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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.


[image: image]
 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 underpin 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 useful 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 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







Section I

General principles





Chapter 1 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/metre2).

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.


[image: image]

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.


[image: image]
Fig. 1.1A,B 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.


[image: image]
Fig. 1.2A,B A scanning electron micrograph and pictorial representation of a 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.



[image: image]
Fig. 1.3 A scanning electron micrograph and pictorial representation of a granular glass ionomer powder.



[image: image]
Fig. 1.4 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).


[image: image]
Fig. 1.5 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.


[image: image]
Fig. 1.6 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.



[image: image]

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.


[image: image]
Fig. 1.7A,B 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.



[image: image]
Fig. 1.8A,B The assembled and exploded capsule components. Note the access hole 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.


[image: image]

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).


[image: image]
Fig. 1.9 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.





[image: image]

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.


[image: image]
Fig. 1.10 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.
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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.


[image: image]
Fig. 1.11 (A) A mixing machine with a rotary mixing motion (3M ESPE 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.
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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.


[image: image]
Fig. 1.12 Compules containing a resin-based composite (Miris 2, Coltène Whaledent).






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).


[image: image]
Fig. 1.13 A dismantled compule demonstrating its components.



[image: image]
Fig. 1.14 Two compules with different nozzle sizes. The wider one permits the extrusion of a regular viscosity resin composite material (Miris 2, Coltène 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.


[image: image]
Fig. 1.15 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.


[image: image]
Fig. 1.16A,B Two examples of guns used to express material from compules: (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).


[image: image]
Fig. 1.17 Two automated paste/paste delivery systems. 3M ESPE’s Clicker™ system (illustrated by Vitrebond Plus) and GC’s Paste Pak Dispenser (illustrated by Fuji Lining LC).
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Fig. 1.18A–D 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.
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Fig. 1.19 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).


[image: image]
Fig. 1.20 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.
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Fig. 1.21 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.



[image: image]
Fig. 1.22A–C 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 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).


[image: image]
Fig. 2.1 A selection of devices for moisture control. From left to right: cotton wool rolls, saliva ejector, aspiration tip and dry guards (small and large).



[image: image]
Fig. 2.2 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.
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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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Fig. 2.3 Lumin Vacuum Shade Guide (Vita) otherwise known as the Vita Shade Guide. This is the most commonly used shade guide for matching ceramic restorations.



[image: image]
Fig. 2.4 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.


[image: image]
Fig. 2.5 Chromascop Shade Guide (Ivoclar Vivadent) used for cases when ceramic units (such as crowns) are to be matched with a denture with acrylic teeth on it.



[image: image]
Fig. 2.6 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.


[image: image]
Fig. 2.7 Two shade guides constructed using the material in the kit: (A) Venus (Heraeus) and (B) Miris 2 (Coltène 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.


[image: image] Shade taking (using Miris 2, Coltène 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).




[image: image]
Fig. 2.8 The dentine shade is taken from the cervical region of the tooth. The resin composite ‘cores’ correspond to dentine.
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Fig. 2.9 The enamel shade is selected by using the resin composite ‘shells’ and by matching the tooth colour at the incisal edge where enamel predominates.



[image: image]
Fig. 2.10 The dentine ‘core’ is placed inside the enamel ‘shell’ with a drop of 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.
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• 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 a red 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.







[image: image]

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.


[image: image]
Fig. 2.11 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.
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Fig. 2.12 Easy 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

[image: image]


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 α 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.


[image: image]
Fig. 2.13A–C (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).


[image: image]
Fig. 2.14 Superimposition of the spectral bands of an LED and halogen curing light 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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Fig. 2.15 Absorption spectra of three photo-initiators (solid line) and operating wavelength of three light sources (dash line). Bluephase is a light source using a 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.


[image: image]
Fig. 2.16 A halogen curing light (Optilux 501, Kerr Hawe). The radiometer is highlighted.


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
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Light-emitting diodes (LEDs)
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	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










Effects of incomplete curing
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Factors affecting cure





Factors under the manufacturer’s control
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Factors under the clinician’s control
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Irradiance
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Curing light maintenance and care
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Summary
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