (Figure 2.13) and may present manufacturers with a
problem when a lighter shade of resin composite is being
manufactured as the inclusion of this yellow chemical will
have an effect on the final shade. With the increasing use of
dental bleaching, lighter resin-based composite materials are
required in order to match the lighter shades achieved by the
bleaching process. This has meant that camphorquinone
cannot be used and so other photo-initiators such as
phenylpropanedione (PPD) or 2,4,6-
trimethylbenzoyldiphenylphosphine oxide (Lucirin TPO)
are now becoming more common.
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m (A) Camphorquinone, (B) Lucirin TPO and (C) PPD powders.
Note the yellow colour of the camphorquinone; the PPD and Lucirin TPO powders

are whiter.

Wavelength of light

Different photo-initiators react with different wavelengths of
light. Camphorquinone is most sensitive at wavelengths of
between 390 and 510 nm with a peak absorption of 470 nm
whereas PPD and Lucirin TPO are most effective at between
380 and 430 nm. Most current light cured materials are most
sensitive to light at 470 nm. However, there are now some
materials available where the peak absorption of the activator
is different, whereas other products contain two photo-
initiators, increasing the peak excitation waveband. Examples
of these materials are:

« Some conventional resin composites, e.g. Solitaire 2
(Hereaus)

* Adhesives, e.g. Touch & Bond (Parkell)
» Luting composites, e.g. Panavia F (Kuraray)

« Light-cured protective varnishes, e.g. Palaseal (Hereaus).



It is therefore essential to ensure that the wavelength of
the light and the peak absorption of the photo-initiator
material are compatible, otherwise the materials will not set.

Figure 2.14 illustrates the peak excitation wavelengths for
a photo-initiator and two types of light. Different types of
curing light emit light at different wavelengths. The excitation
wavelength for camphorquinone is shown with those for a
halogen and a light emitting diode (LED) light superimposed.
The excitation wavelengths of the photo-initiator and the
curing light must correspond otherwise the curing lamp is not
able to deliver sufficient energy at the photo- initiator’s
wavelength so ensuring adequate cure. This may be
problematic with a narrower, more concentrated spectral
band seen with the LED’s footprint. As halogen lights have a
wider spectral output they will tend to cure all material types
but it is advisable to verify with the material manufacturer
that the light-curing unit used by the clinician will be suitable
for purpose. Lucirin TPO, the most common alternative photo-
initiator, has a peak excitation which is outside the bulk of
spectral spread of both lamps (Figure 2.15).



Excitation wavelengths for two lights
compared with camphorquinone

= Halogen
15[ —ep
= Camphorquinone
1254
104
E
= 754
C
5 .
2.51
ﬂ:‘;EI] 400 420 440 480 480 500 520 540

Wavelength (nm)
Superimposition of the spectral bands of an LED and halogen curing
ight with that of camphorquinone. Note that camphorquinone corresponds with
both lights but particularly the LED light meaning this is a more efficient curing
device.
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polywave LED (Ivoclar Vivadent).
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The dentist should use a light-curing source that is compatible with the material to

ensure that it will be completely polymerized.

Peak absorption: the wavelength at which the maximum excitation of a
photolytic chemical occurs. Also called peak excitation wavelength.

Spectral band: the part of the spectrum at which the light polymerizing unit
may produce chemical excitation.

Types of lights available

Three types of light are available to initiate light activation:

- Halogen
 Plasma
* LED.

Halogen light

The halogen light (Figure 2.16) has the longest track record
and has proved to be very successful. There is considerable
variation between lights in terms of the wavelengths over
which they deliver light but in general they exhibit a broad
spectral range. The intensity of light at the wavelength where
peak excitation of the photo-initiator may occur may also
vary. The halogen bulb itself emits white light and, in order to
produce the required blue light, filters are required.
Furthermore, the reflector behind the bulb can become dull
and also covered in dust, reducing the efficiency of the system.



Much of the energy produced by the light is in the form of
heat and cooling fans are therefore required to prevent the
bulb overheating.

'Radiometer |

|37 SN LM A halogen curing light (Optilux 501, Kerr Hawe). The radiometer is
ighli

One of the particular problems associated with a halogen
light is that the filament in the bulb ages with time in the
same way as a domestic light bulb filament ages. This leads to
thinning of the wire filament and also a change in its
operating temperature. Changes in the operating temperature
will result in an alteration in the wavelength of light delivered
from the bulb. As the bulb ages, the amount of energy at
470 nm available (peak absorption for camphorquinone) is
reduced. This is difficult to detect as the light will remain blue
but there will be a steady drift in peak intensity. The
consequence of this is that the curing efficiency is diminished
and the material is less well cured. The only effective way of
dealing with this is to change the bulb on regular basis, such



as every 3-6 months, depending on the usage. Many light-
curing lamps are now fitted with a light checker. This is called
a radiometer (Figure 2.16). However many of these are not
sophisticated enough to differentiate the variations in
wavelength sufficiently well and so should be used with
caution.

Plasma light

This light (Figure 2.17) is a plasma arc lamp using xenon gas.
It provides a very high intensity light but has a narrow
spectral band and as discussed earlier, may mean that not all
resin composites are cured effectively by this type of lamp.
Furthermore, the high energy also leads to the risk of very
high shrinking stresses — both within the resin composite and
at the tooth-material interface. These stresses will be set up
during the short (3 seconds) curing time, which allows no
chance of stress relief when compared with the halogen light
where this occurs during the initial 7-8 seconds before the
material solidifies. This light has been superseded by the LED
light and is now primarily used as an adjunct to tooth
bleaching as it is possible to fit adaptors to the tip to permit
irradiation over a large area (see Chapter 18). The system is
also quite bulky when compared with the LED systems,
another reason why their use is reducing.
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IS SV W N Commercially available plasma light (Apollo Elite, DenMed
Technologies).

Light-emitting diodes (LEDs)

LED lights are the most recent addition to the range of lights
available and can produce very effective polymerization of
light-sensitive dental materials. Initially they were arrays of
LEDs but now generally only one LED is used. They are now
very powerful, emitting in excess of 1 W of energy.

The problems of a narrow spectral band is discussed
earlier. In order to increase compatibility where the peak
excitation wavelength does not correspond to that of the
photo-initiator in the composite material, new LED lights are
being developed. An example of this is the polywave LED
light, which is composed of more than one LED, each
operating at a different wavelength. The long-term
performance of LEDs is good as the wavelength of light
delivered does not change. Even with the high-powered lights,



it is unnecessary to have any cooling fans. Two currently
available products are shown in Figure 2.18, and Table 2.2
summarizes the key features of the LED and halogen lights.

Table 2.2 Comparison of LED and halogen light sources

Quartz halogen LED
Relatively cheap Consistent output
Extended history of use No filter required
Mains operated High efficiency

Limited temperature rise: no fan

Low efficiency Easily disinfected

High temperature; needs cooling fan Long life expectancy of LED
Bulb ages Battery operated

Requires filters Narrow band width

Reflector must be cleaned Compatibility of photo-initiator




|| Difficult to disinfect || Heating with powerful LED ||

(green = advantage, red = disadvantage, yellow = neither advantage nor

disadvantage)

Effects of incomplete curing

The failure of the clinician to ensure that the correct
wavelength is being used with a light cured material will
result in an uncured or partially cured material. This will have
significant clinical consequences (Figure 2.19):

« Pulpal inflammation. Some light cured materials have
acidic components. If they are not fully cured, the acid in
the unset material may cause chemical trauma. If the pulp
is already compromised, tooth sensitivity and pulpal pain
may occur.

* Discolouration. Oral fluids will diffuse into the partially
set material and along the interface between tooth and
restoration causing discolouration of the material and
marginal staining.

« Decreased wear resistance. Partially set material will
not achieve optimum mechanical properties, resulting in
decreased compressive and flexural strengths. Clinically
this will manifest as increased wear and abrasion of the
material and an inability to withstand forces experienced
by the restoration during function.

- Formation of marginal gaps (microgap). These may be
generated as the partially set resin will be more elastic



and pull away from the tooth surface (debonding) during
occlusal loading (chewing). This leads to microleakage
and subsequently secondary caries.

Marginal staining K Decreased wear
resistance

—  Microleakage

Discolouration - F——————Secondary
canes

Debonding R -
ulpa
!— inflamrmation

M A diagrammatic representation of the clinical consequences of
incomplete curing of a polymeric material in a cavity.

Microgap: the microscopic interface between a restoration and the tooth.

Microleakage: the permeation of fluid, debris and bacteria down the interface
between a restoration and the walls of a cavity preparation in the tooth.

Secondary (recurrent) caries: carious lesion developing between an existing
dental restoration and the cavity margin.

Factors affecting cure

Several factors will influence the effectiveness of the light-
curing process. These can be divided into factors either under
the manufacturer’s or the clinician’s control.

Factors under the manufacturer’s control

The variables that the manufacturer can control and which
influence the rate of cure are:



* Refractive index of glass/resin. The manufacturer tries
to match the optical properties of the resin and the glass
but this is sometimes difficult. Any mismatch will cause
some refraction of the light at the interface of each filler
particle and some light attenuation, leading to a
reduction in polymerization efficiency.

« The shade of material. A darker shade will require a
longer curing time as the light intensity is reduced during
passage through the material when compared with a
lighter shade of material.

- The opacity/translucency of the material. The more
opaque a material the longer the curing time must be as
the light’s intensity through the material is reduced by the
increased opacity of the material.

!

It takes longer for the light to cure darker and/or opaque shades of light-cured,

tooth-coloured materials. It is therefore advisable to decrease the depth of each

increment of material placed and to increase the curing time of each increment.

!

Clinicians often discuss the depth of cure of a light-cured material, which is the

maximum depth at which adequate polymerization of a material is achieved on
exposure to light energy. Achieving the correct depth of cure is important as
insufficient light energy may only adequately cure the material at the surface,

leaving a softened mass underneath which will rapidly start to degrade. This has




been described by some as the ‘soggy bottom’ of a restoration (Figure 2.20). This is
a worst case scenario (as opposed to the material not curing at all) because the
clinician is lulled into a false sense of security, thinking that the material has been

adequately cured through the bulk of the restoration.

— Adequale cure

Soggy battom I|I

\ X [
\ [

| [

The so called ‘soggy bottom’ of a resin-based composite where the
outer layer is set giving the impression that all the restoration has cured.
Unfortunately insufficient polymerization has occurred and in the deeper areas of
the cavity unset resin-based composite remains. This is often a result of
attempting to cure more than 2 mm thickness of resin composite at once.

« Variables in diketone/amine chemistry. A number of
manufacturers have altered the diketone/amine
concentrations in order to accelerate the polymerization
reaction. This means that some materials are more
susceptible to ambient light than others and may start to
set under the operating light. Additionally, it has been
found that the use of excess diketone/amine can lead to
the materials forming shorter polymer chains and having
poorer mechanical properties. This impairs the
performance of the material.

« Particle size. A reduction in particle size to improve finish



and enhance mechanical properties has been the main
goal of manufacturers for a number of years. This creates
problems as the light is attenuated more quickly during
passage through the bulk of finer particle sizes, due to the
larger surface area to volume ratio created, leading to
lower light penetration and a reduction in the depth of
cure.

The manufacturer assesses the variations described above
in the laboratory and provides instructions so that the
clinician may achieve the optimum properties for their
material. This is set out in the directions for use (DFU) or
instructions which are supplied with every material.

Factors under the clinician’s control

The clinician does not have the manufacturer’s advantage of
checking the optimum properties and should therefore ensure
that the DFU are followed precisely. Failure to do this will
inevitably lead to a material that will underperform. The
factors over which the clinician has an influence are:

* Reduction in thickness of each increment of darker,
more opaque and smaller filler particle materials to
facilitate light penetration.

- Distance of light from restoration. It is essential that the
light is as close to the surface of the restoration as
possible. The light radiates out and the amount of energy
delivered per square millimetre is reduced as the light is



moved further away from the surface (Figure 2.21).

IGT- MWW 1ight guides held at two different distances from a flat surface.
Note that the area exposed to light increases with the distance from the tip of the
light guide. Light intensity is proportion to the area exposed to the beam. The
intensity in (B) is less than in (A), this amount being proportional to the ratios of the
two surface areas exposed. A flat surface presents ideal conditions, but even here it
can be seen that the intensity even at the centre of the illuminated area is reduced and
the light distribution is uneven.
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* The light guide should not be held away from the material to increase the area
illuminated. This will lead to inadequate polymerization.

+ Additionally, the clinician should be mindful to increase the curing time when
restoring the base of deep cavities as the curing tip to restorative material
distance is greater.

 Choice of curing cycle. Most lights today have a range of
curing programs including a ramp cure, soft start, boost
and slow cure. This means that the amount of the energy
being emitted by the curing light is not the same for every
program. These purport to reduce the degree of shrinkage



which occurs during the polymerization process. There is
little or no scientific evidence that these have effect on
shrinkage. It has to be accepted that the degree of
shrinkage which occurs is directly related to the degree of
conversion of the resin system.

 Light exposure time. Any shortening of the exposure time
for light curing will decrease the amount of energy
transmitted to the material so reducing its cure. It is the
amount of energy applied which is the significant factor.
Koran and Kiirschner postulated the total energy
concept, which is a useful way of calculating the correct
curing time. The energy needed (i.e. rate of cure) is the
product of the intensity of the light with the time of
application. It can be shown as:

Diose [energy required | = maximum oudng time * inte neity

The factors which affect the required dose depends on
many factors as mentioned earlier (e.g. shade etc.) but it is
generally accepted that an energy dose of 16 000 mW/cm?2 is
required to adequately cure a 2 mm increment of resin
composite. For example, how long should a composite be
cured for with a curing lamp whose output is 1000 mW/cm?2?

Dioge [eneTgy mequired | = maximum o1Ong tme * Intensity
— badmum cunng tme = d o fintenaty

— tlazdranm curng ime = 16000 W/ e f1 00 0 Wem
— badmum cunng time = 168



This also assumes that the light is in direct contact with
the surface of the resin to be cured.

Ramp cure: light energy increases linearly with respect to time over period of
cure.

Soft start: light energy starts at low level and then reverts to maximum output.
Boost/high power: constant emission of light energy at maximum output.

Slow cure/low power: light energy remains at intermediate level and curing
time is increased.

Irradiance

The ideal intensity (irradiance) of a curing light has been
reported to be 1000 mW/cm2. However, many lights do not
achieve sufficient intensity with even LEDs outputs varying
between 275 and 1050 mW. It is therefore important to ask
the manufacturer for the minimum light intensity or consult
the DFU to ensure the exposure times are appropriate for the
curing light to be used. The light may also be checked using a
radiometer (Figure 2.16).

The above formula will calculate how long a light-cured
material should be exposed to a certain intensity of light. It is
important to remember that light-cured materials are only
cured by light energy and have no means of self-curing. It is
better to increase the curing time slightly to ensure a full cure
as the clinical ramifications of under-curing are significant
whereas light-cured materials are not affected by over-curing.
The only downside of this is that with increasing amount of



energy applied, more heat is generated and this may be
transmitted to the tooth with the possibility of pulpal thermal
trauma. This balance should be considered when working
clinically, and it becomes more significant as more higher-
powered LED lights become available, as these can generate
substantial heat.

 Tip size. The exit portal of the light guide can vary and
this can be used for various applications. Some tips are
very small (2 mm in diameter) and these can be used for
tacking restorations, for example, veneers so that they are
stabilized on the preparation allowing the dentist to
remove the excess cement without disturbing the veneer.
Some tips may be wider to irradiate a larger area when
working with larger restorations, and others are tapered.
These are called turbo tips (Figure 2.22). In general,
widening the light guide tip from exit portal to end of
light guide results in a lower light intensity at the tip. The
amount of light delivered remains the same but is
distributed over a larger area. The reverse in not
necessarily the case as the light is reflected at the surface
of the sleeve on the light guide, leading to dissipation of
the light within the light guide itself. This may well
further lead to the guide becoming warm.

 Light probe design. The design of the light guide has an
effect on light intensity produced. A fibreglass rod will
markedly reduce the amount of light loss due to scattering
opposed to the designs of LED lights where the LED is
mounted at front of the light emission window. The light



guides consist of many individual fibres. The standard
parallel-sided light guides are preferred for normal

working as they exhibit excellent light distributing
characteristics.

Fig. PAWYA. S Il An assortment of light guides for use in different situations. Note

the difference in size of the light guide’s exit portal. The light guide on the top left
(picture A) is the turbo tip.

</

Clinical staff should always use the orange eye shield supplied to reduce the amount
of light energy reaching the eyes. This decreases the possibility of retinal damage
with exposure to high intensity light during light curing (Figure 2.23).




IS AR A resin composite material being cured with the use of an orange light
shield to decrease the intensity of light transmitted to the eyes.

Curing light maintenance and care

As with any dental equipment curing lights should be
regularly examined for any defects and maintained according
to the manufacturer’s recommendations.

The importance of good clinical technique when placing
materials has been stressed. Good moisture control will affect
shade taking and facilitate the successful placement of
hydrophobic materials such as those requiring to be light
polymerized. The benefits and pitfalls of light activation have




been highlighted and the need for dental preventive
maintenance outlined. Care should be taken by the dental
team when using light-cured materials. Some materials,
particularly when uncured have potentially harmful biological
effects. It is important that these are handled carefully to
minimize any detrimental long-term effects to those exposed
to them. The next chapter discusses the biological effects of
dental materials and will highlight measures which can be
employed to mitigate these problems.

N4 A suggested protocol for checking curing lights

+ Avoid contamination of the light guide with set material (Figure 2.24).

« Ensure that the light guide is decontaminated between patients.

* Protect light and base unit such that it cannot be easily knocked onto the floor.
* Regularly inspect all components for damage.

* Check light output regularly, ideally weekly. This can be done using a
radiometer but as previously mentioned care should be exercised and the
dentist should not rely on this method of curing light verification. Cure a 3 mm
deep cylinder of universal shade composite. If soft material remains on the base
(Figure 2.25) the light is not functioning adequately.

» Where a halogen light is used, the bulb should be changed on a regular basis
every 3—-6 months when used regularly. If the casing of the bulb is becoming
darkened, the bulb should be changed immediately.

» Check the reflector behind the bulb or LED is clean and free from dust and
debris.

* Clean the light guide immediately after each use.

* Review the conductance of the light guide by viewing daylight through the
distal end. Any black spots or speckling indicates damaged fibre in the fibre
bundle. Replace the light guide if more than 10% of the fibres are damaged
(Figure 2.26).

« Examine the outer casing for cracking and crazing and replace the light guide if
damage is observed (Figure 2.27).




+ Ensure that any cooling fans and vents are clear of dust and debris.

End of light guide showing Resin composite covering
undamaged end. Nearly all fibre part of the end of a light
bundles are clearly defined. guide.

IS0 AP Z M (A) New light guide with no damage and (B) a light guide where set
resin composite had been allowed to accumulate on the tip end. This will lead to a
reduction in light emission.

13T M EM Polytetrafluoroethylene step-wedge with prepared cavities of given
thicknesses. Resin-based composite is packed into the cavity and cured. After
inverting the step wedge any soft composite may be noted at the base of the cavity.




with daylight shining through. Note the blotching of the surface of the used one
where the fibres are damaged.

Damaged light guide which has
been dropped. The edge has
been chipped and the adjacent
fibres will not transmit light
adequately.

have been damaged.

Summary

« Good moisture is essential particularly when hydrophobic
materials are being placed to achieve a satisfactory
outcome.

- Shade taking is a challenging aspect of restorative
dentistry. There are many factors which influence the
outcome, namely control of the surrounding lighting, the
intraoral environment and the material used in the shade



matching.

» Light polymerization plays an essential part in the setting
reaction of many modern restorative dental materials.

« There are many advantages and disadvantages of this
technique (see pp. 17-26).

It is very important that good care and maintenance is
employed with the hardware used to light cure.

Further reading
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Chapters 3 and 10).

Santini A. Current status of light activation units and the curing of light activated resin
based composites. Dent. Update. 2010;37:214-227.

van Noort R. Introduction to Dental Materials, third ed. Edinburgh: Mosby Elsevier;
2007. (See Chapters 1.7 and 2.2).

Self-assessment Questions

1. What are the effects of holding a curing light at a distance from the surface of
the material being cured?

2. Why is it desirable to maintain a dry field during the placement of a restorative
material?

3. How may the manufacturer manipulate the setting properties of the material
when it is light activated?

4. What precautions should the dental staff take to ensure that a light-curing unit
is operating at an optimum level?

5. What are the advantages and disadvantages of halogen-curing lights?




6. What are the desirable conditions for shade taking?




Chapter 3 I

Biological effects and safety aspects of
dental materials

Learning Objectives

From this chapter, the reader will:

« Appreciate the interrelation between dental materials and the tissues and
environment of the oral cavity

« Appreciate the significance of thermal change during the setting of a material
within the mouth and the potential hazards associated with this

 Understand the risks to the dental team as a result of hypersensitivity reactions
associated with the materials

« Appreciate the legislation which governs the safe use of materials

* Be aware of the monitoring and reporting systems which are in place and know
what to do if a reaction occurs in a patient.

Introduction

Many long-term biological effects can come to light in the
fullness of time. These have significant effects for the patient
and the dental team. It is important that the implications of
these long-term effects are understood and also notified to the
appropriate authorities to ensure that any untoward effect can



be investigation for the health and safety of the population.
Interaction with the Host (the Patient)

It is important to compare the properties of the tissue being
replaced. An ‘ideal’ material will match or be very close to the
properties of the material to be replaced. One of the most
important criteria for any material used within the human
body is biocompatibility or more significantly bioactivity.
Unlike some implanted materials, the biocompatibility of a
dental material can vary with its form and status. An unmixed
or unset material may cause a mild adverse reaction whereas
the set material may be biologically inert. The assessment of
these properties is frequently subjective and ultimately is an
informed opinion based on a selection of tests which screen
the materials initially. All materials’ biological behaviour must
be evaluated and this is done by simulating conditions which
attempt to match those of the intended use.

No dental material is ‘ideal’ nor as good as the natural dental tissues it is intended to

replace. Emphasis should therefore always be placed on prevention by the whole

dental team.

Biocompatibility: the ability to support life and having no toxic or injurious
effects on the tissues.

Bioactivity: the ability to actively promote activity within the tissue.




Thermal Changes During Setting

All materials will undergo an exothermic reaction during
setting. In many cases this temperature rise is small and will
have no clinical impact. However, there are a number of
materials where the temperature rise during the setting
reaction is marked. This is particularly the case with any resin
systems. Additionally it must not be forgotten that light-curing
units including LEDs radiate significant heat, which may be
transmitted to the tooth causing thermal trauma to the pulp.
Generally speaking, the higher the intensity, the more energy
is released as heat. This is illustrated in Figure 3.1. It has been
reported that the temperature of the pulp should not be raised
by more than 3°C for longer than 1 minute to prevent
irreversible pulpal damage occurring.

Rise in temperature (°C)
[=+]
.y

0 0.5 1 15 2 2.5 3 35 4 4.9 L
Time {minutes)

m The temperature rise when a curing light is used alone on the surface of
a tooth (green line) and the additional temperature rise (red line) which occurs

during the setting of a light-cured, resin-based material.




Allergy and Hypersensitivity

In the modern age, with the increasing use of a wide range of
chemicals which come into contact with human tissue, it is not
uncommon for individuals to become sensitized to certain
components. The dental clinic is no exception to this. Those
members of the dental team involved, in decreasing order of
risk, are:

» Dental nurse
 Clinician
» Patient

» Dental technician.

Some of the commonest allergies are associated with
polymers and monomers used in dentistry including
methylmethacrylate (MMA), hydroxyethylmethacrylate
(HEMA) and other methacrylates. Allergies frequently
manifest as contact dermatitis (Figure 3.2) and the best ways
of reducing the risk of developing an allergy is to avoid,
where possible, any direct contact with the material
(especially the liquids) employing a no-touch technique and
practising good resin hygiene. The common usage of
protective gloves in dental practice has decreased the risk of
skin contamination with resins. However, surgical gloves are
porous and chemicals such as HEMA may easily penetrate
them.



The effects of hypersensitivity to HEMA. Note the area of erythema
(redness) and cracking of the skin caused by wiping a HEMA-contaminated
instrument on the back of the hand to remove unset resin composite during clinical
placement.

o

If any contact occurs between gloves (or skin) and chemical, it is advised that the

gloves are removed as soon as possible. Hands should be thoroughly washed and

dried before donning a fresh pair of gloves and continuing with the procedure.

Reporting of Hazards/Interactions

There is an obligation on the clinician to inform any relevant
regulatory body of any confirmed or possible adverse reaction
to a dental material. This information may be used by
manufacturers to improve their products and by government
departments to disseminate information to clinicians to
safeguard and protect the public. In the UK, adverse reactions



are reported an official website run by Medicines and
Healthcare products Regulatory Agency (MHRA), but this is
primarily concerned with adverse effects related to drugs
(www.mhra.gov.uk). An adverse reaction reporting agency
for dental materials is run by the University of Sheffield in the
UK (www.arrp.group.shef.ac.uk) and has built up a
substantial database which is available to enquirers. A sample
of the form which should be completed in shown in Figure 3.3.
The reporting of adverse reactions to dental materials is
particularly important as an adverse reaction is generally
associated with an allergic reaction to one or more of the
constituents of the product. The mode of use and the history of
the application should be reported in detail.


http://www.mhra.gov.uk
http://www.arrp.group.shef.ac.uk
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m The University of Sheffield adverse reaction to dental materials form,
which should be completed by any clinician in the UK suspecting an adverse reaction

by a patient to a dental material.

In the UK, there is an ever-increasing burden of health
and safety legislation with which the dental team must
comply. The COSHH (Control of Substances Hazardous to
Health) regulations cover any and all chemicals used in the
workplace and there is a legal requirement to produce a risk
assessment of every chemical and product used. The following
pieces of information should be recorded:

« PPE (personal protective equipment): Precautions taken by
the individual to protect themselves such as the need for
protective clothing, gloves and eye protection. Often this
may be obtained from the Materials Safety Data Sheet
(MSDS) sheet provided by the manufacturer or from the
manufacturer’s website.

* Risk phrases and exposure limits: At what stage in the
placement processes are the team members at risk and
what the duration of these risk periods? What is the
maximum exposure limit for the particular material used
under conditions of use?

* Material properties which are hazardous: These include such
properties as risk of inflammability, risk of inhalation,
risk of swallowing, etc.

* Precautions to be taken: These include requirements related
to wearing protective clothing, protective glasses,
ventilation etc.



 First aid: This should describe the action which is to be
taken if any member of the team is inadvertently exposed
to the hazard.

* Risk assessment and procedures to minimize risk.

» Spillage procedure: This should indicate how to contain the
hazardous material and how to decontaminate the site
after the spillage has occurred.

* Handling and storage: This should describe the
recommended way of handling and storing the hazardous
material.

Figure 3.4 shows a typical COSHH assessment form.
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Fig. X W A typical COSHH assessment form.

Courtesy of Peninsula Business Services.

Fortunately, all manufacturers are required to produce a
materials safety data sheet with the information on each
material, the MSDS. It is essential that a risk assessment is
done for each material or chemical used in the dental practice
or clinic. Failure to do this can lead to prosecution in the UK.
It is curious, however, that the failure to carry out an
assessment is far more onerous than doing the risk assessment
incorrectly, which does not have the same legal gravitas.

The significance of long-term effects on both the patient
and the dental team are of great importance to the
manufacturer who has to take account of these in the
production of new materials. The sequence of planning and
development of a new or modified material is a complex
process involving laboratory, clinical and regulatory
investigations. The next chapter explains the procedures a
manufacturer adopts to produce a new material and the
various regulatory mechanisms which they are required to
pursue to confirm a material is safe and efficacious for use.

Summary

* Ingredients in many dental materials may by themselves
be biologically active and potentially hazardous. This may
have an effect on the patient and the dental team
depending on their level of contact with the material. The
problems may be exacerbated by inadequate



manipulation of the material.

« The process of setting generates heat which is potentially
hazardous to the dental pulp and the implications of this
needs to be considered in the material selection.

» Adverse reactions to materials should be notified both to
the manufacturer and to the regulatory authorities.

 There are a number of mechanisms by which reporting of
adverse reactions may be achieved. It is essential that the
dental team members are cognizant of their legal and
ethical obligations to the public while carrying out their
duties.

Self-assessment Questions

1. What the consequences of an excessive exothermic reaction during the setting
of a restorative?

2. What should a clinician do if they observe an adverse reaction to a dental
material?

3. What requirements should the dental team observe when a new material
arrives in the clinic?




Chapter 4 I

The role of the manufacturer

Learning Objectives

From this chapter, the reader will:

» Appreciate the stages the manufacturer must go through to bring a new product to
market

» Have an understanding of the tests which a manufacturer uses to verify that a
material will behave satisfactorily and confirm to an international standard if
appropriate

» Understand the need for suitable levels of radiopacity for identification purposes of
dental materials

* Be better informed and able to understand and appraise the information presented
in product promotional information.

Introduction

It is obvious that the manufacturer has a major role in the
production of new materials which are suitable for use in the
mouth. Over the past 40 years there has been a large increase
in both the generic types of material and number of
manufacturers producing them. This proliferation of products
with their varied applications, particularly in restorative
dentistry, has contributed significantly to the way modern



dentistry is now practised compared with traditional
techniques. The most obvious example is the ability of the
dentist to prepare a tooth as conservatively as possible and
then select the most appropriate material for the application.
This compares with times gone by when the reverse was true
as the few materials available determined the clinical
preparation, often resulting in the needless loss of tooth tissue
(Figure 4.1). This has resulted in a change in philosophy in
clinical dentistry. Each advance in dental materials science
commonly leads to the production of new products. This
increases the treatment options for the clinician, thus
theoretically contributing to better care for the patient.

Fig. N (A) A large cavity relative to the size of the tooth after the removal of an
old amalgam restoration showing substantial loss of tooth tissue. Compare this with
(B), where the excision of only the small carious lesion is now necessary due to the
availability of more modern materials. In this case, there is no need to remove excess
tooth tissue to accommodate a traditional restorative material such as dental
amalgam where mechanical retention is required to retain the material. This cavity




was restored with a flowable resin composite material.

(Photo on the right courtesy of Dental Update.)

That said in the majority of cases, dental materials
manufacturers use previously developed materials as a guide
to what may be expected in clinical performance. These
performance parameters are used in the development of new
materials. New prototype materials which are subsequently
produced are then judged against these criteria.

Material Development

Problem identification and means of resolution

Most dental materials development is incremental. Only very
rarely is an entirely new material developed from scratch.
Usually, the manufacturer identifies a problem with an
existing material and determines how to improve on or
eliminate this shortcoming. Deficiencies are frequently
identified in focus meetings with clinicians worldwide and
from comments fed back by the sales team from their
discussions with the end wusers, the dental team. New
technology usually comes from the larger companies who have
their own in-house research and development departments.
These research teams examine the alternatives which may
enhance material performance. Sometimes the developments
come from outside the world of medicine and dentistry such as
the astronautic industry (Figure 4.2).
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Fig. WM The ceramic tiles used on NASA’s space shuttles were the precursor to a
cast ceramic restorative material.

Much of the work in recent years has been aimed to
enhance the longer-term performance of the materials and
their handling. These are probably the two most significant
factors which influence dentists in their search for the ‘ideal’



material.

Prototype production

Certainly a number of advances in material technology in
elastomeric impression materials and resin composites have
never been launched for clinical use because their handling
properties could not be resolved adequately. Initially, any
prototype material is evaluated in the laboratory using a
range of mechanical and physical tests to determine what
experimental materials might be considered for use.

Dental materials testing

Clearly, the manufacturers of dental materials have no control
over the oral environment. Furthermore, they have little
control over chairside handling of the materials, but they can
influence this by attempting to limit the variables that can
contribute to failure. It is obvious that materials require to be
extensively tested in the Ilaboratory prior to becoming
available to the dental profession.

Laboratory tests and their clinical relevance

It is important to be aware of the tests that manufacturers
carry out, the limitations of these tests and the information
yielded from them. This will assist in understanding technical
information supplied by manufacturers. It will also aid
extrapolation of the results to clinical usage. It should be
remembered that the tests used are the same as those used in



the evaluation of materials for other general applications.
This presents a problem, as the size of the sample used in the
testing is larger than it would be used in the mouth and
therefore is not comparable.

Test specimen size

In order to be able to make a direct comparison between the
test result and what happens in the mouth, it is desirable that
the test specimen should be sized and shaped approximately to
that used clinically. Unfortunately this is rarely possible due
to:

« The small volumes of materials used in the mouth.
Specimen sizes used in the laboratory are, of necessity,
larger than their clinical equivalents. This leads to
difficulty manipulating the material during specimen
preparation as larger amounts are required to be handled
than is used in the mouth.

« The difficulty of mixing these large volumes by hand or
mechanically. Air is often incorporated into the mix and
this will weaken the test sample. Any defect in the test
specimen will result in erroneous results.

« Having to mix several capsules simultaneously. Frequently
this will be required to prepare one specimen. This is
difficult to achieve as multiple mixing machines are
required and dispensation must be rapid otherwise the
material will begin to set, which means that part of the
test specimen will be prepared with material that has



exceeded the working time and is in the setting phase.
Mechanical Tests

Compressive, tensile and flexural strengths together with
the modulus of elasticity of the material can be measured
using a series of standard mechanical tests. Compressive
strength is the ability of a material to withstand axially
loaded pushing forces (i.e. applied along the long axis of the
object, Figure 4.3) and has some relevance in demonstrating
reproducibility and reliability of materials from batch to batch
during production.

n /, : B

m (A) Diagrammatic representation of measurement of compressive
strength. A load is applied vertically and the ability of the sample to resist the axial
load is measured. (B) A Universal Load Testing Machine being used to measure the
compressive strength of foam rubber (ZWICK).




Firstly, a sample of the material to be tested is
constructed in the shape of a cylinder of known dimensions,
usually 6 X4 mm in diameter. It is then conditioned for up to
24 hours at mouth temperature and often in water to simulate
intraoral conditions after placement. The cylinder is placed
between the platens of a load testing machine and the
upper platen is driven down at a constant speed until the
specimen fractures. The ultimate load applied over the surface
area of the end of the cylinder is then calculated. To reduce
the variation that may occur during specimen preparation, a
number of specimens are produced and tested. The mean of
the values at fracture are used to determine the compressive
strength of the material.

The test for compressive strength is not a very good
discriminator between different material types. The manner in
which the test is carried out is obviously not representative of
what occurs in the mouth. When a masticatory load is applied
to the restoration, the tooth tissue surrounding the restoration
will act as a support and help to withstand the occlusal forces
encountered.

Platen: heavy duty sheet of metal which supports a test specimen without
distortion during loading.

Masticatory load: the load applied to the biting (occlusal) surface of a tooth by
the dynamic movement of the jaws and teeth together to shred food.

Tensile strength is the ability of a material to withstand
pulling forces in an axial direction. There are two types of
tensile test, one for brittle materials which do not deform



(Figure 4.4) and the other for elastic materials which will
elongate before breaking. The diametral tensile strength
test, as its name implies, uses a cylinder of material of similar
dimensions to the compressive test specimen, but in this case
it is loaded along the long axis across its diameter. The
compressive forces which are applied at the surface form
stress concentrations within the specimen, which is equivalent
to pulling the cylinder apart along the midline. This test is
used for brittle materials, but it is not used very frequently as
the reproducibility with dental materials is low (Figure 4.5).

Fig. /W Veasurement of tensile strength. A load is applied vertically downward

on a cylindrical object. As the cylinder is compressed, its centre is placed under
tension. Failure is a result of this tensile stress.



Fig ME:RM A sample of Portland cement undergoing a diametral tensile strength
test: (A) prior to loading and (B) after fracture.

The diametral tensile strength test is unsuitable for
materials that are easily compressible as the material distorts
before fracture. The calculation of the strength value relies on
the measurement of the diameter of the sample prior to
commencement of the test remaining the same throughout the
test. As can be seen from Figure 4.6, an easily compressible
material such as an exercise ball will deform with the
horizontal diameter increasing by a substantial amount, while
the vertical diameter is reduced, without any fracture
occurring.



Fig. ZHM An exercise ball under compression. Note distortion rather than
fracture. Diametral tensile testing is unsuitable for materials of this type.

Tensile strength testing has greater significance with
materials such as elastomeric impression materials as they
may tear or stretch when withdrawn from between the teeth.
If they stretch but do not return to their original shape, then
the cast restoration constructed may not fit the prepared
tooth. For these materials, a paddle-shaped specimen is
prepared and connected to the two crossheads of a loading
machine. The upper crosshead is then moved away from the
lower and the paddle-shaped strip of material is stretched
until it fractures. The elongation of the sample and the
ultimate breaking strength are noted (Figure 4.7).



Crosshead:
— Arrow indicales
direction of travel
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Crosshead:
Arrow indicates
direction of travel

| ST MWW (A) A laboratory test jig set up for tensile testing with specimen in
place. (B) A paddle-shaped sample used in tensile tests for elastomeric materials.

Stress concentration: the region where stress is concentrated in an object (often
called stress raiser or stress riser). A material can fail, via a propagating
crack, when a concentrated stress exceeds the material’s theoretical cohesive

strength.

Tension: the magnitude of the pulling force exerted by an object on another
object.

Crossheads: the support for the platens in a universal load testing machine.

Flexural strength is the ability of a material to resist
load when unsupported. It is most closely related to a load
being applied to a restorative material as the upper surface of
the specimen is placed in compression whereas the underside
is bent downward and is in tension. Flexural strength is also
called transverse strength. Figure 4.8 shows the three-point



bend test. Load is applied to the unsupported beam.
Matchstick-shaped specimens are prepared, 2 X 2 X 25 mm
in dimension. The ends of the sample are supported on two
knife-edged blades which are positioned on the lower platen
of the load testing machine. A knife edged blade is brought
down onto the centre of the sample at a constant loading rate
and the load is recorded when the sample breaks. This is then
used to calculate the flexural strength.
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Fig MR W Flexural strength being measured either using an unsupported beam as

shown here or a disc supported in a ring, as shown in Figure 4.9.

Compression: the reduction of volume of an object as a result of force being
applied to it. The opposite of compression is tension.

Intracoronal: within the crown of a tooth.

Figure 4.9 demonstrates a biaxial system where the
specimen is a disc supported on a ring. As with the three-point
bend text, the top of the sample is put under compression
while the underneath surface is placed in tension on the
specimen. Here, however, any edge defects of the sample will
not affect the test result since the edge of the sample is outside
the area of material being tested, i.e. the supported area. In
this case, a sample is prepared 1 mm thick and approximately
1 to 1.2 cm in diameter. The sample is positioned on an



annular ring placed on the lower platen of a load testing
machine and a load applied at the midpoint of the sample, the
centre of the diameter of the ring, using the upper crosshead.
The flexural strength is calculated from the ultimate breaking
strain recorded. As with the test for compressive strength, it is
difficult to extrapolate any results to the clinical situation as
the floor of any cavity will provide support to this surface and
as such this cannot be easily simulated in the laboratory
(Figure 4.10).

&
|3T- R M A specimen under biaxial loading.

~ &«

~a s

e F

A A A A A
Fig W NIM An intracoronal restoration under load, showing support from the
cavity floor and the risk of pull away from the walls.
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There is often a lack of relevance and direct extrapolation between laboratory tests




and clinical performance. The results of these tests are frequently used in product

promotional literature and therefore should be interpreted with caution.

Modulus of elasticity

Modulus of elasticity describes the relative stiffness or
rigidity of a material. Brittle materials have a high modulus
of elasticity while flexible materials have a low value (Figure
4.11). Glass is a brittle material that exhibits little distortion
before cracking when a load is applied to it (Figure 4.12).
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m A stress/strain diagram showing the effect of loading a brittle and an
elastic material. Curve A illustrates a rapid increase in stress with very much less
change in strain (the specimen does not bend). The point at which fracture occurs is
where the plot drops to zero. Curve B represents an elastic material such as a rubber
band. As a load is applied the rubber band stretches. A rapid increase in the strain

occurs but the stress only rises slowly. After a period of time the rubber band passes
the proportional limit.




m A sheet of glass that has been subjected to a load, causing it to fracture.
The force applied therefore rises quickly to a point where the glass breaks. This is

explained in Figure 4.11.

Elastic deformation: the ability of an object to return to its original shape when
the applied stress is removed.

Plastic deformation: permanent and non-reversible deformation of part or all of
the object when stress is applied to it (Figure 4.13A).

Proportional limit: The point at which a material begins to deform plastically
when a stress is applied to it. Sometimes termed the yield strength or yield

point (Figure 4.13B).

IST- A MR (A) Two elastic bands, one of which has been strained such that it has
passed the proportional limit. The increase in length can be seen in the one on the
right when the band is allowed to return to unstressed condition. (B) Rubber band




just prior to failure. The defect is just about to extend across the rest of the band.
This means if the applied load is removed the rubber band will not go back to its
original size. It will always be slightly bigger (A). Finally, if extension is continued
after passing the proportional limit, the rubber band will break. This is again the
point at which the plot in Figure 4.11 returns to zero.

Combination of properties

It is readily apparent that any measurement of a single
material property will only give some guide to the behaviour
of the material within the mouth. Furthermore the forces
applied to any material will be a combination of compression,
tension and flexure, which will vary with the type of
application and the surrounding tissue. A useful guide to the
material’s general behaviour is to consider the effect of
compressive strength and modulus of elasticity together. As an
example, a high compressive strength and high modulus
indicates a strong but brittle material such as a ceramic.

The limitations of laboratory testing

Unfortunately testing is not straightforward and there are
problems that need to be overcome.

« It is impossible to exactly replicate the oral conditions in
the laboratory and this makes it difficult to properly test
materials in a similar environment into which they will be
placed.

« Many of the tests are limited in that they only address
individual properties without necessarily looking at the



interactions between the various properties evaluated. In
contrast in the mouth a restoration may be subjected to
several differing stresses at the same time. The outcome of
this is difficult to predict with one test alone.

 The effects of ageing cannot be easily replicated out of the
mouth. The ability to understand and predict how the
material will behave as it ages is clearly desirable for both
the manufacturer and clinician. The only way of
overcoming this is for the manufacturer to use
experimental data previously gained, and they use these
data to make an informed estimate of the minimum
requirements for certain mechanical and physical
properties for the material and its intended use.

Other properties to consider

Hardness is also reported for some materials, including both
restorative and impression materials. This property can be
misleading as there are various scales of hardness
measurement. The principle in most cases involves the
indentation of the surface and a subsequent measurement of
the size and shape of the indentation. The indentations are
very small and as such only give an indication of the surface
behaviour of the material, which can be misleading
particularly if the material has only set at the surface.

While these mechanical properties are often used as an
indication of material benefit there are other tests which are
of either similar or greater significance. These include
properties such as thermal diffusivity, thermal conductivity,



thermal expansion, water sorption, solubility, translucency,
dimensional stability, fatigue, wear, corrosion and
radiodensity.

Hardness: resistance to permanent deformation by a constant load from a sharp
object.

Thermal diffusivity: rate of transfer of heat from one side of a sample to the
other.

Thermal conductivity: the ability of a material to conduct heat.

Thermal expansion: the change in a material’s volume in response to a change in
temperature.

Water sorption: increasing weight and volume of a sample of a material with
respect to time on emersion in water due to water uptake. This increase in the
bulk of a material due to the uptake of water is termed hygroscopic
expansion (Figure 4.14).

Solubility: loss of weight of sample (solute) with respect to time when
immersed in a liquid.

Translucency: ability of a material to permit the transmission of light.
Dimensional stability: ability to maintain shape and size with respect to time.

Fatigue: continual stressing of a material eventually leading to fracture (Figure
4.15).

Wear: loss of material occurring as a result of function.

Fracture toughness: an estimate of the stress required to cause a crack already
present to propagation. It is generally associated with brittle materials such as
ceramics and glasses.

Corrosion: a chemical reaction between the environment and the material leading
to degradation of the material. Corrosion may be the result of interaction of the
material with a chemical in the atmosphere. A good example of this is rust on a
car body where contamination with salt on the road will lead to breakdown of
the car body part (Figure 4.16.) Corrosion may also be initiated within a
material after it has been stressed. A defect at a site within the material can
then in the presence of chemical cause stress corrosion. An example of this is
the Silver Bridge in Ohio, USA, where the stressing of an eye-bar led to a
corrosive defect, which under load eventually failed, leading to the collapse of
the bridge with catastrophic results (Figure 4.17).
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13T N W Polymer disc before and after immersion in water for 6 hours, showing
hygroscopic expansion due to water uptake and sorption.




13T MM Corrosion to the lower doorsill of a car as a result of water becoming
trapped within the door frame and in the presence of oxygen starting a corrosion
cell.

IS AN VAl (A) The Silver Bridge showing the eye bar where a defect occurred
around the pin (B). This eventually led to a stress corrosion fracture and the
collapse of the bridge (C).

Radiodensity

Restorative materials meant for either the crown of the tooth
or for use within the root canal system should preferably be
radiopaque. Modern materials are radiopaque either by virtue
of being metallic (e.g. dental amalgam or gold) or because



they have elements added to them to confer radiopacity, such
as barium or strontium to the glass used in glass ionomer
cements and resin composite. The relative radiopacities of
various dental restorative materials are illustrated in Figure
4.18. Although the level of radiodensity may be different, their
radiopacities contrast with the radiolucent (dark) appearance
of dental caries thus facilitating caries diagnosis (Figure 4.19).
In the past, some materials (e.g. some linings materials such
as the original glass ionomer cements) were radiolucent and
this posed a difficult dilemma for the dentist (Figure 4.20):
Was caries present or had a radiolucent lining material been

used?
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Fig NN K V.Ml Two dental radiographs showing the relative radiodensities of
our commonly used restorative materials: gold, amalgam, resin composite and gutta

percha.
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Radiolucent area of
| dental caries

{ Radiopaque restoralive
material (amalgam)

|37 W LM Tooth 24 shows an area of radiolucency under the radiopaque filling
material. The radiolucent area is dental caries which had started under a cracked
dental amalgam restoration.

Radiclucent lining
material or caries?

Fig. VM A right bitewing radiograph with radiolucent areas under the
radiopaque restorations in 46 and 48. Both of these radiolucent areas represent lining
material.

In the case of an endodontic (root) filling, the whole root



canal system needs to be obturated, and this may be seen
more easily on a radiograph when a radiopaque material had
been used. Any voids, over or under-fills may then be easily

examined (Figure 4.21).

Fig N WA A periapical radiograph of 23, which has been root filled. Note the
void in the middle third of the otherwise well-obturated root canal system, which is
easily seen due to the radiopacity of the root canal filling materials.

Radiodensity: the property of the relative transparency of a material to the
passage of X-rays through it.

Radiopaque: any material that does not permit X-rays to penetrate it, the beam
being absorbed by the material.

Radiolucent: any material that permits the passage and penetration of X-rays
through it.




Clinical handling properties

While the foregoing properties are important, the material
will be judged mainly by its clinical performance, provided
that is it being used as intended and directed. This includes
ease of mixing and handling, the length of the working and
setting times, ease of finishing and long-term durability. This
is shown in Figure 4.22. While a restoration can be retained in
the mouth for a long period of time (longevity), it may well
have degraded substantially and this is a measure of its
durability.

Setting phase
Working tme

|| Finishing | Clinical use (longevity)

Mixing
stage

[

Time line illustrating the life of a material from its constituents to its
clinical use. It is important to note that the setting phase starts as soon as the
components are brought together in the mixing phase. The working time is finite as
setting of the material will be continuing until the material cannot be manipulated
due to its increasing resistance as it is setting.

Finishing: contouring and polishing of a material.

Durability: the long-term stability of the material in function.

Laboratory versus ‘ideal’ intraoral conditions

The closest environment to the ideal which can be created
intraorally is when a rubber dam is placed. This means that
any material placed under rubber dam may perform more as



predicted in laboratory tests. That said, even here the
humidity, temperature and the conditions in which the
restoration is constructed can vary. This emphasizes the
caution with which clinicians should treat the results of
laboratory tests and is further emphasized and reinforced as
normal intraoral conditions are even more different from
those in a laboratory.

Minimum standards of materials

When manufacturers are developing improvements on
existing materials, they will produce a prototype material that
has properties which at least match (but generally greatly
exceed) those laid down by the International Standards
Organization (ISO) for each type of material. Once the
prototype has been manufactured and tested, then the
laboratory phase of the development is complete and the
material is then ready for clinical evaluation (see website for
information on ISO).

International Standards: these are documents produced by consensus between
national specialist groups which lay down a series of minimum requirements
for a generic type of material. Manufacturers may claim compliance with a
standard. When they do this, any testing facility worldwide may carry out the
recommended tests on a sample of the material. The test house results should
be similar to those provided by the manufacturer and match those in the
standard. The standards are produced by the ISO. This organization receives
contributions from national standards bodies such as the British Standards
Institute (BSI). In Europe, group standards for generic types of material are
produced by the European Standards Organization (ESO). The contributions
to all of the Standards are provided by experts in the specific field. These
experts may come from manufacturers, retailers or academia. The principal




purposes of standards are to:
¢ To provide protection to the consumer, in this case the dentist and the patient,
from inadequate products
¢ To facilitate international trade, since the ISO standard is accepted worldwide.
This has the advantage that each country does not have to produce its own
requirements and standards.

Clinical Evaluation

Very often selected clinicians are invited to evaluate the new
material or alternatively the company may use their own in-
house dentists to use the material clinically and to monitor its
performance. With any entirely new material it is quite
common (but not essential) that a clinical evaluation is
carried out by an independent operator or group to study the
product’s performance. This is not a requirement and
frequently manufacturers’ studies are only of relatively short
duration. Long-term clinical evaluations are almost entirely
carried out independent of the manufacturer, but suffer from
the fact that after a relatively short period of time (for
example 5 years or so) many of the materials used have been
replaced by newer variants, rendering the information
obsolete. New products are launched regularly in an attempt
by manufacturers to keep their market share. It is therefore
very difficult for the dentist to meaningfully analyse
materials. It is widely acknowledged that dentists are carrying
out clinical trials inadvertently by using a product for a long
period of time and collecting information on their
performance either formally or informally. The formally
collated information may be published in the dental research



literature but is more commonly discussed with colleagues.
Customer opinions are fed back to dental manufacturers’ sales
representatives, collectively or individually.

Scale-Up

Once the material formulation has been established, it is
necessary to scale up production to commercial levels. This in
itself may cause difficulties as there are occasions where the
scale up shows a problem that was not observed in the
development phase. Fortunately, with many dental materials,
the production runs are relatively small and this means that
the size of the scale up does not necessarily present major
problems. Recipes in a cookery book are a good analogy. If
the recipe states that the quantities are intended for a number
of servings then this will always work. If the cook needs to
multiply or divide the quantities then the recipe will not
necessarily turn out as expected.

Quality Assurance and Control

Quality control is critical as the manufacturer needs to be able
to consistently produce the material to the same standard at
every production run. This process begins by monitoring the
raw ingredients provided by external suppliers. These
suppliers must certify that the ingredients conform to
previously agreed specifications. The manufacturer will
periodically verify this by carrying out analysis of the raw
ingredients. The product is then synthesized according to a



manufacturing specification and a sample of the material will
be tested to a predetermined test programme. Once the batch
has conformed to this standard, the material is placed into its
packaging and labelled and stored. A small sample of each
production batch is also retained so that should there be any
complaint, the material can be checked. This is known as the
retained sample. In all cases, the history of the research and
development of the product together with the production
programme is recorded in a design file which precisely
provides all the details that any independent monitoring body
can follow should the need arise.

Product Presentation and Labelling

Product presentation and labelling is partly the
manufacturer’s choice and partly a legal requirement. The
product has to be defined as a medical device and conform to
the requirements of the particular category of medical device
(see ‘The regulation of dental materials and the International
Standards Organization’ on the inside back cover of this
book). Furthermore, if the manufacturer claims that the
material conforms to a particular International Standard then
this has to be clearly stated on some part of the packaging.
Similarly if the product is sold within the European Union
then it has to have a CE mark (Figure 4.23). This is a quality
assurance certificate and entails an independent certifying
body reviewing the documentation on the product and
awarding the CE mark standard if the product complies. The
documentation includes the Directions For Use (DFU)



literature and the design file. Failure to get a CE mark means
that the material may not be able to be sold within the
European Union.

C€0123

Fig WA A CE mark seen on the outer packaging of a dental adhesive product.

The labelling of any product is again governed by
International Standards and there are certain requirements
which have to be shown on the label (Table 4.1).

Table 4.1 The various warning labels found on dental materials and equipment

Information Reason for inclusion and details Symbol
Art Number Code for product

P At.No 3385
CE mark See text for details c( U,I 23
Corrosive Indication of risks attendant an the material

Expiry date Time from which the manufacturer determines
that the material performance cannot be
guaranteed

(Continued)



Information Reason for Inclusion and details Symbol

Eye protection requiredlaser Potential hazard to eyesight and that eye
protectican should be worn when handling
equipment displaying this symbal

Flammakde Incication of risks atendant on the matedial

For dental use only Defines the area for which the matenal may bs ‘For professional dental use only®
wsed Applications cutside this arsa are at the
users own rsk

Irritant Indication of risks attendant on the matedial

Lait rurmber For identification purposes 5o that the matedal
can be compared with the fetained sample made 0142296
at the same time

| Manutacturers contact detals Contact for quenis, etc See Figure 4.24

Frotect against water or direct
saumfight

Advitses storage conditions

Recyding Incicatis material may be recycled @
Single use These products should only be uwsed once and
then discarded
Steriiization Sterilized hy radiation —
[swk R |
Store betwesn temperatures Storage temperatures between which

performance may be gquaranteed

CE mark: this is part of the mandatory European marketing system for products
which indicates their conformation to the essential requirements of a European
Directive (Figure 4.23). The manufacturers have to provide proof that the
product complies with these essential requirements. This process is scrutinized
by what are know as notified bodies as part of the EU certification scheme. The




guidelines for these requirements are set by national government agencies in
collaboration. In the UK this ‘competent authority’ is the Medicines and
Healthcare products Regulatory Agency (HMRA).

Figure 4.24 shows an example of a label taken from a
dental adhesive product with the salient information icons
identified and explained.



Disclaimer in 11
languages

" Contact details of
manufacturer )

Barcodes used in the USA,
The upper one contains the
manufacturer and article
number and the lower cne
contains the lot and expiry
date

The two-dimensional barcode
is the standard in the dental
industry and contains the
following information:
manufacturer, article number,
lot aumber and expiry date

Recycling symbols
Storage conditions Art number i

| 3T W% W The various warning labels found on dental materials and equipment.

Techniue Cards

Summarized instruction guides and technique sheets are not




governed by the same regulations and as such are not
monitored with the same level of stringency. Technique cards
(Figure 4.25) can be extremely useful as an aide memoire at
the dental chairside particularly when the use of a particular
material requires a number of sequential steps to achieve
success, such as dentine bonding agents. The cards are
frequently produced in a water-resistant form so that they can
be used in the clinical environment without damage. The use
of pictograms rather than text obviates the need for
translation into many languages for universal comprehension.
It should be said, however, that reliance on the technique
sheet alone is unwise, and the DFU should be read in detail
prior to using the material.



Fig. WM A technique card for a cementing material for a crown (Rely X
UniCem, 3M ESPE).

Product Promotion and Marketin

Once the material is released into the market, a range of
marketing methods are used to attract clinicians to purchase
the new material, for example:

* Advertising in the dental press
* Direct contact with company representatives

« By seminars organized by the company to promote the
material. These are often hosted by a leading clinician




who is sympathetic to the company. Such dentists are
either from an academic or practice background and are
known as opinion leaders or key influencers (KIs).

Promotional literature

The amount of publicity and product promotion undertaken
depends on the level of novelty and market share which the
manufacturer feels the product will command. Promotional
literature is produced often at not insignificant expense to
achieve this. The dental team must be able to make an
informed choice as to whether they understand what the
product can do and they can confidently compare the new
material with existing materials effectively. This will
ultimately influence their decision so to whether they purchase
the material.

Pitfalls in interpreting product promotional
literature

Inevitably the marketing material will try to show the
material in the best possible light and it should therefore be
viewed with care. The end user should be aware of tactics
employed in the marketing literature which may try to
portray the material more favourably. While this information
is true and not presented dishonestly, certain facts may be
‘bent’ in an attempt to flatter a particular material and
perhaps play down the strengths of the rival products.

Naming other competing products



Very often, manufacturers compare their new product in a
graph or table with other materials on the market to
demonstrate its performance in comparison with those of the
competitors. The manufacturer may choose to name their
competitors’ comparable products. This is done to demonstrate
their product’s superiority as they see it while unfavourably
comparing the rival competing products. Equally, the selection
of the unnamed materials to compare with may be done in
such a way that the true competitors of the new material are
not shown. The reason for anonymity is that if a competitor
material is named then there may be legal challenge to the
claims. This is likely to be on the grounds that the test
methods adopted were not suitable or that the material was
not handled in the correct manner.

Most manufacturers tend to use independent comparative
studies, particularly when these have been published in peer-
reviewed journals and show their material in a favourable
light when compared with others.

Misleading graphs

Scale adjustment

By altering the scales on graphs, differences in performance
can be accentuated. By producing graphs which do not have
the full length axis but comparing them to full length axis
graphs will show a marked difference in a particular test,
which may not actually be the case.

In Figure 4.26 the two graphs of the tensile strengths of



six restorative materials show the same results. In Figure
4.26B, where the y axis starts at 110 MPa, the value for
compomer A appears far worst than the other materials but in
Figure 4.26A, the y axis starts at O and the difference is not
significant and would not influence clinical performance.
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| 3T % /W Two bar charts illustrating the same information. One has a truncated
y axis starting at 110 MPa (B) whereas the other shows the full length y axis (A).
This accentuates the differences between materials where it may not be relevant.
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Error bars

Error bars indicate the scatter of results obtained when tests
are carried out (Figure 4.27). Frequently graphs in
promotional literature show no error bars, with only the
average value for the results shown. This may highlight the
fact that the results are quite variable with a wide scatter of
values. It is wise to enquire about the variation in the results
as this can give an indication of the ease of use of the material
and consistency of its clinical performance. If these results
were gained during laboratory testing then the situation will
be much worse in the mouth where the conditions cannot be



controlled to the same extent as in the laboratory. The
following example illustrates this phenomenon.

25+
MPa

0

Material X Material ¥

Fig. WMl Frror bars demonstrate the scatter of results obtained during material

testing.

Assume two materials (X and Y) are being tested for bond
strength to dentine. The test is carried out 10 times for each
material (see Table 4.2 for the results). The average bond
strength in each case is 25 MPa (the sum of the results (250)
divided by the number of tests (10)). The scatter of values for
material X is between 24 and 26 MPa with very small
variation in values (Figure 4.27). The other material (Y) has a
similar average reading of 25 MPa. The scatter of result in this
case is much greater, between 15 and 35 MPa. Although the
mean bond strength values are similar, the larger variability
and hence a less consistent performance is demonstrated by
material Y even though higher bond strengths were sometimes
gained (Table 4.2).

Table 4.2 Bond strengths (MPa) of two materials to dentine




Material X Material Y
25 30
24 20
26 25
25 35
26 15
24 26
25 24
25 30
26 25
24 20
Mean 25 MPa Mean 25 MPa

Company representatives — an educational resource

Dentists may have contact with a representative of the
company and so may wish to question them on their products.
Most company representatives are well briefed and they are
able to answer any queries fully. Alternatively, specific or
very technical questions may need to be referred to their
scientific department for explanation. Box 4.1 suggests some
questions which the clinician may wish to ask company
representatives when they are presented with a new material.

Box 4.1 Questions for dental materials reps




+ Is the chemistry of the system based on a current material? If not, how is it
different and how does it work?

* What long-term studies are available to validate clinical performance? Who
carried out these studies?

» What long-term laboratory studies have been carried out to evaluate ageing?
 For how long have the clinical evaluations been carried out?

* Any difficulties with manipulation and handling?

» What is the Weibull modulus?

Weibull Modulus

One piece of information that is frequently missing from
promotional literature is a measure of how dependable the
product is. This is called the Weibull modulus. It was devised
by a Swedish mathematician named Ernst H Waloddi Weibull
and is the probability of failure versus applied stress. The
higher the Weibull modulus, the more dependable is the part
or material. This information is used in industry to predict
when a part will fail, the weakest component being the
weakness in the overall structure. A high Weibull modulus is
desirable when considering aircraft parts as failure would not
be desirable when flying! On the other hand, other
manufacturers may wish their product to fail after a period of
time in service (for example, household appliances) so that the
consumer is forced to return to the market place to buy
another product and hence repeat business. The Weibull
modulus is becoming more recognized in dentistry. If the
Weibull modulus is available for a dental material then it will
give the user an indication of its likelihood of failure.



Effect of the Number of Stages for Placement

A material which requires 14 stages for placement may have
impressive laboratory results but will the clinician be able to
achieve this in the mouth? It is highly unlikely, particularly
consistently. For example, consider a new adhesive which
requires eight stages to be placed. Each stage has a 95%
success rate. The chance of the final result being a complete
success is therefore:

D5% W D5 W D5 W D5 W D5 X 5% K D5 X 95% = G632

A rival product has a 90% success rate at each stage but
has only three stages i.e. 90% X 90% X 90% = 72.9%. The
dentist would therefore be advised to select this product.
Manipulation and mixing should be kept as simple as possible.

M The KISS (keep it simple stupid!) principle

Very often a material with seemingly lower success rate but a fewer number of
stages will perform more consistently than a material boasting potentially higher
success rates but with more stages. This should be borne in mind when the clinician
is selecting materials for clinical use as it highlights the effect of operator variability

on causes of failure.

Material Handling

The handling of the material is very much the clinician’s



preference and again each individual dentist will have
different requirements. This means that just asking a colleague
whether they are using the material is not a good way of
ascertaining whether it will suit another dentist with similar
experience and competence. It is the ease of handling of the
material which should probably be the major influence to
guide the clinician in their choice. This is one of the reasons
why there are so many materials on the market. All these
materials must reach a minimum standard if they claim
conformity to ISO standards but equally the dentist must ask
themselves ‘Are they really that much different from one
another?” What separates the average material from the good
product is the consistency of performance. Much of this will
depend on its ease of handling and manipulation, a factor
that cannot be quantified as it is so personal between
clinicians.

Material Exchanges and Promotions

One of the frequent problems with a new material is that the
clinician may well have large stocks of their currently used
material which has already been purchased. If manufacturers
are very keen to introduce a new material into a clinic, they
may well offer to take back any unused stock and provide
credit against the new purchase. Furthermore, if any new
hardware is required, the manufacturer may give this away as
a loss leader to entice the clinician into using the new
material. Such marketing techniques may also retain the user’s
loyalty as the hardware may only be suitable for use with that



particular manufacturer’s products. Most manufacturers of
dental materials make the majority of their profit on the sale
of consumables and their resale time and time again. Very
rarely is profit made on the hardware bought initially. Other
manufacturers offer start up (promotion packs) piggy-
backed onto a full kit so giving the dentist a no-strings-
attached free trial. If the clinician does not like the product,
then they can return the unopened full kit for a refund.

|!1 If it ain’t broke, don’t fix it!

If a clinician is achieving good success with one particular material then why

change to another?

Summary

« The process from the genesis of the idea to clinical usage is
a long and stringent one.

« Products must satisfy legal regulations to be sold and these
may be specific to various countries and regions, for
example the European Union.

 Promotional literature should be read with care and
critically analysed.

« Material handling and performance are the most
important criteria determining purchase by the clinician.

« It is possible that the clinician may need to identity
radiographically the presence of a material in a tooth or
indeed in other parts of the body. The levels of



radiodensity required for comparison with other tissue
must be considered.

Further reading

Jacobsen P.H. International standards and the dental practitioner. Dent. Update.
2008;35:700-704.

Self-assessment Questions

1. Why may a mesial-occlusal-distal (MOD) amalgam restoration fail by fracture
across the occlusal section when the patient bites together?

2. Why is it desirable that a restorative material is radiopaque?

3. What is the significance of laboratory testing on dental materials?

4. What part should clinical evaluation play in materials’ development?

5. What is the role of CE marking of the material?

6. Describe the steps a manufacturer must take in order to bring a dental material
to market.

7. Describe how promotional literature may mislead the reader into thinking a
product is superior to its competitors.




Chapter 5 I

Control and use of materials in practice

Learning Objectives

From this chapter, the reader will:

» Understand the significance of the control, storage and management of dental
materials on arrival from the manufacturer before their use in the clinic

» Appreciate the importance of handling dental materials correctly prior to clinical
use.

Introduction

The manufacturer is required to provide the material to the
end user in an ideal condition for use. It is the responsibility
of the dental team to maintain the product in this condition
up to and including the time of use. In order to achieve this, a
method of stock control and ordering is essential. Materials
should be ordered in good time to prevent untoward absences
of any material during critical procedures. Furthermore,
manufacturers’ instructions should be followed when using the
material. Suitable methods of achieving these objectives have
been set out below.



Stock Control Management

Economics and stock balance

Any hospital department, clinic or dental practice must hold a
sufficient volume and range of dental materials which can be
called on as the needs of the clinic dictate. As explained
earlier, the process of getting a product to market is very
costly and this significantly influences the retail price.
Expensive dental products lying in stock cupboards as well as
clinic drawers and cupboards represent significant capital
commitment. The larger the practice or clinic, so more stock
must be held. When establishing a business, the stock is a
major capital investment and thereafter appears in annual
accounts as current assets on the clinic’s balance sheet. This is
an important financial consideration as unless stock control is
closely and carefully carried out, a large amount of capital
will needlessly sit as stock, which may affect the profitability
of the business and reduce available cash flow. This is clearly
undesirable and with attention to a few factors, the volume of
stock held can be minimized without impacting on the smooth
running of the clinical operation. A minimum volume of stock
should be held in the clinic as most operatories do not have
sufficient space to store large amounts of materials. Ideally,
the stock room should be situated centrally so that all clinics
can easily access it. The primary objective is to have a good
balance: sufficient yet not excess stock in the clinic, so
obviating the need to go to the stock room for materials
during a procedure. An ideal stock room carries sufficient



volumes of stock so as not to run out, but not an excessive
amount which will deteriorate with time, pass the usage date
or ultimately, not be used and discarded.

Rationalize materials

A good working relationship and communication between the
various dentists in a clinic can significantly reduce the volume
of stock held. Many of the generic groups of materials are
produced by more than one manufacturer as they compete for
market share. There is little point in a clinic carrying more
than one product of the same generic type of material from
different manufacturers. For example, there is nothing to be
gained by stocking two (or even more!) types of resin-
modified glass ionomer lining cement. If the practice decides
to use either Vitrebond Plus (3M ESPE) or Fuji Lining LC (GC)
(Figure 5.1) then there is no duplication of similar materials.
This rationalization between clinicians will decrease stock
quantities hugely with no detriment to clinical care.



Fig. EM W Two similar presentations of resin-modified glass ionomer cement
products (Vitrebond Plus, 3M ESPE) and (Fuji Lining LC, GC).

Same material, multiple indications

Some dental materials may be used appropriately for more
than one indication and in different applications. This again
permits the reduction in material range required by a clinic, as
the dentist may use the same material for different
indications. For example, the clear bite registration material
(e.g. Memosil, Heraeus) can also be used as an occlusal matrix
for posterior composites, obviating the need to carry other
bite registration products (Figure 5.2). Similarly, a material
such as a flowable resin composite may be used in many
applications (see Chapter 7).



¥ g
7 - >
. .
E i
-
L J

Fig. 5.2 PN product (Memosil, Heraeus) being used for more than one
application. (A) Use as a bite registration material and (B) as an occlusal matrix when
using resin composite posteriorly.

Importance of the use-by date

With a smaller stock, a rapid turnover of materials will result
in less wastage as the use-by date (following which the
manufacturer will not guarantee the product will perform
satisfactorily) will not be reached. Prior to use in the clinic,
the use-by date of each dental material should be checked
(Figure 5.3). If this date has been passed then the material
should be discarded. Some of the ingredients might have
degraded and the material may not perform as intended. For
example, a catalyst not functioning properly will result in the
material not setting fully, which in turn will impact on the
material’s physical properties and therefore its clinical
performance. When removing materials from the stock
cupboard, the material with the closest use-by date should be
selected to decrease the risk of the stored stock exceeding its
shelf-life. The shelf-life of the material may play a part in
influencing the dentist’s selection of one material in



preference to another. A longer shelf-life reduces the risk of
the use-by date being exceeded and the material having to be
discarded.

Expiry date is
printed on all
aM ESPE . i materials

Protemp™ 4
FFTWMHHIJH-HIIIHII

Fig. WM Temporary crown and bridge material in delivery cartridge showing
expiry or use-by date, in this example, end of September 2008.

Use-by date: the date after which the manufacturer will not guarantee the product

will perform satisfactorily.

</

To minimize exceeding the shelf-life of a material, place newly bought material
behind the older material.

Stock ordering



It is apparent from the above that stock control must be well
organized and carefully managed to achieve the delicate
balance required. Many clinics now use a computerized stock
database, and this has its advantages;

* At stock take (in many establishments an annual exercise
or possibly even more frequently such as quarterly) the
process can be carried out quickly by accessing the data
by interrogating the computer program.

« Weekly ordering can be more quickly and easily done by
determining what stocks were used since the last ordering
day and therefore what needs to be replaced.

It is much more effective and efficient to carry out a
regular ordering program rather than randomly ordering
items from a dealer as the clinic runs out of a product. A
report can be produced which can be either printed off or
emailed to the dental wholesaler to order new stock, saving
substantial staff time, another significant cost. For this to
work effectively an ordering protocol must be devised and
explained to all members of the dental team. They must all
clearly understand the process. Generally the responsibility for
placing orders should reside with one appointed member of
staff. Most systems work by the ‘one out, one in’ principle,
that is, when one unit of stock is removed from the stock
cupboard, this is recorded and the information passed to the
staff member responsible for ordering to replace it so as to
maintain the stock balance.



.VJ Efficient stock control

+ Calculate accurately the minimum amount of stock needed for the running of
the clinic.

» Store as much as possible in the central store cupboard and not in the clinic(s).

+ Achieve agreement with all clinicians in the dental office to use the same
products.

« Use materials which have multiple applications.
« Use products with earlier use-by dates first.
« Never use materials which are out of date.

* Develop an efficient computer-based system of stock control and delegate one
member of staff to actively manage it.

Stock Room Environment

The storage conditions under which the stock is kept is critical
for optimum performance of the materials. The room should
be at ambient room temperature and humidity as the extremes
of these conditions have detrimental effects on a wide range
of dental products. This can be easily and inexpensively
checked by the purchase and usage of a temperature and
humidity gauge (Figure 5.4). For example, if the room is too
cold, then some elastomeric impression materials become
stiffer. If these are then placed in an automatic mixing
machine (e.g. Pentamix, 3M ESPE), the piston mechanism
could be damaged. At low temperatures, some composites
become very viscous and brittle in their pre-polymerized state,
thus compromising their ease of handling (Figure 5.5).



Fig NI W Metering device to monitor room temperature and humidity.

Fig. WM Comparison between a resin composite stored in too cold a condition
(upper compule) and another which is too warm. Note their different viscosities: the
colder material is more rigid and the warmer one is more fluid.

Too high a temperature will result in premature ageing of
products and so compromise their clinical performance even
before they reach their use-by date. The temperature of the
clinic is likely to be much higher than the store cupboard and
show greater fluctuations in temperature, reinforcing the
concept of storing a minimum amount of materials to prevent
them from degrading. There may be a need to provide a small



refrigerator in the stock room since there are some materials,
such as some of the bonding systems, which require storage in
a refrigerator to prolong their shelf-life. Other materials are
photolytic and should be kept out of direct sunlight and in
lightproof containers in which they are presented (Figure 5.6).

IST- WY Two temporary materials (GC Revotek LC, GG, and Protemp
Crown, 3M ESPE) that are presented in light-tight containers to protect them from
degradation before use.

Use in the Clinic

All materials come with an instruction or directions for use
(DFU) book (or books as a recent European Union directive
prescribed instructions to be provided in 27 languages). It is
essential that this information is consulted prior to usage and
the instructions are followed exactly. Frequently, when a new
pack is opened all the packaging and instructions for use are
discarded without thought (Figure 5.7). This temptation should
be resisted as materials can and do evolve and the
manufacturer may change their recommendations for use.
Failure to note and adapt to these changes may result in the
material being used inappropriately, and leading to a



decreased clinical performance.

Fig WA The directions for use should not be discarded when a new material
arrives!

Many clinics retain instructions books and arrange them
in a file (Figure 5.8), which is considered to be good practice.
An additional benefit is that only one set of instructions need
to be kept and all staff are aware of the availability of this
file, which they can readily access. It is important to note that
this resource needs to be updated with any new instruction
books being filed immediately as new packs are opened. The
responsibility for monitoring this practice should reside with
one person, preferably the person responsible for the ordering



and acceptance of stock.

| 3T SRR W File containing instructions for use of all materials available in a clinic.
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- When a new material is received, all clinical staff should be informed of this and
the DFU should be filed in the instruction book file.

* One of the duties of the staff member ordering and receiving the goods should be
to check that the new DFU is similar to that on file. There are occasions where
minor changes are made by the manufacturer which require different methods
of handling the material.

Protective product packaging

Manufacturers go to great lengths and expense to present
their products so that they arrive in the clinic in optimum
condition. Materials presented in foil bags or sealed dimple
(blister) packs should be left in these protective coverings



until required for use (Figure 5.9).

Fig. ERV.C DMl Compomer, encapsulated glass ionomer and resin modified glass
ionomer cements stored in their blister packs to prevent moisture ingress.

Many of these materials, for example compomers, are
designed to absorb water during function. If they are exposed
to moisture during storage then the material performance and
setting may be compromised prior to placement in the mouth.
It may seem inconvenient and a waste of precious clinic

drawer space, but it is essential to store products as they are
presented.

/ Storage and care of materials

* Check the temperature and humidity of the store are always correct.

« Follow manufacturer’s instructions on storage, e.g. keep in the refrigerator, dark,
etc.

« Store in presentation packaging until ready for use, both in the store and the
clinic.




+ In the clinic, store partially used cartridges with the previously used mixing tip
on; never replace the cap as it may initiate the setting reaction, but ensure that
the external surface is decontaminated by wiping it with an alcohol wipe
(Figure 5.10).

* Collate directions for use (instruction) guides and keep in a central file as a
reference tool.

* Read directions for use with every new pack of material and follow these
instructions fastidiously.

IST- MMV Cartridge delivery containing bite registration material with mixing tip
in situ to prevent cross-contamination between the two tubes leading to premature
set.

Cross-contamination considerations

Cross-infection is of great importance in clinical practice. All
instruments that are likely to come into contact with a patient
should either be disinfected, sterilized or disposed of and
incinerated or otherwise safely destroyed. The presentation of
some materials has been designed to facilitate this. The two
most common presentations of a resin composite are a
compule and a syringe (Figure 5.11).



The compule presentation has been designed to be used
once on a single patient and then discarded, thus obviating
the need for disinfection. This presentation is superior from a
cross-infection perspective, if used in such a manner. A
syringe cannot be effectively disinfected and so more care
must be used when handling this presentation. The correct
amount of material required must be dispensed onto a mixing
pad by either a ‘clean’ nurse or by the chairside (‘dirty’) nurse
having carried out disinfection procedures namely degloving,
washing and drying hands and re-gloving before re-entering
the ‘dirty’ zone. If further material is required then this process
becomes time consuming and, under the pressures of clinical
dentistry, this frustrating procedure must be repeated so as
not to contaminate the syringe stored in the ‘clean’ zone.

Clearly some products provide the clinical team with a
problem as to how to disinfect them effectively after use. The
cartridge with its mixing tip left in situ in Figure 5.10 will
have been handled by the dentist and probably used
intraorally. As such it will need to be effectively



decontaminated prior to use on another patient. It would be
both impractical and uneconomical for this product to be used
only once as much material would be wasted. Equally it could
not be autoclaved as this process would destroy the material’s
contents so rendering them unusable. The dental team’s only
solution to this dilemma would be to thoroughly wipe down
the cartridge with an alcohol wipe. While this is not ideal, it is
probably the only appropriate means of decontamination of
the product. However, single-use disposable sheaths are now
available for certain products (Figure 5.12), which obviate the
need for the dental team treating the patient to touch the
product during clinical use and should be used wherever
possible.

rom touching a product which cannot be effectively decontaminated.

Material wastage

Wastage is potentially a major problem in clinical practice
and is of financial and environmental importance. The choice



of compule versus syringe presentation has advantages and
disadvantages from a disinfection perspective. Similarly, one
presentation is superior with respect to wastage. More
material may be potentially wasted by using compules
whereas syringes have the advantage of minimum wastage if
used with care. However, in practice there is a tendency to
dispense too much material from a syringe, thus negating the
theoretical advantage. The overriding factor between the
amount of material wasted and effective cross-infection must
be the latter, and this may be the most compelling factor to
influence the clinician when choosing a material’s
presentation.

Another potential for wastage is the size of mixing tips in
impression materials and some paste/paste composite systems
(Figure 5.13). These involve an inevitable amount of material
being wasted in the mixing process, particularly so when
larger mixing tips are employed as more material is retained
within the tip after mixing. However, with the largest mixing
tips, the volume of material which goes to waste is less than
3 ml, which is much less than would be left on the mixing pad
after hand mixing.



| 3T W B Different mixing tubes showing the differences in the volume mixed
which cannot be used and so is wasted.

o

The initial amount of dispensed impression material should not be used as it may

not have mixed properly. However, it can be used to gauge the setting of the rest of
the mix. Due to the higher temperature in the mouth, any material placed there will
set more quickly than extraorally. This means that when the material on the mixing

pad has set, the material in the mouth must have also set (Figure 5.14).




IS AN A small amount of expressed impression material on the bracket table
used as a guide to completion of set.

Additionally, less wastage means less discarded waste,
and a decrease in the amount of material being placed in a
landfill site or reduced carbon emissions when material has to
be incinerated. While some wastage is inevitable, with thought
and good management, this may be reduced to a minimum.

WA Minimize wastage!

* Only dispense what is likely to be used onto the mixing pad.
« Think about product presentation with respect to wastage.

+ Use instruments and product presentations that are capable of being disinfected.

Material selection

The last consideration in the use of materials in the clinic is
the clinician’s choice and the rationale behind this. It is well



documented that with the paucity of evidence-based research
underpinning much of clinical dentistry, the selection of any
given procedure and its associated materials is down to the
dentist’s clinical judgement, hunches, and experience. Pose a
clinical problem to 10 dentists and they may come up with 10
entirely appropriate but different answers. Since all materials
now conform to a minimum standard, the tendency is to select
a material that handles in a specific way or features a
presentation that the dentist prefers. However, ultimately the
final choice may be determined by the cost.

It is hoped that this book may help the clinician to
increase his or her knowledge and understanding of the dental
materials currently available and to develop their rationale
for appropriately and consistently selecting the most suitable
material for any given situation. This will hopefully maximize
clinical success and the patient’s and dental team’s
satisfaction.

!

No dental material is ideal and no dental material is suitable for all applications. The

clinician must therefore make an informed decision taking into consideration the

properties and limitations of the material with regard to the clinical situation.

Summary

- Efficient stock control management is important from a
financial and logistics point of view.



« With careful thought, diligent management and
cooperation between colleagues, the quantities and range
of stock items can be minimized without impacting on the
clinical operation. This reduces the amount of material
wastage and capital tied up in stock.

« Materials should be stored as per the manufacturers’
recommendations, so that they are in optimum condition
when they are used.

« It is imperative to read the DFU, otherwise it is likely the
material will not perform appropriately in clinical use.

Self-assessment Questions

1. Why is it important to have a stock control regime?

2. What factors would influence the purchase of compules versus syringes in the
case of a resin composite?

3. How can a clinic owner reduce material wastage to a minimum?
4. Why is it essential to read the instructions prior to any given material use?

5. Why should the material be retained in its packaging during storage and prior
to use?







Chapter 6 I

Dental amalgam

Learning Objectives

After studying this chapter, the reader will:

+ Understand what dental amalgam is and the significance of its constituents

« Be aware of the types of alloy available, their advantages and disadvantages and the
names of the currently available commercial products

« Understand the properties of dental amalgam and how they influence clinical
performance

+ Be aware of its manipulation and handling

+ Understand the rationale behind bonding amalgam in situ

+ Have an increased appreciation of how to use the material more effectively
+ Understand the health and safety aspects of using dental amalgam.

Definition

An amalgam is formed when an alloy of two or more metals
is mixed with mercury. This reaction is called amalgamation.
Dental amalgam is the product of the amalgamation between
mercury and an alloy containing silver, tin, often copper,
and sometimes other elements combined in varying amounts.



History

Dental amalgam has been used to treat teeth for many
centuries. Substantial research during this time and
particularly in the past 40 years has resulted in refinements of
the constituents, culminating in the alloys which are used
today. All this work has ensured the consistent handling,
properties and clinical performance of the material. It is
indeed a testimony to the material’s many attributes that
despite the huge advances in dental materials science, dental
amalgam is still widely used today.

When to Use Dental Amalgam

When placed correctly, dental amalgam has sufficient strength
to withstand the high loads generated during mastication. It is
therefore chiefly indicated for:

* The restoration of Class I and Class II cavities, particularly
those of moderate to large size

« Core build-ups: when the definitive restoration will be a
cast restoration, such as a crown or bridge retainer, as
more tooth structure will need to be replaced and the
tooth reinforced.

Dental amalgam is used mainly in the posterior sextants
of the mouth because of its unaesthetic appearance (Figure
6.1). However, as amalgam is not tooth coloured, the core
material and the tooth tissue can be easily identified, ensuring



that the margins of the crown are placed onto tooth tissue and
not the core material (Figure 6.2).

N

Fig. (WA Tooth 25 core restored with amalgam. Note the contrast between the
amalgam core colour and tooth, facilitating identification of the margin of the core



and of the preparation placed on tooth tissue.

Alloy: the by-product of the fusion of two or more metal elements after heating
above their melting temperatures.

Class I cavity: a one surface preparation involving the occlusal surface of a
posterior tooth.

Class II cavity: a two or more surfaces preparation that involves the proximal
surface of a posterior tooth.

Sextant: One of the three sections into which a dental arch can be divided.

Composition of Dental Amalgam

The basic amalgamation reaction is that of mercury reacting
with the surface of the alloy particles.

Mercury

The mercury used for dental amalgam is produced by
distillation. It is distilled three times (like Irish whiskey!) to
remove any impurities. This is important as contamination
leads to inferior physical properties and adversely affects the
setting characteristics of the amalgam. Contaminated mercury
has a dull surface. Most dental amalgam products used in
dentistry today are presented in encapsulated form (see p.
62). This means the dentist should have less concerns about
the purity of the mercury as this is packaged in the
manufacturing plant.

The alloy



Prior to 1986, all alloys, whatever their composition, were
referred to as conventional alloys. However, work in the
preceding decade evaluating the differing elemental
compositions of the alloys increased the understanding of the
structure and properties of the dental amalgam formed. These
newer alloys produced dental amalgams which exhibited
superior clinical performance.

Conventional alloys

The typical constituents of commercially available
conventional alloys, their functions and clinical influence are
shown in Table 6.1.

Table 6.1 Constituents of dental amalgam alloy

Element Function
Silver Main constituent of alloy, combines with tin
Tin Combines with silver
Copper Increases mechanical properties, decreases creep, increases

corrosion resistance, decreases the amount of the y2 phase

formation

Zinc Acts as a scavenger of oxygen

Mercury Sometimes added to increase the rate of reaction (pre-
amalgamation)

Indium, palladium, || All increase corrosion resistance and improve certain
selenium, mechanical properties of the final product. Decrease creep

platinum, gold




The mercury reacts with the outer layer (3-5 ym) of the silver—
tin alloy particle in a reaction shown in Figure 6.3A. This
means the bulk of the particle is left unreacted. These
unreacted cores sit within a matrix of the silver-mercury and
tin-mercury phases. The structure of the set material is shown
in Figure 6.3B.
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Zinc was traditionally included in the alloy because it acts as
an oxygen scavenger during the alloy’s initial production. It
preferentially reacts with any oxygen present to produce
clean castings of the ingot. Alloys containing more than
0.01% zinc are called zinc-containing alloys and those
containing less than this are termed zinc-free alloys.

If a zinc-containing dental amalgam is contaminated with
water from saliva during the condensation process, it produces
hydrogen gas, which becomes incorporated within the setting



amalgam mass and leads to excessive delayed expansion. This
is clearly undesirable and may cause pain and even tooth
fracture. Good moisture control is therefore highly desirable
when placing dental amalgam restorations (as with any other
restorative material) and, in particular, those alloys
containing zinc. Most modern alloys are now manufactured in
an inert atmosphere so the need for zinc has been obviated.

The vy2 (tin-mercury, see Figure 6.3) phase is the most
chemically and electrically active component of the set
amalgam. Its physical properties are inferior than the vy
(silver—tin) and y1 (silver-mercury) phases and its presence in
conventional amalgam alloys results in:

 Reduced strength
« Increased susceptibility to corrosion

« Increased creep (a conventional amalgam restoration
shows about 6% creep).

Creep: gradual dimensional change under load. The clinical consequence of creep
is ditching of the amalgam margin altering the marginal contour. This increases
the potential for plaque retention (Figure 6.4).




" Ditch formed
at amalgam
tooth interface

IJT- MR 3 Amalgam restoration in tooth 15 showing long-term guttering and loss of
contour.

High copper amalgam alloys (Figure 6.5)

More recently, attempts have been made to reduce or even
eliminate the y2 phase by increasing the copper content in the
alloy to above 13%. This modification of the setting reaction
has resulted in some important beneficial changes in the
properties of the amalgam:

« Early full strength achieved within 1 hour of placement
« Increased mechanical properties, e.g. compressive strength

* Reduction in creep and therefore ditching (creep values of
these alloys are between 0.09% and 1.8%)



» Reduced corrosion potential.

|:| T |: Silverffin'copper complex
|:| i :l Copperftin
| S-SR Structure of a high copper amalgam alloy.

The setting reaction of these alloys is the same as the reaction
for conventional alloys (see Figure 6.3A). After the formation
of the y2 phase, there is a reaction between this and the
silver-copper component, leading to the formation of a
copper-tin phase and y1. Although silver is present in the
alloy particles, there is a preferential reaction between the
copper and tin, thus forming a silver-tin—copper complex. The
result is that little or no y2 is left in the final amalgam.

There are two types of high copper amalgam alloy:



» Dispersed phase alloys — in these alloys, the copper is
dispersed throughout the alloy and has the effect of
increasing its strength. The alloy particles consist of either
silver—tin or silver—copper. This means that the total silver
content may be kept the same as in conventional alloys.

« Ternary alloys — ternary means a compound containing
three elements, usually silver, tin and copper in this case.
Ternary alloys are sometimes called unicompositional
alloys as they have all three components in one particle.

Many manufacturers reduce the silver and tin content
when increasing the copper content. A small amount of zinc is
sometimes added to high copper amalgam to improve its
clinical performance, in particular by decreasing marginal
breakdown. Table 6.2 gives the general composition of the
three types of alloy.

Table 6.2 Typical percentage composition of amalgam alloys by weight

Alloy type Silver Tin Copper Zinc
Conventional 63-70 26-28 2-5 0-2
Dispersed phase 40-75 0-30 2-40 0-2
Ternary 40-60 17-30 13-30 0

Implications of the composition of the alloy for corrosion

The susceptibility of the y2 phase to corrosion offers a clinical
advantage. The corrosion products fill the microgap (marginal



gap) at the tooth-amalgam interface, which helps to decrease
microleakage. One drawback of the high copper amalgam is
that the microgap persists due to lack of the y2 phase, and so
these alloys have been associated with greater microleakage.
Clinically, this may manifest as increased postoperative
sensitivity with a risk of recurrent caries. It has been
suggested that an intermediate bonding agent should be used
in combination with these alloys to seal the dentine at the
microgap (see p. 61).

Microleakage: leakage of minute amounts of fluids, debris, and microorganisms
through the microscopic space between a dental restoration or its cement and
the adjacent surface of the cavity preparation (adapted from Mosby’s Medical
Dictionary, 8th edition. © 2009, Elsevier).

Types of alloy

Currently, three types of dental amalgam alloys are available:
lathe cut, spherical and admixed (Figure 6.6). Their
handling characteristics are all very different and it is
important that they are manipulated correctly when used in
the clinic for optimal performance of the set product (see pp.
63-65).




cut (field of view 1 mm), (B) spherical (field of view 45 pm) and (C) admixed
amalgam alloys (field of view 20 pm).

These alloys are formed by grinding an ingot of the alloy,
which produces irregular particles of varying size ranges. The
different sizes of particle require different handling and their
reactivity with mercury also varies. A blend of various particle
sizes is used by the manufacturer to control the properties and
working and setting times of the amalgam. Sometimes, after
the machining process, the particles are too reactive to be
used. If they are used in this state, the setting reaction would
be too rapid (especially for the smaller particles as their
surface area to volume ratio is higher). During commercial
production, the alloys are placed in boiling water to reduce
their reactivity.

These alloys are made by heating the alloy components to a
molten liquid and then spraying this liquid into an inert
atmosphere, usually argon. The particles coalesce as they fall,
forming solidified spheres.

As the name suggests, admixed (sometimes called blended)
alloys contain a combination of irregular and spherical
particles (Figure 6.6).

The clinical ramifications of the alloy types are reflected
in the different handling properties between them.



Traditionally, a moderate amount of force was required to
pack the amalgam in the cavity. Dentists prefer this handling
characteristic and so some manufacturers have attempted to
mimic this property with the newer spherical alloys by
sandblasting the particles. The clinician can exert greater
condensation pressure when using an admixed alloy than with
other, untreated, spherical alloys.

Properties of Dental Amalgam

Strength

The dental amalgam must be strong enough to withstand
forces during function, and ideally develop early strength so
that it is not damaged before it is fully set. The material (as
with other brittle materials) is strongest in compression and
weakest in tension. The properties exhibited by the final set
material depend on the structure of its various phases, their
proportions and their individual strengths.

« The weakest phase is the y2 phase so that any increase in
the amount of this phase weakens the material.

« High copper and spherical alloys have higher early
compressive and tensile strengths than conventional
alloys.

Thermal diffusivity and thermal expansion

As dental amalgam is metallic, it transmits heat readily (the
material has a high thermal diffusivity, 9.6 mm2/s). Its



coefficient of thermal expansion (22-28 x10-6/°C) is greater
than that of the surrounding tooth. During thermal cycling,
significant expansion and contraction may lead to:

* Microleakage

« Fracture of a tooth that has been weakened by tissue
removal during cavity preparation for the treatment of
dental caries

* Risk of pulpal damage in a deep cavity due to temperature
rise.

Dimensional stability

When dental amalgam is setting, a dimensional change
occurs. Initially the material contracts slightly as the mercury
diffuses into the outer surface of the alloy particles and reacts
with the silver and tin portions. The material then expands as
the amalgam is setting because the (yl) crystals expand by
growth. From a clinical perspective, the combination of these
two phenomena should not lead to any significant expansion
or contraction:

- Excessive contraction leads to a large marginal gap
between the material and the cavity.

- Expansion leads to extrusion of the material out of the
cavity.

Other factors that can affect dimensional change of the
amalgam are the size and shape of the particles and the type



of alloy used. As previously mentioned, zinc-containing alloys
expand significantly if contaminated with water at placement.
The quality of the clinical condensation also affects
dimensional change, so thorough condensation is important.

Working time

The working time of a dental amalgam is influenced by:

» Chemical composition
« Particle size of the alloy

« Any ageing treatments carried out during its manufacture.

Fast-, regular- and slow-set amalgams are available on
the market and which of these is used is largely a matter of
the dentist’s preference as to the speed of set required.

</

Inexperienced clinicians are strongly advised to use a slow-set alloy until they have

gained sufficient experience, because failure to condense the material quickly will
result in an inferior restoration. If a crown preparation is to be carried out at the
same appointment as placing an amalgam core, a fast-setting amalgam should be

used.

Cavity design

Correct cavity design is important for the success of the final
(amalgam) restoration.



* A minimum cavity depth of 2 mm is required because of
the risk of fracture.

* No sharp internal line angles (Figure 6.7) should be left as
this will lead to stress concentration in the juxtaposed
material or lead to fracture.

« Attention should also be paid to the cavo-surface angles
(see Figure 6.7) so that neither weak amalgam nor weak
unsupported tooth is left at the margin.

« If after caries removal, the cavity is not retentive,
mechanical retention should be provided or preferably,
the amalgam bonded in situ. Figure 6.8 illustrates the
amount of tooth tissue conserved if the restoration is
bonded as opposed to removing more tooth structure to
create mechanical retention.

A mesio-occlusal cavity showing no sharp line angles and
appropriate cavo-surface angles.




|3 MR Comparison of tooth tissue removal required for conventional (red
outline) and bonded restoration (prepared cavity).

!

With all types of amalgam, sufficient bulk of the material needs to be used

because dental amalgam is brittle and will fracture when used in thin sections.

</

Today, most amalgam restorations placed are due to failure of previous

restorations. A method of quickly removing the existing restoration involves
making two cuts in the shape of a cross, thus dividing the old amalgam into

sections. These pieces can then be easily removed (Figure 6.9).




ISR A cruciform cut across an old amalgam, demonstrating ease of
removal. Note that a quarter of the amalgam has already been lost.

Bonding of Amalgam Restorations

Dental amalgam does not bond to tooth structure. Thus, it
cannot provide a complete seal or be retained in the cavity
without some form of additional retention. If, after cavity
preparation, inadequate tooth tissue remains to create a
retentive cavity, mechanical retention may be created by:

« Cutting slots or grooves into the remaining tooth

 Placement of a dentine pin.

Bond: a general term that describes the technique in which attachment of a
restorative material to tooth structure is attempted. These may be chemical or
physical bonds between the two components.




The well-documented problems associated with the use of
dentine pins may be found in operative dentistry texts. From a
dental materials point of view:

» Their presence causes significantly stress concentrations in
the restorative material (as well as in dentine)
surrounding them

* There is also the problem of adaptation of the restorative
material to the pin, particularly if the material is non-
metallic

« If there is a large difference in coefficient of thermal
expansion between the material and dentine pin, the
material will shrink away from the pin during thermal
cycling.

Instead of these mechanical auxiliary retention devices,
an adhesive can be used to retain the amalgam in the cavity
(Box 6.1). Many of the principles underpinning this technique
are covered in more detail elsewhere in this text. There is a
paucity of clinical evidence relating to longevity or clinical
performance of bonded amalgams and for advocating this
technique on a routine basis. Indeed, recent evidence
questions the routine placement of bonded amalgams.
Therefore, the dentist is advised to consider each case on its
own merits.

Box 6.1 Potential advantages of bonding amalgam

* Decreased microleakage




* Decreased incidence of recurrent caries

* Decreased risk of pulpal trauma and inflammation

* Decreased postoperative sensitivity

* Increased fracture resistance of the tooth

* Decreased cuspal deflection

» Bonding tooth segments together in the treatment of cracked cusp syndrome
+ Conservation of tooth tissue

« Increased retention

Materials for bonding

Over the years, many materials have been used to fill the
amalgam-tooth interface and/or improve retention by
bonding, including zinc phosphate cement, polycarboxylate
cement and copal varnish. Since the mid-1980s, however,
resin composite adhesives, which can bond to metal both
chemically and physically, have been used. It has been
realized that these materials offer considerable advantages
over traditional luting or lining materials in this context.
Table 6.3 lists examples of contemporary products that are
used to bond dental amalgam.

Table 6.3 Materials used for bonding amalgam

. Examples on the || Manufacturer’s
Type of material

market name
Dual-cure resin based composite Rely X ARC 3M ESPE
Resin containing phosphonated ester of Panavia 21 Kuraray

bis-GMA Panavia Ex Kuraray




Panavia F 2.0 Kuraray

Resin-modified glass ionomer cement Fuji 1 LC GC

(used uncured) Vitrebond Plus 3M ESPE

Since the manipulation and placement requirements differ
for each group of materials shown in Table 6.3, it is
imperative that the manufacturer’s instructions for use are
followed precisely during any restorative procedure.

Good moisture control is essential for any bonding process (see Chapter 2).

Encapsulated Amalgam

In days gone by, amalgam was mixed (triturated) either by
hand or in a machine called an amalgamator, in which
metered amounts of alloy and mercury were dispensed from
storage reservoirs in the machine. These machines have
largely become redundant as amalgam is now mainly supplied
in the form of encapsulated amalgam, also called
precapsulation. Box 6.2 lists its advantages.

Box 6.2 Advantages of encapsulation for amalgam

« Constituents are in optimum condition to react
* Precisely metered proportions
 More consistent and controlled mixing

» Easier to mix

» Easier to dispense



* Less risk of mercury spillage
* Less risk of contamination of the work environment

+ Less mercury vapour released into the local environment.

The amalgam capsules contain different amounts of
material (usually by weight), which is commonly depicted by
the different colours of the top of the capsule. The capsules are
usually supplied in 400 mg, 600 mg and 800 mg of alloy
(Figure 6.10). The dentist can then request the mixing of a
small or large amount of material depending on the amount
required to fill the cavity. This reduces wastage and cost.

Fig. 6.10 Examples of Tytin (Kerr Hawe) colour-coded capsules containing
different amounts of spills: (A) 400 mg, (B) 600 mg and (C) 800 mg.

Manufacturers have come up with a range of
modifications to simplify the use of encapsulated amalgam in
the clinic:

 Capsules are generally self-activating, which means they



may be placed directly into the mixing machine.

» Others must be activated by pressure prior to trituration.

This either punctures the ‘pillow’ containing the mercury,
thus releasing it to react with the alloy or dislodges the
small plastic membrane separating the alloy from
mercury

- Larger cavities may require more than one capsule to be

mixed to completely fill it; this should be done one
capsule at a time so that the new amalgam can be
condensed onto the first amount. If too large an
increment of amalgam is dispensed, condensation may be
compromised.

The contents of a typical capsule are shown in Figure

6.11.



19T SN B VCI Ol A dismantled amalgam capsule (Tytin, Kerr Hawe) showing its
constituents. Note the mercury-containing pillow, which ruptures to release the
mercury.

Commercially available products

Table 6.4 shows representative examples of commercially
available alloys and their manufacturer.

Table 6.4 Encapsulated amalgams currently available on the market



Product Manufacturer Amount of Alloy type
copper (%)
Amalcap Plus  Ivoclar Vivadent  11.9 Spherical
Ana 2000 Nordiska 26 Admixed
Ana 70 Nordiska 10.9 Spherical
Contour Kerr Hawe 28 Dispersed
Dispersalloy Dentsply 11.8 Dispersed
GS80 SDI 287 Admixed
GS80 SDI 15 Spherical
Spherical
Lojic+ SDI 11.8 Spherical
Megalloy EZ Dentsply 14 Spherical
Oralloy Colténe 13 Spheroidal and
Magicap-S Whaledent spherical
Permite SDI 15.4 Admixed
Securalloy Septodont 13 Spherical
Tytin Kerr Hawe 12 Spherical
Tytin FC Kerr Hawe 13 Admixed and
spherical mixture
(hybrid)
Vivacap lvoclar Vivadent 24 Spherical

Spheroidal: A three-dimensional elliptical shape, tending towards a sphere.




WA How to choose a dental amalgam product

The type of dental amalgam used is largely based on personal preference, and
dentists should weigh the advantages and disadvantages of each amalgam product,

together with their preferred handling characteristics.

» High copper amalgam has better properties with respect to marginal integrity
and strength, particularly after 1 hour.

« Alloys with smaller particles are easier to carve. However, too small a particle
size results in more alloy reacting with the mercury so more of the mercury
reaction products are produced, thus rendering the final product weaker.

« Smaller particle size accelerates the rate of set.

« The shape of the alloy particles influences the amount of mercury used. Ratio of
alloy to mercury is lower with spherical alloys than lathe-cut alloys.

* Spherical alloys require less pressure to condense and are easier to carve.

+ Avoid zinc-containing alloys because of their propensity to expand if
contaminated with moisture.

« Alloys with spheroidal particles are easier to manipulate than those which have
only spherical particles.

Manipulation of Amalgam

Trituration

Amalgamators

The importance of mixing the amalgam for the correct time,
speed and with the correct motion and force (throw) cannot
be stressed enough (see Chapter 1). Many manufacturers have
attempted to address this. Some years ago, Kerr produced a
machine in which programmed cards were inserted,
corresponding to the alloy to be used. The machine then



triturated the amalgam optimally. This machine is now
obsolete as many of the cards tended to get lost or damaged
during laundering of clinic clothing, as staff had forgotten to
remove the cards from pockets, rendering the machine
unusable.

Over/undertrituration

If after mixing, the amalgam is too wet and hot, and is
difficult to remove from the capsule, it has been mixed for too
long. A dry and crumbly mix indicates that the amalgam has
be undertriturated. Both cases are unsatisfactory for use
clinically and will result in inferior properties of the material.
Undertrituration leads to:

* Low strength

» Poor corrosion resistance.
Overtrituration leads to:

 Excessive expansion

* Reduced strength.

All of the above decrease the longevity of the restoration.
(See Figure 6.12.)






* Ensure that hardware is compatible with the products to be used.

+ Always follow the manufacturer’s instructions regarding mixing of amalgam —
specifically, the time and speed.

« Any amalgamator used in the clinic should be placed on a tray lined with
aluminium foil (Figure 6.13). In the event of mercury spillage, the aluminium
foil will retain the mercury and react with it. The reaction product will not,
unlike free mercury, vaporize, and the risk of increased mercury vapour in the
clinic is nullified.

Condensation

After mixing, the amalgam should be incrementally placed
into the cavity without delay and condensed, with each
increment being packed separately. The purpose of this is to
remove any voids and compact the mass of the material to
ensure that it is properly adapted to the cavity walls and
margins.

Condensation expels excess mercury by bringing it to the



surface, particularly when an admixed or lathe-cut alloy is
used. There is less mercury incorporated in spherical alloys so
it is generally not possible to remove excess mercury when
using these alloys. Manufacturers provide less mercury with
spherical alloys so that the powder to mercury ratio is
optimized. Failure to remove the excess mercury will result in
a weaker restoration, as more mercury will have reacted with
the silver-tin (y) phase and so increasing the silver-mercury
(yl1) phase (see Figure 6.3). There are two methods of
condensation:

By hand, using a smooth-ended plugger

« With a mechanical condenser mounted on a slow
handpiece coupling.

/ Optimal condensation

- The diameter of the active end of the condenser is critical as sufficient force
needs to be applied to the material.

* Too great a force will cause the condenser to pass through the amalgam instead
of condensing it.

* A series of overlapping strokes should be made in an axial direction.

» Lateral as well as axial condensation should be carried out to ensure that the
material is packed into the more inaccessible parts of the cavity.

* Spherical alloys require less force as they flow more easily, and, for this reason,
mechanical pluggers are not recommended for this alloy type.

» Matrix bands should be used in Class II cavities so that appropriate force can be
used to condense the amalgam. The band will resist this force and provide a
support for the amalgam while it is setting.

* When bonding an amalgam restoration, a thin layer of petroleum jelly should be
applied and then wiped off the matrix band using a cotton wool roll to prevent
the band from being bonded in situ.




+ Just prior to matrix band removal, a probe should be used to remove any thin
edge of amalgam at the marginal ridge, which could break off.

» The material should be carved away from the marginal ridge using the shape of
the remaining tooth to guide the instrument, thus re-creating the occlusal
anatomy.

!

Failure to condense partially set amalgam will result in a material that will:

* Not be properly adapted to the cavity walls (Figure 6.14)
+ Show poor bonding between increments
 Have inadequate mercury expressed (Figure 6.15)

+ Exhibit inferior properties, in particular, strength.

IS MMM An illustration of a Class II cavity and restoration showing the sites of
poor condensation leading to voids.




1IN Freshly packed amalgam in tooth 36 showing excess mercury on the
surface.

It is often easier to control the initial increment of
amalgam by condensing it with the larger end of the
condenser, and ensuring good condensation with the smaller
end thereafter. Using the smaller end first may result in the
amalgam falling out of the cavity in the opposite direction!
The cavity is usually overpacked, with the material condensed
towards the walls of the cavity (Figure 6.16). The restoration
is then carved to the desired anatomical shape, thus removing
the mercury-rich surface layer.



alls prior to carving. Note the considerable excess of material.

/ Repair of an amalgam that fractures at the time of

placement

If an amalgam fractures at the time of placement (e.g. if the patient bites too heavily
on it), some of the setting amalgam should be removed with a bur to create a small
cavity with appropriate depth, width and shape. Then the matrix band should be
replaced and freshly mixed amalgam condensed into the cavity. After removing the

band, the restoration is re-carved.

While this technique will not result in as strong a restoration as one placed de
novo, a strength of 75% of the original will be achieved and this should function
satisfactorily. This method cannot be used with an old restoration where the setting
reaction has gone to completion. Additions under these conditions will not bond and
will only be retained by mechanically interlocking, unless an intermediate bonding

agent is used.

Finishing



Burnishing

Once the amalgam filling has been carved, some dentists
advocate burnishing the surface to adapt the material to the
margins and to smooth the surface. Others advocate using a
moist cotton wool pledget to remove any debris from the
surface. However, neither of these steps is essential.

Burnish: plastic deformation of a surface due to sliding contact with another
object. Burnishing smears the texture of a rough surface, rendering it shiny.

Polishing

Polishing (Figure 6.17) an amalgam restoration renders its
surface smoother and easier to keep clean. It is usually done
at a subsequent appointment, when the material has fully set.
The unpolished surface is rough at a microscopic level, with
pits that can retain small particles of food debris and also
acids. This encourages galvanic activity on the surface,
leading to corrosion in extreme cases. A polished restoration
undergoes less corrosion, and polishing improves marginal
adaptation of material to the tooth. A highly polished
amalgam also has a more aesthetic appearance.
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| 3T MW WAl A polished amalgam restoration in tooth 26.

/ Polishing an amalgam restoration

* Polish the surface to a high lustre, under copious water spray. using slow-speed
stainless steel polishing burs of different shapes to access all the anatomical
contours of the restoration. This avoids overheating the restoration, which can
lead to release of mercury from the surface and damage to the restoration. In
addition there may be thermal trauma to the pulp.

* Use the brown and then the green rubber polishing cups. These contain a fine
abrasive that performs the polishing.

+ Use a mix of zinc oxide powder and alcohol in a rubber cup or on a brush for a
final high-lustre polish.

Some of the fast-setting alloys can be polished within 8-
10 minutes from the start of trituration, as they are
sufficiently set by this time to permit this. However, polishing
increases the electrochemical potential of the restoration, thus
releasing mercury vapour and rendering the amalgam more
reactive.



Electrochemical potential: measure of the energy available as a result of
chemical and electrostatic charges.

Clinical trials comparing dentists’ assessment of old
amalgam restorations before and after polishing found that a
lower proportion of dentists wished to replace the same
restoration after it had been polished. Since every time a
restoration is replaced more sound tooth is lost, it may be
more preferable to polish the restoration rather than replacing
it, if that is possible.

Amalgam Disposal

Any waste amalgam, amalgam capsules and contaminated
matrix bands must be disposed of correctly. Bespoke amalgam
disposal vessels are available (Figure 6.18), which are
collected by a specialist company to be safely disposed of.
Spent amalgam capsules, disposable dappen dishes and
disposable amalgam carrier tips should be placed in the tub
provided for the purpose. Directly contaminated waste, such
as waste amalgam and matrix bands that have been used
during amalgam placement, should be deposited in the tub
provided for this purpose. Matrix bands cannot safely be
decontaminated and are now considered to be for single use
only.



|3 MM B Bespoke amalgam disposal vessels provided by MerCon. The tub on
the left is used for disposing amalgam capsules etc., while the vessel on the right is
used for directly contaminated amalgam waste.

Mercury Spillage

With the advent of encapsulated amalgam, mercury spillages
should be a rare occurrence, but every clinic or practice should
have a mercury spillage kit (Figure 6.19) and protocol in case
of an accident.



Fig MW Bl Commercially available mercury spillage kit.

i Dealing with a Mercury spillage

» Wear protective gloves and a mask.

« Ensure there is increased ventilation by opening windows.

« Try to contain the spillage to as small an area as possible.

+ Use a brush to move the globules of mercury to form one large pool.
* Pick up as much as possible using a syringe.

* Mix equal amounts of microfine sulphur and calcium hydroxide with a little
water.

« Spread this onto the spillage area using the brush provided in the spillage kit.

* Brush the contaminated material into the scoop and place in the waste
container.

« Dispose of all the waste using a recognized amalgam disposal container.




Consideration should be given to the floor covering when
designing a dental clinic. Should mercury spillage occur, a
floor covering with a smooth surface will facilitate its
recovery. It is extremely difficult, if not impossible, to retrieve
any spilt mercury from carpeting and wooden floorboards. A
vacuum cleaner or aspirator should never be used to deal with
mercury spillage as these will re-release the mercury vapour
into the atmosphere.

It has been suggested that a mercury decontamination
procedure of the clinic should be carried out from time to time
(perhaps monthly) and after a spillage to reduce the
background exposure. This can be done by mixing two
teaspoons of the microfine sulphur with equal amounts of
calcium hydroxide and a little washing-up liquid in a plastic
bucket with approximately 2 litres of water, and the resulting
solution mopped over the clinic floor. Normal detergent can
be used thereafter and the resulting contaminated solution can
be safely disposed down the drain.

Mercury Toxicity

Much has been written about the toxicity of elemental
mercury as it is widely recognized to be one of the most toxic
elements on the planet. It is reasonable to suppose that had
amalgam been proposed for dental use today, a product
licence would not be forthcoming. While lots of anecdotal
reports exist, there is, to date, no robust scientific evidence
linking dental amalgam with detrimental health effects.
Millions of patients have had dental amalgam placed and



those restorations have been in situ for a number of years
without problems. Furthermore, many dental professionals
have spent years working with the material without a
problem. Of course, if used incorrectly, mercury toxicity may
be an issue, but an awareness of health and safety
recommendations has all but eliminated this. Some
precautions must be adhered to during clinical use.

</

« Avoid skin contact with free mercury (skin readily absorbs mercury — practice
good mercury hygiene).

+ Use high-volume aspiration during amalgam removal — mercury vapour can be
inhaled and absorbed by the lungs.

« Ideally, use rubber dam during amalgam removal and placement. This prevents
unnecessary ingestion as the gut can also absorb mercury.

* Do a risk assessment of staff using amalgam.

+ Have in place a screening programme to monitor mercury levels. It is
recommended this is done at least annually for each ‘at risk’ worker

M This involves sending a sample of urine, pubic hair or nail pairings for
analysis.

M It may not be necessary to test each member of staff working with amalgam
every 6 months. For example, half the staff liable to mercury exposure may be
tested in the summer and the others in the winter.

B If a positive result is gained, the other group should be tested.

Mercury vapour release

A minute amount of mercury vapour is released during
intraoral function but this is not considered significant. More
is released if the amalgam is heated over 80°C and during
amalgam removal. This highlights the importance of using



copious water spray during any removal process. As
mentioned above, rubber dam should also be used when
amalgam is being removed.

Free mercury is also released as a product of the corrosion
reaction that occurs during a restoration’s life. This is
particularly the case in high y2-containing amalgam.
Production of free mercury allows further reaction, forming
more yl. As this phase is weaker than the y phase, the
material’s mechanical properties decrease with time. In an
attempt to reduce the problem, other similar materials were
introduced to the market (gallium was substituted for
mercury) in the past. These materials showed greater
corrosion and their strength was lower that conventional
dental amalgam, hence they were withdrawn.

Dental amalgam and legislation

In 1998 in the UK, the use of dental amalgam in pregnant
women was banned by the Department of Health, and this
ban is still in force. However, there remains a lack of evidence
for the rationale for this decision. Concern has recently been
voiced about the use of amalgam in children, as they have a
higher metabolic rate and systemic absorption may be quicker.
Other countries (e.g. in Scandinavia and Japan) have also
banned amalgam, not for concerns over health but in an
attempt to reduce environmental mercury levels.

Samples of soil from around crematoria have shown
higher levels of mercury, and some countries have gone to the



lengths of fitting mercury filters or removing those teeth in
cadavers which had previously been restored using dental
amalgam. The UK government may pass legislation in the
future to reduce crematoria emissions of mercury and to ban
the use of amalgam in dentistry. However, this would have
major financial implications for the National Health Service
(NHS), because amalgam is a cheaper material to use than
many other alternative restorative materials used in
commensurate sites in the teeth. The decrease in amalgam use
in developed countries is probably more due to patient
preference for tooth-coloured restorations. However, in other
countries, for example in the former Eastern block, amalgam
sales are still increasing because the material is cheaper and
effective.

Contraindications to the Use of Dental Amalgam

Dental amalgam is contraindicated in a limited number of
situations:

- Pregnant women only in the UK, see previous section
« Allergy to any of the constituents
« Where aesthetics are of paramount importance

- In patients who object to amalgam use.

Of course, in the last category the advantages and
disadvantages of the alternative materials that could be used
should be fully discussed with the patient to permit them to
make an informed decision.



Adverse Effects of Dental Amalgam USE

Enamel discolouration

Since the dentine structure is permeable, it is not uncommon
for a tooth to discolour when it has been restored with
amalgam, particularly when the restoration has been in situ
for some time. The by-products of the corrosion process in the
material can migrate into the dentinal tubules causing the
discolouration. This may be unsightly, particularly in the
anterior sextants of the mouth and also in the upper premolar
region (Figure 6.20). Figure 6.20 also shows an upper first
premolar, where there is an unsightly amalgam in situ, due to
the buccal extension of the cavity. The use of an aesthetic
material would have been more appropriate in this situation.

Fig. (W0l Amalgam restorations in teeth 14 and 15 showing through the buccal
tooth tissue. Tooth 14 also shows the buccal extension of the amalgam restoration,



which is unsightly.

Amalgam tattoo

Occasionally, some fine particles of the material can migrate
into the soft tissues, giving rise to an amalgam tattoo (Figure
6.21). This is a benign lesion but some patients may be
concerned as it can mimic melanoma. If the patient is
concerned or indeed if the lesion is at all suspicious, the
diagnosis should be confirmed by biopsy.

Fi S WA Bl A dental amalgam tattoo on the right lateral border of the tongue.

Galvanic cell

The use of two dissimilar metals intraorally can set up a
galvanic cell as saliva acts as a transporter of ions. An
amalgam restoration that is placed in juxtaposition to a
restoration with a dissimilar amalgam alloy or, more



commonly, a gold alloy, may cause a galvanic cell to be
established. The patient may experience a mild electric shock
and a feeling of having ‘silver paper’ in their mouth. With
time these effects are reduced, but it is sensible to advise the
patient against having restorations with dissimilar metals
where they may come in contact in the mouth. A gold crown
will often become ‘silvered’ because of contact with amalgam
as the former acts as the cathode in the equivalent of a wet
cell battery.

Lichenoid reaction

Some patients have developed a lichenoid reaction to dental
amalgam, and this is believed to be caused by electrochemical
reactions and a type IV hypersensitivity reaction. In these
situations it may be appropriate to change the restorative
material after ensuring that the replacement material will not
also cause such a reaction.

Type IV hypersensitivity reaction: a delayed cell-mediated immune response, of
which contact dermatitis is a good example.

Summary

 Dental amalgam has a proven track record as an excellent
dental restoration and is still widely used, particularly
where economic factors are paramount as it is a relatively
cheap material.

« Dental amalgam is a very ‘forgiving’ material, and even



when placed in non-ideal conditions it will perform better
than most other dental materials.

« Concerns have been raised as to the toxicity of dental
amalgam and its detrimental effects on health. To date no
robust scientific work has demonstrated a relationship
between dental amalgam and systemic disease.

- Environmental concerns in some countries have led to
dental amalgam being banned, although the availability
of newer alloys and their presentation in encapsulated
form has reduced the potential environmental impact.

« Many patients now request the placement of tooth-
coloured restorations, and this has led to a decreased use
of dental amalgam internationally and may lead to the

discontinuation of its use in the long term.
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Self-assessment Questions

1. A patient has recently had a Class II amalgam restoration placed. The
restoration has an excellent contact area with the adjacent Class II restoration,
which is cast gold. The patient complains of pain and says ‘it feels like silver
paper’ in their mouth. What is the diagnosis and how can it be treated?

2. A capsule of amalgam is mixed in an amalgamator. At the end of the mixing
cycle, the material is hot, wet and sticking to the sides of the capsule. What is
the problem and what parameters could be changed?

3. A patient brings a folder full of papers printed off from the internet, of
‘evidence’ that dental amalgam is harmful. What points should the clinician
make to reassure them that the material is safe to use clinically?

4. When using an admixed alloy, which condensing instrument would be the most
appropriate? How would the clinician’s choice differ when using a spherical
alloy?

5. What is the rationale for polishing an amalgam restoration?

6. Small restorations in Class II cavities fail by fracturing across the narrowest
part of the occlusal surface (isthmus). What are the causes of this?




Chapter 7 I

The tooth-coloured restorative materials I

Resin composites

Learning Objectives

From this chapter, the reader will:

+ Understand what resin composites are

+ Understand the influence their constituents have on the material’s handling and its
clinical applications

« Understand the properties of these materials and the significance of these on
clinical manipulation and performance

 Understand their indications, contraindications and limitations
 Have an increased appreciation of how to use these materials to their best effect
» Know the names of currently available commercial products.

Introducing the Tooth-Coloured Restorative
Materials

There is a range of directly placed tooth-coloured restorative
materials available to the dentist. These materials form a
continuum that links resin based composites to glass ionomer
cements, with resin composite at one extreme and glass



ionomer cement at the other and two hybrid materials in
between (Figure 7.1).

Resin madified
Resncongoste NP Comorer NP . EEEEEEEp  Glss onomer
glass ionomer

Fi 8. VA W The spectrum of tooth-coloured restorative materials.

Resin composites are hydrophobic materials consisting of
an inert glass and a polymerizable resin. Glass ionomer
cements are hydrophilic cements which are based on the
reaction between glass with an acid to form a polysalt matrix
in which the unreacted glass is sheathed. They contain no
polymerizable resin. Compomers (or polyacid-modified resin
composites) are primarily resin based and are closer in
behaviour to the resin composites than the glass ionomer
cements. The reactive glasses used as the filler in these
materials is similar to that used in glass ionomer cements, but
the resin system uses two methacrylate based resins. Setting is
achieved by a polymerization reaction, with no water being
present in the material before placement. Resin-modified glass
ionomer cements are glass ionomer cements to which a resin
component has been added by grafting methacrylate groups
onto the polyacrylic acid chain. A water soluble methacrylate
resin is also added. The cement still requires water as an
intrinsic part of the setting reaction. This material is closer in
nature to glass ionomer cements than resin composite.

The Resin Composites



Resin composites are widely used in dentistry and their
applications are increasing as technology advances. As
already mentioned in Chapter 6, dental amalgam is not
necessarily the automatic material of choice for restoring
posterior teeth in contemporary practice. The market is
patient driven as most patients wish for the excellent
aesthetics afforded by tooth-coloured restorations. Resin
composite is the directly placed material of choice when the
best aesthetic result is required. The early composite materials
did not have long-term durability as they had a tendency to
wear and showed staining. However, as materials and
techniques have improved the longevity of resin composite
restorations has increased. This chapter describes resin
composites in detail and their applications and clinical
manipulation.

The original tooth-coloured restorative materials (Table
7.1), the silicate cements and the acrylics, exhibited several
shortcomings. The development of resin composite materials
was aimed at overcoming these factors. As their properties
have improved with time, they have tended to become
ubiquitous materials, being used increasingly at the expense of
other traditional materials.

Table 7.1 Shortcomings of acrylics and silicate cements

Acrylics Silicates

High water sorption Low strength

High coefficient of thermal expansion Wash out




Large polymerization shrinkage Low pH

Considerable microleakage Pulpal irritation

Extrinsic and intrinsic staining

Highly exothermic on curing

Wear

Poor colour stability

Silicate cement: cement formed from reaction between alumino-silicate-glass
and phosphoric acid (see Chapter 12).

Definition

A composite material is one that is composed of more than
one different constituent. There are many composite materials
in use in dentistry of which resin composites are one
example. These materials are composed of a chemically
active resin component and a filler, usually a glass or
ceramic. The resin and the filler are bound together by a
silane coupler. The structure of resin composite is illustrated
in Figure 7.2, and the constituents of resin composite
materials are shown in Table 7.2. The many component parts
of a resin-based composite material are shown in Figure 7.3.
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Flg VAW The structure of a resin-based composite material.

Table 7.2 Chemical constituents of resin composite materials

Lucirin TPO

Ingredient Examples Reason for use

Filler Glass Provides strength

(inorganic) Ceramic Influences the optical properties of
the material

Principal Bis-GMA Forms polymer matrix

MONomer Bis-EMA Used as a primary monomer

UDMA

Diluent TEGDMA Reduces the viscosity of the main

monomer UDMA resin so that the material can be
used clinically

Silane coupling || y-methacryloxypropyl- || Bonds the filler to the resin

agent trimethoxysilane

Photo- Camphorquinone Initiator of polymerization reaction

initiators PPD




UDMA, urethane dimethacrylate; TEGDMA, tri(ethylene glycol) dimethacrylate; PPD,
phenylpropanedione; Lucerin TPO, ethyl 2,4,6 trimthylbenzoyldiphenyl-phosphine

oxide.



Constituents of a Resin Composite

Resin component

Principal and diluent monomers

The main resin component is based on the chemical reaction
of two resins, namely bisphenol A and glycidyl
methacrylate, which form a chemical called bis-GMA
(bisphenol A diglycidyl ether dimethacrylate), also known
as Bowen’s resin after its inventor. It is a long chain
monomer with a methacrylate group at either end of an
aromatic spine. This chemical is highly viscous due to its high
molecular weight and aromatic spine, which reduces mobility
of the monomer so that it cannot be manipulated clinically



(Figure 7.4).
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|GT- MW An inverted bottle containing bis-GMA monomer. Note that the resin
stays in the lower part of the bottle, defying gravity due to its high viscosity. It will
take in excess of 14 days for the resin to slump to the bottom of the bottle.

Aromatic: a hydrocarbon with phenolic component included in the chain.

It is necessary therefore to add other monomers to the bis-
GMA to permit clinical handling and proper mixing with the
inorganic  components. These lower-molecular-weight
monomers are called diluent monomers and have also been
termed viscosity controllers. Examples of these chemicals
are:

* Methylmethacrylate (MMA)
« Ethylene glycol dimethacrylate (EGDM)
* Tri(ethylene glycol) dimethacrylate (TEGDMA)



 Urethane dimethacrylate (UDMA).

Chemicals such as methylmethacrylate have low
molecular weights and have only one reactive group. This
leads to greater shrinkage. The disadvantages of the single
methacrylate group materials are as follows:

» Wear resistance is poor
» Strength is poor

- Shrinkage is marked on polymerization.

The dimethacrylates have active methacrylate groups at
either end of a backbone. The longer the backbone, the
smaller the shrinkage as the reaction only occurs at the active
methacrylate groups. Bis-GMA is an example of this, having a
long backbone made up of phenolic aromatic rings. UDMA
also has a long chain backbone, but in this case it does not
contain phenolic groups with the backbone being made up of
aliphatic components. UDMA is now used quite frequently as
an alternative to bis-GMA.

Molecular weight: the mass of one molecule of a substance.

Aliphatic: compounds containing carbon atoms which are joined in straight or
side chains. They do not contain any ring structures.

!

Although manufacturers may claim that they use the same generic resins e.g. bis-

GMA, the synthesis of this molecule can vary from manufacturer to manufacturer.




Likewise the molecular weight and reaction products in the resin will vary. It is
essential that different commercial materials used in one restoration are sourced
from the same manufacturer. Mixing and matching materials from different
manufacturers will produce a substandard material with poorer mechanical

properties.

Filler component

The resin, if used alone, shows a number of shortcomings:

« Inadequate wear
« High shrinkage

 Increased exothermic reaction.

The incorporation of an inorganic filler into the system
compensates for these shortcomings. By implication, when a
filler is added, the amount of resin present decreases. The
material thus created should exhibit:

* Increased strength
« Increased wear resistance
* Reduced polymerization shrinkage

« Improved optical properties such as colour, fluorescence
and translucency

- Radiopacity as heavy metals (such as barium) may be
added as salts to the glass constituents before firing to
produce the glass

« Less heat production during polymerization: the filler



acting as a heat sink

* Reduced thermal expansion (closer to tooth).

One of the consequences of filler addition is that the resin
composite material takes on the properties of the main
constituent, and thus it becomes more brittle in nature. As its
elastic modulus is increased, the material has a decreased
capacity to withstand flexion encountered during function.
This will occur in any dental restoration and is of particular
significance with the flowable resin composite presentation as
explained later.

Filler types

Resin composites have been classified by:

* Type of resin
« Filler type

« Size and the distribution of filler particles within the resin.

The next two sections deal with the composition of the
filler and the influence of the size and distribution of the filler
particles on the resin composite. The fillers include both
glasses and ceramics.

A glass is an amorphous (non-crystalline) solid material.
While there are many different chemical compositions of
glass, the formulations used in resin composites are quite
limited. Those which are used in these materials are listed in



Table 7.3.

Table 7.3 Commonly used glasses as fillers in resin-based composite materials

Generic Chemical Average Notes
name composition particle
size
Quartz Crystalline silica Fine Meither opaque
(silicon dioxide) or radiopaque
Silica-based Lithium-aluminium  Fine Not opaque but
glasses silicate glass radiopaque
Barium-aluminium Fine Radiopaque
silicate glass
Barium Fine Radiopaque
aluminoborate
silicate
Borosilicate glass Fine Radiopaque
containing zinc Fine Radiopaque
or strontium or
lithium
Amorphous Colloidal silica Microfine Swells if exposed
silica (Aerosil,  (silicon dioxide) to water
Evonik
Industries)
Ytterbium Fluoride salt - Fluoride release
fluoride

The formulation of the glass is important as it has a major
effect on the appearance of the final composite. It also in part
influences the mechanical properties. Quartz is the hardest



material but is not radiopaque. The silicate glasses produced
for resin composite contain heavy metals such as barium but
are slightly softer and also degrade very slowly when exposed
to water. Those materials containing barium, strontium and
lithium are easier to finish and exhibit an improved surface
finish. Of the three, strontium-containing glasses degrade the
fastest in water, which is why they are used in only a small
percentage of the overall glass content. Colloidal silica is also
frequently found in many of the modern composites.
However, the behaviour of the product will be determined by
the volume fraction of filler particles in the material. Some
resin-based composites release very small amounts of fluoride.
This fluoride is leached from the glass and so depends on the
formulation of the filler used. The loss of fluoride will also
accelerate the degradation process as the glass is weakened.

It must be borne in mind that the density of all these
glasses is about four times that of the resin. Many
manufacturers often quote the filler loading by weight. The
more significant value is the volume of the filler because of
the disparity between the densities of the resin and the glass —
then the volume fraction is always less than the weight
fraction of filler present.

Once the glass has been produced by firing the various
components of the glass together, the resulting solid mass is
ground to the desired size of particle. Figure 7.5 shows a block
of glass as supplied by the glass manufacturer and after it has
been milled (ground).



| 3T MW A block of glass (A) prior to milling and (B) the ground glass product.

Ceramics

The other family of materials which has been incorporated as
a fraction of the filler in resin composite materials are the
ceramics. A ceramic is an inorganic, non-metallic solid
prepared by the action of heat and subsequent cooling. The
ceramics used in dental resin composites include synthetic
materials such as:

« Zirconia-silica filler. This is manufactured in a sol-gel
process. The particles have round edges and so more filler
is able to be incorporated into the material. It is claimed
to have very good translucency.

« Zirconium oxide. Groups of materials based on this oxide
have the advantage that the composition can be finely
controlled and may be varied by the manufacturer. Other
benefits of this type of filler are limited at present and
cost of production is considerably greater than the



conventional filler production.

Sol-gel process: This is a process of glass or ceramic manufacture from the
constituent oxides components and suitable volatile solvents. Once the volatile
solvent has been removed the structure which is formed is known as a xerogel.
On further heating, this structure consolidates into a form where it may be
used as a filler. The resulting product is better in that it is more consistent in

quality.

Effect of filler particle size and shape

The size and shape of a resin composite filler has an
important influence on the properties of the material together
with the amount of filler (filler loading) in the product. The
particle size and shape determines the amount of filler that
can be added to the resin. Furthermore, a large discrepancy
between the hardness of filler and the resin will affect the
surface finish and wear. Classification of resin composites by
the size of their filler particles is in part historical as it
chronicles the development of each material.

Macrofilled

The macrofilled composites were the first to be developed. The
large size of the filler particles (range 15-35 pm maximum
and minimum, 5-100 ym) meant that although the materials
displayed good mechanical properties (high strength), they
were notoriously difficult to finish to an acceptable level. This
was because the particles would protrude above the surface in
the resin and when the surface was polished these particles
were displaced and a satisfactory polish was never achieved



(Figure 7.6).

(A) Diagram of surface of macrofilled composite showing the

particle size and distribution. (B) Photomicrograph of surface. Note the large areas of
resin.

The rough surface of these composites attracted plaque
and during clinical use the surface became rougher because of
preferential wear of the resin matrix. The wear resistance of
the material is therefore relatively poor. The only way to get a
good surface finish is to cure the material using a matrix strip
and leaving it unpolished. The strip forces the filler particle
below the surface and the resin layer produced is smoother.
This resin-rich surface, however, wears away with time.
Larger particles can support higher loads as they have a lower
surface area to volume ratio. These materials are on average
approximately 70% filled by weight or about 55% by volume.

Fine particle



Reduction in the particle size leads to better packing of the
filler and the reduction in the inter-particular distance which
is filled with resin. This reduction in exposed resin surface will
reduce wear to some extent. The reduction in size achieved by
grinding means that the particles approximate more in shape
to spheres. This confers a number of benefits including easier
finishing and a smoother surface. The increase in filler load to
between 75% and 80% by weight means that the mechanical
properties are enhanced. While a filler loading of 75-80% by
weight sounds very impressive, it is important to remember
that glass is a much denser material than the resin. This means
that the volume of the filler is always less than the weight
fraction mentioned. Often the volume of filler in the
restoration does not exceed 60% of its total volume.

Microfilled

The failure to achieve an acceptable finish led the
manufacturers to consider microfine fillers. The most
acceptable material to use was colloidal silica. The particles
of this material are sub-micron in size (0.04 uym). This type of
material is most commonly used as a thickening agent. The
particle has an affinity for water and if uncoated, takes up
water leading to hydrolytic degradation. To overcome these
problems and to produce a resin composite, the manufacturer
takes the base resin and warm the mixture to below the glass
transition temperature. The resin mixture becomes more fluid
and at this point colloidal silica is introduced to the resin mass
and a volume added until the resin is almost solid.



Glass transition temperature: the temperature above which a glassy material
starts to become rubbery.

The semisolid mass is then heated to polymerize it and the
result is a resin block with ‘seeds’ of colloidal silica embedded
in it (Figure 7.7). This resin mass is then ground up to form
‘filler’ particles which are then mixed with unpolymerized
resin to form the paste provided to the dentist. The inorganic
phase, colloidal silica, in these materials does not exceed 45%
by volume. However, the presence of already polymerized
resin means that the polymerization shrinkage observed is not
greatly above that for the other types of resin composite.

%

|37 AV (A) The distribution of the fine particles within the microfine resin (B)
Photomicrograph showing the surface of a microfine material. The field of view is
30 ym and there is no evidence of filler at the surface. The debris observed is from
the matrix strip used to make the sample.

One of the consequences of retaining more resin is that
the water uptake of the material is increased. This is not as



bad as might be expected since the pre-polymerized blocks of
resin have a very high conversion rate which reduces the
water uptake. It should be stressed that the water uptake is a
slow process and the amount involved is relatively small.

The type of ‘filler’ and the nature of the resin means that
the inorganic filler loading in these materials is substantially
lower than that found in other resin composites, in the range
of 40-45% by weight. Any attempt to increase this usually
results in the resin not coating all the particles and particles
agglomerating. Substantial amounts of time, research and
money have been spent on this during the development of
these resin composite materials with relatively limited
benefits.

The strength of these materials is not as high as that of
conventional resin composites. Cases have been reported of
marginal ridge or incisal tip fracture. However, over time
observed wear with these materials is no better or worse than
a conventional resin composite.

Hybrid

As the term suggests, a hybrid composite contains particles of
various sizes and shapes. They were developed to try to gain
all the benefits of the microfine and macrofilled resin
composites. These products offer a higher filler density as the
particles can get closer together and fit into each other so
interlocking. This means that there is a decreased amount of
resin. The structure of a hybrid resin composite can be
compared with crazy paving (Figure 7.8 and Figure 7.9), with



the stone paving slabs representing the particles and the
cement grout the resin. It can be seen that they are
remarkably similar although the hybrid has slightly more
space between the particles. This is one of the limitations of
the hybrid in that the resin viscosity tends to prevent the close
apposition of the particles unlike the cement in the crazy
paving which can be a much lower viscosity.

differing sizes and shapes of the stones (filler particles) reduce the amount of cement
(resin) as they are able to pack more closely together.




IS MR V.M W The structure of a hybrid resin composite.

Under ideal conditions packing can be improved
substantially with the resin acting as a binder. Figure 7.10
shows the ideal distribution of packing to achieve an optimum
filler loading (a trimodal distribution). Here the large
particles form the bulk of the restorative. In the spaces
between them are smaller spheres of intermediate size. There
still remain even smaller spaces between the larger and small
spheres. If even smaller spheres are then used to fill those
gaps, a trimodal distribution of particle sizes (large, medium
and small) is established. The filler distribution in Figure 7.10
is 15 large (green), eight small (blue) and 32 smallest (red).
These fillers form the bulk of the restorative. Manufacturers
attempt to produce this type of distribution but are limited by
the variable particle size within each category. It is also
difficult to ensure that the distribution is uniform through the
material.
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The size range of particles is generally between 5- and
10 ym for the larger particles with the small particles being
made up of colloidal silica. The amount of filler incorporated
is a compromise between the stiffness (viscosity) of the paste
and the handling characteristics required by the clinician.
Maximum filler loading is in the region of 82-84% by weight
of filler. This increase in the bulk of the filler has benefits in
that the coefficient of thermal expansion is slightly reduced
and the mechanical properties of the composite are enhanced.
The materials can, however, become more brittle. The increase
in filler loading may also lead to larger volumes of diluent
monomer being used with the resulting material being prone
to greater polymerization shrinkage.

Hybrid resin composites are often termed universal resin
composites as they may be used in all sites within the mouth
for all applications. Several varieties of hybrids with varying
particle sizes and distributions are available. As the particle
size is reduced, manufacturers have applied stylized names to
these minor differences. These include ‘fine’ and ‘micro’
hybrid, which refers either to the average particle size or a
blend of particles being included with an increased proportion
of sub-micron sized particles.

As the particle size decreases, a further complication
arises in that light is not reflected within the restorative and
more shades and tinting agents are required to make the
materials aesthetically pleasing. Modern resin composites are
close to the maximum filler loading that is achievable, this
being about 86% by weight (70-72% by volume). These
heavily filled materials provide a reasonable surface and can



be finished using fine diamonds burs, sanding discs and
abrasive stones to produce a relatively smooth surface. The
long-term performance is not ideal as the resin surface soon
starts to wear away (Figure 7.11).

Time =
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m The effect of finishing a composite. The resin matrix is preferentially
removed and excessive trimming will mean a loss of filler, as the greater diameter of

the filler is exposed and the filler particles are plucked out.

Nanofilled

Nanomers are discrete non-agglomerated and non-aggregated
particles of between 20- and 70 nanometres. To put this size
into perspective, one human hair is 80 ym in diameter, which
is 80 000 nm, a nanomer being 1/1000 of a micrometre
(micron).

The nanoparticles coalesce into nanocluster fillers,
which are loosely bound agglomerates of these particles.
Agglomerates act as a single unit, enabling high filler loading
and high strength. These materials have the strength of a
hybrid material but are easier to polish as the individual filler
particles are much smaller. There are some materials which



are conventional hybrid materials to which nanoparticles have
been added to fill inter-particular space (see Figure 7.12).

e

Fig. YA WA An example of a nanomer with agglomerated particles approximately
0.6-1.4 pm using a rice cake as an example. These are made up of much smaller
particles (1-10 nm, maximum 75 nm) which are clustered together.

Effect of filler loading

The aim of increasing filler loading is to make the mechanical
properties of the resin composite closer to those of the filler.
This means that the strength in compression goes up but that
the material becomes more brittle. The resistance to wear is
potentially increased but overfilling may lead to surface
breakdown as there is inadequate resin to bind the filler
together. The more filler that is added, the stiffer and more
viscous is the paste, and manipulation can become much
harder. Sometimes adaptation to the cavity margin and wall is
compromised.



Silane coupler

When the filler is added to the resin, the resultant product
actually becomes weaker than the original resin component
alone, which clearly negates the objective of adding the filler.
This is because no bonding occurs between the filler and the
resin. Manufacturers therefore have to chemically coat the
surface of the filler particles to facilitate their bonding with
the chemically active resin. This chemical is called a silane
coupler. The silane molecule facilitates the formation of a
chemical bond between the resin and the filler. The principle
is similar to silanation treatment, when ceramics are to be
bonded to the tooth using a resin composite bonding system,
for example in the bonding of ceramic restorations such as
veneers (see Chapters 11 and 22). One example of a silane
coupler in  glass-filled resin  composite is  y-
methacryloxypropyltriethoxysilane (y-MPTS), a vinyl
silane compound. The silane molecule is bifunctional with
groups that react with the inorganic filler and others that
react with the organic resin, hydrophilic and hydrophobic
groups, respectively. The y-MPTS is acid activated and when
reacted with the filler, the methoxy- groups hydrolyse to
hydroxyl groups, which in turn react with hydroxyl groups on
the filler. There is also a condensation reaction with the
hydroxyl group of the hydrolysed silane. The silane coupler
then bonds via its carbon double bond to the resin. The bond
can be degraded by water absorbed by the material during
clinical function.



Bifunctional molecule/monomer: a bifunctional monomer is a monomer unit
with two active bonding sites.

The bond between the filler and the resin needs to be
durable and strong. If this is not the case, stresses applied to
the set material will not be equally distributed within the
material and the resin will have to absorb more. This will lead
to creep and wear of the restoration, further leading to
fracture. Stress concentrations will also occur at the interfaces
between the filler and resin, so leading to the formation of
crack initiation sites. Fatigue fracture will occur as the resin
does not have a high resistance to crack propagation. Stress
can therefore be transferred from the strong filler particles to
the next through the lower strength resin.

However, there is a major problem in that the resin is
hydrophobic while the modern glasses used in composite will
take up water and can undergo slow hydrolytic degradation.
Once water ingress occurs, these materials start a very long
and slow process of degradation, which leads to surface
disruption with time.

Chemicals required for the curing process

Historically, resin composites set by chemical means and it
was only in the late 1970s that light curing became more
prominent. This led to a step change in performance of these
materials. The resin composites can therefore be divided
conveniently into:



 Chemically cured (sometimes referred to as self-cured)
» Light cured

* Dual cured, materials that are activated both by light and
chemically.

The chemicals necessary to initiate and then complete the
setting reaction are contained in the unset material. The
reaction in both chemical and light curing materials is a free
radical polymerization.

Chemically cured resin composites

Chemically cured resin composites are supplied as a two-paste
system with the setting reaction commencing when the two
pastes are blended. The base paste contains monomer and
filler together with a tertiary amine such as N,N-dimethyl-p-
toluidene and the catalyst paste contains monomer and filler,
but in this case there is the extra addition of benzoyl peroxide
dispersed in a phthalate. The chemical reaction is sometimes
referred to as a dark cure, implying that it will occur without
the need for light energy unlike the light cured resin
composites.

Light cured resin composites

The majority of light cured resin composite restorative
materials are cured only when the material is exposed to light
energy, which initiates a chemical reaction within the material
to form the set material. The chemicals required for the curing
process are contained in the unset material and can be divided



into:

« A photo-initiator, usually a peroxidase or a diketone
such as camphorquinone. More recently, novel photo-
initiators have been considered such as
phenylpropanedione (PPD) and Lucirin TPO (ethyl 2,4,6-
trimethylbenzoylphenylphosphinate) (see Chapter 2).

« An accelerator, a tertiary amine such as that used in the
chemically activated two-paste systems.

On exposure to a sufficient amount of light energy at the
correct wavelength of light, the monomers will polymerize to
form a rigid cross-linked polymer, the various polymer chains
linking via the methacrylate groups. The process of light
curing is explained in detail in Chapter 2.

It is possible to accelerate the polymerization reaction by
increasing the concentration of the camphorquinone. While
the material sets quickly, the penalty for this is that the
propagation phase of the polymerization process is shortened
such that there are shorter chain lengths formed and the
material is not as strong. Additionally, the material may be
more susceptible to ambient light and can start to set if
exposed to the dental operating light.

Once the activating light is switched on, the reactive
groups on each resin chain start to polymerize. The reaction
goes through two stages:



 An initial pre-gelation phase where there is considerable
mobility of the polymer chains. This occurs during the
first 8 seconds of a 10-second curing cycle. During the last
2 seconds of the curing cycle the material goes through
the gel stage and become much stiffer. This is known as
the post-gelation phase. About 85% of the conversion
that will be achieved occurs in this period. After the
material is considered to be clinically set some post-curing
continues but this is very limited — not exceeding 15% -
and the bulk of which is generally complete within 2
hours. Little change occurs after 24 hours.

It should be remembered that the polymerization reaction
is anaerobic, that is, in the presence of air the material will
only be partially cured. This explains why if no matrix is used
to cover the surface of the restoration the surface will remain
tacky and is then called the oxygen inhibition layer. This
partly cured layer should be removed and the restorative
trimmed back to the fully set material.

Dual cured

These materials give the dentist the advantages of setting the
cement when they are satisfied with the placed restoration as
well as peace of mind should insufficient light energy reach
any inaccessible regions so the cement will cure by the dark or
chemical cure. To permit this to occur, these products contain
both chemical accelerators and light activators.

Ultraviolet stabilizers



When exposed to natural light, the material will, over time,
change colour due to oxidation. This is prevented by the
addition of ultraviolet absorber such as 2-hydroxy-4-
methoxybenzophenone, which works by absorbing
electromagnetic radiation.

Polymerization inhibitors

Even though resin composites are solely light -cured,
dimethacrylate monomers will polymerize on storage because
they invariably contain small amounts of chemical catalyst
from the manufacturing process, which will eventually
decompose initiating polymerization. Chemical inhibitors are
also added to resin composite to prevent premature setting
and to increase the material’s shelf-life. Hydroquinone was
used in a few parts per million but it tended to cause
discolouration of the material so a monomethyl ether of
hydroquinone is now used.

Radiopaque materials

The need for restorative materials to be radiopaque was
discussed in Chapter 4. In many cases the filler particles
contain heavy metal derivatives which are inherently
radiopaque, such as barium, zinc, strontium and ytterbium. In
those materials containing radiolucent filler, particles such as
quartz or lithium aluminium silicate, and barium salts, can be
added to convey radiopacity to the material. There is an ISO
requirement (see ‘The regulation of dental materials and the
International Standards Organization’ on the inside back



cover of this book) that the radiopacity of these materials is
equivalent to 2 mm of aluminium. However, there is variation
in the radiodensity of materials above this which depends on
the volume of radiopaque filler used.

Pigments and opacifiers

Clearly the material must exactly match the tooth tissue it is
being used to restore. A range of shades must therefore be
available. Inorganic oxide compounds such as iron oxides are
added in very small quantities to the resin to vary the shade
and other optical properties such as opacity and translucency.

Properties

Polymerization shrinkage

Polymerization shrinkage of resin composites has been cited
as one of the most important shortcomings of this family of
materials.

« A material which shrinks markedly will leave a gap at the
tooth-restoration interface, thus allowing the passage of
bacteria and oral fluids. This is termed microleakage
(Figure 7.13).

 As is discussed in greater detail in Chapter 11, the bond
achieved between the material and tooth is very good
indeed. During curing, a large amount of shrinkage will
cause high levels of stress to be built up in the remaining
tooth structure, the tooth-restoration interface or the



restorative material itself.

« It is also more difficult to manipulate the material to form
good contact areas and stable occlusal relationships when
the material will shrink (Figure 7.14).

Marginal staining Decreased wear
resistance
Microleakage
Discolouration F————Secondary
carnes
Debonding .
Inflammation
of the pulp

m The sites where polymerization shrinkage can affect a restoration:
marginal staining, microleakage down the wall with risk of recurrent caries;
microleakage causing pulpal irritation; and pull away and debond from floor of
cavity.

The advantages of decreased shrinkage are summarized



below:

* Reduced postoperative sensitivity

* Reduced stresses within the tooth tissue, at the tooth-—
restoration interface and within the material

* Reduced bulk or microfracture of tooth tissue
* Reduced microleakage
* Reduced secondary caries

« Improved bonding between the resin, adhesive and the
tooth due to greater dimensional stability.

Some manufacturers have changed the resin chemistry by
changing the constituents of the resin. By attempting to
eliminate the lower molecular weight monomers that exhibit
greatest shrinkage on polymerization, the overall shrinkage of
the resin can be reduced. Many products have as their resin
component a mix of bis-GMA with bisphenol A polyethylene
glycol diether dimethacrylate (bis-EMA) and UDMA, which
shrink much less on curing that the original bis-GMA/lower
molecular weight systems. By using this system, there is
virtual elimination of TEGDMA and the higher polymerization
shrinkage values seen with it. This resin is more hydrophobic
and a slightly softer resin matrix is created, which may
influence wear resistance. The resin base colour is lighter and
the higher molecular weight leads to less shrinkage as there is
greater distance between the methacrylate groups on the
monomer chain.

Of the methacrylate-based resin composites currently



available, the lowest shrinkage is of the order of 2.2% by
volume while the average value is between 2.5% and 3%. This
is seen in products using the bis-EMA/UDMA resin
combination and not bis-GMA resins alone and occurs when
the monomer matrix converts to the polymer state. This figure
while low, still represents a significant problem clinically and
so manufacturers have attempted to further reduce it in a
number of ways to reduce the effect of this shrinkage.

Strategies to overcome polymerization shrinkage

In general when a polymer sets it shrinks toward the centre of
its mass. If it is in the form of a sphere, the diameter of the
sphere is reduced. In a cavity the problem is more complex but
the basic principle is the same. When placing these materials
the dentist can reduce the effect of shrinkage of the overall
restoration in a number of ways. Firstly, if the material is
placed in increments and each increment is cured prior to the
placement of the next increment, the shrinkage is minimized
and compensated for to some extent. This technique is termed
incremental build-up.

The magnitude of stress depends on the composition of
the composite and its ability to flow before gelation occurs.
This is influenced by the shape of the cavity and can be
overcome by the way the dentist places the material into the
cavity. This has been termed the configuration factor (C
factor) and is the ratio of bonded to unbonded surfaces. The
higher the ratio the more stress is potentially incorporated
into the situation. A Class I cavity has the highest C factor as



there are five bonded surfaces (four axial walls and the cavity
floor) and only one unbonded surface where stress relief can
occur (the occlusal surface). Compare this with a Class IV
cavity or a cuspal replacement where the converse occurs.
Techniques have been advocated for the placement of resin
composite so that only one or two surfaces are contacted by
the material at any one time, which decreases the C factor to
eliminate stress. This will also allow for compensation of the
polymerization shrinkage, with each subsequent increment
offsetting the effects of this shrinkage. Unfortunately, the
recommendation to keep cavities small tends towards having
cavities with high C factors, which means that greater stress is
set up with the inherent risk of interface failure.

Class IV: cavity which involves the incisal tip of an anterior tooth.

</

Incremental build up allows for more effective and uniform polymerization and

reduces total polymerization shrinkage (Figure 7.15), which may decrease stress
generated at cavity walls and so reducing potential for debond gaps and cuspal
deflection. It has, however, been shown that even with incremental build-up, once
the final increment is placed the risk of cuspal flexure still exists. Proper placement
of the first increment is the most important step and the dentist should ensure that

it is fully polymerized as this increment is the furthest from the light.
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in a posterior cavity.

Stresses within teeth will also depend on the compliance
of the tooth. This is the ability of the tooth to withstand
flexure and is dependent on the amount and quality of the
remaining tooth tissue and its position. Furthermore, how
each increment is placed in the cavity and polymerized can
influence the stresses built up within the tooth, at the tooth-
restoration interface and within the resin composite material
itself. When the composite shrinks, various effects can occur in

the cavity:

« If the tooth tissue is of sufficient bulk that it is stiff and
inflexible, all the stresses will be concentrated at the

interface between the tooth and the filling.
- If these forces exceed the bond strength at the interface, a

gap will develop. As has been seen above, this is
associated with a potential risk of failure of the

restoration.
« Shrinkage occurs towards the wall of the preparation to



which the composite is most strongly bonded. Separation
at the interface may occur if the contraction force exceeds
the bond strength.

» Fracture of enamel and dentine may occur causing fracture
of thin enamel margins, cuspal flexure or cracked cusp.

Stresses also occur within the composite material itself. If,
however, the remaining tooth tissue is less bulky and can flex,
when the polymerization shrinkage takes place, the stresses
are dissipated through the remaining tooth tissue and the
interface between the tooth and restoration. In this case some
flexure of the tooth can occur. Partial or total bond failure will
allow bacteria to penetrate the tooth-material interface,
causing caries, staining and postoperative sensitivity. The
restoration may also be lost.

Polymerization stress is mainly determined by three
factors:

 Polymerization shrinkage
- Internal flowability of the materials

 Polymerization kinetics (speed of cure).

Sensitivity to ambient light

Resin composite materials are photophilic. This can work in
two opposing ways for the dentist. It is an obvious advantage
to be able to cure the material at will when the clinician is
happy with the form of the restoration placed. However, due
to the strength and amount of ambient light in the clinic, the



material can start to set prematurely with consequential
clinical problems. Thus it may be necessary to reduce the light
that the unset material is exposed to by either angling the
operating light away from the area being worked on or by
using an orange shield to filter light of the photo-initiator’s
wavelength (Figure 7.16). The manufacturer can also play a
part in the control of this by varying the amount of tertiary
amine included in the paste.

Fig. YA LW An orange filter being used when the dentist is manipulating unset
resin composite. This filter reduces light to the optimum wavelength so preventing
premature set of the material and allowing the dentist to work with the material until
it is desirable to light cure.

Sensitivity to water and water uptake

All resin-based composites are inherently hydrophobic
(sensitive to water contamination) due to their chemical



nature and so excellent moisture control is essential during
placement and prior to curing to optimize placement and
longevity. During clinical use, water from oral fluids may be
taken up into a dental material. This is termed water
sorption and occurs in resin composite materials. It can cause
irreversible degradation of properties of the resin composite,
affecting its wear resistance and colour stability as staining
can occur. The water is absorbed by the resin. The filler
particles will not absorb water but adsorb it on its surface. In
the long term this will also mean filler degradation.

Rubber dam, which is the most effective means of achieving a dry field, has been

strongly advocated when resin-based composites are being used clinically. If the
tooth to be worked on cannot be properly isolated or if the cavity extends into an
area where good moisture control cannot be gained then consideration should be

given to using an alternative material.

The amount of water taken up primarily depends on the
resin content of the resin composite and the durability of the
bond between the filler and resin. In general, the greater the
resin volume in the composite, the greater the water sorption.
As water sorption occurs, the material will swell due to
hygroscopic expansion. This phenomenon starts about 15
minutes after initial polymerization and continues for up to 10
weeks, depending on the size of the restoration. It has been
postulated that this expansion helps to offset the effects of
polymerization shrinkage. However, this fluid exchange is a



slow process so it cannot prevent the instantaneous shrinkage
seen on setting. The volume uptake is also substantially less
than the volumetric shrinkage, so this can never compensate
for the initial shrinkage (see Figure 7.17).
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m Change in composite volume with respect to time after
polymerization and then immediate immersion in water. Immediately on
polymerization there is a 2.3% reduction in volume which by 10 weeks has reduced

to 1.9%. The composite restoration remains smaller than the cavity that it was
designed to obturate.

Coefficient of thermal expansion

Resin composites generally have a coefficient of thermal
expansion relatively close to that of tooth tissue. Again the
expansion is usually greatest with those resin composites that
have a large volume fraction of resin. The significance of this
is that during normal use on ingesting cold food the
restoration shrinks more than the tooth, stressing the tooth-—



restoration interface. When hot liquids and food are ingested
the restoration expands more than the tooth, causing the
restoration to become larger than the cavity and compressing
the tooth tissue with which it is in contact.

Biocompatibility

Many millions of resin composite restorations have now been
placed worldwide with no adverse biological effects. However,
a number of potential problems have been attributed to this
family of materials.

« Bisphenol A is known to mimic the hormone oestrogen in
vitro and has been linked with male infertility, and
prostatic and breast carcinomas. This is primarily when in
monomeric form. After polymerization the risks are
reduced.

* Bis-GMA, TEGDMA and UDMA are cytotoxic in vitro in
their pure form. There is concern about the biological
effects of these chemicals eluding from resin composites
restorations after curing. The amount of chemical released
depends on the type of the resin composite and the
method and efficiency of its cure. There is evidence of
mild pulpal inflammation when the material is placed
directly on the pulp. This response continues for some
time.

« Hydroxyethylmethacrylate (HEMA) is contained in many
resin composite products and bonding agents. Its
potentially harmful effects are discussed in Chapter 10.



For these reasons the use of resin composites on pulp
tissue or where micro exposures may be present is
contraindicated.

Durability

The longevity of these materials is still not as good as other
materials such as amalgam. The number of restoration
surfaces has a directly proportional influence on survival
outcome. This at first sight is a surprise as the vast majority of
the mechanical testing values for the resin composites are as
good as those for amalgam. However, the Achilles heel of the
composites is that the resin is relatively much weaker than the
filler. The detrimental effects of water sorption and solubility
linked to the less than ideal level of conversion often obtained
in the mouth means that the results will always be more
variable, and any restoration will undergo a slow but steady
degradation after placement. This is compounded by the wear
that can occur as a result of the problems at the interface
between the resin and the filler.

Resin Composite Categories

As mentioned on page 76, the resin composites can be divided
conveniently into:

* Chemically cured (sometimes referred to as self-cured)
« Light cured

e Dual cured.



Chemically cured resin composites

The setting of chemically cured materials started as soon as
the two pastes are blended together by hand mixing.
Disadvantages of these materials are:

- They have a finite working time prior to their setting.

« Air can be incorporated into the mixed mass during mixing
so causing porosity and failure due to internal stress
concentrations as a result of air inhibition of the setting
reaction (Figure 7.18).

 Their presentation makes their clinical manipulation more
difficult.

« Inferior colour stability due to the increased amount of
tertiary amine needed to chemically catalyse the reaction.
These materials tended to become yellow over time
(Figure 7.18).

« Their abrasiveness damages the stainless steel instruments
used to mix them.

* There is lower conversion of monomer to polymer.
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IS AN RT-W W (A) A large void in the line of fracture of a sample of resin
composite, which was formed as a result of air incorporation during mixing. (B) A
chemically cured composite which has discoloured in bulk due to the decomposition
of the tertiary amine.

As a result, chemical cured composites have largely fallen
out of favour since the development of light (command)
curing.

Commercially available products

Some materials are still available on the market (see Table
7.4).

Table 7.4 Some chemically cured resin composites still available on the market




Clearfil Posterior 3 Kuraray

Concise 3M ESPE
LuxaCore DMG
Mixing

Two equal-sized portions of paste (one catalyst, the other
base) are dispensed onto the mixing pad. These portions
should be rapidly mixed with a plastic spatula and the blended
paste applied quickly to the cavity to be restored. The
material should then be left undisturbed for 4-5 minutes to
allow it to achieve its full set.

Light cured resin composites

Generally speaking, light cured materials are more convenient
and these days the majority of the resin composite products
available involve some exposure to light energy to effect their
cure. The mechanism of light curing is described in detail in
Chapter 2.

Dual-cured resin composites

As the name suggests these materials have the ability to set
chemically without exposure to light energy or can be cured
by command with a curing light. These materials tend to be
used as core build-up materials or for bonding indirect
restorations (see Chapter 11).

Commercially available products



Representative examples of dual cured resin composites are
shown in Table 7.5.

Table 7.5 Some dual-cured resin composite core build-up materials currently

available on the market

Product Manufacturer
Clearfil DC Core Automix Kuraray
Core Restore 2 Kerr Hawe
CromaCore Twix Morita
LuxaCore Dual DMG
MultiCore HB Ivoclar Vivadent
ParaCore Colténe Whaledent
Rebilda DC Voco

Core build-up materials need to be strong by definition. It
is advantageous that their hardness is such that they cut like
dentine during the subsequent crown or bridge abutment
preparation. Many products are used with core forms to
facilitate their placement. Some products are advocated to
cement posts in situ as well as being used as the core build-up
material which is clearly convenient in that the clinician need
only use one material, simplifying the procedure. Care must
be taken to ensure that the margin of the definitive cast
restoration extends beyond the margin of the resin composite
core, otherwise there is a risk of failure as the resin composite
degrades.



Advantages and Disadvantages of Resin Composites

The advantages and disadvantages of using resin composite as
restorative materials are set out in Table 7.6.

Table 7.6 Advantages and disadvantages of resin composite materials

Advantages Disadvantages
Excellent aesthetics Time consuming to place so more expensive
More conservative cavities Hydrophobic
Command set Photophilic
Multiple applications Polymerization shrinkage
Can be repaired adequately Technique sensitive, more difficult to place
May be bonded to enamel and Decreased longevity with increased number of

dentine using adhesive systems restored surfaces compared with amalgam

Reduced microleakage when Attract greater number of bacteria than
compared with amalgam amalgam restorations unless well polished
Low thermal conductivity Difficult to finish adequately

Indications and Contraindications

The indications and contraindications for resin composites are
set out in Table 7.7.

Table 7.7 Indications and contraindications of resin composite materials

|| Indications " Contraindications ||



Conservative repair of direct and indirect

restorations

Poor oral hygiene

Direct restorations where aesthetics are of

prime importance

Where excellent moisture

control cannot be guaranteed

Patient preference

Extensive cavities

Core build-ups

Operator inexperience

Splinting of periodontally compromised teeth

or replacement of exfoliated teeth

When any cavity margin is not

in enamel

Treatment of non-carious tooth surface loss
(NCTSL) lesions

High occlusal

loads/unfavourable occlusion

Restoration of small- and medium-sized Class
I and II cavities and perhaps larger cases

depending on the clinical situation

With dentine pins

Allergy to other materials (such a metals)

Proven cases of sensitivity to
any of the materials contained

therein or their adhesives

Treatment of fractured cusp

High caries rate

Ultraconservative treatment of carious lesions

(preventive resin restoration)

Insufficient time available to

complete the procedure

Minimally invasive techniques

Use with a eugenol-containing
dental material, e.g. lining or

temporary luting agent

Bonding of indirect restorations

Restoration of Class III and IV cavities

Restoration of cavities in patients opposed to

amalgam use




form for a non-adhesive restoration

Where it is not possible to obtain retention “ “

General Subtypes of Resin Composite Materials on
the Market

Resin composites can also be classified into three groups
defined by their handling characteristics:

« Universal: used for general work, having been available
for the longest time. Can be used for all applications but
there may be some compromise in specific uses.

« Flowable: more fluid composites used especially for the
ultraconservative restoration of teeth.

- Packable: more viscous materials generally only used in
posterior situations.

The handling characteristics are manipulated by the
manufacturers by varying the constituents of the materials.
Generally, the stiffer materials have higher filler loading with
the opposite being true for the flowable materials. Figure 7.19
illustrates the varying viscosities of flowable, universal and
packable resin composite materials, all manufactured by the
same company.



" Filtek™ Supreme XT

PR

Fig VA LM Difference in viscosity between a flowable (Filtek Supreme Flow),
al (Filtek Supreme XT), and a packable resin composite (Filtek P60) (3M

Build-up or layering techniques have become popular with
those clinicians and patients desiring the highest quality of
aesthetic restoration. These are mainly used anteriorly but
their use in the posterior segments is increasing. The materials
appropriate for this technique have been termed layering or
build-up composites. The materials have varying levels of
filler opacifiers and tints to alter translucency, opacity and
shade of the material. The selection of the appropriate
materials for a particular use is therefore of some importance
if an optimum result is desired.

WA Which resin composite should the dentist choose

to use?

As with any dental material, the ease of which the clinician can use and manipulate




the material is an important factor; therefore personal preference is a significant
factor. Other criteria which should be considered when selecting a resin composite

material are:

» The intended use; anterior, posterior or highly aesthetic restoration. Can one
material have multiple uses clinically?

» An adequate range of shades available for the intended situation.

* The resin composite consistency:
— The ease of removal from the compule or syringe
— Adhesion to instruments
— The ease of placement in the cavity
— The ease of adaptation to the cavity
— The ease of manipulation and sculpturing
— The ability to retain shape during manipulation (i.e. its resistance to slump)
— Incremental adaptation to bulk without voids being created.

« Sensitivity to ambient light, i.e. premature polymerization under normal clinic
lighting during placement.

 Curing efficiency of light polymerizing unit: will the selected light cure the
selected material effectively?

« Ease of polishing and the ability of the material to retain this in clinical use.

+ Cost effectiveness. Very often cheaper materials will not perform well,
necessitating their replacement at extra financial cost to the dentist. Frequently
there will be a biological cost to the tooth as more tooth will be lost with each
subsequent replacement. The prudent dentist will insist of using good-quality
materials which may be more expensive initially but whose performance and
longevity have been proven to be superior.

Universal resin composites

The wuniversal resin composites are the conventional
presentation and ‘work horse’. They perform satisfactorily in
many situations and often provide a clinically acceptable
result (Table 7.8 and Figure 7.20). However, their properties
limit their application in the specialized practice where more



complex and challenging aesthetic treatments are being

carried out.

Table 7.8 Indications for the clinical use of universal resin composite materials

Indications

Contraindications

Restoration of Class III and Class IV cavities
where aesthetics are important but not

paramount

Where aesthetics are critical

Repair of incisal non-carious tooth surface loss
(NCTSL) lesions

Too conservative a cavity

Use with reinforcing fibres for splinting

Class V to restore carious lesions where retention

is by an undercut

Restoration of small Class I and II cavities

Where inadequate enamel
surface is available for

etching

Fig VAW VB A universal resin composite being used for two different indications:

(A) a distoincisal Class IV restoration in tooth 11 and (B) build up of incisal edges of

the lower incisors and canines affected by non-carious tooth surface loss. Note that
while the aesthetics are acceptable they are not as good as they could have been had a

layering resin composite been used.



Commercially available products

See Table 7.9 for products currently on the market. Some are
available in shades which correspond to gingival tissue (for
example GC’s Gradia Gum). This is useful if the clinician
wishes to mask an area in the cervical region of a tooth to
make it look like gingival tissue.

Table 7.9 Some regular viscosity resin composite materials

Product Manufacturer Type o‘f
composite
Amaris Voco Hybrid
Brilliant Esthetic Line Colténe Fine hybrid
Whaledent

Ceram.X Mono Dentsply Nanofilled
Charisma Heraeus Microhybrid
Clearfil Majesty Esthetic Kuraray Nanofilled
Durafill VS Heraeus Microfilled
EcuSphere DMG Microfilled
EcuSphere Carat DMG Microhybrid
EcuSphere Shape DMG Microhybrid
Filtek Supreme XTE Universal 3M ESPE Nanofilled
Restorable
Filtek Z250 3M ESPE Microhybrid
GC Gradia Direct GC Microhybrid
Glacier SDI Microhybrid




GrandioSO Voco Nanohybrid
Helio Progress Ivoclar Vivadent Microfilled
Herculite XRV Kerr Hawe Microhybrid
Ice SDI Nanohybrid
N’Durance Septodont Nanohybrid
Photo Clearfil Bright Kuraray Microfine
Point4 Kerr Hawe Microhybrid
Polofil Supra Voco Microhybrid
Premise Kerr Hawe Nanofilled
Prodigy Kerr Hawe Microhybrid
Spectrum TPH 3 Dentsply Microhybrid
Synergy D6 Colténe Nanohybrid
Whaledent
Synergy Nano Formula Duo Shade Colténe Nanohybrid
Whaledent
Tetric Ivoclar Vivadent Microhybrid
Tetric EvoCeram Ivoclar Vivadent Nanohybrid
Venus Heraeus Microhybrid
Z100MP 3M ESPE Microhybrid

!

For many of the products in this universal resin composite category, the
manufacturers claim that they may be used in the posterior segment. The clinician

should be careful with this indication as the durability of these materials is still

being questioned and results of existing long-term studies are equivocal.




Flowable composites

Flowable resin composite materials have been available since
the mid-1990s. They complement the wuniversal resin
composites as they have a much lower viscosity with different
handling characteristics. They are chemically similar to
conventional resin composite materials but with a
substantially lower filler loading. In some products the filler
particle size has been increased to compensate for this. When
compared with universal resin composite materials they:

 Are not as strong in compression
* Are not as wear resistant

- Exhibit greater polymerization shrinkage upon curing.

They behave more like the resin component of the
composite. Table 7.10 lists the indications and contradictions
of flowable composite products and two examples of small
Class I cavities filled with flowable composite are illustrated in
Figure 7.21.

Table 7.10 Main indications and contraindications of flowable resin composite

materials

Indications Contraindications

Small Class I cavities particularly involving High stress bearing situations, for
enamel only or a small amount of dentine in || example, the restoration of tooth

permanent or deciduous teeth wear on the incisal edges of




anterior teeth

Class V cavities especially caused by non-

carious tooth surface loss (NCTSL)

Restoration of anything larger than

small Class I cavities.

Repair of deficient amalgam margins where

the restoration is otherwise sound

Where good moisture control

cannot be achieved

As a lining material especially when a
packable composite is to be used to restore

the cavity

Restoration of any Class II cavities

Blocking out of undercuts in inlay

preparations

To enhance the bond between the enamel
margin and a more heavily filled (i.e.
packable) resin composite at the bottom of
a Class II box

Ceramic repairs in non-stress-bearing

situations

Repair of bisacryl composite temporary

restorations (Chapter 14)




| S-S0 A W W Two minimal cavities restored with Filtek Supreme XT Flow (3M
ESPE) (A) Tooth 37, the material is covering the whole of the occlusal surface. (B)
The restored mesial part of the occlusal fissure in tooth 48.

(Photo on the right courtesy of Dental Update.)

Commercially available products

A representative examples are shown in Table 7.11. The
flowable resin composite materials currently on the market
are presented in a variety of shades and opacities, including a
pink shade to mimic gingival tissue. Some of the newer
products on the market are self-etching (Vertise Flow, Kerr
Hawe) and provide a means of enhanced micromechanical
attachment due to etching of the enamel. There may be some
chemical interaction but to date this has not been
demonstrated conclusively. The handling of these materials
varies between products but generally their thixotropic
characteristics are such that they hold their shape when they



are placed and do not ‘run’, drip or slump.

Table 7.11 Some flowable resin composite materials currently available on the

market
Product Manufacturer Type o.f
composite
Clearfil Majesty Flow Kuraray Microhybrid
Durafil Flow Heraeus Microfilled
Filtek Supreme XTE Flowable 3M ESPE Nanofilled
Restorative
G-anial Flowable GC Nanohybrid
GC Gradia Direct Flo GC Nanohybrid
GC Gradia Direct LoFlo GC Microhybrid
Grandio Flow Voco Nanohybrid
Heliomolar Flow Ivoclar Vivadent Microfilled
N’Durance Dimer Flow Septodont Nanohybrid
Premise Flowable Kerr Hawe Nanofilled
Revolution Formula 2 Kerr Hawe Hybrid
Smart Dentine Replacement (SDR) Dentsply Microfilled
Synergy D6 Flow Colténe Nanohybrid
Whaledent
Synergy Flow Colténe Nanohybrid
Whaledent

Tetric EvoFlow Ivoclar Vivadent Nanohybrid
Vertise Flow Kerr Hawe Nanohybrid




Venus Flow Heraeus Hybrid

Wave SDI Nanofilled

X-Flow Dentsply Nanofilled

Thixotropy: certain gels or fluids are thick and viscous under normal conditions,
but can flow, becoming thinner and less viscous, when shaken, agitated, or
otherwise stressed. In the dental arena, stressing by manipulating the material
will allow it to thin and once manipulation ceases it will thicken again.

Applications

A restorative material with a lower modulus of elasticity such
as a flowable resin composite has an increased ability to flex
during function, and is thus better able to withstand flexural
forces. This is also dependent on the bonding between the
tooth and restoration (see Chapter 11). Lower modulus of
elasticity is particularly useful when the clinician wishes to
restore non-carious tooth surface loss lesions as stresses are
concentrated in the cervical region of a tooth. This has been
termed abfraction. Universal resin composites should be used
with caution in this situation as wunlike flowable resin
composites, their high filler loading makes them more rigid
and more prone to marginal disruption. Flowable composite
materials have the advantage of better aesthetics when
compared to the glass ionomer cements which have also been
advocated for use in these sites (Figures 7.22 and 7.23).



| ST MWWV A Preoperative view of buccal (Class V) non-carious tooth surface loss
esions on teeth 23 and 24.

(Photo courtesy of Dental Update.)

3T WA RE The non-carious tooth surface loss lesions shown in Figure 7.22
restored using a flowable resin composite material (Filtek Supreme XT Flow, 3M




ESPE).
(Photo courtesy of Dental Update.)

Abfraction: During function, flexion occurs in the teeth and this flexion is
concentrated at the cementoenamel junction. The enamel crystals in this region
suffer microfractures and the defect is born as the enamel and dentine break
away. The lesion can be exacerbated by the effects of abrasion (foreign body to
tooth wear e.g. tooth brushing) and also by chemical means (erosion).

Flowable resin composite materials may be used to provide a
thin covering on the occlusal surface of molars and premolars
where early fissure caries has been removed.

</

Many flowable resin composite materials are presented in compules or syringe

presentation with a blunt-ended needle. This facilitates clinical placement as the
material can be precisely directed into the area into where it is required (Figure
7.24). This blunt tip may also be used to ‘sweep’ the material into the desired
position, or, alternatively, an instrument with a broad tip such as William’s

periodontal probe could be used (Figure 7.25).




13T (A) A compule containing a flowable resin composite material (X-
Flow, Dentsply) and (B) a thin metal cannula directing a flowable resin composite
material into a small occlusal cavity.

(Photo on the right courtesy of Dental Update.)

13T Ml The blunt end of William’s periodontal probe can be used to sweep
flowable resin composite into the fissure system or small occlusal cavity.

Where the lesion is deeper, the bulk of the cavity is
restored with either a glass ionomer cement or a universal
composite and then covered with the flowable composite to
give a smooth surface. This technique is used primarily in




paediatric dentistry.
Fissure sealants

Fissure sealants are placed on the occlusal surface of newly
erupted molar teeth to occlude the fissure pattern and thereby
delay or prevent the onset of fissure caries (Figure 7.26).
These materials were probably the precursor to flowable
composites. The initial materials had no filler but more
recently a low loading of filler particles has been added to aid
manipulation and as a means of identifying the sealant once
it has been placed. The absence of filler in some sealants
means that the products are transparent. This permits the
examination of the tissue underneath them to detect recurrent
caries. The yellow colouration of the resin makes diagnosis of
a recurring lesion difficult unless it is extensive. Some products
are coloured pink initially to aid in the application and, like
some ceiling paints, change colour when light cured to
facilitate their placement. Some resin systems are claimed to
release fluoride.

s N
. ’\ R " Margin of sealant

on enamel

Sealant

Extent of sealant
into fissure

Fissure



M Cross-section through a tooth showing the extent of a resin sealant
over its occlusal surface and into the depth of the fissure.

There has been concern that materials predominantly
based on bisphenol A may potentially mimic oestrogen. This
concern is based on the effect of the unpolymerized bisphenol
A, which may remain on the surface of the fissure sealant as a
result of the inhibition of the polymerization by oxygen.

Commercially available products

A selection of the commercially available materials are listed
in Table 7.12. Other materials available which have been used
for fissure sealing include glass ionomer cements and
compomers.

Table 7.12 Some fissure sealant products currently available on the market

Product Manufacturer Notes

Clinpro Sealant 3M ESPE Changes from pink to white when
cured

Concise 3M ESPE White

Conseal F SDI Releases fluoride

Delton Dentsply Available in white or transparent

Fissurit Voco Available in white or transparent

Fissurit F Voco White with fluoride release

Fissurit FX Voco White with increased filler loading

Fuji Triage GC This is a glass ionomer cement




Grandio Seal Voco White nanohybrid resin sealant
Guardian Seal Kerr Hawe Can be seen yet allows caries detection
Helioseal Ivoclar White in colour
Vivadent
Helioseal Clear Ivoclar transparent
Vivadent
Helioseal Clear Ivoclar Transparent with reversible colour
Chroma Vivadent change
Helioseal F Ivoclar White with fluoride release
Vivadent
Packables

This presentation was developed to be used in posterior
situations. The more viscous nature of packable resin
composites necessitates increasing the force the clinician must
apply to place the material into the cavity. Their handling on
placement is more like dental amalgam, in that it requires
force to condense the material into the cavity. Indeed one
reason that packable resin composites were produced was to
mimic this property of dental amalgam. Dentists
subconsciously compare all materials to the handling of dental
amalgam, however, unlike amalgam, the molecules in the
materials are not condensed closer to each other and so the
term ‘packable’ is more correctly used than ‘condensable’. The
increased viscosity is usually gained by a higher volume of
filler (in excess of 60%) incorporated into the resin matrix.
The majority of these materials are hybrid materials to



achieve good filler packing. The effect of a higher filler load
increases the fracture resistance of the material which is
required in the posterior region of the mouth to withstand
forces during function. Manufacturers expend much time in
achieving a homogeneous paste at these filler loadings and
ensuring that there is sufficient resin to bind the filler particles
together. The high viscosity of packable composites can
potentially increase the tendency to create voids along the
cavity walls and between each increment of material. Figure
7.27 shows a molar restored using a packable resin composite
material.

| 3T AWV An occluso-buccal cavity in tooth 36 restored with P60 (3M ESPE).

Commercially available products

Table 7.13 lists some of the currently available commercial
materials. Materials such as GC Gradia Direct X contain pre-



polymerized filler to further reduce the amount of resin and
with it the amount of polymerization shrinkage.

Table 7.13 Some packable resin composite materials currently available on the

market

Product Manufacturer Type of composite
Clearfil Majesty Posterior Kuraray Nanofilled
Clearfil Photo Core Kuraray Core build-up material
Clearfil Photo Posterior Kuraray Nanofilled
Filtek P60 3M ESPE Hybrid
G-anial Posterior GC Nanohybrid
GC Gradia Direct X GC Nanofilled
GC Gradia Posterior GC Nanofilled
Heliomolar Ivoclar Vivadent Microfilled
Heliomolar HB Ivoclar Vivadent Microhybrid
Premise Packable Kerr Hawe Nanohybrid
Prodigy Condensable Kerr Hawe Hybrid
QuiXfil Dentsply Hybrid
Rok SDI Hybrid
Solitaire 2 Heraeus Hybrid
SureFil Dentsply Hybrid
Synergy Nano Formula Compact || Colténe Whaledent || Nanohybrid
Tetric Ceram HB Ivoclar Vivadent Microhybrid

X-Tra Fil

Voco

Hybrid




Layering resin composites

With the increasing patient demand for aesthetics of a high
order, dental materials manufacturers have responded by
developing resin composite materials to produce as good an
aesthetic result as possible. These materials have been on the
market for over 10 years and are composed of composites of
differing shades, opacities and translucencies within the same
kit akin to an artist’s palate. The dentist must create the
restoration by building up the tooth in layers using the
appropriate dentine and enamel shades. The method adopted
is to incrementally build up the tooth using the appropriate
shade, opacity and amount of materials to characterize the
tooth rather than using one shade packed to excess and
cutting back. Placement of the material can be facilitated by
utilizing a matrix technique. This can be either a silicone putty
index anteriorly or an occlusal index using a translucent bite
registration material. Layering results in minimal finishing.

</

With the layering resin composite materials, the correct amount of composite
should be placed in the right place and not cut back! The use of indices facilitates
this.

!

The use of layering resin composites requires much time and perseverance to

become fully accustomed, comfortable and competent in their use. It is strongly




recommended to attend a course and then practise on a manikin head prior to
attempting to use these products in the clinic. There is a long learning curve but

practice makes perfect!

Younger teeth are more translucent, the dentine being
lighter in shade. As the tooth ages, the dentine darkens,
turning almost ivory. Similarly the enamel surface wears and
surface detail is lost. Layering resin composite systems permit
matching the restoration to tooth under these varied
conditions. Thus their main indication and usage is when the
best possible aesthetic result is required, particularly in the
anterior region. Figure 7.28 shows the enhanced aesthetic
results which can be achieved by using this technique with the
appropriate materials.

Fig VWA A Class IV cavity in tooth 11 restored using a layering resin composite.
Note the excellent aesthetics, the restoration is almost imperceptible.




While optimized aesthetics are of great importance in the
anterior sextant of the mouth, in the posterior region a slight
mismatch of material with tooth aids in restoration removal if
necessary and tooth conservation. In addition, the clinician
should check that the material is suitable for posterior use with
respect to parameters such as shrinkage and wear resistance
as many of these materials have inappropriate filler loading
for posterior applications.

Commercially available products

A selection of the currently available aesthetic layering resin
composites are shown in Table 7.14.

Table 7.14 Some aesthetic layering resin composite materials currently available on

the market
Product Manufacturer Type of composite
Ceram.X Duo Dentsply Nanofilled
Clearfil AP-X Kuraray Microhybrid

Direct Venear & Composite System Edelweiss Dentistry Nanohybrid

Esthet-X Dentsply Microhybrid
Filtek Supreme XT 3M ESPE Nanohybrid
G-anial Anterior GC Nanohybrid
Gradia Direct Anterior GC Microhybrid
Herculite XRV Ultra Kerr Hawe Nanohybrid

IPS Empress Direct Ivoclar Vivadent Nanohybrid




Miris 2 Colténe Whaledent Nanohybrid
Premise Kerr Hawe Nanohybrid
Tetric Color Ivoclar Vivadent Microhybrid
Venus Heraeus Microhybrid
Venus Diamond Heraeus Nanohybrid
Venus Pearl Heraeus Nanohybrid

Patients would prefer to have an imperceptible posterior resin composite
restoration, however, the dentist should view this with caution. Although longevity
of composite restorations has increased as the materials and techniques improve,
the restoration will still have to be replaced at some point in the future. The
clinician should plan for this. If the shade match of the restoration is exact, it will
be difficult or impossible to differentiate between the material and the surrounding
tooth during its subsequent removal. This could lead to excessive tooth tissue

removal. It is therefore considered advisable to mismatch the shade slightly when

used posteriorly (Figure 7.29).




13T Myl A Class II cavity in tooth 37 restored using Miris (Colténe Whaledent),
whose shade is appropriate for the case as there is a slight mismatch, which is
considered ideal for a posterior restoration.

!

The dentist should be consistent when using resin composites and never be tempted

to mix and match different manufacturer’s products in an attempt to alter the shade.
This will result in the final mass becoming grey in appearance. In addition, the
differing chemistry of the different composites will affect the properties of the final
restoration. It is essential that the same manufacturer’s composite should be used

for any one restoration.

Tints and characterizations

Some products (Figure 7.30) provide tints, coloured unfilled
resins, which may be used to enhance opacity or translucency,



increase or decrease chroma or to include features such as
fracture lines or hypoplastic spots. Their wear resistance is
poor and so to prevent their loss due to occlusal wear, they
should not be placed on the surface but within the mass of the
restoration. The covering resin composite will then protect
against wear while the translucency of the ‘enamel’ composite
will permit the tint to be seen through it.

|3 MRV Colténe Whaledent’s Paint on Color Kit used to characterize resin
composite restorations.

Chroma: the perceived intensity of a specific colour.

Resin-based composites and tooth whitening
treatments

There has been a huge increase in the number of patients
requesting tooth whitening treatments. Many of the currently



available resin composite materials (designed for general and
aesthetic use) are thus now being supplied with bleach shades.
This allows a good shade match being gained between the
restoration and bleached tooth. This shade match may be
achieved using a different photo-initiator, which may work at
a different wavelength. As previously discussed (see Chapter
2), the clinician should ensure that the curing light they are
using is compatible with the material being cured. For more
information on tooth whitening systems and the effects of
tooth whitening ingredients on dental materials, see Chapter
18.

!

Delay bonding resin composite to teeth which have undergone a bleaching

procedure for at least 2 weeks (and preferably longer if possible) postoperatively as

the bleaching process has an effect on the tooth tissue.

Non-methacrylate-based resin composites

Dental manufacturers are always thinking of ways of
improving their products as new information and knowledge
becomes available. With a resin composite, there are two
(major) components of the material which could potentially
be modified: the filler or the resin. As has been discussed
earlier, the filler has been modified extensively and
manufacturers are at a point where not much more could be
done. As a result, some manufacturers are now looking at
ways of modifying the resin component.



One company (3M ESPE) has produced a novel resin with
the intention of decreased polymerization shrinkage and the
problems associated with it. The product (Filtek Silorane) was
first launched in October 2007 and claims to have a shrinkage
of 1%, which was considered to be sufficient as this resin
system’s longer-term expansion due to water sorption appears
to be relatively close to the shrinkage value. This
compensation assumes that the shrinkage is wuniform
throughout the restoration but this is not necessarily the case.
Although the approach is simplistic, it does at least attempt to
take account of the longer-term behaviour of the resin
composite in function in the mouth.

The resin employed in this material is non-methacrylate
based and instead utilizes a resin produced by reacting a
siloxane with an oxirane. Siloxanes are already used in
dentistry in addition silicone impression materials (see
Chapter 15) and confer hydrophobicity on the resin. Besides
imparting lower water uptake, this also confers greater
longer-term stability to the resin phase of the composite. The
oxiranes have been used industrially in applications where
they are subjected to high loads and where the physical
environment can be harsh, such as the construction of skis and
in aviation. The oxirane polymers are known for their low
shrinkage and they have high stability. The siloxane molecules
form a core to which the oxirane molecules are attached.

The oxirane components of the molecule undergo a ring-
opening reaction during polymerization so connecting the
monomers together. As the rings opens its length increases
linearly and the molecules then extend towards each other, as



compared with methacrylate-based resin where the linear
molecules contract towards each other during polymerization
so the material is seen to shrink (Figure 7.31). The filler is a
silane-coated fine quartz and ytterbium fluoride. Quartz was
selected as:

« The surface chemistry and refractive index of the quartz
matches the resin

« Zirconium oxide fillers cannot be used as the epoxy resin is
incompatible with the silanization process required to
bond the resin with the fillers.

« Yttrium fluoride is added to impart radiopacity to the

material.
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compared with (B) a methacrylate resin.

The material is categorized as a microhybrid. The material
uses camphorquinone as its initiator together with light at the
peak excitation wavelength (470 nm). This combines with an
iodonium salt and an electron donor, which generates reactive
cationic species that initiate the ring-opening polymerization



process. The silorane resin has a threshold for activation
requiring an extended cure time of 20 seconds, because a
critical mass of initiating active cationic species must be
present before polymerization will commence. Increased
intensity of light does not shorten this period so that high-
intensity lights and plasma light will:

* Not shorten the curing time

* Generate heat which could damage the tooth.

Indications and clinical use

Non-methacrylate-based resin composites materials are
indicated for restoration of Class I and Class II cavities. As
with many bespoke posterior resin composites, they are only
available in a few shades (Figure 7.32).

Fikiem = Slorane >
Low Shrink Posterior .
1 Restorative 49 477243

| ST AR YA Filtek Silorane (3M ESPE), a non-methacrylate-based composite.

Although chemically different, epoxy resin-based
composite is compatible with traditional materials such as
resin-modified glass ionomer cements and glass ionomer
cements. They can therefore be used as linings in sandwich



techniques. However, flowable resin composites and
compomers cannot be used with epoxy resin-based composites
as the composite and the (conventional) adhesive required for
bonding are incompatible. Methacrylate composites can be
used to repair cured epoxy resin-based composites.

!

» The dedicated self-etch adhesive provided with Filtek Silorane (Figure 7.33)
should only be used with this product. No other adhesive should be used as the
epoxy resin in this resin composite and traditional methacrylate bonding
systems are incompatible. Similarly this adhesive should not be used with
traditional (methylmethacrylate-based) composites (Chapter 11).

« Finishing of Filtek Silorane can be difficult due to its toughness. It is therefore
recommended that an index technique (see later) is used to minimize finishing
so that only final polishing is required after curing.




Ormocers

Ormocer is the acronym for Organically Modified Ceramics.
Ormocers are methacrylate substituted alkosilanes and were
introduced to the market approximately 10 years ago. They
are inorganic-organic copolymers and are synthesized from
multifunctional  urethane and  thioether(meth)acrylate
alkoxysilanes. Alkoxysilyl groups of the silane permit the
formation of an inorganic (silicon-oxygen) cross-linked
network by hydrolysis and condensation polymerization
reactions. Ceramic filler particles (apatite and barium glass)
are embedded into this network.

The inorganic backbone is based on silicon dioxide (such
as quartz or ceramic) and this influences thermal expansion,
thermal and chemical stability, and elasticity. The
methacrylate units allow photochemical polymerization as
well as the hardness and the material’s (tooth-coloured)
optical properties. Other molecules are added to the material
to improve the bonding abilities of the material by chemically
attaching it to tooth tissue via calcium complexing groups. The
material is claimed to be biocompatible, exhibits low
polymerization shrinkage (under 2%) and its properties such
as abrasion resistance, stable aesthetics equally favourable to
those of composite materials.

Voco’s Admira is an example of an ormocer and this
product is presented is a regular and flowable material. Its
indications are similar to those of a regular or flowable resin
composite, respectively, with similar handling properties to
the commensurate presentation. Admira Bond is recommended



for use in conjunction with the restorative material to bond to
tooth tissue.

Laboratory composites

Attempts have been made to overcome the primary
disadvantages of resin composites, polymerization shrinkage
and wear. This has entailed the use of an indirect technique
to produce intracoronal restorations, which can be designed as
either inlays or onlays.

Inlay: a fully intracoronal restoration constructed either in a dental laboratory or
in the cavity to be restored before being cemented in situ.

Onlay: a restoration constructed either in a dental laboratory or in the cavity to
be restored which is partially intracoronal but also covers part or all of the
occlusal surface, usually with the intention of affording the underlying tooth
some resistance to fracture during function.

More effective polymerization may be achieved in the
dental laboratory. By increasing the level of conversion the
mechanical properties of the material are enhanced and the
total shrinkage while being greater is uniform throughout the
mass of the restoration. The defect between the cavity wall
and the inlay caused by the shrinkage can then be filled with a
resin during the cementation process where the volume of
cement used is small and shrinkage is less significant. This
process can be achieved by light and additionally by heat.

A large restoration can be more easily constructed on the
laboratory bench in close to ‘ideal’ conditions. Here, the
technician can produce a good contour, approximal contacts



and achieve the correct occlusal anatomy more easily than the
clinician working in the mouth where the conditions are more
challenging. There is also the benefit of reduced -costly
chairside time although an extra appointment is required to
cement the restoration.

The final restoration is cemented in place using a resin
luting cement. The luting phase is the weak link in the system,
as the luting resin itself has a lower viscosity because of
reduced filler loading. This results in greater shrinkage of the
cement lute, which may be sufficient to cause shrinkage
stresses leading to failure of the bond, especially to dentine
(Figure 7.34). The union between the inlay and the resin lute
may also be reduced as the high level of conversion means
that there are fewer available unreacted methacrylate groups
left on the surface with which the luting cement can react. The
majority of laboratory resin composites are similar to their
clinical counterparts and therefore have the same advantages
and disadvantages.




white line that is developing on the mesial margin of 37 where cement is washing
out. (B) Cement lute between inlay and tooth structure. Distance between the arrows
is 300 uym and denotes the cement thickness.

Commercially available products

Some of the commercially available laboratory composites are
listed in Table 7.15.

Table 7.15 Some laboratory resin composite materials

Product Manufacturer
Adoro Ivoclar Vivadent
Artglass Heraeus
GC Gradia GC
Premise Indirect Kerr Hawe
Sinfony 3M ESPE
Solidex Shofu
SR Chromasit Ivoclar Vivadent
Tescera ATL Bisco

Fibre-reinforced resin composite

A number of systems have been developed for the
reinforcement of composites and resins. The use of fibres as a
reinforcement is a benefit if there is only one surface which is
under stress since the orientation of the fibres is critical. The
other problem is the union between the fibres and the resin.
This has proved to be a technology which is difficult to adapt



to the dental arena and only one glass-impregnated resin
system has been used to any great extent. The fibres may exist
as mesh, woven mat or single fibres depending on the
application. The best results are achieved if the fibres are
impregnated with the resin forming a continuum which is
difficult to rupture. The technology may have greater
applications in the future.

Commercially available products

Some of the currently available fibre-reinforced resin
composites are shown in Table 7.16.

Table 7.16 Some fibre-reinforced resin composite materials



Product Manufacturer Fibre type Fibre form
Connect Kerr Hawe Polyethylene  Braid
Construct Kerr Hawe Polyethylene  Fibres
Everstick C&B Sticktech Glass Unidirectional
fibre bundle
Everstick Net Sticktech Glass Mesh
Everstick Perio Sticktech Glass Unidirectional
fibre bundle
Everstick Post Sticktech Glass Unidirectional
fibre bundle
Fiber-Splint Polydentia Glass Fibre layers
Fiber-Splint Nulite Glass Fibre layers
Fiber-Splint ML Polydentia Glass Multiple layer
Fibrebind Nulite Glass Fibres layers
Ribbond Ribbond Inc. Polyethylene  Weave
Vectris Ivoclar Vivadent Glass Mesh
Vectris pontic lvoclar Vivadent Glass Unidirectional

Indications of fibre reinforced composites

* Bite splint repair and reinforcement

 Denture repair and reinforcement

» Orthodontic retainers

« The splinting of periodontally compromised teeth




* Provisional composite and acrylic crowns and bridges
* Reinforcing for composite crowns and bridges

» Single tooth stress-bearing restorations.
Clinical Placement of Resin Composite Materials

While resin composites have many applications, their
handling and placement is more demanding than almost any
other restorative material. Failure to determine the
appropriate use or to manipulate them in the correct manner
will lead to early restoration failure and non-optimization of
the properties of the material. The following aspects should be
considered for each resin composite placement in order to
ensure that the material performs as well as possible.

Occlusion

The occlusion should always be examined in centric occlusion
and all excursions prior to isolation with rubber dam. The
cavity outline should be determined in relation to the occlusal
contact with the opposing teeth to reduce the risk of direct
contact with opposing cusps and thus the occlusal load on the
restoration, and such that the remaining tooth tissue is used to
support the restoration. Occlusal contacts should be placed on
enamel if possible, and heavy occlusal contacts at cavity
margins should be avoided. An impression reproducing the
occlusal configuration may be taken to act as a template for
the final occlusal surface. This will reduce finishing time.



Cavity design

To reduce risk of failure due to fracture, a rounded internal
cavity form is desirable. This will also reduce stress
concentration and aid adaptation of the material to the cavity
walls during placement (Figure 7.35). Current thinking is that
only the area that needs to be restored should be prepared and
not the uninvolved fissure system. Maximal retention of tooth
tissue by only removing diseased tissue, that is minimizing the
cavity size, reduces the risk of wear to the restoration.
However, the minimal cavity design may need to be modified
to permit adequate access and visibility. In addition,

« It is necessary to extend through the contact area
cervically (so that any caries which is found under the
contact area can be identified and removed), but there is
no need to remove the axial margins unless these are
compromising matrix placement.

« While some unsupported enamel may be retained, there is
a risk that retention of excessive unsupported material
may lead to fracture. A white line at the margin is
indicative of this phenomenon.



|3 VAR LW An occlusal cavity in tooth 26 being restored under rubber dam using
aresin composite.

The resin composite can, however, be mechanically
bonded to the enamel, providing some support. The amount of
enamel that may be retained must be judged in the light of the
stress which will be placed on the restoration—tooth complex.

While bonding of resin composite to tooth tissue may be
achieved using an intermediate bonding layer (see Chapter
11), this should not be relied on to retain the restoration.
Additionally, mechanical retentive features such as undercuts
should be incorporated in any cavity design. The use of
dentine pins is inadvisable as adaptation round the pins is
poor and there is a risk of thin sections of composite
fracturing away from the pin surface.




+ The final choice of restorative material should be delayed until after the cavity
preparation is complete.

* Peripheral staining should be removed as this may show through the composite
restoration. This would compromise the aesthetic result.

Marginal seal

Resin composites do not bond directly to enamel and dentine.
An intermediate material must be used and the best results are
usually obtained when bonding to enamel. It is thus desirable
that all margins are within the enamel, especially in the
posterior region. If enamel is not present along the entire
cavity margin, the dentist should reconsider whether resin
composite is the best material for the situation.

</

Bevelling has been advocated to enhance the bonding of resin composites to tooth

tissue by altering the angulation of the enamel prisms. This should be considered on

a case-by-case basis, as there are some contraindications:

¢ Occlusal margins. Bevelling may leave a thin margin of composite and render it
more susceptible to cracking especially if placed in an unfavourable occlusal
scheme.

* Base of the gingival box. Bevelling in this situation may well remove any small
amount of peripheral enamel so compromising the bond gained.

» Proximal wall. Pooling of the bonding agent by capillary action will lead to a
weakened bond that is more liable to breakdown. Bevelling in this region may
also be difficult to do without damaging the adjacent tooth.

In anterior cavities, bevelling is generally considered to be advantageous as the
bond strength is improved and outweighs the most significant drawback that the

resin composite is difficult to finish to an oblique margin.




Moisture control

As these resin composites are hydrophobic in nature, excellent
moisture control is essential. If the material is contaminated
with moisture, the final restoration will have inferior
properties, and bond strength between the resin composite
and the tooth and the longevity of the restoration will be
decreased. Moisture control is best achieved by use of rubber
dam. The dam may also retract the gingivae, preventing any
fluid seepage into the cavity which can further contaminate
the material. Other methods of moisture control such as the
use of cotton wool rolls and high volume aspiration may be
sufficient but are not as effective as the operating conditions
gained when rubber dam has been placed properly. If it is not
possible to isolate the operating site from water, the dentist
should reconsider the choice of material for the restoration.

Ideally rubber dam should be used for the whole procedure of resin composite

placement, including preparation of the cavity. This will prevent gingival damage
due to retraction of the soft tissues. A cleaner, drier environment is gained, aiding

the subsequent restorative procedure.

I!i Linings

Any lining material may be used under resin composites with the exception of those

containing eugenol. Eugenol interferes with the polymerization process, which

means that the resin mass is plasticized and the restoration will have inferior

mechanical properties. Materials containing eugenol should therefore not be used



either in conjunction with resin-based materials or prior to their use, as they may
contaminate the tooth tissue which subsequently may come contact with resin

composite. This will adversely affect the set of the resin.

Etching and bonding

These steps are crucial for clinical success. It is imperative that
the dentist carefully reads the instructions supplied with each
kit and follows them fastidiously. Bonding systems should be
consistent and therefore compatible with the composite
materials being used. Under no circumstance should adhesives
and bonding systems be mixed and matching. Etching and
bonding are covered in more detail in Chapter 11.

Clinical placement

It is essential to use the right instrumentation to place these
materials, including the matrices for posterior restorations and
placement instruments designed for use with resin composites.

Matrices

One of the most challenging aspects when placing a posterior
composite is to achieve a good contact area, and the use of the
correct matrix system is vital. Matrices need to incorporate
some form of luxation force to open the interproximal region
and allow the thin matrix to be burnished against the adjacent
tooth. This will provide both a tight contact area and
improved contour, facilitating oral hygiene. On removal of the
matrix, the teeth will spring back towards each other, helping



to offset the effect of polymerization shrinkage and creating a
tight contact. An example of a sectional matrix system is
shown in Figure 7.36 and such systems available on the
market include the products listed in Table 7.17. In addition,
correctly placed wedge(s) will prevent the formation of an
overhang.

Fig. A% sl A sectional matrix system in situ (V-Ring, Trio Dent) where a Class II
resin composite restoration is to be placed in tooth 35.

Table 7.17 Sectional matrix systems indicated when Class II resin composites

restorations are being placed

Product Manufacturer
Composi-Tight Garrison Dental Solutions
Palodent System Dentsply
V-Ring Trio Dent




Overhang: cervical extrusion of restorative material leading to a non-confluent
restoration margin with the adjacent surrounding tooth. Overhangs
compromise cleaning and thus lead to accumulation of plaque.

</

With larger cavities, there may be insufficient tooth tissue to allow the placement of

a sectional matrix initially. In this case, the dentist should first build up any missing

buccal or lingual walls to permit placement of the sectional matrix. Alternatively, a

circumferential matrix system also designed for the placement of resin composite

may be considered.

Flexible wedges (Figure 7.37) can be used in cases with concavities of the

cervical margin so preventing the formation of an overhang.




19T MVARYAl A selection of flexible wedges: Flexiwedges (Optident) on the left and
Wave Wedges (Trio Dent) on the right.
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When restoring a Class II cavity, it is advisable to restore the proximal surface first

as this effectively creates a Class I cavity which is easier to restore and gives best
results with respect to contact areas. Once this wall has been constructed the matrix
system may be removed to improve access. However, gingival haemorrhage may
result when the matrix is removed so compromising the operating area. It is
therefore advisable to leave the matrix system in situ until all of the restoration has

been placed.

Placement into the cavity

Resin composites have a tendency to adhere to instruments,
particularly if the instruments have scratches or have been
abraded when being used for other applications. Ideally,
instruments should be earmarked for sole use with composites
(Figure 7.38) to prevent damage to them. Bespoke instruments
are available in highly polished stainless steel, titanium
nitride or are Teflon coated to overcome these problems. All
instruments for use with composites should be decontaminated
carefully, ensuring that they do not become scratched.



Fig. VA%:1 Bespoke resin composite placement instruments in various shapes and
sizes made of stainless steel (Suter Dental Instruments).

Separating media

Unfilled resin can be used as a separator. This must be used
with caution as too much may dilute the resin composite
material, altering its properties. Alcohol wipes should not be
used as a separating medium or to wipe instruments during
resin composite placement. Alcohol acts as a plasticizer so



weakening the resin composite. Clean, dry paper tissues
(Figure 7.39) are preferred should excess material be needed
to be removed from instruments.

Over-manipulation of the unset material will lead to air incorporation and
porosities within the restoration mass, causing localized air inhibition of the setting
reaction and stress within the material, leading to early failure. These problems are
of greatest significance with layering techniques. Matrices may be used to minimize
handling, such as polyester or cellulose acetate strips and crown forms or matrices
made from addition silicone. Matrices also exclude oxygen so the resin is fully cured

up to the surface.

Some clinicians advocate warming resin composite to soften it, so facilitating




its placement, as they prefer working with a more malleable material. This is not
advisable as heating the material may cause certain components to evaporate and

may initiate the setting reaction.

Index techniques to enhance surface contour

With all aesthetic restorative materials, finishing a restoration
is an exercise in damage limitation as the material has to be
ground away. This places stresses on the material and
frequently reduces the aesthetic result of the final restoration.
Minimal finishing is the objective so that there is no
detrimental effect on the mechanical properties of the final
composite. To this end, the dentist may choose to use an index
technique which copies the existing functional palatal or
occlusal surface and is then used to transfer this information
to the new restoration. In other words the index helps copying
the surface contour precisely. If the surface contour needs to
be modified, this may be achieved prior to preparation by
adapting the surface with wax or resin composite. An index
may then be taken in an impression material and retained for
later use. This technique permits:

« Reduction in the need for finishing as only minimal
adjustments are required

« More predictably shaped restoration that will function
better with respect to the occlusion.

Filling to excess and then trimming back the restorative
will, as well as damaging the restoration, also mean that the
restoration is in many cases overcontoured and occlusal stops



are lost. While an index technique will not eliminate this, it
will make restoration of this surface easier.

Different materials are used to construct the index, depending
on whether the cavity to be restored is located anteriorly or
posteriorly. Anterior indices are best constructed with a matrix
made out of putty whilst a transparent bite registration
material can copy the occlusal surface of posterior teeth.

The technique for anterior index construction is as
follows:

1. A preoperative index of the palatal surface is made using
an addition silicone putty such as Affinis (Coltene
Whaledent) (Figure 7.40). Any deficiencies in the palatal
surface are made good prior to index construction or by a
diagnostic build up. The index should be trimmed to
ensure that it will reseat onto the palatal surfaces
accurately.

2. After removal and trimming, the index is put to one side.
The cavity is then prepared, lined (if necessary), etched
and bonded. The index is replaced and the palatal surface
laid down in resin composite (Figure 7.41). This is then
light cured and the matrix is removed, so creating another
index into which the rest of the restoration may be
constructed.

3. The rest of the restoration may be constructed, finished
and polished (Figure 7.42).



ined, etched and bonded, the putty index is replaced and the palatal surface laid
down in resin composite.



| 3T MR YW The finished restoration immediately after rubber dam removal and
polishing.

The sequence for use in the posterior regions is similar
namely:

1. A preoperative index of the occlusal surface is made using
a transparent addition silicone such as Memosil (Heraeus)
(Figure 7.43). Any deficiencies in the occlusal surface are
dealt with prior to index construction. The index should
be trimmed to ensure that it will reseat onto the occlusal
surface accurately.

2. After removal and trimming the index is put to one side.
The cavity is then prepared, lined (if necessary), etched
and bonded. The resin composite is placed and cured
incrementally until the final uncured increment is placed.
The index is then firmly seated on top of the uncured
material. Any excess is removed and the final increment is



then light cured (Figure 7.44).

3. The matrix is then removed and the restoration is finished
and polished (Figure 7.45).

Transparent silicone matrix has been syringed onto the occlusal surface of the tooth.




al that the material from which the index is constructed is rigid enough so
that it does not deform under pressure, otherwise the exercise will be fruitless.

Light curing

Chapter 2 deals in great detail with the light curing of resin
composites. It is essential that the clinician appreciates that
the material will only cure satisfactorily when it is exposed to
sufficient light energy at the correct wavelength. The resin
composite should be placed incrementally, and each increment
cured prior to placement of the next. Resin composites do not
fully cure in the presence of oxygen, and the oxygen
inhibition layer has inferior mechanical properties, which
will have detrimental clinical effects. When a resin composite
is being placed posteriorly, the clinician should consider
applying a coat of unfilled resin (for example bonding resin or
bespoke products such as G-Coat Plus, GC or Biscover, Bisco)
to the outer surface of the restoration and then cure again for
40 seconds. This technique will ensure full cure of the
composite beneath and the composite surface will be unlikely
to fail due to inadequate polymerization. The unfilled resin



application to the surface will additionally seal surface defects
so improving the appearance and stain resistance.

Even after full polymerization the level of conversion of
the resin composite is never more than 70%. After light curing
has been completed, there is some further polymerization and
it is estimated that a further 10% cross-linking occurs in the
subsequent hour after the restoration as been completed. This
is termed post cure and is the reason for minimal finishing
immediately after placement as the restoration is still
undergoing its final setting phase. Disruption of the polymer
during this stage will weaken the final restoration and reduce
durability.

Finishing
It is good practice to delay finishing as long as possible
(ideally 24 hours). Excessive cutting back and finishing is

likely to lead to white line fracture around the restoration as
the interface between the tooth and restorative is disrupted.

The many instruments available to finish resin composites
range from high speed diamond or tungsten carbide burs to
aluminium oxide polishing discs, silicone points, cups and
discs of various shapes and sizes and diamond impregnated
brushes. Various lustre pastes are also available. See Chapter
19 for more information on the range of instruments available
and how to achieve the desired result.

</




Wherever possible dentists are strongly advised to finish restorations under

magnification and with the use of water spray and intermittent light pressure.

Polishability

The degree of polishability of any given resin composite
material depends on its constituents, in particular, its particle
size as has already been described earlier in this chapter.
Microfilled materials are easier to polish than macrofilled
materials.

With the introduction of the build-up resin composite
products, emphasis is on correct placement of the correct
amount of the material so post placement finishing is
minimized. The optimal mechanical properties of the resin
composite occur just under the oxygen inhibition Ilayer.
Excessive trimming will remove this outer thickness, so
exposing material with inferior properties. Gross finishing can
also lead to collateral damage on the adjacent enamel, which
is clearly undesirable. Where dual-curing composites are used,
it is wise to delay finishing for a longer period of time as the
chemical curing phase is slower to complete than the light
cured phase.

o

When finishing resin composite restorations, copious water spray should be used

with rotary instruments to prevent overheating of the restoration. Absence of
coolant can lead to hot spots and the resin temperature will rise above the glass

transition temperature, leading to melting alterations in resin form.




Long-Term Failure

The possible reasons for failure of resin composite restorations
have been discussed previously. However, an inadequate
clinical technique is frequently a cause of the long-term failure
of resin composite restorations due to:

 Leakage: this may result from inadequate placement of the

material into the cavity. It is associated with failure at the
interface  between the tooth and the resin
composite/adhesive. It is often associated with
polymerization shrinkage, stressing the bond and leading
to failure. Percolation of oral fluid at the interface will
then lead to leakage of fluid down the interface.

« Recurrent caries. This is linked to the microleakage at the

restoration and tooth interface. It may also occur due to
failure to remove the carious lesion completely or as a
result of leakage as above.

 Tooth flexure. This may occur during function particularly

with excessive tooth tissue removal. Any movement of the
tooth complex will stress the union between the
restorative and the tooth. The resin composite bond will
slowly fatigue and fail leading to microleakage along the
interface. Tooth fracture may also result.

!

When incisal non-carious tooth surface loss lesions are being restored, a sufficient

bulk of resin composite material should be provided. If these restorations are done




as thin sections, they tend to debond due to the occlusal stresses placed on them (see

Figure 7.20, p. 83).

Restoration Repair

One of the advantages of resin composite materials is that
restorations may be repaired without the need for total
removal of the existing restoration. However, the strength of
the union between the old and new material is less than 60%
of the full strength of the material. This is in part because
there are limited methacrylate groups available for reaction
with the new material. Much of the union is probably micro-
mechanical. However, evidence of adhesive failure in
laboratory testing of composite repairs suggests that there is
some chemical interaction between the two components old
and new. The epoxy resin systems now on the market only
form a small oxygen inhibited layer and so this may present a
problem when the material needs to be repaired.

Summary

« Resin composites are one of the commonest restorative
materials used today.

« These are glass and silica filled resins that set by light
polymerization.

» Shrinkage occurs during the polymerization process.

« Their mechanical properties are relatively close to
amalgam except in flexure.



» Alone they do not bond to tooth tissue.

» Variations in filler loading allow them to be adapted to a
variety of uses.

 The greater the filler loading the more brittle the material
is and likely to fracture.

» The manipulation and polymerization must be carried out
in a dry field.

- They may be used as preventive materials, for example as
fissure sealants.
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Self-assessment Questions

1. Outline the key points in the placement of a Class II resin composite
restoration.

2. Following restoration of incisors using resin composite material, unfortunately
some of the restorations have debonded quite quickly after their placement.
What could be the possible causes for this?

3. A Class IV resin composite restoration has been placed under rubber dam and



the shade match is excellent immediately postoperatively. Unfortunately, the
patient returns the next day as the shade is now too light. What mistake has the
clinician made?

4. What is a hybrid resin composite? Why is this advantageous clinically?

5. What are the major shortcomings of composite resins? How may these be
reduced during the manipulation of the material?

6. Why should the finishing of composite be delayed for 24 hours? What may
happen if the material is finished immediately?
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Compomers

Learning Objectives

From this chapter, the reader will:

 Understand what compomers are

» Appreciate the significance of their constituents and how these influence the
properties of the material

» Understand how the constituents affect the material’s clinical performance
« Have an increased appreciation of how to use this type of material more effectively

+ Be aware of the wide spectrum of usages and know the names of currently
available commercial products.

Introduction

Compomers first appeared in the early 1990s in an attempt
to combine the potential advantages of fluoride release as
seen with the glass ionomer cements, with the many
advantages of the resin composites. The aim was therefore to
produce a resin composite which exhibited a sustained and
effective release of fluoride. Previous attempts to achieve this



had involved adding various fluoride salts to conventional
resin composite formulations, but this proved to be less than
successful. The mechanism of fluoride release relies on water
being absorbed by the resin composite which then dissolves
fluoride salts such as ytterbium fluoride followed by diffusion
of fluoride ions out of the material. However, the nature of the
resin composites meant that only the fluoride in the subsurface
layers was released by this process because of the difficulty
encountered by the fluoride ions in diffusing through the bulk
of polymerized resin. Small amounts of fluoride were released
initially but this was not sustained in the longer term.
Unfortunately, another effect of these additions was to reduce
the resin composite’s longevity because of degradation of the
methacrylates.

The material finally developed lies closer to the resin-
based composites in the continuum of materials than to the
glass ionomer cements. It is primarily a resin system and is
manufactured without the addition of any water. Instead an
additional resin is incorporated which is difunctional.

Difunctional monomer: a resin monomer with two modes of chemical reaction
that are made possible by the presence two separate reactive groups on the
resin molecules. The word bifunctional is synonymous.

Nomenclature

The commonly accepted name for these materials is
‘compomer’, which was coined by Dentsply, the manufacturer



of Dyract, the first material of this type (Figure 8.1). However
the generic name for this material is polyacid-modified resin
composite, which effectively describes their composition and,
by implication, their setting mechanism.

I3 MM A buccal compomer restoration (Dyract AP, Dentsply) on tooth 16 after
aving been in service for 8 years.

Composition

The material is essentially a composite in nature, in that it is
composed of a resin components and a filler (Table 8.1).

Table 8.1 Components of compomer materials




Filler Fluoro-alumino-silicate glass Imparts strength

Source of fluoride
ions for use in the

secondary reaction

Dimethacrylate || Urethane dimethacrylate (UDMA) Primary monomer

monomer forming the resin
matrix

Difunctional TCB resin: the reaction product of Cross-linking agent in

resin butane tetracarboxylic acid and the primary reaction

hydroxyethyl methacrylate

Source of carboxyl
groups for secondary

reaction with glass

Photo- Camphorquinone Required to effect
activator and light polymerization
initiator

Tertiary amine

Hydrophilic Glycerol dimethacrylate Enhances water
monomers diffusion within

resin matrix

Resin component

The resin part has two monomeric components:

« A dimethacrylate, usually urethane dimethacrylate
(UDMA) and



* A difunctional resin monomer, which has both carboxyl
and methacrylate groups. Another type of resin which
may perform in the same way is the methacrylated
polycarboxylic acid found in some resin-modified glass
ionomer cements (see Chapter 10).

Filler

The principles of resin-based composite manufacture hold true
for compomers in that a filler is added to decrease the amount
of resin and to improve the mechanical properties and
influence the material’s appearance.

The filler is a fluoro-alumino-silicate glass, which is
similar to that found in a conventional glass ionomer cement,
to provide a source of fluoride ions and form a salt matrix
with carboxylate groups. This fine glass powder is in the sub-
8 pym size range with a filler loading volume of between 42%
and 67%. The glass usually contains lithium or strontium to
convey radiopacity to the material.

Photo-activators and initiators

Setting is initiated by the same photo-activator usually found
in resin composites, such as camphorquinone and a tertiary
amine (see Chapters 2 and 7).

Setting Reaction

The setting reaction is a two-stage process.



Stage 1

When the clinician is satisfied with the material’s placement in
the cavity, the initial setting reaction is initiated by light as
with the composite resins. This is a free radical
polymerization reaction that leads to cross-linking of the
end groups on the UDMA and the methacrylate groups on the
difunctional resin to form a resin polymer matrix in which the
glass is trapped (Figure 8.2).
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Fig MW First stage in the setting reaction of compomer materials. The initial
cure is by light polymerization.

Polysalt matrix: matrix formed of a range of salts derived from the acid and base
in the cement.

Stage 2

A secondary reaction occurs between the glass and the



carboxylate groups of the difunctional resin. This requires the
restoration to be bathed in saliva. When it becomes wet, water
is taken up by the resin system. The acid side groups
(hydrogen ions) start to dissolve the outer surface of the glass
and release the fluoride ions, which will diffuse out of the
material. A polysalt matrix is formed around the glass as in a
conventional glass ionomer cement. This is an acid/base
reaction that is aided by additions of small percentages of
hydrophilic resin (such as glycerol dimethacrylate) to the
resin mix to encourage diffusion of water within the resin and
fluoride out of it. The diffusion process takes several weeks
and there is a slow but steady release of fluoride from the
restoration once this process commences (Figure 8.3).
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Fig. (MM Second stage in the setting reaction of compomer materials. The
secondary (acid/base) reaction occurs after the restoration comes into contact with

water.

It is important to note that the setting reaction is



primarily a polymerization reaction which is complete on
exposure to the curing light energy.

Properties

Mechanical properties

The mechanical properties of compomers lie within the range
for most composite materials although they generally have
lower compressive and flexural strengths (Table 8.2) and
lower elastic moduli. Comparison of the properties of the
same manufacturer’s resin composite and compomer products
generally reveals that the resin composite has higher
mechanical properties. Compomers should therefore not be
used in situations where higher stresses are anticipated. For
further details of these values for all materials (see
Representative values of various mechanical and physical
properties of generic dental materials on prelims page ii).

Table 8.2 Comparison of some mechanical properties of compomers and resin

composites
Compomer Composite
Compressive strength Lower Higher
Tensile strength Lower Higher
Flexural strength Lower Higher

Physical properties



Polymerization shrinkage

The presence of a resin component in the paste means that the
material will shrink on polymerization. The shrinkage is
similar to that observed for composites (Table 8.3), being
between 2% and 3.5% by volume and occurs immediately on
light curing. This can disrupt any bonding that is being
attempted at this stage, since once the resin has polymerized
migration of any ions which have been released is very
limited. The clinician should be mindful of the significance of
polymerization shrinkage and consider what they can do to
minimize its detrimental effects on the restoration as detailed
in Chapters 2 and 7.

Table 8.3 Comparison of the physical properties of compomers and resin composite

materials
Compomer Composite

Wear resistance Lower Higher
Polymerization shrinkage Greater Smaller
Opacity Higher Lower
Depth of cure Smaller Greater
Polishability Same Same
Fluoride release Slight Negligible
Water sorption Higher Lower
Stain resistance Lower Higher




Adhesion

As already discussed, a resin-based composite has no inherent
ability to bond to tooth tissue. It requires an intermediate
bonding system to achieve adhesion to tooth tissue. Since
compomers are primarily resin-based systems, they too require
the use of a bonding system. Many products are available for
this.

There is little or no adhesion as a result of the secondary
setting reaction, even though there may be a number of
carboxylate groups available for chelation with calcium in
dentine. This is because unless the carboxylate groups are in
close proximity to the tooth surface, no chelation reaction will
occur. These groups may also be bound up in the resin matrix
which has already formed, so rendering them unavailable.

Chelation: the process of formation of stable complexes with metal ions.

Chelating agent: A chelating agent is a compound that forms stable complexes
with metal ions, such as calcium.

i Compomers: to etch or not to etch?

There has been much controversy since compomer materials were launched to
market as to whether the clinician should etch the tooth with phosphoric acid
prior to application of a bonding agent. Compomers may be placed without acid
etching and this is recommended by some manufacturers in an attempt to simplify
the bonding process. However, omission of this step will result in reduced bond
strengths. As compomer materials are similar to resin composites, most restorative

dentists advocate etching prior to bonding to maximize adhesion.




Fluoride release

The release of fluoride from compomers is reliant on the
secondary setting reaction which occurs after placement. The
pattern of release is a slow steady release with respect to
time. There is little or no fluoride burst or washout initially
and the rate of release is substantially slower and in smaller
amounts than that observed for glass ionomer cement and
resin-modified glass ionomer cements. This is primarily
because the process is one of diffusion of the fluoride ions into
the surroundings, which is dependent on a concentration
gradient between the external environment and the
restoration surface. If the surface of the restoration has a
greater fluoride ion concentration than the surroundings then
the ions will migrate out into the saliva or into the
surrounding tooth tissue.

The concentration of fluoride within the restoration is
determined by the rate of the secondary reaction of the glass
with the pendant carboxyl groups, which in turn is determined
by their proximity to the reactive glass surface. Since the resin
phase of the system has already set there is limited ability for
reaction between the glass and the carboxyl groups. This
further limits the amount of fluoride ions released. The
fluoride ions have to migrate through the material in order to
achieve any release.

Pendant group: group hanging off the side of a polymer chain and available for
reaction.




Uptake from the surroundings does not occur in contrast
to the glass ionomer cements or resin-modified glass ionomer
cements (see Chapters 9 and 10). Also note that there is a
difference of availability of fluoride ions between products.
Measurement of fluoride release into water shows that there is
a slow, steady release of fluoride (Figure 8.4).
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Fig MR R:W Comparison of the amount of fluoride released from a glass ionomer

cement and a compomer.

Water sorption

Water sorption is a characteristic which adversely affects most
hydrophobic resin systems. In the case of the compomers, the
addition of hydrophilic resins can facilitate uptake of water.
Compomer restorations are not fully set until water sorption
has occurred and the secondary glass filler/carboxyl reaction
has been completed. Saturation of this type of material will
usually occur within a week of placement in the mouth as the
rate of diffusion of the water is greater than that of



conventional resin composites. The amount of water uptake is
greater and there has been some concern that this is an
uncontrolled reaction that may lead to excessive expansion of
the material with the risk of damage to the tooth. That said,
this expansion may in part offset the effect of polymerization
more quickly and so may be seen as an advantage.

Figure 8.5 shows the change in dimensions of a compomer
with respect to time in comparison with a conventional resin
composite. While the resin composite shrinks after
polymerization and shows very little dimensional change
thereafter, the compomer shows initial shrinkage. This is
compensated by expansion due to water uptake, and may be a
way of eventually achieving a seal, but the expansion is not
controlled.

0.5
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Fig. (SRS Change in dimensions of a compomer with respect to time in

comparison with a conventional resin composite. Note that although the compomer




shrinks more, at the end of 10 weeks the water uptake of the compomer has reduced
the percentage shrinkage to 0.5% whereas the composite is still nearly 2% by volume
smaller than originally.

Stain resistance

It is well accepted that the uptake of oral fluids may lead to
discolouration of the restoration as was frequently seen in the
older composite resins. This is particularly the case for
compomers, as the uptake of oral fluids leads to some of these
materials showing staining relatively shortly after placement
(Figure 8.6). Manufacturers of newer products have attempted
to overcome this disadvantage by improving the bonding
between the filler and resin.

|3T- M NW Two Class 11 compomer restorations showing marked discolouration
after some time in clinical use.



Wear resistance

The original materials showed very variable amounts of wear
in the studies conducted by the manufacturers to investigate
this phenomenon. In all cases, wear was observed quite
quickly after placement. Re-formulation of a number of
materials has led to a reduction in the rate of wear but these
materials still show less wear resistance than resin composites.
The clinical significance of this is the restriction of use of these
materials to non-load-bearing areas.

Indications and Contraindications

The lower mechanical properties and the nature of the water
uptake tends to make compomers unsuitable for restorations
which are load-bearing. One product has been launched for
use in Class I and Class II restorations in adults but this is not
to be recommended. Compomers are suitable for use in the
deciduous dentition where lower loads are experienced. They
are also available in a flowable form when a material of this
presentation is preferred (see indications of flowable resin
composites in Chapter 7). However, the choice of a flowable
resin composite versus a flowable compomer would tend to
favour the use of the resin composite as no advantage is
gained by using the compomer.

While their aesthetics are satisfactory, they are not as
good as resin composites. If aesthetics are of prime concern,
then resin composites should be chosen in preference to
compomers. As mentioned previously, compomer luting



cements are also available on the market (Table 8.4).

Table 8.4 Indications and contraindications of compomer materials

Indications

Reason

Contraindications

Reason

Class Ill cavities

Material strong enough for
purpose

Aesthetics acceptable

Where aesthetics are of
critical importance

Composites are better aesthetically and
do not stain as much as compomers

Class V cavities

Matrix more flexible so is able to
be retained in abfraction lesions

Core build-ups

Material not strong encugh

Water uptake is needed to fully cure
material, which is impossible to achieve
when covered by a cast

Fissure sealants

Available in flowable form

With dentine pins

No adaptation to dentine pin

Stress concentrations within material
and around dentine pin

Luting of metal based indirect
restorations and orthedontic brackets

Available in luting form

Luting of all ceramic
Crowns

May be a slight risk of fracture due to
dimensional change in function

Restoration of deciduous teeth

Bonds to tooth tissue

Class |, Il and IV cavities

Inter-visit restoration of
endodontic access cavities

Material not strong enough

Poor ability to seal as demonstrated by
microleakage studies

Presentation

The materials are normally supplied as a paste in light-tight
compules (Figure 8.7). This paste contains no water and is
presented in foil blister packaging to prevent absorption of
water from the atmosphere, which would cause premature
setting and degradation of the material.




Fig. (WAl Compomer material presented in a light-tight compule (Dyract,
Dentsply).

!

Compomers should always be stored and placed in a water-free environment. The

material is presented in foil blister packs, which prevents moisture from the air

contaminating the material (Figure 8.8).
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Fig. iR M Compomer compules presented in foil blister packs to prevent moisture
in the air from contaminating the material prior to clinical use.
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Good moisture control during placement (preferably under rubber dam) is very

important. Failure to do this may result in premature setting of the material.

Handling and Manipulation Prior to Curing

These materials require handling in a similar way to resin
composites as their major constituents are similar. Some
products do have a tendency to slump as they are of a slightly
lower viscosity than resin composites counterparts. They also
tend to be stickier, with the result that they ‘cling’ more to
instruments making their manipulation more difficult.

</

Due to their stickier nature and the difficulty in handling and manipulating

compomers, the clinician may find it easier to place the material and then adjust the
restoration’s contour after light curing with rotary instrumentation. Alternatively

polyester matrices may be used.

Commercially available products and their indications

Table 8.5 shows representative examples of commercially
available products.

Table 8.5 Some compomers currently available on the market



Product Manufacturer Indications
Class 1l Class V Fissure Luting Restoration of
sealants deciduous teeth
Compoglass F Ivoclar Vivadent i v X b v
c ompoaglass Flow Ivoclar Vivadent ;3 W v x 4
Dyract Cem Plus Dentsply % b3 X Vv s
-Dyrau eXtra Dentsply v Y X X v
Dyract Flow Dentsply % v v X X
' F2000 3M ESPE v v X X 9,
Freedom <Dl o v X X v
Glasiosite Voco v v X X \/
Summary

« Compomers have two setting reactions; they are
polymerized by light curing but have a secondary reaction
that permits fluoride release.

Their properties are slightly inferior to resin composites
but they offer a low, steady release of fluoride.

Polymerization shrinkage is partly compensated for by
water uptake.

« Compomers are not as easily manipulated as resin
composites.

They have a relatively limited area of applications.

Further reading

Powers J.M., Sakaguchi R.L. Craig’s Restorative Dental Materials. St Louis: Mosby
Elsevier, 2006. (See Chapter 9).

van Noort R. Introduction to Dental Materials, third ed. Edinburgh: Mosby Elsevier,
2007. (See Chapter 2.2).

‘ Self-assessment Questions ‘




1. What are the similarities and differences between compomers and resin
composites?

2. List the indications of compomers and the advantages and disadvantages for
each application.

3. Why should compomers not be used as a core build-up material prior to the
provision of a full crown?

4. Describe how water uptake may be both advantageous and disadvantageous for
compomer restorations.

5. Describe the setting mechanisms of compomers and their clinical relevance.




Chapter 9 I

The tooth-coloured restorative materials
111

Glass ionomer cements

Learning Objectives

From this chapter, the reader will:
+ Understand what glass ionomer cements are

+ Understand the significance of their constituents with regard to their handling and
clinical applications

* Understand the properties of this type of materials and their relationship to
clinical manipulation and performance

 Understand the indications, contraindications and limitations of these cements
» Know the names of currently available commercial products

 Have an increased appreciation of how to use these materials more effectively.

Introduction

The next group of tooth-coloured restorative materials are the
glass ionomer cements. This generic group of materials is
distinguished by setting involving an acid-base reaction,
requiring the presence of water. All commercially available



glass ionomer materials involve a reaction of an acidic liquid
with a basic glass. From a chemical and ISO terminological
perspective, the term glass polyalkenoate cements is strictly
speaking more correct when referring to this group of
materials. The original term (glass ionomer cements) excludes
some of the acids being used in the currently available
products.

Acid-base reaction: a chemical reaction in which an acid reacts with a basic
oxide to form a salt plus water.

History

The original glass ionomer cement produced in the 1970s was
derived from dental silicate cement. This was the restorative
material of choice for use in the anterior segment of the mouth
in the 1930s-1950s because it had better aesthetic properties
than any of the other materials available at that time. It was
based on a fluoro-alumino-silicate glass combined with
phosphoric acid. It had limited applications as:

« The material was soluble in saliva.

- It had insufficient strength to withstand occlusal loading.

o

The term a light-cured glass ionomer is often used by dental manufacturers in

promotional literature. It is important to stress that this refers to materials which

are not true glass ionomer cements. Light curing is required because of the addition



of a resin to the material (together with the chemicals needed to effect light
polymerization of the material). These materials should be referred to as resin-

modified glass ionomer cement. Chapter 10 deals with these materials.

However, silicate cement did have certain advantages in
that it released fluoride ions, which was considered to provide
some resistance to the development of recurrent caries. The
initial objective underpinning the development of glass
ionomer cements was to overcome the inherent disadvantages
of silicate cement while retaining the perceived advantage.

Cariostatic: the property of prevention of the spread of dental caries. A lesion is
unlikely to regress, but will not spread in the presence of a cariostatic agent.

Components of a Glass lonomer

The material is the product of the chemical reaction between
the glass and an acid when the two components are mixed
together. There is an initial dissolution of the surface of the
powder. The soluble components of the glass react with the
polyacrylic acid to form a matrix. After setting, the residual
unreacted material is encased in this salt matrix, which holds
the cement together (Figure 9.1). The set material is therefore
a cored structure in which only the surface of the glass has
reacted to permit the binding of the glass particles together.



Depleted glass layer
constituting primarily
of residual companents
undissolved by the acid

Mmposition of a glass ionomer cement: the depleted glass layer is
surrounding the remaining unreacted glass core.

Salt matrix: the part of the glass ionomer structure which is formed from the
reaction of the acid and the glass surface. This salt structure binds the glass
particles together.

Glass

The glass is relatively similar to that used in silicate cement,
being based on a combination of fluoro-alumino-silicate
glasses. Different properties can be given to the final cement
by the manufacturers by varying the composition of the glass,
such as:

« Adding additional elements, e.g. strontium and lithium, to



impart radiopacity
« Making the cement more translucent by altering the
aluminium/silica ratio

 Altering the rate of ion release, an important factor in
determining solubility, setting characteristics and release
of fluoride.

The glass has a formulation based on the firing of a
combination of chemicals (Table 9.1). Figure 9.2 shows some
typical glass formulations for commonly available cements
and highlights the substantial variation in the formulations of
glass which may be used to produce a glass ionomer cement.

Table 9.1 Compounds contained in the glass of a typical glass ionomer cement

Compound Percentage composition
Alumina (aluminium oxide) 14.2-28.6
Silica (silicon dioxide) 30.1-41.9
Calcium fluoride 12.8-34.5
Aluminium fluoride 1.6-11.0
Aluminium phosphate 3.8-24.2
Sodium fluoride 3.6-12.8
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Fig. 2 A Typical glass formulations of glass ionomer cements in commercial use.

Manufacturing process for the glass component

The glass mixture is heated to a temperature between 1150°C
and 1450°C. The molten mass is then poured onto a metal
plate and then into water, a process termed shock cooling.
The glass is then broken up to form a glass frit (Figure 9.3).
All the glasses for the currently available cements are then
either wet or dry milled to produce small particles of glass.
Various ranges of particle size are used depending on the
requirements and usage of the cement. The larger glass
particle sizes are used in those cements intended as restorative
materials (up to 20 pm) while the smaller particle sizes
(<5 pm) are used for luting cements.



|3 M IR Glass frit produced after firing.

Frit: This is the product of pouring molten glass into water. It usually consists of
small particles of glass which will be ground up to smaller size later in the glass
preparation process. The size of the glass particles is determined by the use or
application.

Wet milled: The glass particles are placed in a cylindrical ceramic vessel with a
volume of water and a number of ceramic balls. The whole assembly is then
rotated. The ceramic balls tumble around the vessel grinding the glass frit down
in size. The longer the tumbling process the finer the particles of glass.

Dry milled: as for wet milling but with the exclusion of the water.

If the glass is mixed with a polyacid at this point, it would
set very rapidly with too short a working time for clinical use.
The manufacturers all now adopt a passivation treatment to
reduce the reactivity of the glass. The glass is washed in
acetic acid for up to 24 hours and then dried. This process
leads to ion depletion of the glass surface, resulting in fewer
ions being immediately available to form the salt matrix when



mixing starts. Passivation of the glass is of greater significance
when the particle size of the cement is reduced, as the smaller
the particle the more rapid the set.

Acid

The acid used is part of a series of polyacids, including
polyacrylic acid, polymaleic acid and a number of
copolymers of polyacrylic acid. The combination of
polyacids that are suitable for copolymerization can be varied
widely so conveying different properties to the final product.
The acid in the glass ionomer cement is a variant of either the
homopolymer of acrylic acid, its co-polymer or maleic acid,
depending on the manufacturer. The functional group which
all these acids contain and which plays a part in the chemical
reaction is a carboxylate group — which in water ionizes to
carboxyl and hydrogen ions. A small number of cements also
include a polyphosphonic acid. This is thought to provide a
short sharp set but does not appear to enhance the physical
properties to any great extent.

Homopolymer: a polymer that contains one single monomer type.

Ion: An ion is an atom or molecule where the total number of electrons is not
equal to the total number of protons, giving it a net positive or negative
electrical charge.

Copolymerization: the method of chemically synthesizing a copolymer.

The performance of the cement is related to the
molecular weight of the acid used and this explains why two
cements with apparently similar compositions can behave



differently. It is generally considered that the higher the
molecular weight of the acid used, the better the mechanical
properties. However, this benefit is offset by the increase in
viscosity of the aqueous acid solution with increasing
molecular weight. To overcome this, some manufacturers
vacuum dry the acid solution and then mix the anhydrous
powder so formed with the glass. Activation of the cement is
achieved by adding water. This addition from a dropper bottle
starts the chemical reaction as the vacuum-dried acid starts to
go into solution, which then is followed by the initial
dissolution of the glass surface.

Anhydrous: a material which does not contain water. The term anhydrous refers
to the presentation of some glass ionomer cements in which the powder has
been dried.

Maleic acid, one of the alternatives to polyacrylic acid, is
a less viscous aqueous solution and this has permitted one
manufacturer (3M ESPE) to use the acid in aqueous form in
the encapsulated presentation more easily.

Changes in molecular weight will also influence the
working and setting time of the cement. The higher the
molecular weight (and so the viscosity), the shorter the
working and setting times. A small amount of tartaric acid is
added to all materials to accelerate the setting phase of the
reaction while maintaining the working time (Figure 9.4).
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IGT- MU R Bar graph illustrating the effect of the addition of tartaric acid on

working times (WT) and setting times (ST) of a glass ionomer cement. There is no

change in working time but there is a marked reduction in setting time on addition of
2% tartaric acid.

(Data from Wilson AD, Nicolson J Acid-Base Cements: Their Biomedical and Industrial
Applications. Cambridge University Press, Cambridge, 1993 (Chapter 5).)

Presentation

Two typical presentations of glass ionomer cements
commonly exist: encapsulated and hand mixed. The
chemical constituents of each are described in Table 9.2.

Table 9.2 Typical composition of encapsulated and hand-mixed glass ionomer

cements



Encapsulated Hand mixed Conventional
(anhydrous) hand mixed

Powder Glass Glass Glass
A vacuum-dried
polylacrylic acid)

Tartaric acid
(vacuum dried)

Liquid Polyacid Water Polyacid
Water
Tartaric acid Tartaric acid

Conventional hand-mixed materials usually use a much lower molecular weight
polyacrylic acid.

Setting Reaction

The setting reaction of a glass ionomer cement involves many
stages (Figure 9.5). On mixing the cement paste:

1. The glass is attacked by hydrogen ions from the acid,
liberating aluminium and calcium ions. Fluoride and
sodium ions are also released.

2. The pH of the aqueous phase rises and leads to a further
ionization of the polyacrylic acid.

3. This leads to migration of aluminium and calcium cations
into the aqueous phase.

4. Ionization of the polyacrylic acid leads to unwinding of

the polymer chain. This causes the viscosity of the paste
to increase, and the cation concentration also increases.

5. The cations then condense on the polymer chain.



6. This leads to the formation of an insoluble salt.
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m (A) The stages of a setting reaction in a glass ionomer cement: (a) Initial
stage with glass alone and insoluble (blue) metal ions in the glass; (b) Acid attack
causes some metal ions to dissolve in the acid (red). The surface of the glass from
where these ions have migrated is now an ion depleted zone primarily consisting of
silica gel. (c) At the gelation stage sufficient metal ions are present in solution
hence a number start to reprecipitate as the salt matrix. (d) During the hardening
process this reprecipitation continues until the matrix is completely formed. (B) The
ions released during the matrix formation in a glass ionomer or alumino-silicate
polyacrylate (ASPA) cement.

The condensation process occurs more rapidly with the
calcium ions. Within a minute of the commencement of the
reaction, calcium polyacrylate gel is formed. Aluminium
polyacrylate formation takes substantially longer. These salts
do not appear until about an hour after the start of mixing.
This is attributed to the fact that the aluminium ion is triple
charged and less mobile. Complexes are also formed with the
fluoride ions in the solution.

The cement then goes through a period of maturation.
Further cross-linking of the matrix occurs and more cations
become bound onto the polyanion chain. This maturation
phase may be extended in time. This also has the effect of
increasing the mechanical properties of the material



substantially. The maturation phase can continue for some
months.

Anion: an ion carrying a negative charge
Cation: an ion carrying a positive charge.
Cross-linking: bonds which link one polymer chain to another.

Polyanion: a molecule carrying a large number of negative charges. In the case of
a glass ionomer cement, there may be a number of carboxyl groups on one
polymer chain and these will individually react with metal ions which are in
solution.

Setting Time

One of the major limitations of the conventional glass
ionomer cements is the time to full set after commencement of
mixing. This is quite lengthy and it is in direct contrast with
the rapid setting of resin-based composites when light
activated. The ability to reduce in setting time is limited as
any shortening of the set time usually results in a shortened
working time.

l!i Etching glass ionomer cements

The etching of glass ionomer cements has been recommended in some restorative

procedures to enhance the union between the two materials such as in the sandwich
or laminate technique, where a resin composite forms the surface of the restoration
and the glass ionomer acts as a base. The etching may, however, damage the cement
structure. The earlier the etching process is performed in the glass ionomer cement
setting reaction, the more likely it is that the salt matrix will be damaged as it has

not matured. If etching is carried out within 5 minutes of placement, the matrix is




completely removed within 15 seconds of applying the 37% phosphoric acid
etchant (Figure 9.6). Successful etching of the glass ionomer cement can only be
achieved after the matrix has matured, that is, after 24 hours. After this time the
rate of removal of the salt matrix is much slower and a partial surface removal of

the salt matrix will occur.

IST- MR Glass ionomer cement after etchmg “with 37% phosphoric acid for 15
seconds.

Placement of the resin composite will lead to the glass particles being pulled
away from the underlying cement during the polymerization process, leaving a void

between resin and underlying cement.

Open sandwich: A restoration in a tooth in which two restorative materials are
used. They are generally mechanically and/or chemically bound together. The
open sandwich technique is usually used for Class II restorations where the
underlying material forms part of the axial wall and is exposed to the oral
environment (Figure 9.7).

Closed sandwich: in a closed sandwich restoration the underlying material does
not come into contact with the oral cavity (Figure 9.8).




Glass ionomer  Composite Dentine

13T M8 A Class II open sandwich restoration. The glass ionomer is extending to
the approximal surface of the restoration.
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IST- MK A closed sandwich restoration. The glass ionomer is completely covered
by the composite and not exposed to the oral environment.

Mechanical Properties

The mechanical properties of conventional glass ionomer



cements are not ideal.

« The compressive strength of the cement is adequate, just
below that of dentine.

» The flexural strength is relatively low compared with other
restorative materials. However, in most cases under load
it is protected by the restorative.

» The compressive and flexural strengths increase with time
as the cement matures.

« The solubility varies with time of exposure to the oral
environment after mixing.

« The longer the restoration is protected from moisture, the
better the resistance is to erosion (Figure 9.9).
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Fig MR The rate of cement loss decreases with respect to time of exposure to
water. At 2 months, for all the cements, it takes a much longer time for the same
amount of material to be lost.

Any protective layer placed on the restoration will extend
the time before the restoration is attacked by oral fluids.



Adhesion

One of the advantages of glass ionomer cements is their
ability to chemically bond to tooth tissue without the use of an
intermediate material. There are two recognized mechanisms:

« An ion exchange process where the polyacrylic acid
displaces surface phosphate and calcium, enters the
hydroxyapatite structure and forming a calcium
polyacrylate salt. Thus an intermediate layer of calcium
and aluminium phosphates and polyacrylates are formed
at the tooth/restoration interface.

« A secondary bond, which is thought to occur with the
collagen within the dentine, possible via hydrogen
bonding.

The bond strength is relatively low (5 MPa) but appears
to be durable and fit for purpose. There is considerable
evidence that the bond can re-form if broken, thus it can be
termed dynamic. This is due to the polyacrylate and calcium
ions being in close proximity to each other.

Hydrogen bonding: A hydrogen bond is the attractive force between the
hydrogen attached to an electronegative atom of one molecule and an
electronegative atom of a different molecule.

The reliability of the bond is improved by
preconditioning the surface of the tooth by the use of an acid
conditioner. This is primarily to remove smear layer and



debris from the surface of the tooth. Both citric and polyacrylic
acids have been used as conditioners. The best results are
obtained using polyacrylic acid as this acid is not so highly
ionized. This step may be included in a clinical protocol when
using glass ionomer cements. However, evidence does exist
that although restorations whose cavities were conditioned
lasted longer, there was no statistically significant difference
in longevity between those restorations placed without
conditioning. It is likely that other factors will affect the
performance to a greater degree.

</

Glass ionomer cements have been advocated in the treatment of non-carious tooth

surface loss and, in particular, abfraction lesions as the material has the ability to
re-form broken bonds so contributing to its retention. This is in contrast to resin-
based systems where the polymerization shrinkage lead to pull away from one

margin, usually the cervical, and microleakage then occurs (Figure 9.10).
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1SNV Cross-section through an abfraction lesion showing where failure
occurs when resin composites are used.

Smear layer: layer of organic and inorganic debris found on a surface of a tooth.

}!1 Conditioning and etching — what’s the difference?

Conditioning uses a less ionized acid (usually polyacrylic acid) to remove the
smear layer and so priming the dentine to accept the restorative material which
forms chemical bonds. The acid makes the surface chemically active. Little or no

tissue is removed.

Etching requires a stronger acid such as phosphoric acid which preferentially
dissolves the dental hard tissue, in particular enamel, to create pits in its surface.
The restorative material (usually containing resin-based composite) is retained
micromechanically. Etching affects the subsurface of the tooth tissue while

conditioning is primarily a surface treatment (see Chapter 11).




Sealing Capacity

Leakage around glass ionomer cement (if mixed and placed in
the recommended manner!) will be relatively low (Figure
9.11). Therefore a glass ionomer cement is an excellent choice
as the restorative material between visits when an endodontic
procedure is being undertaken. The cement seals the access
cavity effectively thus preventing the ingress of
microorganisms and reinfection of the root canal system.
Furthermore, the stability of the cement with little or no
dimensional change means that the bond between tooth and
restoration is unstressed.




m Micrograph showing the good adaptation of glass ionomer cement
with tooth tissue. Note that a (red) dye marker has only tracked down the outer third

of the enamel thickness, denoted by the arrows.

Fluoride Release

One of the most important clinical considerations of glass
ionomer cements is their ability to release fluoride from the
bulk of the restoration. This was also observed with the
original silicate cements and is the result of the leaching of
fluoride ions from the matrix into the surrounding
environment. The ions are released from the glass during the
setting reaction and lie within the matrix but are free to
migrate. The factors that influence the migration are the
relative concentrations of ions in the cement and in the
surrounding environment as well as the pH of the
environment.

Fluoride release follows a similar pattern for all glass
ionomer cements. There is an initial washout phase which is
associated with the maturation phase of the setting reaction of
the cement. Following this, the release rate slows and follows
a normal diffusion pattern. The duration of this diffusion-
related release has not been defined but appears to go on for
a period of years (Figure 9.12).
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Fig. CNWPA The cumulative release of fluoride (parts per million) from three
types of glass ionomer cement with respect to time.

It has been established that these restoratives also have
the capability of taking up fluoride ions from the surroundings
if the concentration externally is higher than that in the
surface of the cement. This recharge mechanism has been
demonstrated with fluoride toothpaste solutions and gels. The
re-release of the retained fluoride occurs when the external
concentration drops below that of the restoration (Figure
9.13). Thus, these materials act as a fluoride sink that
provides a source of fluoride ions for many years. The fluoride
ion concentration may be sufficient to inhibit bacterial growth
and plaque build-up (Figure 9.14).
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m Initial release of fluoride ions into saliva from three different types of
ass ionomer cements in patients using a non-fluoridated toothpaste for 10 weeks.
Over this time the release of fluoride slowed and levelled off between weeks 6 and 7.
At week 10 all participants in the study were provided with a fluoride toothpaste for
use over the next week. At week 11 they returned to the use of a non-fluoridated
toothpaste. During that week the fluoride in saliva went up substantially. However,
from week 11 it showed a slow decline and even at week 15, at the end of the study,

the fluoride release was above that at the beginning of week 6.

(Data from Hatibovic-Kofman S, Koch G. Fluoride release from glass ionomer cement

in vitro and in vivo. Swedish Dental Journal 1991;15:253-8.)

ydroxyapatite disc. (B) Photomicrograph showing limited bacterial activity on the



surface of a glass ionomer cement which releases fluoride.

Biofilm: a community of microorganisms surrounded by a self-formed polymer
matrix which adheres to both living and inert surfaces. Dental plaque is
regarded as a classic example of a biofilm.

There is also a long-term exchange of ions between the
tooth surface and the restoration. It has been shown that in
artificial caries media, the level of demineralization around a
glass ionomer restoration is substantially less than that
observed around a composite. While there is some
disagreement as to the long-term effect of the fluoride release,
it is fair to say that studies on this effect are retrospective and
very heterogeneous in their use of criteria for judging the
benefits. Some studies have shown the ability of fluoride to
prevent recurrent caries whereas others have demonstrated no
difference in recurrent caries levels when compared with other
non-fluoride-leaching restorative materials.

Aesthetics

Glass ionomer cements have had a chequered history with
regard to their aesthetic properties. The early materials were
opaque and showed a poor match with the tooth tissue as
there was no reflection from the surrounding tooth tissue.
More translucent glasses have been produced, which have
improved this, but there is still a period after placement where
the shade match is not always as good as that achieved after
2-3 days. This is due in part to the maturation of the matrix



and is very much material dependent (Figure 9.15). While the
colour match is not particularly good, glass ionomer cements
exhibit much greater resistance to changes in colour when
compared with resin-based composites over the restoration’s
life (Figure 9.16).

|9 M M ESM Four discs made of different materials: (A) a composite, (B) a glass
ionomer cement just after mixing (C) the same material 24 hours after mixing, and
(D) a compomer. Note the change which can occur in translucency over the 24-hour
period for the glass ionomer cement. This is due to the cement maturation process.



IS M MM Two discs of material: resin-based composite on the left and glass
ionomer cement on the right. Half of each disc was protected by foil and the other
half exposed to sunlight for 3 months. Note the marked change in colour on the
composite disc, not observed with the glass ionomer sample.

Although the modern glass ionomer restorative cements
exhibit acceptable aesthetic properties, if aesthetics are of
paramount importance then a resin composite material would
be the material of choice.

Wear

Glass ionomer cements show variable rates of wear and can
perform very well if allowed to mature fully protected from
washout by saliva. However, they frequently show rapid wear



during the first 10 days, after which the wear rate slows down
to comparable values for other restorative materials. The
mode of wear is the loss of glass particles from the matrix
particularly in load-bearing areas. Although the glass is
chemically bound to the matrix, this is insufficient to hold the
particles in place. Figure 9.17 shows wear on a glass ionomer
after 3 years. There are occasions where erosion may occur in
a mouth when the pH remains low for long periods of time.

e craters in which the glass particles are lying. (B) A non-load-bearing
area of the same restoration after the same time interval.

Advantages and Disadvantages

Table 9.3 shows the advantages and disadvantages of glass
ionomer cements.

Table 9.3 Advantages and contraindications of glass ionomer cements

|| Advantages Disadvantages ||

|| Dynamic bond which can regenerate so useful Poorer aesthetics compared ||



for the restoration of abfraction lesions to resin composites

Chemical adhesion to tooth so can be used in Weaker so not recommended
non-retentive cavities for cores/large cavities
Cariostatic due to fluoride release Susceptible to washout

Does not require hardware, for example curing Can be damaged by early
lights finishing

Can be used for domiciliary visits and in non Long time to set

‘ideal’ situations

Does not need to be used with rubber dam Needs protection to prevent
desiccation

Requires only limited cavity preparation Early low mechanical
strength

Indications and Contraindications

Glass ionomer cements are versatile materials and are
indicated in many different situations in restorative dentistry:

« Atraumatic restorative technique (ART)
» Restoration of deciduous teeth

 Restoration of permanent teeth:
m Tunnel preparations
m Class III cavities
m Class V (especially non-carious tooth surface loss)
cavities

« Inter-visit endodontic access cavity restorations (especially
with respect to resin-based composite (see below))



- Long-term intermediate restoration

« Core construction (provided sufficient tooth tissue remains
to support the material)

e Preventive resin restorations
« As a base or liner
* Dressings
m Non-retentive cavities
m When it is envisaged that resin composite will be used as
the definitive restorative material (instead of the use of a

zinc oxide eugenol cement whose eugenol constituent
may inhibit the setting reaction of the resin composite)

« Fissure sealants
* Luting of crown and bridge retainers

« Orthodontic cements.

Atraumatic restorative technique (ART): a technique which uses non-

mechanical cavity preparation with minimal removal of softened dental caries
from a tooth prior to restoration.

Tunnel preparation: a means of accessing approximal caries from the occlusal
surface with minimal tooth destruction.

Base: a dentine replacement material used to decrease the bulk of restorative
material or block out any undercuts in indirect restorations.

Liner: a material placed with minimal thickness, usually less than 0.5 mm acting
as a cavity sealer. It may release fluoride, adhere to tooth structure and may
have an antibacterial action that promotes the health of the pulp.

There are certain situations where the use of glass
ionomer cements is contraindicated:



« Where high load is anticipated, e.g., Class I or Class II
cavities

- In large cavities in the posterior region of the mouth

 Cores where little or no tooth is remaining to support the
material

* Where aesthetics are of primary concern.
Clinical Manipulation

Cavity preparation

As the material is brittle, the cavity shape should have a
rounded internal form with no sharp edges. Any sharp edges
where stress concentrations can occur may lead to premature
failure of the material due to fracture. As the material bonds
to tooth tissue, there is no need to prepare extensive retentive
features in the cavity.

</

When removing tooth-coloured restorative materials from a cavity, it is often

difficult to differentiate the material from the surrounding tooth tissue. If this is the
case, the cavity should be dried thoroughly. Any material remaining will dehydrate
thus appearing whiter. The material can be more easily identified and removed
without inadvertent sacrifice of sound tooth tissue. This is particularly true with

glass ionomer cements (Figure 9.18).




Desiccated glass
ionomer cement

appearing whiter
than the

| surrcunding dentine

used as the core material. In order to differentiate between the tooth-coloured core
material and the dentine, the dentist has air dried the preparation. This has had
the effect of desiccating the glass ionomer cement so rendering it whiter than the
surrounding tooth tissue and it can be identified more easily, especially when
preparing margins (see Chapter 6).

Conditioning the cavity

The 25% polyacrylic acid supplied by the manufacturer should
be used to condition the dentine (Table 9.4) by applying to
the tooth surface for 15-30 seconds using a brush or cotton
pledget. It should then be rinsed off using water from a three-
in-one syringe and the tooth surface gently dried.

Table 9.4 Some dentine conditioning solutions currently available on the market

Product Manufacturer Active ingredient

Ketac Conditioner 3M ESPE 20-30% poly(acrylic acid)

ChemFil Tooth Cleanser Dentsply 25% poly(acrylic acid)




Fuji Dentine Conditioner GC 10% poly(acrylic acid)

Fuji Cavity Conditioner GC 20% poly(acrylic acid)
Hi-Tooth Cleanser Shofu 25% poly(acrylic acid)
Voco Conditioner Voco 25% poly(acrylic acid)

Commercially available products

As mentioned above, glass ionomer cements are very versatile
materials that can be wused in many different clinical
situations. See Table 9.5 for details. Dentsply has recently
produced a glass ionomer (ChemFil Rock) in which the
reactive glass filler had been modified by the addition of zinc.
This is claimed to increase the fracture resistance and the
wear. As yet there is no clinical evidence to confirm this,
although laboratory tests suggest that the fracture resistance is
better than some other glass ionomer cements.

Table 9.5 Some glass ionomer cements currently available on the market



Product Manufacturer Indications

Base Dressing  Fissure Inter-visit Luting Orthodontic  Preventive Restoration Restoration

sealant temporization cement resin of deciduous  of permanent
in endodontics restoration  teeth teeth

AquaCem Dentsply x b4 X X v v X X x
ChemFil Dentsply X v X v X X X v v
Molar
Chesnfil Dentsply v v v v v v v v v
Superice
ChemFlex Dentsply Vv v Vv v v X v v v
CX-Plus Shofu X X X X v x X X X
Diamand Kemdant v v v v X X v v v
Canve
Diamand Kemdent X v ¥ v - b X X v
Core
Diamand Kemdent X v X X X X X W x
snappy
Fujil GC v N X v X X X v X
Fuji X
(also G Extra GC Vv Vv X Vv X X Vv Vv v
and Fast)
FuiiPlus(also  GC X X X X v X X X X
Fuji Triage GC X ) ] X X % X X V)
iformerly Fuji
Vi
Glaslonomer  Shofu v v v v v* v v v y
Typell
Product Manufacturer Indications

Base Dressing Fissure Inter-visit Luting Orth Pr R R

sealant  temporization cement resin of deciduous  of permanent
in endodontics restoration  teeth teeth

Hi-Fi Shofu v v X X x x v v v
lonofil Molar  Voco v v X v X x v v W
AC (a0
Quick and
Plus}
Ketac Cem 3M ESPE % X X X v v X X X
(also Aplicap,
Maxicap,
Radiopague)
Ketac Cem . 3M ESPE X X x X v v X X X
Ketac Fil Plus ~ 3M ESPE v v v v v v v v v
Ketac Molar  3M ESPE v v X v X X N v v
{also Aplicap,
Quick,
Easyrmibd
Ketac-Bond 3M ESPE v X X X v v % ® v
{also Aplicap)
legend luting 55 White v X X X v Vv X X x
Legend 55 White X Vv X Vv X % v v v
restorative
Riva Luting sl v X X X v v X X X
Riva Protect  SDI X N Vv v X v v X X
Rivaselfcure 5D x v X v x * v W 4

A5 a non-definative measure when cast s not fitting well.

</

Always check the expiry date! Although this is true for all dental materials, it is

particularly important for glass ionomer cements. In many (anhydrous) products, a




desiccant is present in the bottle containing the powder (Figure 9.19) and with
exposure to moisture in the air and with time, this loses its efficiency with

premature setting of the material in the bottle.

IS MWLM The desiccant container in the lid of a bottle of glass ionomer powder.

Mixing glass ionomer cements: mixing by hand

Hand mixing will produce the optimum results provided that
the instructions are adhered to precisely. Failure to observe
the correct proportioning, dispensing and mixing instructions
will result in a cement with inferior properties (Figure 9.20),
although there is scope to vary the material’s consistency to
suit the clinical application. For example, it may be that a
thicker mix using more powder is required if a crown is not
fitting as well as it once did yet is otherwise acceptable in the
short term. The consistency of this mix would lie between that



required of a restorative and that needed to lute a cast
restoration. The former more viscous mix may prevent
complete seating of the crown, yet the extra powder would
impart increased mechanical properties to the cement. This
may aid in the retention of the crown until such times as the
patient and clinician are able to plan for a definitive
replacement. When the manufacturer’s recommendations for
the powder/liquid ratio are not adhered to, it is essential that
the clinician is aware of the consequences and that the
intended procedure is a short-term measure.

* Higher powder/liquid ratio: When the powder/liquid ratio is
increased (i.e. there is addition of more powder), the
compressive strength of the final cement will increase and
its setting time will be decreased. The material will be
much more viscous with limited polyacrylic acid available
for bonding. The cement’s ability to form chemical bonds
will also decrease. The cement must wet the tooth surface
adequately and failure to achieve this will result in the
decreased retention as bonding is less satisfactory. The
rapid decline in mechanical properties is a result of the
solid particles of glass not being wetted sufficiently by the
acid to start the setting reaction.

» Lower powder/liquid ratio: When the powder/liquid ratio is
reduced (less powder is added), the properties of the
cement decline rapidly and this can have deleterious
effects on any restoration. A reduction in mechanical
properties of nearly 60% can occur when the
powder/liquid ratio is reduced by 25% (Figure 9.20).
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The compressive strengths of a glass ionomer cement mixed at
different powder/liquid (P/L) ratios: 6.8:1 (manufacturer’s recommendation) and 5:1
(dentist’s preference). The latter powder/liquid ratio results in a material with
compressive strength which is well below the minimum ISO requirement.

Most presentations of hand mixed materials come as two
components: the powder with a scoop and a dropper bottle
with the liquid (Figure 9.21).



190 M AW The most common presentation of a hand mixed glass ionomer
cement. The bottle on the left contains the powder (and scoop) and the other the

liquid.

</
Always shake the bottle! This is particularly true if the cement is one where the
polyacid is vacuum dried and incorporated into the glass powder. Shaking the bottle
will ensure that the two components are evenly distributed within the powder. This
also fluffs the powder. Failure to do so will also alter the powder/liquid ratio and
adversely affect the cement (Figure 9.22).




13T M » W Shaking the powder prior to dispensation on the glass slab.

Proportioning

It is important to dispense the correct amount of both the
powder and liquid.

Powder

After shaking the bottle, collect the powder in the measuring
scoop. Any excess above the top of the scoop is removed by
pulling the scoop against the flattener on the inside of the
bottle. This ensures that the correct amount of powder
required for the mix is dispensed (Figure 9.23).



| ST IRT. W Dispensation of correct quantity of powder for a glass ionomer
cement.

Liquid

The dropper bottle is designed to dispense a fixed volume of
liquid. This is achieved by holding the bottle vertically above
the mixing slab before dispensing (Figure 9.24). To
compensate for variation between drop volumes
manufacturers recommend that two drops of liquid should be
dispensed. This reduces the variation in liquid volume
dispensed. An analogy is the situation in the kitchen when the
enthusiastic amateur chef divides and multiplies up the
number of portions required from a recipe. When volumes and

ratios are changed, the dish may not turn out as anticipated if
the original recipe had been used!



|3 LW Two drops of liquid being dispensed on to the slab separate from the
powder. Note that the bottle is held vertically and that two scoops of powder have
already been dispensed.

Spatulation

Vigorous spatulation is necessary and the use of an agate
spatula (Figure 9.25) will reduce the risk of metal
contamination of the restorative as glass can abrade a
stainless steel spatula, turning the material grey. The use of a
plastic spatula is inappropriate as plastic will also abrade and
the small diameter does not permit easy incorporation of the
powder into the water.

An agate spatula should be used when hand mixing glass ionomer

cements.



Agate: this is a microcrystalline variety of quartz (silica).

The two components should be mixed on a glass slab as
this allows the powder to be spread over the surface and
quickly wetted by the acid.

WA should dental cements be mixed on a glass slab or

paper pad?

While this may well be a matter of personal preference, there are advantages and
disadvantages of each (Table 9.6). Mixing pads made of silicone are also available
but the aqueous materials do not wet the surface well and it is more difficult to

achieve a satisfactory mix.

Table 9.6 Glass slab versus paper pad for mixing cements




Glass slab Paper pad

Non-porous Less expensive

More stable — will not curl up at More convenient

the edges

Can be chilled to extend the Better from a decontamination
working time perspective

Better surface to mix on Risk of loss of powder over side

of small paper pad

Larger surface area for mixing

Hand mixing protocol

Box 9.1 shows how to mix glass ionomer cement to restore a
cavity using ChemFil Superior (Dentsply). While the principles
of mixing this material hold true for all glass ionomer
cements, it is essential to read the manufacturer’s instructions
and follow these carefully when using other materials.

Box 9.1 C(linical mixing protocol for use of glass
ionomer cement as a restorative material




Dispense powder and liquid All of the powder should be combined into the liquid  Mixing is almost complete The final mixed material is
on slab prior to mixing. at one time and the mass is vigorously spatulated and the glass ionomer is placed on the edge of the
Note the short distance together to ensure complete mixing being collected on the slab and presented to the
from the powder so that the spatula. Note all powder has  clinician for use

two companents are not in been incorporated into mix
contact

</

Immediately after dispensation, the slab and mixing instrument should be placed in

water to facilitate the cement’s removal.

Mixing encapsulated glass ionomer cements

The encapsulated presentation reduces the problems
associated with hand mixing but is not foolproof. The liquid
component is usually stored in an aluminium pillow and
incorporated in the capsule, which has a means to rupture the
pillow to deliver the liquid to the powder (Figure 9.26).

activation device. The aluminium pillow containing the liquid lies over the access
hole in the mixing chamber. When pressure is applied to the activation clip by the
activator, the pillow ruptures and liquid is forced into the mixing chamber.



Care must also be taken when expelling the liquid into the
capsule by maintaining pressure on the pillow for at least 2
seconds to expel the viscous liquid (see Chapter 1). Insufficient
liquid incorporated into the mix will also make it difficult to
expel the material from the capsule via the nozzle. The
diameter of the nozzle also determines the viscosity of the
mixed cement to be dispensed (Figure 9.27). In general the
powder to liquid ratio of encapsulated materials is less that
the recommended powder to liquid ratio for their hand mixed
counterparts.

Mixed glass ionomer cement being expressed from a capsule (Chemfil
Superior, Dentsply). Note the wide bore of the nozzle.

Moisture control

As with all restorative materials, the area to be restored
should be clean and dry. Failure to achieve good moisture
control will result in the material becoming contaminated
with saliva during placement and decrease in its properties
and ability to adhere to the tooth. Glass ionomer cements are



one of the few generic groups of modern materials where the
use of rubber dam is not essential in achieving the optimum
results. However, it is necessary to ensure that the cement is
not allowed to give up water during the setting reaction and
the water balance within the material should be maintained
throughout the life of the restoration.

Placement

Glass ionomer cements are generally placed using instruments
routinely used in restorative dentistry such as a flat plastic
(Figure 9.28). In some cases, the viscosity of the material
makes clinical manipulation difficult as its consistency is
slightly sticky. If an instrument becomes coated with the
material during placement, it is likely that the already placed
material will be pulled from the cavity. Water may be used
sparingly as a separating medium. Alcohol or petroleum jelly
are not suitable as separating media as they become
incorporated within the cement leading to damage to the
material.



| S F- S I A flat plastic instrument may be used to place glass ionomer cements.

Incremental packing helps push the material under
pressure into the undercuts. The use of matrix strips and other
matrices (Figure 9.29) has been advocated to aid placement
by applying pressure to the material until it has set.
Furthermore, the surface smoothness of the material placed in
this way is much improved.

13T M IWA M (A) Matrix strips and (B) cervical matrices used to place glass ionomer
cements.
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When placing a Class V restoration a cervical matrix should be used. A matrix of the

appropriate size and shape is selected and held using a pair of locking tweezers
(Figure 9.30). The matrix is placed on the bracket table so that when the cement is
ready to be placed into the cavity, the cervical matrix can be easily applied to it.
The clinician must then hold the tweezers undisturbed against the tooth surface and

cement until the material has fully set.

IST MMV A cervical matrix held in locking tweezers ready to use when placing a
Class V glass ionomer cement restoration.

Gross excess should be removed initially with a flat plastic
or an explorer (dental probe) before the setting has



commenced. Any further excess should be left until the
material has set, which can be confirmed by leaving a small
increment of the mixed material on the mixing slab. Once this
material has set, the material within the oral cavity will also
have set as the intraoral temperature is higher. (The rate of
reaction is faster at higher temperatures.) At this time any
excess material may be fractured away wusing a sharp
instrument (e.g. Ward’s carver or a scalpel blade).

!

Always wait until the glass ionomer luting cement will break cleanly before

removing the excess at the margins of a crown. If removed in its rubbery state,
fragments of the cement under the cast can be lost causing leakage because the seal
is broken between tooth tissue and cement. This is also true for a glass ionomer

restoration so ensure that the material has set before tampering with it.

Finishing

A further consequence of the slow maturation phase of glass
ionomer cements is that premature finishing can cause
considerable damage to the forming cement matrix. Under no
circumstances should finishing commence before the
manufacturer’s recommended time. This can be up to 6
minutes after placement of the restoration. Most of the
currently available cements require at least a 3-minute wait
before finishing. Failure to follow these recommendations will
lead to damage to the surface of the restoration (Figure 9.31).



SR .
IZT- MBI M The surface of a glass ionomer cement that was damaged during
setting. The finishing has been carried out prematurely with a white abrasive stone
and the rotation of the instrument has dragged the surface of the cement and created
the fissure.

In fact, many regard the finishing of glass ionomer
cements as a damage limitation exercise as whatever method
of finishing is used, the surface produced is inferior to that
achieved against a matrix strip. It is also possible to desiccate
the restoration during the finishing process. Studies
investigating the most effective method of finishing have
shown the use of a finishing instrument under a fine water
spray will do the least damage. Use of lubricants such as
petroleum jelly on the finishing instrument has proved to be
highly detrimental as the petroleum jelly allows the
restoration to heat up and desiccate.




Ideally finish glass ionomer cements at least 24 hours after placement. Consider
scheduling placing these restorations earlier in the treatment plan so they can be
polished at a subsequent visit. This is not only more convenient for the patient but
also more time efficient rather than making a dedicated appointment for this

purpose.

Protection from water contamination

During the initial phases of the setting reaction the cement is
susceptible to changes in moisture concentration. Any
contamination with saliva at an early stage can disrupt the
matrix and damage the surface of the restoration and so
protection from water contamination is essential for at least
an hour after placement. An additional disadvantage of early
contamination with water is that the ultimate mechanical
properties may be substantially reduced. The effect of this
contamination may be minimized by protecting the outer
surface of the restoration with some form of water barrier. A
range of products (Table 9.7 and Figure 9.32) can be used to
protect the restoration for periods of up to 24 hours after
placement. This period is usually sufficient to achieve the
optimum performance for these materials. Light-cured fissure
sealant may be used but usually residual uncured resin
remains on the surface due to oxygen inhibition of the curing
process. Figure 9.33 illustrates the effect of flexural strength
on glass ionomer cements after being protected using various
proprietary varnishes.



Table 9.7 Materials used to protect a glass ionomer cement’s surface during setting

A varnish (Ketac Glaze, 3M ESPE) used to protect glass ionomer
cement post placement.
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It is strongly advised to protect the setting surface of glass ionomer cement, and also

crown margins when a glass ionomer luting cement has been employed, by using a

material for such a purpose.

Protection against desiccation

A further consideration relating to the later protection of these
types of materials is that they should not be allowed to
desiccate. Under normal conditions in the mouth this will not
occur but on occasions where the area is isolated for further
work on other teeth, the restoration can become desiccated,
causing cracking and crazing which can be extensive. This



occurs rapidly and although rehydration occurs, the cracks
never ‘heal’ and often pass down into the bulk of the material.
The effect of this crack propagation is potential bulk fracture
of the material leading to failure (Figure 9.34).

]

Fig. I W Photomicrographs showing (A) cracking of the surface of a glass
ionomer cement after being allowed to desiccate and (B) a crack generated within a
restoration after desiccation. Note that the fracture is within the material while the
bond to the tooth tissue remains intact.

!

When carrying out restorative treatment on a tooth adjacent to one restored with

glass ionomer cement, the restoration should be protected with either a varnish or

petroleum jelly to prevent desiccation.

Cermets, Admixes and Recent Advances




One type of glass ionomer cements are those in which metals
have been incorporated or alloys have been added to the glass
powder. These fall into two groups:

« Cermets: here silver particles are sintered onto the
surface of the glass. Other metals such as gold have been
used, but these variants have never become commercially
available

« Admixes: here amalgam alloy is added as an additional
filler to the powder.

The theoretical benefits of these modifications are
considered to be enhancement of the mechanical properties
and improvement in the finishing of these materials as the use
of metal would allow burnishing of the restoration. However,
these materials have never been used with great frequency as
they are not tooth coloured but rather silver or grey in
appearance. Furthermore, mechanically they are generally no
stronger than the conventional glass ionomer cements. One
group of admixed materials has shown some promise: addition
of 18-20% alloy to the glass powder led to an increase in the
mechanical properties of about 30%.

There is some variation in the other properties depending
on material type. The cermets show reduced fluoride release,
primarily because there are fewer sites for release as the silver
particles are attached to the glass. In the admixed materials,
some interaction with the oxide layer on the alloy particles
and the polyacid takes place and there is some binding of the
alloy into the cement. Interestingly, these materials release



slighter greater amounts of fluoride than conventional glass
ionomer cements (Figure 9.35).

— Admixed
— Carmet
= Comvenlional GIC
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Fluoride release in ppm
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M The fluoride release with respect to time shows that the greatest
release comes from the admixed material, which exceeds the conventional materials
during the initial stage of release. The cermet shows a much smaller release at a
much slower rate.

Microscopic examination of the surface shows that the
admixed materials have three phases where as the cermets
have only two (Figure 9.36). More recently other
manufacturers have modified the fillers either by the addition
of inert materials or already-set glass ionomer cement which
has been reground to size. Other modifications have included
ceramics and polysiloxane fillers. To date none of these
materials has shown any significant advantage over the
conventional materials.
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Fig M IR VMl (A) The surface of an admixed glass ionomer cement. Note the three
phases: black = glass; white alloy; green = matrix. (B) The surface of a cermet: light
grey = silver-coated glass; dark grey = matrix.

Indications

Due to their grey colour, the primary application of these
materials is core build-up in the posterior part of the mouth.

Other indications are:

* Class V cavities

* Core construction

* Dressings

« Open sandwich (laminate)

* Repairs to restorations

* Restoration of deciduous teeth

« Semi-permanent restorations.

Commercially available products

Cermet and admixed materials have failed to live up clinically



to the theoretical benefits. While some products are available
on the market (Table 9.8) these materials are now used
relatively infrequently.

Table 9.8 Some modified glass ionomer cements currently available on the market

Product Manufacturer Class
Amalgomer Advanced Healthcare Admix
Hi-Dense Shofu Admix
Ketac-Silver 3M ESPE Cermet
Legend Silver SS White Admix
Miracle Mix GC Admix
Riva Silver SDI Admix
Voco Silver Voco Admix

Summary

* Glass ionomer cements contain glass and acid and set by
an acid-base reaction to a salt plus water.

« Their mechanical properties are inferior to resin composite
but they release fluoride ions and bond to tooth tissue
without the use of an intervening resin.

« Glass ionomer cements require protection from both
moisture contamination and desiccation after placement.

« Addition of metals or alloys has provided increased
mechanical properties but at the expense of aesthetics.
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Self-assessment Questions

1. What are the advantages and disadvantages of a glass ionomer cement?

2. Why is it deleterious to finish glass ionomer cement restorations at the
placement visit?

3. Summarize the indications for use of glass ionomer cements.

4. What is the difference between the adhesion of glass ionomer cement to tooth
tissue and that of a resin-based composite?

5. What are the similarities and differences between encapsulated and
powder/liquid presentations of glass ionomer cements with respect to mixing?

6. What are the similarities and differences between glass ionomer cements and
compomers?



http://www.dentaid.org/data/dentaid/downloads/ART_Manual_English.pdf
http://www.art.com

Chapter 10 I

The tooth-coloured restorative materials
IV

Resin-modified glass ionomer cements

Learning Objectives

From this chapter, the reader will:

* Understand what resin-modified glass ionomers are

« Appreciate the significance of their constituents and their influence on the
properties of the material

 Understand how the constituents impact on the material’s clinical performance

» Be aware of the applications and be aware of currently available commercial
products

» Have an appreciation of how to use these family of materials more effectively

Introduction and History of Development

Resin-modified glass ionomer cements (RMGICs) were
developed in an attempt to address the perceived limitations
of the conventional glass ionomer cements and to utilize the
advantages of resin composite materials (Table 10.1). In other
words, RMGICs aim to maintain the benefits of fluoride ion



release and adhesion of glass ionomer cements while
overcoming their disadvantages with the more favourable
attributes of resin-based composites.

Table 10.1 Advantages of resin-based composites and disadvantages of glass ionomer

cements in relation to the development of resin-modified glass ionomers

. . Disadvantages of glass ionomer
Advantages of resin-based composites

cements
Command set by visible light Low early strength
Better wear resistance Susceptibility to erosion
Lower solubility Slow setting phase
Early high compressive and flexural Risk of desiccation
strength
Good polishability

Ability to retain its polish

Components of A Resin-Modified Glass lonomer

Essentially RMGICs are conventional glass ionomer cements
containing glass, polyacid, tartaric acid and water, with the
addition of a water-soluble resin and modified poly(acrylic
acids) (Figure 10.1). These modified polyacrylic acids have
pendant methacrylate groups or methacryloxy groups
grafted onto the polyacid chain and are called copolymers.
Chemicals that allow light activation are also incorporated.
These materials may therefore be regarded as hybrid glass



ionomers. They behave primarily as glass ionomer cements as
only a small amount of resin has been added, which is usually
hydroxyethylmethacrylate (HEMA).

Polyacid
Glass Tartaric acid

ionomer

cement Water

lon leachable glass

Water soluble (miscibke) monomer

Polymerization initiators
; Resin
Activators composite

Stabilisers

m Generic composition of RMGICs. The upper (mauve) constituents are
ound in a conventional glass ionomer cement while the lower (blue) components are
from conventional resin composites. The middle constituent (yellow) is the resin that
will bind all these together.

What is HEMA?

HEMA is the monomer that is used to make the polymer
polyhydroxyethylmethacrylate (polyHEMA). In the
monomeric form HEMA is a small, highly reactive molecule.
The polymer is hydrophilic and so once it is exposed to water
it will swell. Depending on the physical and chemical structure
of the polymer, it will absorb between 10% and 600% of its
own dry weight of water. This property has been utilized
successfully in the manufacture of flexible contact lenses.
HEMA’s hydrophilic properties mean that it has become a
common constituent in a range of dental materials including



RMGICs and adhesive resin systems. It is one of the few resins
which is miscible with water.

Biocompatibility of HEMA

The HEMA monomer is cytotoxic and so care should be taken
in the application of the unset material to any soft tissue. The
cytotoxicity is minimal after polymerization, however, if the
level of conversion is low then unconverted monomer can
leach out as polyHEMA, which will absorb water very quickly.
HEMA is known to cause chemical dermatitis (Figure 10.2) if
it comes into contact with skin or mucous membrane.

|37 MMV Chemical dermatitis in an active state. Note the cracks on the skin and
the erythema (redness).
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Any dental materials containing HEMA should be handled with extreme care
because of its potentially adverse dermatological effects. Unfortunately, surgical
gloves are porous and HEMA is known to penetrate through the glove to reach the
skin. For this reason, the dental team should avoid touching any HEMA-containing

products when mixing and placing these materials.

Furthermore if the polymer degrades, the resulting release
of freed monomer into the surrounding dental hard and
surrounding tissues may potentially have toxicological effects
on the dental pulp and osteoblasts (see Chapter 3).

Even in its polymerized form bound in the RMGIC, if
HEMA is placed directly onto vital dental pulpal tissue it may
cause the death of the pulpal tissue. For this reason the use of
RMGICs in direct contact with the pulp is contraindicated. In a
very deep cavity, micro-exposures may be present and not
obvious to the dentist. If there is any doubt, consider the use
of another lining material such as a setting calcium hydroxide
cement placed on the pulpal floor as a sublining. A layer of
RMGIC may then be placed over the set calcium hydroxide
cement and the surrounding dentine. This will seal the
dentinal tubules opened during cavity preparation and
decrease the risk of microleakage (Figure 10.3).



Fig M LV (A) Sublining of setting calcium hydroxide cement (Life, Kerr Hawe)
placed over the pulpal floor of a deep cavity in tooth 24. (B) A RMGIC (Vitrebond
Plus, 3M ESPE) has then been applied to cover the sublining and the rest of the
pulpal floor to seal the dentinal tubules on the cavity floor.

</
There should always be an adequate thickness of dentine present (at least 0.2-
0.5 mm) between the base of the cavity and the pulp when placing an RMGIC lining.

This is due to:

+ HEMA'’s cytotoxicity to vital pulp tissue
» The excessive heat released during curing, which may be detrimental to the
pulp especially if the material is used in bulk.

Chemical constituents of RMGICs

The chemical constituents of RMGICs are shown in Table 10.2.

Table 10.2 Chemical components of a resin-modified glass ionomer cement

|| Powder Liquid Purpose for their inclusion ||




Barium, Improved strengthImparts

strontium or radiopacity

aluminosilicate

glass

Vacuum-dried Polyacrylic acid Reacts with the glass to form the poly
polyacrylic salt matrix

acid

Potassium Redox catalyst system to provide the
persulphate methacrylate (dark) cure

Ascorbic acid

Pigments Varies shade

HEMA Water miscible resin

Polyacrylic acid Ability to undergo both acid-base and

with pendant polymerization reactions Helps form

methacrylates interpenetrating network

(copolymer)

Tartaric acid Sharpens the acid-base reaction set

Water Permits reaction between the
polyacid and the glass

Photo-initiators Achieves light curing

Effect of particle size

As with all cements, the particle size of the glass is related to
the application. The finer glasses are used in the cements
intended for luting. Particle size also affects the setting
reaction. The smaller the particle, the faster the setting



reaction as its surface area available for reaction is greater
with respect to its volume. The size of the particles is therefore
often a compromise to achieve set in a clinically acceptable
time while leaving an adequate surface finish. Generally
speaking, in RMGICs intended for use as restorative materials
there is a progressive loss in translucency as the particle size is
reduced.

Setting Reaction

The polyacrylic acid reacts with the glass to form the poly salt
matrix as for the conventional glass ionomer cement (see
Chapter 9). This extended setting reaction means that the salt
matrix is liable to damage for some time after placement if
exposed to water. The addition of a water-miscible monomer
to the material permits a polymerization reaction to take
place during the initial stages of the setting of the material,
which provides it with early strength as the secondary acid-
base reaction between the glass and the polyacrylic acid goes
to completion. In other words, the polymerized resin phase is
designed to form a scaffolding while the ionomer cement
matrix is being formed. As the resin content is increased so the
acid-base reaction is slowed. The effect of the resin addition is
primarily seen during the initial stages of set when the glass
ionomer cement is at its weakest. It is essential that the resin
is soluble in water as the cement remains water based. In the
absence of water, no reaction will occur between the polyacid
and the glass. This restriction limits the number of resin
systems which may be used in these materials as most are



hydrophobic.

Thus two types of setting reaction take place within the
material: an acid-base reaction and a polymerization
reaction. The polymerization reaction is a free-radical
methacrylate reaction effected by light activation.
Unfortunately, light transmission through these materials is
limited and in thicknesses greater than 0.5 mm the base of the
material does not polymerize adequately. The methacrylates
in the material essentially remain uncured in the absence of
light. Therefore in materials designed for restoration or core
build-up, it is essential to place the material in increments and
light cure each layer in order to obtain a thoroughly cured
material. With lining materials this is not a problem as only a
thin layer of material is required.

To compensate for the limited light-cure polymerization
reaction, a second dark-cure initiator system has been
incorporated into some RMGIC products. This system aims to
achieve adequate free-radical methacrylate polymerization
within the deeper parts of the restoration where light cannot
penetrate. This gives the dentist confidence that the material
will reach a full cure. The disadvantage is that the end product
is not as well cross-linked as in the areas where light
activation is achieved and the mechanical properties of the
material where dark curing has occurred are reduced by
approximately 25-30%.

</

The dentist should always ensure that light curing is effective over as much of




cement surface as possible because the chemical dark cure is less effective and
results in a material which has usually about 70% strength of the light-cured

component.

Reliance on the redox reaction for the cure leads to a
reduction in the level of conversion of the material and
reduced mechanical properties. This is illustrated in Figure
10.4, which shows the difference in compressive strength of a
RMGIC when light cured and when the redox setting reaction
is relied on alone. The magnitude of shrinkage is in excess of
the resin-based composites so considerable care must be taken
to control the effect of the stresses which are generated. In
thin sections, particularly when used as a liner, the margins of
the cement layer may curl up away from the surface to be
protected. As with the conventional acid-base cements, the
acid-base reaction is not involved with the shrinkage. It will
only contribute if there is desiccation of the material.

Mechanical properties of light and dark cured RMGIC
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|37 M NVRZ W Difference in compressive strength of an RMGIC when light cured
(upper line) and when allowed to set by dark cure alone (lower line).
Dual- and tri-cure

The two types of setting reaction seen in RMGICs are referred
to as:

* Dual-cured: acid-base reaction + light activation

 Tri-cured: acid-base reaction + light activation + dark
redox.

Redox: stands for reduction-oxidation reaction. The term is used to describe all
the chemical reactions in which the atoms have their oxidation state changed.

Stages of the RMGIC setting reaction

The setting reaction of RMGICs is complex as two or three
chemical reactions are occurring concurrently depending on
whether the product is a dual- or tri-cure material (Figure
10.5).

Stage Chemical reaction Clinical stage

1 | Polyacrylic acid in one component is mixed with | Commences when
agueous solution of HEMA in the other starting | powder and liquid are
an acid base reaction mixed together

2 | Methacrylate group on HEMA reacts with other | Light activation of
HEMA molecules and with pendant methacrylate| polymerization reaction
groups on side of polyacrylic acid chain

3 Light polymerization reaction completed Light activation stopped

4 | Acid base reaction continues for some hours Restoration finished and
thereafter patient leaves surgery




m The sequence of the two setting reactions in a dual-cured resin
modified glass ionomer cement. The boxes coloured mauve indicate the glass
ionomer cement reaction, while those in blue indicate the resin polymerization
reaction initiated by light.

Dual-cured products

« Acid-base reaction: This commences at the start of mixing
and often continues for a substantial time after all other
setting reactions have been completed, which may be up
to 6 hours from start of mixing. During this time, the
matrix is susceptible to damage by extraneous water.

« Light activation: This takes place at the end of placement
and is completed within 10 seconds of light activation.
Little post curing occurs but the material in the path of
the light will have formed a solid resin matrix at this
point. Water uptake by the polymer will start from the
saliva in the oral cavity at this time.

Tri-cured products

Tri-cured products involve dark-cure activation at the
commencement of mixing, which may be completed within
about 4-6 minutes after start of mix (Figures 10.6 and 10.7).



Stage Chemical reaction Clinical stage

1a | Polyacrylic acid in one component is mixed with | Commences when
agueous solution of HEMA in the other starting | powder and liquid are
an acid base reaction mixed together

1b | Redox (dark cure) reaction commences

2 | Methacrylate group on HEMA reacts with other | Light activation of
HEMA molecules and with pendant methacrylate| polymerization reaction
groups on side of polyacrylic acid chain

3 | Light potymerization reaction completed Light activation stopped

4 | Redox (dark cure) reaction continues for a Finish restoration
maximum of five minules thereafter

5 | Acid base reaction continues for some hours Finish restoration and
thereafter patient leaves surgery

Fig SN VNI The sequence of the three setting reactions in a tri-cure resin-modified

glass ionomer cement. The boxes coloured mauve indicate the glass ionomer cement
reaction, while those in blue indicate the resin polymerization reaction initiated by
light. Boxes in grey indicate a redox polymerization reaction initiated chemically.

Setting Dark cure reaction |

phase Acid base reaction

Climical
Niage g | Clinical placement
Time 455 1355 405

19T MV A working time-line illustrating the relationship of the various setting
reactions to the clinical handling of a tri-cure RMGIC. A dual-cured product is
identical but with the omission of the dark-cure reaction.

It is important that both the acid-base and the
polymerization setting reactions are initiated at the same
time. It would also be beneficial if they proceeded at the same
rate as the material would be fully set at the same time.
However, this is not normally achieved as the addition of the
HEMA adversely affects the acid-base reaction, retarding its
setting rate. The reaction, therefore, continues for sometime



after the material appears to be hard clinically. The effect of
this is that ions from this acid-base reaction can potentially
wash out from the restoration. In early variants of the
cements, where no modifications were made to the polyacrylic
acid, two different cement matrices could be produced with no
continuity between them, which could lead to a catastrophic
failure of the material. The additional grafting of the
methacryloxy groups onto the polyacrylic acid chain permits
cross-linking between these groups and HEMA, producing
what has been described as an interpenetrating network.
Even with further development of these materials, there is still
a difference in the rate of setting of the two phases.

To protect or not to protect from water?

There is a divergence of views as to the need for protection of
RMGICs from water after placement as required by the glass
ionomer cements. However, to ensure the optimum outcome,
they should be protected for some time, until the acid-base
reaction is complete. Poly-HEMA, although providing some
protection, absorbs water very quickly and this can affect the
salt matrix formation that is taking place.

Consequences of Setting Reaction on the Material’s
Short Term Properties
Polymerization shrinkage

The inclusion of the resin phase immediately brings with it the
problem of polymerization shrinkage, which is greater than



that in resin-based composites. The measured shrinkage is
more akin to an unfilled acrylic resin, being in the region of
3-4%. This shrinkage can lead to loss of adhesion as stresses
at the interface between the tooth and the restorative are
generated with the onset of the light-activated polymerization
reaction.

Exothermic setting reaction

When HEMA polymerizes, there is a marked exothermic
reaction (Figure 10.8). The temperature rise is dependent on
the bulk of material present, but temperature rises of up to
12°C have been recorded. These values are more common in
the lining materials, one of the most important uses for this
family of materials. This is an obvious disadvantage in very
deep cavities where little dentine is available between the
material and the pulp so the effects of heat generated will be
more significant.

Rise in temperature (*C)
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Temperature rise within a resin-modified glass ionomer cement. The
continuous line represents the temperature rise associated with the dark-cure
exothermic and light-cure reactions combined. The dashed line represents the
temperature rise associated with light curing alone.

Adhesion: to tooth tissue

The mechanism for bonding to tooth tissue of RMGICs is
essentially the same as that for the glass ionomer cements,
namely calcium chelation and subsidiary collagen bonding
(see Chapter 9). However, various factors limit the success of
the adhesive bond:

« There is a limited acid-base reaction as less acid is present.
Carboxyl groups are needed for adhesion and they may
not be readily available at the tooth-restoration interface.

« Since the shrinkage of the resin phase will stress the
interface between the cement and the tooth, there is
frequently a risk of pulling away from the tooth surface
just at the time any bonding may be taking place.

« There may be some micromechanical interlocking between
the tooth and the restorative but this again is likely to be
disturbed during the polymerization process.

« With time, the water uptake may allow readaptation of
the cement to the tooth but fewer carboxyl groups will be
available because by the time the water becomes
available, these will be bound within the resin structure.
The likelihood of repair to the bond is reduced.

The bond strengths quoted for the materials are similar or



slightly better than those for conventional glass ionomer
cements in the absence of any additional intervening adhesive
system.

Adhesion: to other materials

As illustrated earlier, RMGICs are commonly used over a
sublining of calcium hydroxide. There is no interaction or
bonding between these two materials. It is therefore
important that the RMGIC layer is extended beyond the extent
of the calcium hydroxide cement to gain adhesion to the
surrounding dentine and to form a seal.

The surface of RMGICs when used as a lining material is
rough. Micromechanical retention will therefore be likely
between the RMGIC lining material and the material placed
over it. Additionally, as RMGICs contain HEMA, bonding can
potentially occur chemically with other resin-containing
materials. A cross-linking reaction will occur provided that
there are reactive groups available at the time of placement.
As such the material can be used as a part of the sandwich
technique (see Chapter 9).

When RMGICs are used for luting, they will form chemical
bonds with the dental tissue of the tooth preparation but not
to the cast restoration being cemented. For this reason, this is
another example of grouting.

If the RMGIC lining material is inadvertently etched during cavity preparation prior

to the placement of a resin-based composite material, there will be no deleterious



effects on the material.

Phase separation

The affinity of polyHEMA for water can have other problems
particularly if the material has not been mixed correctly and a
higher proportion of monomeric material is included in the
mix. Figure 10.9 shows the result of an early RMGIC being
incorrectly mixed. The liquid phase had separated and almost
all the liquid was HEMA. The material was mixed and placed
in an access cavity of a root canal. During the subsequent 48-
hour period the restoration absorbed a substantial amount of
water and expanded. The result was a vertical fracture of the
tooth.

19T MV Tooth 21 is root filled. The vertical fracture is the result of water
uptake by the restoration containing excess polyHEMA due to failure to shake the
liquid bottle.

Long-Term Properties




Mechanical properties

The addition of the polymerized resin component has an
immediate effect on the mechanical properties with the result
that these are improved substantially initially. However, as
discussed in the previous section, as polyHEMA absorbs water,
the mechanical properties begin to fall, the extent of which is
related to the HEMA concentration. This means that the
restoration is at its strongest immediately after placement and
partly why these materials are more popular as lining
materials since these do not come in contact with saliva and
the amount of water sorption which occurs will therefore be
minimized.

Fluoride release

These materials provide a sustained release of fluoride, which
occurs in the same way as with conventional glass ionomer
cements. The majority of the release occurs in the early life of
the cement, usually during the first 10-15 days, which is
slightly higher than that observed for conventional glass
ionomer cements. Thus longer-term release with RMGICs is
slightly greater, which may be due to the slower setting of the
glass ionomer phase of the cement. It may also be because the
polyHEMA matrix could provide an easier pathway for the
ionic species to migrate through the cement. The clinical
significance of this is that the initial external fluoride
concentration is increased. However, this may be at the
expense of the restoration as it starts to degrade. Fluoride
release is also much reduced in linings so its benefits may



outweigh the risks associated with the slow degradation
(Figure 10.10).
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ST MNVB VA Fluoride release (parts per million) with respect to time from a
resin-modified glass ionomer cement and a conventional glass ionomer cement. The

former releases more fluoride than the conventional cement.

Staining

There is some evidence of staining of the RMGIC restoration
with time. This is almost certainly due to the uptake of oral
fluids which occurs during the time the restoration is in the
mouth and causes intrinsic staining which cannot be removed
by polishing or removing the surface layers of the material.
This problem is also seen with compomers. The degree of
staining which occurs varies with individual materials but both
categories of material can stain significantly.

Effect of Inadequate Curing



For the material to reach its optimal properties it must be fully
light cured. The dentist should therefore be aware of the depth
of cure when placing and curing the material. Where this is
not possible, it is essential that a tri-cure system is selected to
ensure complete set of the restoration.

Biological considerations

The failure to completely cure RMGICs means that any
unconverted monomer can easily leach out from the filling.
The adverse reactions reported above with the HEMA
monomer means that there is a potential risk of damage to
pulpal tissue where material will be in contact. However, the
better the polymerization the greater the exothermic reaction
so that again the pulp can be at risk if minimal dentine
separates the restoration from the pulp. Care should be
exercised in the selection of cases for use of these materials.

Advantages and Disadvantages of RMGICs

The advantages and disadvantages of RMGICs are shown in
Table 10.3.

Table 10.3 Advantages and disadvantages of resin-modified glass ionomer cements

Advantages Disadvantages
Fluoride ion release Exothermic reaction on curing
Early strength Shrinkage on curing
Adhesion — molecular bonding Incomplete cure produces weak material




Long working time Monomer leach

Limited moisture sensitivity Swelling due to moisture uptake

Low solubility or erosion of cement || Phase separation

margins

Simple to use Moisture-sensitive powder

Command set Effect of command set in reducing the rate
of acid-base reaction

Can be finished immediately after Release of benzoyl iodides and benzoyl

light curing bromides which can be cytotoxic

Seals dentinal tubules Where redox setting of the resin phase is

used, material will be weaker

Release of benzoyl iodides and

benzoyl bromides see pp. 131

Indications and Contraindications

RMGICs are versatile materials that can be used in many
different clinical conditions (Table 10.4). The differences in
handling between these chemically similar products is due to
the amount and type of resin incorporated into them and the
curing mechanisms employed.

Table 10.4 Indications and contraindications of resin-modified glass ionomer cements

Indications Contraindications

Restoration of small Class I cavities Restoration of anything

larger than a small Class I



cavity

Restoration of Class III and V cavities

Restoration of Class III
and V cavities where
aesthetics are of

paramount importance

Core build-ups when a substantial amount of tooth

tissue remains

Core build-ups when
more than 50% tooth

tissue is missing

Sandwich (open and closed)

Luting of (unreinforced)

all ceramic crowns

Dressings

Direct placement on vital

pulp tissue

Definitive cementation (luting) of cast metal
restorations, metal bonded to ceramic restorations,
strengthened core ceramic restorations, metal posts,

orthodontic bands

Direct placement on

periradicular tissue

Restoration of deciduous teeth

Lining of cavities

Blocking out undercuts for indirect restorations

Used (in its uncured state) to bond dental amalgam

Restoration of small Class I, Class III and V cavities

RMGICs may be used as a restorative material. However, the
material has only sufficient strength to withstand forces in
small-sized Class I cavities. Under no circumstances should the
material be used as a replacement for the wall of a tooth.



RMGICs have been used with success for restoring non-carious
tooth surface loss lesions such as abfraction lesions. This is
because their matrix has some flexibility and so the material
may be retained in the cavity during function where the tooth
surrounding it may be flexing (see Chapter 7,8 and 9).

When the material is intended for use in the aesthetic
zone, a few products are available in a number of shades.

Core build-ups

The material can be used effectively when a substantial
amount of tooth tissue remains to construct the core prior to
the placement of a crown or bridge, in both root-filled and
vital teeth. It is important to note that if more than 50% of
the tooth tissue has been lost then the use of this material is
contraindicated as it is not strong enough to withstand the
forces applied to the tooth.

To assist in the identification of the restorative against
tooth tissue, one product (Vitremer, 3M ESPE) has a blue
colouring agent. This facilitates the placement of a finishing
line for any preparation below the core margin and follows
the same principles as with amalgam cores (see Figure 6.2, p.
57).

With regards to temporary restorations, any preparation constructed using a RMGIC

core material should be kept moist to prevent against bonding of the chemically

cured temporary material to the core.




Sandwich (open and closed)

RMGICs have been used in the laminate (sandwich) technique
where the resin-modified glass ionomer material lies under
another restorative material such as resin-based composite
(Chapter 9).

Dressings

These materials work well as short-term dressings to protect
the pulp and restore form and function to the tooth. They can
be used in cavities which lack suitable retention as they rely
on adhesive bonding but the clinician must bear in mind the
limitation of this.

RMGICs may be selected particularly if resin-based
composite is envisaged to be used as the definitive restorative
material, as there is no eugenol in the material to react with
the resin-based composite (see Chapters 7 and 12). Many
clinicians select them as an alternative to traditional glass
ionomer cements because the ability to command set the resin
phase is regarded as saving time. Whether this is justified is
not clear clinically as there is potential of inadequate seal.
Since the RMGICs bond to tooth tissue they may occlude the
dentinal tubules and potentially decrease sensitivity.

Definitive cementation (luting)

RMGICs have been wused successfully for some years to
definitively lute cast metal, metal bonded to ceramic and
strengthened core ceramic restorations to tooth tissue as well



as metal posts and orthodontic bands. The advantages of this
material for this purpose are:

» Adequate strength

» Sustained fluoride release

* Relatively good biocompatibility once set
» Limited susceptibility to dissolution

* Good retention

« Good marginal seal

« Reduced postoperative sensitivity.

Some products are supplied in an extended working time
(EWT) version, which has a longer working and setting time.
This is indicated when the clinician is luting more than three
units at the same time. While the EWT is a benefit, the
commensurate extension in setting time may be a problem as
the restoration will need to be supported until the cement is
fully set.

As mentioned earlier, the continued uptake of water in
the mouth can lead to an expansion in the order of 3%, which
can have a significant clinical impact. If the RMGIC has been
used to lute an all-ceramic crown, when the cement expands
pressure will be transmitted to the ceramic with the potential
for fracture of the crown. Therefore use of this material to lute
(unreinforced) ceramic crowns is contraindicated.

!




RMGICs should not be used to lute unreinforced all-ceramic crowns as water uptake

expands the luting cement that can cause the crown to fracture.

The first products to be marketed were supplied in a
powder/liquid formulation. More recently, some
manufacturers have moved onto a paste/paste presentation
for ease of mixing. Unfortunately for the end user, the latter
version is more expensive.

Restoration of deciduous teeth

The RMGICs are used for the restoration of deciduous teeth
because:

« The command set reduces the procedure time, which is
advantageous for both the child patient and the dentist.

« The material bonds to tooth tissue so minimally invasive,
unretentive cavities may be prepared, thus conserving
tooth tissue.

« The material leaches fluoride with its attendant anti-caries
benefits.

Lining
One of the main uses of RMGICs is as a lining material prior

to the placement of the intracoronal restoration. These
materials have the following properties:

» They seal the dentinal tubules so decreasing microleakage
and reducing postoperative sensitivity.



* During the polymerization reaction, chemical breakdown
products, benzoyl iodides and benzoyl bromides are
released from the material. These chemicals are cytotoxic
and are effective against residual cavity bacteria.

 Fluoride is released from the material and has antibacterial
and anti-caries effects.

» Its radiopacity is comparable with that of dentine (Figure
10.11).

» The powder/liquid ratio can be varied by the dentist to
accommodate their preferred handling without detriment
to the properties of the material. Of course, as with other
cements, increasing the powder will increase the strength
of the material and decrease its retention to tooth tissue.
Less powder will have the opposite effect.



1T MEVN N A RMGIC (Vitrebond, 3M ESPE; arrow) covering the gutta percha
and tloor of the pulp chamber in tooth 25. Note its radiodensity is similar to that of
the dentine of the tooth.

It should be emphasized that these materials are
contraindicated for direct placement on both pulpal and
periradicular vital tissue. They should not therefore be used as
a direct pulp capping material or to repair a root perforation.

Blocking out undercuts for indirect restorations

These materials are indicated for this application as they:

« Are light cured, permitting the clinician to continue the
procedure even before the chemical phase of the setting
reaction has gone to completion



« Have favourable handling properties and can be placed
precisely where required

* Bond to tooth tissue.

Bonding dental amalgam

RMGICs have been advocated to be used as an intermediate
bonding agent to bond dental amalgam into cavities. The
potential advantages of the technique are discussed on p. 61.
The important difference is that the material must be used in
its uncured state.

Commercially Available Products

The commercially available products are set out in Table 10.5.

Table 10.5 Some resin-modified glass ionomer materials currently available on the

Indications for use

Type of Small Class Class Core D g Luting Lining Blocking out  As a bonding

reaction Class1 W v Build tochnique of deciduous undercuts agent for
Product (dual- ups teeth for indirect  dental
name Manufacturer tri-cure} restorations  amalgam
Fufi Il LC GC M X X X X x v x X v v v
Fuji i LC GC it X x % X X v X x v v v
Improved
Fuji Orthe LC GC T X % X X X ES " * x X *
Fuji Plus GC i X ® % X X x v % ® % %
Fuji Plus BWT GC T X x x X x ® W x x x x
FupiCEM GC Dual x x x x ® ® v x x * x
Ketac Cem Plus ~ 3M ESPE Dual X X X X x x v X X x X
Ketac N100 3IM ESPE Dual v v v v W Y ® Y x W ®
Phetac-Fil 3M ESPE T v v W v Y Y X ) x v x
Quick
MutCue M Unitek " X x x % X X v x X x X
Glass lonomer
Orthodantic
Band Cement
Vitrebond Plus  3M ESPE Dusal X % % % X ¥ " % v W v
;i;emer 3M ESPE T X W v W v v x W x v 4




Presentations of Resin-Modified Glass Ionomer
Cements

RMGICs are marketed in three forms:

« Powder/liquid
« Encapsulated

 Paste/paste systems.

The powder and liquid presentation is initially mixed by
the dental nurse. The mixed mass is then loaded into the
delivery system which is supplied with the product (Figure
10.12). This facilitates the placement of the material directly
into the cavity as its consistency can be difficult to
manipulate. It also minimizes the inclusion of air bubbles and
voids. However, the delivery system has been criticized for
being fiddly and cumbersome as it can be difficult to load the
material into the syringe.

The delivery system used with a resin-modified glass ionomer
cement. The two component parts are dispensed onto the mixing pad and mixed. The



mixed mass is then loaded into the syringe and the plunger placed. The loaded
compule is then placed into a compule gun and the material is placed directly into
the cavity.

!

The phases in the paste/paste presentations may become separated during storage

leading to a non-uniform mix. They should be used at room temperature.

Other RMGICs are supplied in the encapsulated form
(Figure 10.13) and the material can be syringed directly into
the cavity on completion of mixing in the mixing machine.
More recently, paste/paste presentations have become
available (Figure 10.14) for the advantages discussed in
Chapter 1. Nanotechnology has been utilized and is claimed to
enhance the polishability of the material together with its
wear resistance. This product also uses the clicker delivery
system previously mentioned.




1I9F- MUV A paste/paste resin-modified glass ionomer cement (Ketac N100, 3M
ESPE).

Primers

Some products are supplied with primers. These are visible
light-cured liquids which are composed of HEMA, ethanol,
photo-initiators and a modified polyacrylic acid. These
primers are acidic in nature and act by modifying the smear
layer and wetting the tooth surface to allow adhesion of the
RMGIC. They tend to be tinted yellow to facilitate visibility
during placement and removal. The disadvantage of these
materials is that they usually infiltrate the dentine and make
alternative adhesive restorations less successful.

The primer supplied with this product should always be used to permit bonding to




tooth tissue. The primer may also be used sparingly as a separator to prevent the
material sticking to the instruments used to manipulate the product in the same

way an unfilled resin may be used when manipulating resin-based composites.

Commercially available primers include:

« Fuji Dentine Conditioner (GC)
« Vitremer primer (3M ESPE)
* Nano-lonomer primer (3M ESPE).

For more details about primers and bonding, see Chapter
11.

Clinical Manipulation

Cavity preparation

Cavity design should resemble that of glass ionomer cement.

Prior to the placement of the material, the dentine should not
be dehydrated.

The recommended technique for using the accompanying
primer depends on the product so always consult the specific
manufacturer’s directions for use. Generally, primers are
applied for 20-30 s using a brush and lightly air dried. This is
critical as the ethanol must evaporate. The primer is then light
cured for 20 seconds.

Moisture control



As with all dental restorative materials, good moisture control
is very important to ensure maximal clinical performance.
Moisture contamination prior to final curing will have
deleterious effects on bonding, material properties and clinical
longevity.

Mixing

Hand mixing requires care as some powder/liquid RMGIC
presentations use microcapsular technology. The fine walls
of the microcapsules need to be broken during mixing to allow
their contents to escape and react with the liquid. This is the
dark-cure redox catalyst system. The technology is similar to
the ‘scratch and sniff’ advertisements in lifestyle magazines
which allow readers to sample a perfume or aftershave. When
a reader scratches the panel with their fingernail, it breaks

open the microcapsules thus releasing the aroma (see Chapter
1).

</

When mixing materials based on microcapsular technology, spatulation must be

carried out vigorously on the surface of the mixing slab so that the microcapsules
are effectively broken down and all of their contents are released to react. The
material often appears to be rather gravelly on mixing initially. Using a large-bladed
spatula will assist in breaking down of the microcapsules as the flat blade can be

pressed down onto the mixed material so crushing the capsules.

Initially this form of the material presented difficulties in
encapsulated presentations as the shear stresses during



machine mixing were insufficient to break down the glass
microspheres. This problem appears to have now been
minimized. However, care must be taken to ensure that the
correct mixing time is used. Undermixing will result in the
microspheres not being ruptured in total. Extension of the
mixing time will substantially increase temperature as the
mixing procedure generates heat. This in turn accelerates the
chemical reaction and reduces the working time.

</

« With RMGIGs it is essential that both the powder and liquid bottles are shaken
prior to dispensation. The liquid is usually a combination of the polyacrylic
acid and HEMA, and as the two liquids have different densities, separation can
occur (see Fig. 10.9). Similarly the bottle containing the powder should be
shaken to fluff up the powder which will ensure that the volume of powder
dispensed is similar on each occasion, as previously discussed in relation to
other cements.

 The powder or liquid should not be dispensed until immediately before mixing.

They should be stored in their light-proof bottles as the material will react with
visible light (including the operating light) so leading to premature curing.

Placement

The placement of this family of materials is similar to the
placement of glass ionomer cements. The operator may choose
to use the delivery system provided as previously discussed or
to place the material into the cavity using a flat plastic.

Finishing

One of the advantages of a command set is that the material is



set clinically and therefore after light curing initial finishing
may be carried out. This is in contrast to conventional glass
ionomer cements, where minimal finishing is carried out
immediately after placement. Finishing of the RMGICs may be
carried out by removing excess material (flash) using a sharp
instrument. Alternatively, rotary instruments with water spray
and either diamond or tungsten carbide finishing burs may be
used. Final polishing can be done using aluminium oxide
polishing discs or silicone polishers. However, it should be
remembered that the acid-base setting phase is likely to be
still in progress and so excessive finishing and polishing at the
initial appointment should be avoided.

Finishing glosses are available with some products. These
are light-cured, resin-based solutions that contain bis-GMA and
tri(ethylene glycol) dimethacrylate (TEGDMA). Their use is
optional but they provide a smoother surface by filling any
surface irregularities. Their use is not recommended when the
product is being used as a core build-up material as the
oxygen inhibited surface may react with some of the currently
available impression materials.

Summary

« RMGICs have limited advantages over conventional glass
ionomer cements.

« They can have adverse biological effects for the dental
staff.

« They have improved fluoride release.



* Their initial mechanical properties are better than those of

the glass ionomer cements.

« They may be used particularly for luting restorations.
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Self-Assessment Questions

. Describe the importance of spatulating RMGICs well in terms of their setting
. List the indications of RMGICs and the advantages and disadvantages for each

. What are the similarities and differences between RMGICs and compomers?

. What are the benefits of RMGICs compared with conventional glass ionomer

. Root caries is present distally in a lower permanent canine. There is an acrylic
6.

7.

reaction.

application.

cements?

denture abutting the tooth and the lesion has cavitated. What materials could
you use to restore this? What are the pros and cons of each material?

What materials could be used to definitively restore a non-carious tooth surface
loss cervical lesion in an upper first premolar? What are the pros and cons of
each material?

What problems occur with the inclusion of HEMA in compomers?




Chapter 11 I

Bonding systems

Learning Objectives

From this chapter, the reader will:

+ Understand the purpose of the bonding systems and the principles behind their use
* Understand the chemistry behind bonding systems

» Understand the properties of these materials and the significance of these on
clinical manipulation and performance

 Understand their indications, contraindications and limitations
 Have an increased appreciation of how to use these materials to their best effect

» Know the names of currently available commercial products.

Introduction

Probably one of the most significant aspects of dental
materials advancement in the past 50 years is the
development of adhesives for dental applications. This has
greatly increased the options open to the restorative dentist.
The advantages of an adhesive approach are:

« Tooth tissue is preserved as restorations which may be
bonded to the underlying tooth structure do not require



the preparation of any mechanical retentive features

« The bonding process will enhance the retention of the
restoration to tooth tissue

 The bonding process may seal the margins of the
restoration with the tooth so reducing or eliminating
bacterial penetration into the dentinal tubules
(microleakage). This in turn decreases postoperative
pulpal sensitivity and the potential for recurrent caries.

* Polymerization shrinkage (which occurs when using resin
composite) may be reduced. This shrinkage leaves a
marginal gap which may be accentuated during thermal
cycling and may allow bacterial ingress.

« Bonding to tooth tissue may have a reinforcing effect on
the weakened tooth structure.

« Many restorative materials which are bonded are tooth
coloured so offering a more aesthetic option.

The obvious potential of dental bonding has led to the
production of innumerable bonding agents and systems. This
chapter explains the principles behind the bonding of
restorative materials to dental hard tissue and attempts to
simplify the confusion and complexities behind many of these
systems.

Principles of Adhesion, Bonding and Sealing in
Dentistry

What is meant by adhesion, bonding and sealing? In order to



understand the processes, a clear understanding of what these
terms mean is essential and a good knowledge of the structure
of the substrate i.e. enamel and dentine, is also required. The
reader is therefore advised to consult a dental anatomy
textbook to review the structure of the dental hard tissues if
required.

« Adhesion: is the force which binds two differing materials
together when they are in intimate contact with one
another.

- Dental bonding: is the process of attaching a resin
composite-based material to the underlying tooth tissue
using some form of intermediate material.

 Sealing: is the achievement of an impermeable barrier
between the cavity wall and the restorative material to
prevent the passage of bacteria.

The difference between bonding and sealing

The terms bonding and sealing are commonly used
synonymously but they have distinct meanings. Although a
material may appear to be ‘stuck’ to another material, every
part of the two surfaces may not be in intimate contact with
each other. This may be illustrated by considering a piece of
sticky tape stuck to a bench (Figure 11.1). Although the tape is
stuck to the table surface, small air bubbles and voids are
present between the tape and the bench. The tape has
therefore not sealed.



9 Slicky tape

iun bonded
to the table surface.

Air bubbles

13T 9 W Bl A picce of sticky tape stuck to a bench. Although it has bonded to the
table surface, there is no seal as demonstrated by the numerous air bubbles present
between the tape and bench.

Bonding and luting

Further confusion arises when dentists discuss bonding and
luting.

« Luting: is the filling up of the potential gap between a
cast restoration and tooth, which is essentially a grouting
effect. An everyday example is that of kitchen or
bathroom tiles, where the grout (cement) is used to fill in
the gaps between the tiles but not necessarily to bond
them together (Figure 11.2).



|- W WP Kitchen ceramic tiles with grout between them. The grout serves no
adhesive function for the tiles, it merely fills the gap between them. This analogy
represents the intimate contact between a cast restoration and the tooth with the gap
between them being filled by a cement.

There is therefore an important difference between luting
and bonding. Luting materials may be divided into
conventional cements and luting composites. The latter
are more wear resistant, aesthetic and insoluble in oral fluids.
However, it is a paradox that although they fill up the
microgap between the tooth and cast restoration, they are
usually bonded to the underlying tooth surface by means of an
intermediate agent.

When luting a cast restoration, the cement should be applied sparingly to the axial

surfaces of the restoration. Filling the retainer with cement may prevent its full

seating, however. The aim is to fill up the potential gaps