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Chapter 1 : TChapter 1 : TChapter 1 : TChapter 1 : TChapter 1 : Tooth structureooth structureooth structureooth structureooth structure

It is essential to have a good understanding of tooth structure in order to understand  both the

nature of the defects and the diseases that can occur and to then make rational decisions on

their prevention, treatment and repair.

Teeth are composed of four different tissues : enamel, dentine, dental pulp and cementum.

Each of these is made up of structural elements found elsewhere in the body, but arranged  in

unique ways.

In the brief description that follows, a basic knowledge of the embryology and histology of the

developing tooth is assumed. Readers interested in further information are referred to the

reading list at the end of this chapter.
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Chapter 2 : The nature and progression of dental cariesChapter 2 : The nature and progression of dental cariesChapter 2 : The nature and progression of dental cariesChapter 2 : The nature and progression of dental cariesChapter 2 : The nature and progression of dental caries

This chapter emphasises the modern concept of dental caries. For many years it was thought to

be a one way, progressive demineralisation of the enamel crystallites followed by degeneration of

dentine, leading to �cavity� formation. Theories concerning the actual cause of the degradation

have varied but it has always been regarded as primarily of bacterial origin.

In the present concept, the emphasis is on a demineralisation/remineralisation cycle of the

chemical reaction that occur on tooth structure. This model assists the dentist to guide the

patient to independently maintain a high level of control over the disease.

This approach is not inconsistent with models which focus on the concept of caries as an

infectious disease. However, the �demin/remin� approach provides greater emphasis on the

aspect of enhancement of the natural host protective factors rather than simply aiming to control

bacterial plaque infection.
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Chapter 3 : Management and control of cariesChapter 3 : Management and control of cariesChapter 3 : Management and control of cariesChapter 3 : Management and control of cariesChapter 3 : Management and control of caries

Using an understanding of the �demin/remin� cycle discussed in the previous chapter, patients can

be advised on strategies to prevent or reverse the problem. It is necessary to determine for each

patient which is the dominant factor or factors causing the disease. It could be a highly cariogenic

diet, poor plaque control or a serious depletion of natural protective factors causing an otherwise

acceptable diet to result in caries.

Irrespective of the cause, it will be necessary first to educate the patient and then to gain control

by either :

- reducing the demineralisation process

- enhancing the protective factors
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Chapter 4 : Non-carious changes to tooth crownsChapter 4 : Non-carious changes to tooth crownsChapter 4 : Non-carious changes to tooth crownsChapter 4 : Non-carious changes to tooth crownsChapter 4 : Non-carious changes to tooth crowns

Apart from dental caries and iatrogenic modification such as cavity preparation by a dentist, the main processes that
can change the morphology of a tooth during its lifetime are abrasion, attrition, erosion and fracture. Modern
dentistry has evolved into an art and science aimed at restoring the broken down dentition to its newly-erupted
morphology on the assumption that the unworn tooth has the ideal functional form.

A variety of geometric concepts of occlusion have evolved over the years and occlusal reconstruction has tended to
follow formal guidelines regardless of the great variabiity that exists in the architecture of the stomatognathic system
within, and between, populations as well as in the same individual over time. Fossil records, anthropopological
research and studies in comparative anatomy, show that the processes responsible for tooth reduction have acted
on teeth since prehistoric times. It is therefore reasonable to recognise and accept tooth wear as a normal
physiological process, no different from aging. Changes to masticatory structures as a consequence of wear often
represent adaptation and not pathology. Only when the adaptive capabilities of the individual are surpassed will
pathology become evident.

This broader concept modifies to some degree, the philosophy of clinical dentistry. By recognizing progressive
change in tooth form as a physiologically dynamic process, premature and unnecessary dental intervention may be
avoided.
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Chapter 5 : Disease dynamics of the dental pulpChapter 5 : Disease dynamics of the dental pulpChapter 5 : Disease dynamics of the dental pulpChapter 5 : Disease dynamics of the dental pulpChapter 5 : Disease dynamics of the dental pulp

An understanding of the events which occur in the pulp following insults enables the dentist to both protect the
tissue, and to provide appropriate treatment when it is damaged. Interceptive therapy may make the difference
between pulp survival through healing and pulp death. Various therapies may also reduce or eliminate pulpal pain.

In very general terms, the pulp responds to damage in ways similar to the other connective tissues, i.e. it can
undergo various forms of inflammation, it can heal, or it can die. However, the pulp is unique among connective
tissues in that it is entirely enclosed in dentine and it has processes which extend throughout the dentine so that
pulp and the dentine should be regarded as a single entity.

Any trauma or therapy applied to the dentine should be regarded as trauma or therapy applied to the pulp. Insults,
such as the caries process and tooth restoration, are unlike those found elsewhere in the body and will change the
pulp. It is not surprising therefore, that some aspects of the pulp�s response to insults are unique. Some therapies
used to treat the dental pulp are also unique.
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Chapter 6 : Cutting instruments used in tooth restorationChapter 6 : Cutting instruments used in tooth restorationChapter 6 : Cutting instruments used in tooth restorationChapter 6 : Cutting instruments used in tooth restorationChapter 6 : Cutting instruments used in tooth restoration

The stage may be reached in the progression of dental caries where preventative therapy and
remineralisation techniques will no longer be successful. In the presence of frank cavitation in both
enamel and dentine, it will no longer be possible to eliminate plaque. It then becomes necessary
to surgically debride the lesion and restore the tooth to original anatomy to prevent further
breakdown. It is also necessary to shape and restore broken teeth and to remove defective
restorations and replace them. Each of these actions requires cutting the tooth tissues or hard
restorative materials.

Enamel is the hardest material in the body. Some restorative materials are of similar hardness and
dentine is only a little softer. Rotating cutting instruments travelling at various speeds are the most
effective means of reducing both tooth tissue and restorative material. However, refinement of
cavity margins is not always possible with rotary instruments because of difficulties of access and
final removal of softened carious dentine may be best carried out using a degree of tactile sense.
Under these circumstances hand instruments remain useful.
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Chapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistry

When a carious lesion has progressed to the point where it is not possible to
remineralise, it is necessary to remove that part which is broken down and place
a restorative material.  This chapter discusses the basic principles which must be
understood to ensure proper placement and retention of the various restorative
materials available.

No material is universal, and correct selection is important to ensure longevity.
In the following chapters these materials will be discussed in sufficient detail to
enable the clinician to make a logical choice as to which material to select for
each restorative problem.
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Chapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistryChapter 7 : Basic principles for restorative dentistry

Protection
As the cavity enlarges the strength of the remaining tooth structure becomes compromised and it may be
necessary to offer some degree of protection against the future development of cracks at the base of a cusp.

Adhesion
There are essentially two types of adhesion available in the oral cavity. A micro-technical union can be readily
developed between composite resin and enamel simply by etching the enamel and applying an unfilled resin. A
similar union has been attempted with dentine but there remains some doubt about the the longevity because
of the presence of a positive dentine fluid flow.

A chemical union can be developed between the hard tooth tissues and glass ionomer materials because of the
polyalkenoic acids which provide an ion exchange as well as a chemical union with collagen. A similar adhesion
with composite resin is being explored.

Retention
In the absence of adhesion there needs to be some form of mechanical interlocking between the restoration
and the tooth structure. This is generally provided through the use of ditches and grooves but occasionally
self-threading pins may be indicated.
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Chapter 8 : Glass-ionomer materialsChapter 8 : Glass-ionomer materialsChapter 8 : Glass-ionomer materialsChapter 8 : Glass-ionomer materialsChapter 8 : Glass-ionomer materials

Glass-ionomer was developed in England and was first reported by Wilson and Kent in 1972. At
that time it was recommended for the restoration of Class V abrasion lesions but the early
versions lacked aesthetics and translucency. Subsequent development and research by the
manufacturers has evolved a number of very useful materials in this class which can be used for a
variety of functions in restorative dentistry including luting restorative materials, lining and basing
cavities prior to the placement of other restorative materials as well as a an aesthetic translucent
restoration in its own right. Since their development, glass-ionomers have increasingly become an
essential part of the dentist�s armamentarium for providing treatment that conserves tooth
atructure and assists in its remineralisation and at the same time maintains aesthetics.

Of the glass-ionomer�s numerous attractive characteristics, the most significant are the ability to
bond chemically to dentine and enamel through an ion exchange mechanism; long-term flouride
release without high solubility; and the ability to re-absorb flouride ions and therefore act as a
flouride reservoir. The principal negative feature at this point, is susceptability to brittle fracture -
the material is unable to withstand undue occlusal/incisal loading.

To go to the next image, click once on the

red button. At the end of a sequence this

button will return you to the chapter menu.

Each chapter has a series of photographs that supplement the text and illustrations in

this book. By double clicking on the folder symbol (see the icon at right) you will be

able  to read a caption or commentary for that picture.



Authors :  GJ Mount, RW Bryant

Chapter 8 : Glass-ionomer materials Chapter 8 : Glass-ionomer materials Chapter 8 : Glass-ionomer materials Chapter 8 : Glass-ionomer materials Chapter 8 : Glass-ionomer materials  (continued) (continued) (continued) (continued) (continued)

Lamination
Because the fracture resistance of the glass-ionomers is limited, it is necessary on occasion to support and
protect them against undue occlusal load. Also, the ion exchange with dentine is at present the preferred
method for providing adhesion between composite resin and dentine.

Glass-ionomers
This section deals with the detail of the basic properties and clinical handling of glass-ionomer materials. It is
essential that they be properly understood if they are to succeed in the oral environment. The basic rules
are not difficult and they can be very useful as long as they are not subject to undue occlusal load.

Type II.2 restorative reinforced
The type II.2 glass-ionomers identify the reinforced restorative classification which to date have been
represented mainly by the so-called cermets. These materials have a layer of fine silver particles sintered to
the surface of the glass particles leading to an enhanced wear resistance. In future the new auto-cure cements
with high physical properties are more likely to be used in situations where the cermets have been used
innthe past.
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Chapter 1 - Tooth Structure
Figure 1.1A photomicrograph, at magnification X100, of developing enamel. On the right hand side is the newly formed enamel with the ameloblasts on the surface. Apatite begins to precipitate within the extra-cellular protein gel immediately adjacent to each ameloblast.On the right hand side is the stratum intermedium.



Chapter 1 - Tooth Structure
Figure 1.2A scanning electron micrograph of fractured enamel showing some enamel rods in longitudinal section with inter-rod enamel in between. Towards the incisal edge or in the region of cusp tips and at the entry to fissures on posteriors,  the pattern would be more irregular and is generally called "gnarled enamel"



Chapter 1 - Tooth Structure
Figure 1.3A scanning electron micrograph showing the perikymata on the buccal surface of a molar tooth.These ripples are not always clear but the angulation of the lighting emphasises them in this photographThey emphasise the fact that enamel develops incrementally in a cycle of approximately 7 - 10 days. The ripples relate to the Striae of Retzius and probably represent the point at which they reach the surface. 



Chapter 1. Tooth Structure
Figure 1.4A horizontal cross section of dentine showing the tubules. This section is relatively close to the pulp, hence the frequency and size of the tubules.The remains of the odontoblast processes are shown lying within some of the tubules. 



Chapter 1 - Tooth Structure
Figure 1.5A longitudinal section of dentine in an area similar to that shown in the previous slide. The tubule diameter is approximately 2µ.The collagen matrix shows along the periphery of the tubules and the heavily mineralised intertubular dentine is also apparent.



Chapter 1 - Tooth Structure
Figure 1.61 of 2A photomicrograph of normal healthy dentine and the pulp. On the extreme right hand side is the dentine and then in sequence is the thin clear layer which represents the pre-dentine.The odontoblast layer lies next and a higher power view of this particular layer can be seen in the next slide. Beyond, to the left, is the normal healthy pulp tissue.



Chapter 1 - Tooth Structure
Figure 1.72 of 2This is a higher power view of the dentine at the surface of the pulp.The dentine is on the left of the slide and the seried row of odontoblasts is clearly seen on the right of the dentine.Healthy pulp tissue is apparent for the rest of the slide to the left.



Chapter 1 - Smear layer
1 of 2Figure 1.8A split section of dentine viewed under a scanning electron microscope following cavity preparation.Note the smear  layer over the surface almost completely closing the tubule orifices. In the clinical situation this smear layer will be a complex of tooth debris, plaque, pellicle and saliva as well as possibly a little blood or other oral debris. It would seem to be desirable to remove it to develop a clean surface if it is intended to obtain adhesion to this surface.



Chapter 1 - Smear layer
2 of 2 Figure 1.9A split section of dentine viewed under a scanning electron microscope after the removal of the smear layer by the application of orthophosphoric acid for 20 seconds.Note that the tubules are funnelled to some extent and the surface is perfectly clean but partly demineralised. There will be collagen fibres exposed and, as long as the surface is kept wet, there is the potential to engage the fibres in the development of a "hybrid layer" with composite resin.



Chapter 2 - Caries
1 of 7Figure 2.8 AA section of a tooth showing an early carious lesions. On the right hand side the lesion has apparently not yet penetrated enamel but there are the earliest signs of dentine involvement.On the left hand side the dentine is clearly involved  but the enamel remains demineralised and  otherwise intact. There is no cavitation in the enamel so this means that the external lesion is still capable of being remineralised. The dentine lesion follows the curve of the dentine tubules downwards and inwards towards the pulp.Both these situations have implications regarding cavity design particularly in the preparation of minimal extension cavities as described in Chapter 11.6 page 216. 



Chapter 2 - Caries
2 of 7Figure 2.8 BThis tooth has been cut away on both sides to reveal the progress of the carious lesion beyond the enamel and into the dentine. It has then been mounted in front of two mirrors, placed at right angles to each other, thus showing three aspects of the same tooth at once.On the left there is a small occlusal lesion progressing through a fissure. Note the increase in the width and the depth of the lesion once it involves dentine.An extension of the occlusal lesion is shown on the right hand side and it should be noted that the depth of penetration in both cases is approximately twice as deep as the width. This is significant during cavity preparation and emphasises the importance of minimising the lateral extension of a cavity. Lateral extension will inevitably weaken the remaining crown and leads often to further breakdown and loss of bulk tooth structure.The progress of a lesion in the area of the contact between teeth is shown in the left hand side of the tooth.  The  dentine lesion extends laterally and vertically as well as in depth whilst the enamel lesion remains relatively small. Note the direction of progress of the lesion into the dentine.  The demineralisation follows the tubules  downwards and inwards towards the pulp and this also is significant in relation to cavity design, particularly when preparing a "tunnel" cavity and similar conservative restorations.  See further illustrations in Chapter11.  



Chapter 2 - Caries
3 of 7An early enamel lesion just below the contact area on the proximal surface of a bicuspid.Note that the demineralisation has progressed to the point where there is actual cavitation in the enamel and therefore there will be a need to remove the denatured section of the enamel during cavity preparation. However the demineralised enamel around the periphery of the lesion can be remineralised in the presence of a fluoride releasing adhesive restoration. 



Chapter 2 - Caries
4 of 7A section through a bicuspid showing the progress of a carious lesion through the enamel and into dentine.This relates well with the previous slide although the damage to the enamel is not quite so far advanced. The lesion is close to the crest of the marginal ridge which is therefore somewhat weakened  This is likely to be best restored using a "slot cavity" design.See Chapter 11.2 page 222.



Chapter 2 - Caries
5 of 7A section of a bicuspid showing the very earliest signs of a carious lesion arising from the contact area as well as one of the occlusal fissures. There is no dentine involvement as yet and these lesions should respond well to remineralisation.They may show radiographically but there is no doubt the initial treatment should be topical  fluoride therapy only.See slides #35 to #37 for histological view of early lesions.



Chapter 2 - Caries
6 of 7A section through a bicuspid showing the progress of a carious lesion from just below the contact area. This is the typical region for the initiation of contact caries because the contact area  itself remains plaque free as a result of the friction between the two adjacent teeth.Note that, although the enamel is demineralised, the structure remains and there is no cavitation. This area will therefore not retain plaque and will  remineralise and there is no need to remove this enamel in the preparation of a conservative cavity. (see Chapter 11.2  page 218)Note also that the lesion is some distance down the proximal surface leaving a relatively strong marginal ridge. The preferred cavity design for this lesion is therefore a "tunnel".



Chapter 2 - Caries 
7 of 7A section through a lesion on the proximal surface of a bicuspid which has advanced to a stage where the demineralised enamel has, in fact, broken down to the extent that there is actual cavitation. This means that it is beyond remineralisation and the denatured part of the enamel will need to be removed during preparation for restoration. The surrounding demineralised enamel may remain as it will remineralise in the presence of an adhesive fluoride releasing restorative material.Note that a clinical decision will need to be made as to whether the cavity will be a "tunnel" or a "slot" and this will depend on the perceived strength of the remaining marginal ridge.See Chapter 11, page 222



Chapter 2 -Root Surface Caries 
1 of 6A root surface lesion on the proximal surface of a molar tooth. Note the typical wide spread of the lesion which commences on the dentine of the exposed root and does not involve the enamel, at least until it is well advanced. In this case the enamel is becoming undermined but the contact area will not become involved.The outline of the lesion is difficult to define during cavity preparation and the best method of approach is from the buccal or lingual depending on ease of access.See Chapter 11.2 page 242



Chapter 2 - Root Surface Caries
2 of 6A root surface lesion at the cervical margin of an anterior tooth.Note the rather diffuse outline with possible involvement around towards the distal of the root surface. The gingival tissue is apparently not involved in plaque retention and it is difficult to determine the actual cause in this particular area.Because of the light colour with lack of stain it is probably a relatively new lesion and it is likely that it would respond to remineralisation from fluoride applications  See Chapter 3, page 33 & 34



Chapter 2 - Root Surface Caries
3 of 6There are extensive erosion/ abrasion lesions on all remaining lower anterior teeth and these are now becoming carious. The patient has suffered a degeneration in his general health and is now far more susceptable to root surface caries, probably because of failure to remove plaque routinely. This means that root surface caries has been super-imposed over a pre-existing condition. Restoration was previously desirable but is now essential if the teeth are to be retained. Glass-ionomer is the material of choice.



Chapter 2 - Root Surface Caries
4 of 6Root surface caries is developing in the gingival crevice around the lower molar. This is not an unusual position for root caries to begin and it needs to be monitored carefully. Because of the colour and texture of the lesion it is probably still  relatively new and it may respond to fluoride applications. (See Chapter 3, page 33 & 34).It is likely that this lesion developed because of the recent major change in the life style of the patient. She has just moved into a retirement home following the loss of her husband - both episodes tend to generate stress leading to the development of root surface lesions.



Chapter 2 - Root Surface Caries
5 of 6A root surface lesion on the exposed root of an upper lateral incisor. Because of the dark colour it is likely to be of long standing but the remainder of the dentition should be carefully explored for other root surface lesions because they generally do not occur in isolation.Note also the rather diffuse outline leading to difficulty in determining the cavity margin at the time of restoration. Quite apart from aesthetics it must be assumed that this lesion is beyond treatment with remineralisation.The restored lesion is shown in the next slide.



Chapter 2 - Root Surface Caries
6 of 6The root surface lesion, seen in the previous slide, shown immediately after it had been repaired with an auto-cure glass- ionomer cement. The cement is not yet mature and lacks its ultimate translucency but the cavity outline form can just be perceived.



Chapter 2 - Early Caries 
1 of 3 An histological specimen viewed under polarised light of an early enamel carious lesion showing the remineralised, intact surface zone over the main body of the lesion.  Compare this picture with Figure 2.7 which shows the relationship of the surface and the body zones of the lesion and the dark zone as seen in the next slide.Note that at this stage the lesion is primarily subsurface. Mineral loss in the body of the lesion can vary from 5% at the very early stage to 50 % just prior to frank cavitation.This section was imbibed in water and should be compared with the next slide where  the same section is imbibed in quinoline. The two slides are complimentary and should be viewed together. After Silverstone



Chapter 2 - Early Caries
2 of 3When the same section of the early lesion, as shown in the previous slide, is imbibed in quinoline, which has a similar refractive index to enamel, a new segment of the lesion shows. This section is internal to the body of the lesion and is called the "dark zone ".This zone represents an area where the enamel crystalites have suffered a small amount of demineralisation but have been subject to a degree of remineralisation which has allowed air to remain enclosed in the resultant small  porosities. The exclusion of quinoline from these porosities results in the dark zone becoming visible under polarised light.In approximately 50 % of cases a further zone internal to the dark zone has been detected. This has been called the translucent zone and is thought to represent the earliest zone of demineralisation in the progress of the carious lesion. When the pictures seen in this slide and the last one are viewed together they  represent the classical histological picture shown in Figure 2.7 on page 26.Relate these two slides to slide #45. The lesions on the enamel surfaces of both sides of that tooth represent this lesion in a  much advanced stage. Note that the surface remains intact even though the dentine is just becoming involved.



Chapter 2 - Early caries
3 of 3Figure 2.10An histological view of a section through an early root caries lesion imbibed in quinoline and viewed with polarised light microcospy. The picture is quite different from that seen in enamel caries in slides 35 and 36.There are three zones apparent. The surface zone represents totally demineralised cementum.The second zone down (yellow) represents totally demineralised dentine leaving collagen only and it is this which provides the soft leathery consistency detectable clinically.The third zone (blue) shows in a large proportion of cases to have a reversed birefringence when imbibed in quinoline. This zone represents the area of partial demineralisation at the front of the lesion where less than 40% of mineral has been lost. This possibly relates to the "affected zone" as described by Massler because the tubular structure in collagen  remains relatively intact. In the first two zones the tubular  collagen structure is largely lost and may well be the "infected  zone"  of Massler. 



Chapter 11 - Fissure seal
1 of 4Figure 11.1Cross section through a  lower molar showing the anatomy of the fissure. In this picture it has been filled with a glass-ionomer which is stained red to make it  show up more clearly.Note that in this section the fissure is sound and reasonably shallow with no demineralisation. It could become carious later but, as it is so shallow and open at the top, it will be readily cleaned and placement of a fissure seal is possibly not warranted.See next slide for comparison.  



Chapter 11 - Fissure seal
2 of 4Figure 11.2A similar section of a fissure in a  lower molar, sealed with a glass- ionomer which is stained red to make it show more readily. Note in this tooth that the fissure is very narrow and very deep. There is a constriction near the top of the fissure and then it opens out further down. This is not at all unusual but is very hard to predict clinically.Note that there is a degree of demineralisation down both walls and  where the fissure opens out the lesion has progressed even further. There is a small degree of involvement in the dentine already.A fissure seal at this point will arrest the demineralisation, particularly if a glass-ionomer is used as the sealant, because of the fluoride release which is available.See following slides for other examples.



Chapter 11 - Fissure seal
3 of 4Figure 11.3Cross section of a lower molar in which the fissure has been sealed with a glass-ionomer sealant.  Care was taken to follow manufacturers instructions in an extensive series  carried out to compare glass- ionomer sealants with resin sealants and the results suggested that the two materials compared well together.This fissure appears to be well sealed but it is interesting to note that the sealant has flowed down the fissure only to the point where the fissure is approximately 200µ wide. The sealant failed to penetrate beyond that point in any of the teeth using either  glass- ionomer or resin. Compare this slide with the next where the sealant used is  a  resin. 



Chapter 11 - Fissure seal
4 of 4Figure 11.4Cross section of a lower molar in which the fissure has been sealed with a resin fissure sealant.  Care was taken to follow manufacturers instructions in an extensive series carried out to compare a resin sealants with glass- ionomers.This fissure appears to be well sealed but it is interesting to note that the sealant has flowed down the fissure only to the point where the fissure is approximately 200µ wide. The sealant failed to penetrate beyond that point in any of the teeth using either resin or glass-ionomer.Note also that the enamel  on the shoulder of the fissure is generally gnarled and may not take a good etch pattern thus reducing the efficiency of the seal. Compare this slide with the previous one where the sealant used is a glass- ionomer which has a chemical bond to the enamel regardless of the nature of that material.



Chapter 11 - Site 1, Size 1
1 of 4Once a fissure becomes carious in one area or another ir may be necessary to remove the infected surface enamel and dentine rather than simply sealing it. This series shows a simulated situation to guage the efficiency of the method.A simulated #1.1 lesion which is to be restored with a glass- ionomer. It has been assumed that the fissure was involved to the extent that it was necessary to explore the full length. This was carried out using a very fine diamond bur #200 at intermediate high speed under air/water spray.Here it is being conditioned with 10% polyacrylic acid for 10 seconds before being  washed and dried ready for placement of the cement.Following  restoration the tooth will be sectioned to check the efficiency of the restorative technique.



Chapter 11 - Site 1, Size 1
2 of 4The tooth shown in the previous slide following preparation of the cavity. The lines across the crown show where the tooth is to be sectioned following restoration to demonstrate the efficiency of placement of the glass-ionomer.The left hand slice and the right hand slice are shown in the next two slides.



Chapter 11 - Site 1, Size 1
3 of 4The tooth shown in the previous two slides.Following restoration the tooth was sliced into three sections as demonstrated in the last slide. This photograph shows the left hand sliceNote that the cement has penetrated right to the base of the cavity preparation and it appears to be free of air inclusions. A  fast set auto cure glass-ionomer was used and as this cement has a relatively high resistance to abrasion and dissolution it is expected to have a reasonable life span.



Chapter 11 - Site 1, Size 1
4 of 4This is the third slice through the fissure restoration shown in the previous three slides.The lighting in this slide is transillumination showing the restoration a little more clearly.Note that the preparation with the fine diamond bur did not penetrate entirely through the enamel. Even if there had been a minor involvement of the dentine there was no need to excavate it because  the fissure seal would have been sufficient to arrest the carious process.



Chapter 11 - Fissure seal
1 of 3An example of a glass-ionomer fissure seal photographed approximately 8 years after placement.The cement used was a Type II.1 restorative aesthetic cement which required sealing with a low viscosity resin seal immediately after placement. The fact that it has lasted  for such a period of time suggests that this is a viable technique.



Chapter 11 - Fissure seal
2 of 3Figure 11.5There is a glass-ionomer fissure seal in the mesial fissure of this upper molar which has been in place for about eight years. The seal placed in the distal fissure appears to have been lost but as there is no caries in the fissure it can be regarded as a success.The cement used was a Type II.1 restorative aesthetic cement but the material of choice at this time would be a fast setting auto cure cement in the Type II.2 category.



Chapter 11 - Fissure seal
3 of 3Figure 11.6A  further example of a glass-ionomer fissure seal. This one has been in place for over nine years when photographed. The cement used was a Type II.1 restorative aesthetic material and this means it had to be sealed immediately after placement. The material of choice at this time would be a fast set Type II.2 auto cure cement which would not need to be sealed immediately.



Chapter 4 - Non-carious
Heavy wear showing on the upper anterior teeth of a relatively young patient. There is a variety of types of wear apparent including abrasion, attrition and erosion in different areas.The incisal edges of the centrals are damaged by abrasion arising from the patient opening pins and hair clips with her front teeth.There is a certain amount of attrition as well, particularly on the lingual surfaces of the anteriors, brought about by clenching and grinding. This may have been exacerbated by a deflective incline amongst the posterior teeth.There is a certain amount of erosion on the labial surface of the anteriors probably caused by tooth brushing too vigorously with a hard brush immediately after ingesting a low pH drink such as orange juice.



Chapter 4 - Non-carious
Severe abrasion/erosion lesions on all remaining lower anterior teeth. These are not unusual lesions and they are generally the result of over vigorous brushing with a hard brush shortly after ingesting a low pH drink such as orange juice or wine. The fluid will demineralise the surface of the tooth in a short time and if the teeth are brushed too soon there will be irreversible damage with removal of collagen before it has time to remineralise.From the pattern of erosion it is likely that the patient is a left hander in as much as the lower right canine shows the greatest damage. A left-handed patient can exert the greatest load on the right side. Note that in this case root surface caries has been superimposed  over the erosion/abrasion.All these teeth need immediate restoration because the wear has progressed so far. The material of choice would be a Type II.1 restorative aesthetic glass- ionomer.



Chapter 4 - Non-carious
Figure 4.1An advanced case of abrasion on the upper left lateral incisor. The distal corner of the central is also involved to a limited degree.The cause proved to be holding a pipe between the teeth for a prolonged period each day. The patient was a farmer and he drove his station wagon around all day sucking his pipe until he was advised of the problem. 



Chapter 4 - Non-carious
Figure 4.9A severe case of a combination of abrasion and erosion. It is often difficult to separate the two conditions and for this patient the two were inextricably interwoven.He was a wine taster by  profession and felt he should clean his teeth frequently during tasting sessions. The problem was that the low pH wine demineralised the teeth quite rapidly leaving collagen standing free. If brushing was undertaken immediately the collagen would be removed and therefore not be present  to be  remineralised.Advice to the patient included the use of topical fluoride mouthwashes prior to wine tasting and then delay any attempt to brush for at least three hours after a tasting session.



Chapter 4 - Non-carious
Figure 4.2Severe abrasion on the labial surface of the upper anterior teeth.The probable cause was excessive use of a hard tooth brush too frequently. The patient was a young lady who was anxious to keep her teeth looking nice and white so she frequently brushed the anteriors but tended to neglect the posteriors.She was not aware that, in removing enamel, she was modifying the colour of the teeth and making them darker and less translucent.  





Chapter 4 - Non-carious
Figure 4.3This is an aboriginal molar tooth showing the result of exposure to excessive abrasion arising from an abrasive dietary routine. There are gouge marks on the occlusal surface and in those areas where the enamel has been worn through the dentine shows signs of ditching. This is logically because the dentine is softer than the enamel and wears away faster. The next slide shows a section of this surface magnified under the SEM. 

Chapter 4 - Non-carious
Figure 4.3An aboriginal tooth showing a high level of abrasion as a result of the type of diet on which they  lived.Note that the enamel has worn away particularly on the cusp tips and the dentine is now eroding away  to a limited degree.Abrasion wil be detectable upon magnification because the abrasion pattern consists of random striations across the tooth surface.See next slide for magnification.  



Chapter 4 - Non-vital
Figure 4.4This is a section of the occlusal surface of the tooth shown in the previous slide, viewed under the SEM. Note the striations on the surface which are rather random in their direction and distribution and this  is indicative of abrasion.



Chapter 4 - Non-carious
Figure 4.5An ancient aboriginal skull showing a good example of continuing abrasion over many years. Note the development of a helicoidal wear pattern on the occlusal surfaces which leads to an "ad linguum" slope as the pattern moves distally to the third molars. 



Chapter 4 - Non-carious
A  good example of a reasonably normal attrition pattern on the occlusal surface of a molar tooth  from an ancient skull.The surface is rather smooth and matches well with the opposing tooth surface suggesting that it is tooth to tooth wear. The facets are sharp and clearly defined and the microscopic surface shows fine parallel lines in one direction only.The next slide #58 shows this surface viewed under the SEM.



Chapter 4 - Non-carious
A SEM picture of a small area of the wear facet on the tooth shown in the previous slide.Note that the striations are relatively parallel and compare this with slide  #55.



Chapter 4 - Non-carious
Figure 4.6An extreme example of attrition on the upper anterior teeth. The lateral incisor in particular is heavily worn and the central incisor shows a degree of enamel chipping which is commonly associated with attrition.The cause is not always clear but it is possibly the result of a lack of posterior support leaving a heavy load on remaining teeth. A further complication is often a deflective incline from a major alteration to the occlusal surfaces arising from over-eruption of an opponent or alternatively over-carving of a restoration leading to deep intercuspation.See Chapter  21, page 389.  



Chapter 4 - Non-carious
Figure 4.11A  further case showing extreme attrition on all anterior teeth accompanied by enamel flaking. The reasons are quite apparent in as much as the labial edge of the enamel becomes worn at an acute angle and therefore exposed to heavy occlusal load.A pattern such as this may often be accompanied by balancing side contacts allowing the development of a heavy  load on the canine. If cuspid rise can be re-developed it may overcome the problem.See Chapter 21,  page 387 



Chapter 4 - Non-carious
Figure 4.12Careful examination of the incisal edge of the upper left canine reveals a pattern of attrition extending out over the labial edge. If the patient is asked to reproduce the movement which causes this pattern they will often find it difficult to achieve. However, when they do in fact place the mandible in the correct position it will often be found that they can develop a balancing side contact at the same time.This type of movement is often the result of stress and the patient is unaware of making  such an  extreme excursion.



Chapter 4 - Non-carious
A further example of extreme attrition on the lingual surface of the upper anterior teeth. This can progress to the extent that it becomes a hazard to the vitality of the anterior  teeth.The cause may be complex but it is usually because the mandible is deeply locked within the maxilliary arch as a result of a deflective incline amongst the posterior teeth.It is essential to carefully examine the patients movements between the centric relation position and the centric occlusion or intercuspal position and to eliminate any steep inclines which are likely to lead to a large vertical shift during the closure of the mandible.Generally, following removal of the deflective incline, the mandible will achieve an intercuspal position distal to the anteriors and there will be room to laminate the lingual of the anteriors and prevent further attrition.See Chapter 21, page 389



Chapter 4 - Non-carious
1 of 2This demonstrates the result of heavy wear on the occlusal surface of a molar tooth particularly the terminal tooth in the arch. An alternate problem, which will exacerbate the situation, is over carving a restoration allowing over-eruption of the opponent.The result is deeper inter- cuspation between the arches often leaving the lingual cusps of the lower molars standing high and therefore very prone to fracture.The next slide #64 shows the two models articulated together thus demonstrating the heavy  lateral load which may be exerted on to the lingual cusps.See Chapter 21.6, page 398



Chapter 4 - Non-carious
2 of 2The two models are articulated in this slide showing the deep inter-cuspation between the teethNote that the buccal cusps of the lower molar probably act as a balancing side interference during lateral excursion and this may lead to heavy wear on the opposite canine. The result of that may be loss of anterior guidance.See slide #60.



Chapter 4 - Non-carious
A serious problem may arise over time through excessive wear caused by abrasive restorations. Porcelain is probably the most abrasive and wear resistant of all restorative materials. The glazed surface of a crown may not cause much wear but once the glaze is lost then considerable wear may result.This crown has been in place for many years but the eventual damage to the occlusion  is highly undesirable See Chapter 21, page 390. 



Chapter 4 - Non-carious
1 of 3A classic case of abrasion combined with erosion. The occlusal surfaces have been abraded away and then the dentine is eroded beyond. There is no contact between the opposing teeth at this point so abrasion cannot continue and the process has become entirely erosion.The lesions were restored with glass-ionomer about seven years ago and the patient counselled on the cause.



Chapter 4 - Non-carious
2 of 3A further example of abrasion followed by erosion - or possibly the two acting together. The incisal edge of the canine has been abraded to the extent that the dentine is exposed and this in turn has erodedIt is now  necessary to seal the dentine with glass- ionomer or composite resin and to counsell the patient on the cause.



Chapter 4 - Non-carious
3 of 3The condition of the lower right canine is probably the result of fracture followed by erosion. The dentine has dished out to some degree but the incisal corner of the canine is well away from the occlusion leading to the conclusion that the corner was fractured first. The erosion will be sealed with glass-ionomer with composite resin laminated over to restore cuspid guidance and the patient counselled on the cause.



Chapter 4 - Non-carious
Figure 4.8The cervical lesions on these two teeth are loosely termed "erosion lesions". Abrasion probably also played a part.  However, it must be accepted that they may have arisen through "abfraction".It is necessary to carefully examine the occlusion prior to restoration because of the possibility of an on-going problem of flexure of the tooth. The cause must be identified and eliminated.Examine the occlusion for contacts during the working side excursion and modify if possible. The restoration of choice would be a glass- ionomer because there is less likelihood of loss of restoration than if composite resin were placed. The ion exchange adhesion is superior and the cement appears to be sufficiently flexible to withstand these stresses.



Chapter 4 - Non-carious
Figure 4.14A situation similar to that shown in Figure 4.14.A  classic example of loss of posterior support leading to heavy wear on anterior teeth. The situation is also complicated by the presence of a deflective incline which has arisen as a result of  the by-pass between the upper molar and the lower  bicuspids.There is almost certainly loss of vertical dimension as well but it is unlikely that there has been over-eruption of remaining posteriors.Restoration of both posterior support and vertical dimension will lead to elimination of the deflective inclines and will overcome the wear factor.



Chapter 4 - Non-carious
Figure 4.13Worn lower anterior teeth in an aging patient. The fact that the dentine is exposed and showing signs of erosion is of no consequence providing caries in the dentine does not supervene.Even though more than half the original clinical crown has been lost and the vertical dimension has declined  there are no occlusal implications and restoration is not required.Wear is a normal process in aging and the amount of tooth loss must be weighed against the age of the patient.



Chapter 5 - Pulp dynamics
1 of 7Figure 5.1The following is a series of histological sections of pulp tissue ranging from normal through all stages of inflammation .This slide represents normal pulp tissue which is a typical loose connective tissue differing only in the presence of a peripheral layer of specialised cells, the odontoblasts, and in the fact that it is confined in a hard shellAs the pulp ages changes will occur in cell numbers, the nature of the ground substance and in the fibrous components such  that cellularity and vascularity decreases whilst fibrosity increases. These processes are accelerated by trauma.In this micrograph the peripheral odontoblastic layer can be seen as a pseudo-stratified layer with an irregular upper surface. Much of the irregularity relates to cut sections of the odontoblastic processes severed in the processing of the tissue for microscospy.Beneath the odontoblastic layer,  a cell-rich layer containing numerous small vesels cut in section can be observed. This area contains a rich vascular and neural plexus.Towards the centre of the pulp, cellularity reduces and the loose conective tissue components are readily visible along with several small vessels cut in section.



Chapter 5 - Pulp dynamics
2 of 7Figure 5.2The pulp responds to chronic low grade irritants through alterations to the vasculature and the fibrous components as described previously.Fibroblast numbers decrease, changes occur  in the composition of the pulpal ground substance and small vesels respond to persistant low level irritation.This micrograph is of a section of chronically inflammed pulp tissue and shows a large number of small vesels cut in cross section. Interspersed between are nucleii of fibroblasts and the fibrous tissue components of pulp.The small vesels respond to inflammation in an unusual fashion - the basement membrane undergoes a process of reduplication resulting in a dramatic thickening of the walls of the vessels. The endothelial cells lining the vessel also undergo morphological changes specialised for the exchange of chronic inflammatory cells.The changes in vessel wall thickness are postulated to have a significant effect on the egress of nutrients and immunocompetent cells from circulation. 



Chapter 5 - Pulp dynamics
3 of 7Figure 5.3In addition to the changes in the vasculature, pulpal responses to chronic inflammation can include dystrophic calcification.This micrograph shows several such areas of calcification in addition to the basement membrane thickening associated with small vesels detailed previously. The occasional chronic inflammatory cell can be identified by its deeply stained nucleus.In the centre of the tissue section a nerve trunk can be seen cut in cross section . Pulp tissue contains both myelinated and unmyelinated nerve fibres. The calcific changes are an indicator of the extent of pulpal inflammation and can pose a significant difficulty if endodontic therapy  is required subsequently.



Chapter 5 - Pulp dynamics
4 of 7Figure 5.4Once chronic inflammation becomes established further changes occur to both the nature of the ground substance and the endothelial cells lining vessels in the area.Inflammatory byproducts and changes in fibroblastic activity cause changes to the ground substance such that it becomes partially mineralised and granular. Endothelial cells develop a so- called "high endothelial venule" morphology  - they increase in size and become metabolically very active. In addition changes occur which facilitate the change of chronic inflammatory cells. Two such vessels are clearly seen in this specimen cut in cross section.Chronic inflammatory cells can also be seen within the affected tissue - monocytes / macrophages with their large nuclei and pale staining cytoplasm, lymphocytes with deeply stained nuclei and a little cytoplasm and the occasional plasma cell with its characteristic "clock-face" nuclear chromatin pattern eccentrically positioned nucleus. These latter cells, terminally differentiated counterparts of the B lymphocyte, play a significant part in pulpal immune responses through hypersensitivity responses and auto-immunity. 



Chapter 5 - Pulp dynamics
5 of 7Chronic inflammation is more advanced and four pulp vessels, cut in cross section, show high endothelial venule morphology.Later stages of inflammation are dominated by activated B lymphocytes and this section contains a large number of terminally differentiated plasma cells with characteristic chromatin patterns. These cells are generally peri-vascular and amongst them can be seen lymphocytes and monocytes/ macro-phages. In the centre of the specimen a single mast cell with eosinophilic cytoplast granules can be seen and these play a roll in hypersensitivity  responses.The beginnings of a concurrent acute inflammatory phase can be seen in the presence of several neutrophil polymorphs with characteristic nuclei.



Chapter 5 - Pulp dynamics
6 of 7A marked increase in the level of pulpal inflammation is evidenced by the presence of numerous neutrophil polymorphs throughout the tissue.Concurrent chronic and acute inflammation is signalled by the presence of neutrophil polymorphs as well as numerous monocytes / macrophages, lymphocytes and plasma cells.In these areas of extreme activity the production of large quantities of cellular tissue debris results in high levels of macrophage activity. The evidence is large numbers of "foamy" macrophages greatly enlarged  as well as  semi-transparent cells containing numerous vesicular structures which has resulted from ingestion of quantities of lipid material.



Chapter 5 - Pulp dynamics 
7 of 7Necrosis develops in the terminal stages of acute inflammation and is the result of disruption of the micro- circulation.In this section several vessels are seen in cross section  and there are numerous anucleate red blood cells within the lumen of these vessels.Destruction of the micro- circulation is evidenced by the spread of red blood cells into the pulp tissue and the complete lack of a connective tissue framework.Chronic inflammatory cells in the form of monocytes/ macrophages and plasma cells are also present but in small numbers.At this stage there is no possibility of repair of this tissue. 



Chapter 5 - Pulp dynamics
Figure 5.5Removal of the last of the affected dentine reveals a suppurating pulp beneath. The patient had recorded dull throbbing pain over a brief period and the retainer for a bridge proved to be mobile with active caries beneath.There is obviously an abscess in the pulp chamber so a complete pulpectomy is the treatment of choice.



Chapter 5 - Pulp dynamics
Figure 5.6A so-called "pulp polyp" has grown out of the pulp chamber of a heavily carious  lower molar in a young patient. There had been no symptoms and the tissue is relatively insensitive to touch. It is merely granulation tissue with a thin epithelial covering presumably arising from desquamated cells transferred via the saliva.This tends to show the ability of pulp tissue to survive when the tooth is young and the blood supply is still rich. It has a thin pedicle attaching it to the pulp tissue itself and it could be curetted and removed but it is highly unlikely the pulp would survive and the preferred treatment is extraction or root therapy. 



Chapter 5 - Pulp dynamics
1 of 2Figure 5.8Ideopathic internal resorption. There is debate as to whether this lesion commences within the pulp or externally from the cervical margin. Identification is difficult in the first place and for this patient it was first noted in the xray shown in the next slide #82.The tooth was symptom free but the amount of destruction which had already occured meant that extraction had to be a reasonable option. Early diagnosis is essential if extraction is to be avoided.Note that if the lesion is of external origin it will commence just within the gingival crevice beyond the cemento-enamel margin.  In the early stages it may be possible to treat it through localised cautery with trichloracetic acid. 



Chapter 5 - Pulp dynamics
2 of 2Ideopathic internal resorption.This is a radiograph of the tooth shown in slide # 81 prior to extraction. The diffuse resorptive pattern at the distal appears to have little or no connection to the pulp, giving rise to the question of its origin. It is interesting to note that quite the majority of teeth showing this condition have been subject to trauma in one form or another - a restoration, a traumatic blow or orthodontic movement.It is also significant that if a patient presents with one tooth involved there may be others in the same mouth. All other teeth should be carefully explored and observed for future episodes of internal or external resorption..



Chapter 5 - Pulp dynamics
1 of 6Figure 5.9Ideopathic external resorptionThere is a lesion which began at the cemento-enamel junction of the upper right lateral incisor. The tooth is free of symptoms but the resorption is now clearly visible through the enamel where the pulp is grossly enlarged as a result.The cause is unknown but trauma cannot be ruled out on an anterior tooth.An xray of this tooth  is shown in the next slide #84.



Chapter 5 - Pulp dynamics
2 of 6A radiograph of the tooth shown in the previous slide #83.Note the extensive progress of the resorption meaning that the tooth is beyond treatment.Early diagnosis is essential if the tooth is to be retained



Chapter 5 - Pulp dynamics
3 of 6Figure 5.10There was an early ideopathic external resorption lesion noted in the upper right central incisor. At this point the lesion has been carefully explored and all soft tissue removed and cauterised with trichloracetic acid. There appears to be no pulpal involvement at all so the lesion will be restored with glass- ionomer only.Further stages are shown in the next three slides.Photographs kindly taken by GS Heithersay.



Chapter 5 - Pulp dynamics
4 of 6The lesion shown in slide #85  is about to be restored with glass- ionomer. A soft tin matrix has been cut to shape and a hole drilled in the centre to allow the cement to be syringed into the cavity.The cavity was conditioned first before the matrix was placed and the cavity was restored using a Type II.1  auto cure restorative aesthetic cement.



Chapter 5 - Pulp dynamics
5 of 6The cavity shown in slide #85  is being restored with a Type II.1 restorative aesthetic glass ionomer. The cement is being syringed into the cavity through the hole prepared in the matrix while the matrix  is held in place with a sharp instrument applied near the margin.Photograph courtesy  GS Heithersay.



Chapter 5 - Pulp dynamics
6 of 6The restoration shown in the previous slides from # 85  to #87 several years after insertion. The ideopathic external resorption appears to be arrested and the tooth is sound at present.





Chapter 6 - Cavity prep
1 of 9Polishing diamondsA variety of fine polishing diamonds of value for fine finishing cavities or restorations.  These are available from a number of manufacturers and have a diamond grit size down as fine as 5µ. This is adequate to impart a smooth surface to a cavity  but they will not leave a gloss on a restoration. If a gloss is required then polishing pastes with finer particle sizes will be necessary. Also very useful for developing a bevel  around cavities designed for rigid  restorations and the bur on the right is useful for minimal cavities such as a #1.1  



Chapter 6 - Cavity prep
2 of 9An illustration from an advertising brochure purporting to show the difference between two similar diamond burs made through different manufacturing processes.The top picture shows a bur produced by a sintering process designed to retain the diamond particles  under heavy working conditions.The diamonds in the lower sample have been electro-plated on to the bur stem and appear to fail to stand up to stress to the same extent



Chapter 6 - Cavity prep.
3 of 9Two further examples of diamond burs manufactured by different processes.The bur on the left has been manufactured through a sintering process and the diamonds appear to be retained more deeply in the matrix and are therefore likely to stay  longer under stress.The bur on the right has been electro-plated and shows the diamond particles with apparently less support from the matrix and therefore more likely to be lost during heavy work.



Chapter 6 - Cavity prep
4 of 9Standard bur kitLeft - round bur #016 - for removal of infected  dentine.Centre - tapered mild steel  #168 - to develop retentive elements in simple cavities.Right - diamond cylinder #156 - for gross cavity outline for most cavities.



Chapter 6 - Cavity prep
5 of 9Standard bur kitLeft -  Cross cut tungsten carbide bur #140 -  for removal of old restorations particularly metal.Centre - Fine tapered fissure tungsten carbide #168 -  to develop retentive elements in simple cavitiesRight - very fine tapered diamond bur #200 - very valuable for minimal cavity designs such as Site 1, Size 1,  #1.1.



Chapter 6 - Cavity prep
6 of 9Standard bur  kitLeft -  a  large diamond cylinder #290 - for gross reduction  to begin extra-coronal preparations.Centre  -  small  tapered diamond bur #168 - to prepare the taper  in an inlay cavity and for general use in small cavities. Excellent for entering a new lesion.Right -  a  very fine sintered diamond bur #234 -  the fine taper and the rounded end make this most useful for finishing all extra-coronal preparations, specially  the champfered margin on a full or three quarter crown. 



Chapter 6 - Cavity prep
7 of 9Standard bur kitLeft -  long fine tapered diamond bur #199 -  to be used for interproximal preparation for a full or three quarter crown.Centre -  large parallel sided diamond cylinder #290 -  to be used to begin all extra coronal preparations.Right -  Fine sintered tapered diamond  #223 -  to follow the diamond cylinder in full crown preparation to provide a fine finish and a champfered margin. 



Chapter 6 - Cavity prep
8 of 9Standard bur  kitLeft -  a very fine tapered diamond bur #200 -  The finest bur available to be used for preparation of minimal cavities such as #1.1Centre -  tapered diamond bur #168 -  To be used in refining all standard cavities and very useful for developing the correct taper within an inlay cavity.Right -  large pear shaped diamond bur #234 -  to be used for occlusal and lingual  reduction on all extra-coronal preparations.



Chapter 6 - Cavity prep
9 of 9Standard bur  kitLeft -  Small round mild steel bur #008 -  for removal of infected dentine in minimal cavities and to initiate pin or post holes.Centre -  moderate sized round mild steel bur #012 -  for removal of infected dentine in moderate sized cavities.Right -  large round mild steel bur #016 -  for removal of infected dentine from larger cavities.



Chapter 7 - Adhesion with GIC
1 of 3Removal of smear layerThis is a classic slide from Ralph Phillips showing the end result of conditioning the dentine surface with 10% polyacrylic acid for about 10 seconds. The right hand side shows a greater magnification of a limited area of the left hand picture demonstrating clearly that the smear layer has been successfully removed. At the same time the dentine tubules remain more or less closed over with dentine debris plugs. This will  at least minimise the dentine fluid flow and leave a clean dry surface ready for the application of the glass- ionomer.The other main advantage of conditioning in this manner is that the surface energy of the dentine will be reduced as a result of the application of the polyacrylic acid . As the surface energy of the cement is relatively high the two materials will adapt to each other more efficiently and the required  ion exchange is more likely  to occur.



Chapter 7 - Adhesion with GIC
2 of 3This is a split section of a glass-ionomer restoration which was clinically placed. The tooth was subsequently harvested, sectioned and mounted for viewing under the SEM.In this section the main bulk of the restoration has been lost leaving the ion exchange layer behind firmly attached to the dentine surface.Note that there is little if any penetration of the cement into the tubules. The method of adhesion is essentially through the ion exchange between the cement and the tooth structure. The ion exchange layer will remain and prevent micro-leakage even if there is cohesive failure in the cement. 



Chapter 7 - Adhesion with GIC
3 of 3This is the interface between a glass-ionomer  restoration on the left and dentine on the right.  The restoration was placed over an extensive carious lesion as a  long- term temporary. Note that in this area the dentine is affected by the carious progress and therefore is demineralised. In spite of this there is still adhesion between the two materials. This means that there is some degree of chemical union between the collagen of dentine and glass-ionomer.



Chapter 7 - Adhesion, composite
1 of 10Figure 7.7This is the surface of dentine following a 15 second etch with 37% ortho-phosphoric acid. Note the way the tubules are opened and funnelled leaving the possibility of a positive dentine fluid flow.Compare with slide #99



Chapter 7 Adhesion - composite 
2 of 10Figure 7.3An SEM picture of the surface of enamel following a 15 second application of 37% ortho-phosphoric acid.Magnification 2000xNote the deep even etch pattern obtained in a brief time period and compare this with the next slide showing the depth of penetration of a low viscosity resin bond agent.See slide #104SEM courtesy  Dr Hien Ngo



Chapter 7 - Adhesion-composite 
3 of 10Figure 7.4A composite resin has been placed over etched enamel and the specimen sectioned. The surface was then lightly etched for 15 seconds with 37% ortho- phosphoric acid to remove a small quantity of enamel and thus highlight the depth of penetration of the low viscosity resin bond agent.The composite resin is at the top with the unfilled low viscosity resin bond lying immediately under. Below that can be seen the resin "tags", exposed by removal of some of the enamel layer. Magnification is 2000x  and the tags are approximately 20µ long.SEM courtesy Dr Hien Ngo



Chapter 7 - Adhesion-composite 
4 of 10A split section of a composite resin restoration over etched dentine viewed immediately below the junction between the two materials.Note that only some of the dentine tubules are filled with the resin bond agent and some remain open. There would appear to be a risk that, in the presence of a fault in the union, there could be micro-leakage into the tubules.Magnification 2000x SEM courtesy Dr Hien Ngo



Chapter 7 - Adhesion-composite
5 of 10A single dentine tubule at a magnification of 24,000x.Note the peritubular collagen fibres surrounding the tubule with what are assumed to be inorganic crystals embedded within the collagen.See slides #107 & 108  to see the result of a  low viscosity resin bond application.SEM courtesy Dr Hien Ngo



Chapter 7 - Adhesion-composite
6 of 10A picture similar to that shown in the previous slide #106. A single dentine tubule at a magnification of 24000x.This time the tubules is filled with a low viscosity resin bond and the adaptation to the dentine is excellent.Compare this with slides #106 & 108SEM courtesy  Dr Hien Ngo



Chapter 7 - Adhesion-composite
7 of 10A picture similar  those shown in slides #106 & 107. A  low viscosity resin bond has been placed over etched dentine and it has entered the dentine tubules.However, there are defects within the resin which appears to be hollow. This proved to be a common observation in these sections with up to 50% of the tubules being filled with defective resin tags.Magnification 24,000xSEM courtesy Dr Hien Ngo



Chapter 7 - Adhesion-composite
8 of 10A section similar to that shown in slide  #105. A cavity was restored with a composite resin over a low viscosity resin bond then the tooth and  the restoration were split to show the depth of penetration of the resin bond.Note that there is a broad mix of tubules which are filled or unfilled with the bond, and some of those containing bond have a hollow centre.The significance is not entirely clear but it would suggest that the union is not as efficient as might be desirable.Another significant factor is that all the above SEMs were taken of restorations placed in extracted teeth which therefore did not have a positive dentine fluid flow.Magnification 2000x.SEM courtesy Dr Hien Ngo 



Chapter 7 - Adhesion-composite
9 of 10The size and distribution of dentine tubules varies greatly between superficial and deep dentine.This is a cross section of dentine close to the dentino-enamel junction showing the size and distribution. The tubules are relatively narrow and few  in number.Magnification 1000xCompare with the next slide #111



Chapter 7 - Adhesion-composite
10 of 10A cross section of deep dentine close to the roof of the pulp chamber.Note the relative number and diameter of the tubules compared with slide #110.Magnification 1000x.The inevitable conclusion is that there is a greater risk of micro- leakage as the cavity floor approaches the pulp chamber



Chapter 7 - Retention
1 of 2This extensive amalgam restoration was placed clinically and some years later the tooth was extracted as a result of a change of treatment plan. The tooth was sectioned to examine the restoration.Note the retentive groove at the gingival of the proximal box. It is approximately 2mm deep and 1mm wide and was produced using a tapered fissure bur #168. The amalgam is a low copper spherical alloy and it would seem to be adequately condensed.See slide #113 for a closer examination of the groove.Note the significance of the central core of dentine. The amalgam "embraces" that core and the retentive grooves enhance the stability of the entire restoration.



Chapter 7 - Retention
Figure 7.112 of 2The same restoration as shown in the previous slide #112.The retentive groove was cut using a tapered fissure bur #168 and is approximately 1mm wide and 2mm deep. It appears to be well packed and condensed using a  low copper spherical amalgam.



Chapter 7 - Retention
Figure 7.12An experimental amalgam restoration has been placed in an extracted tooth under normal clinical conditions. The three retentive grooves were cut with a tapered fissure bur #168  to varying depths - left hand groove     -    1mm deepcentre groove         -    2mm deepright hand groove    -   3 mm deepA  low  copper spherical  amalgam alloy was packed in to the cavity  and the tooth sectioned to determine the efficiency of condensation into grooves of increasing depth. It is apparent that the condensation is still efficient at a depth of 3mm. It is probably desirable that the grooves be tapered  to allow easy entry of the amalgam into the groove.



Chapter 7 - Retention
Figure 7.9Cavities prepared under clinical conditions showing the retentive groove along the gingival floor of both cavities.The grooves were prepared with a tapered fissure bur #168 and at each end the bur was turned  slightly inwards so that the full length of the groove became a minor "dovetail" retentive element.In the second molar (left tooth) note the limited involvement of the occlusal fissure which has been explored only  to determine if it is carious and not opened to a dovetail form for retention.The groove in the distal fissure has been prepared using a fine tapered diamond bur #200 and demonstrates the minimal tooth reduction needed to deal with a  moderately  involved  fissure. 



Chaptert 7 - Retention
Figure 7.14This tooth was restored with amalgam prior to its preparation for a full crown. The various sections of the amalgam cavity were made self retentive with grooves and ditches cut with a tapered fissure #168 bur.This picture shows the retentive element cut in the buccal extention of the occlusal groove and demonstrates that it is adequately condensed  even at a depth of approximately 3mm.With all sections of the amalgam restoration firmly locked on to remaining tooth structure in this manner the amalgam can be regarded as   "part of the tooth" during construction of a full crown. 



Chapter 7 - Retention
Figure 7.13A standard type amalgam cavity was prepared in an extracted tooth to demonstrate the efficiency of ditches and grooves for retention.This slide shows various sections cut away to show the extent of the dovetail effect which can be achieved by turning the tip of the bur laterally at the end of each groove. The proximal box shows clearly here.There was an extensive buccal component in the cavity and this shows, in part, to the right of the tooth. This section also reciprocates with the proximal section to add to the effective retention of the entire restoration. 



Chapter 7 - Retention
A very extensive cavity prepared in an extracted tooth showing various retentive elements prepared in remaining sound dentine.Where the buccal cusps are missing there is a long groove in the gingival floor which turns out a little at each end to produce a dovetail effect.On the lingual side there is a small groove cut in sound dentine under the disto- lintgual and mesio-lingual cusps which between them produce a further dovetail locking effect.



Chapter 7 - Retention
1 of 2Figure 7.10A cavity cut in an extracted tooth to simulate the retentive requirements for a normal amalgam restoration.Note the retentive grooves prepared in the proximal box as well as the ditches at the end of each occlusal groove. In the gingival floor of the proximal box the groove turns in slightly at each end to produce a dovetail effect.The ditch at the end of the buccal groove shows fairly clearly and is about 2mm deep. The ditches in the other two grooves cannot be seen from this angle but are identical.Note also the mesio-lingual cusp has been bevelled in preparation for protection from the amalgam. For further detail on this design see - Chapter 7.3, page 100  and Slide #124                     



Chapter 7 - Retention
2 of 2This is the opposite view of the tooth and cavity shown in the previous slide #119.Note again the retentive groove in the gingival floor of the proximal box with the tip of the groove turning slightly to the distal.There is a ditch at the end of the lingual groove which has a slight dovetail effect in under the disto-lingual cusp to enhance retention.Note the mesio-lingual cusp has been beveled to allow protection with the amalgam as discussed in Chapter 7.3, page 100.



Chapter 7 - Retention
1 of 3This slide shows the amount of protection available with a gold inlay and should be viewed in conjunction with Slide #124.The protection on the working cusps of a molar - that is the buccal cusps of a lower molar and the lingual cusps of an upper molar -  can be achieved with very little reduction of the cusp height. The buccal and lingual walls should not be leaned outwards but retained within the fine taper required for retention. The protection is then provided with a thin bevel of gold taken out over and returned down the outside of the working cups.The gold margin is now  free of direct occlusal load and is in effect burnished down on to the enamel during function. There is a slightly greater display of gold in this design but it is a very effective margin.



Chapter 7 - Retention
Figure 7.19 B1 of 2The strength of retention for a rigid restoration - both intra-coronal and extra- coronal - is directly proportional to the area of the vertical walls.  This suggests that an intra-coronal cavity should be as deep as possible and the walls should have a very fine taper of no more than 5 degrees.This cavity was prepared under clinical circumstances and demonstrates the principals quite well. The design is geometric with a shallow groove in the floor of the proximal box and a shallow vertical groove developing a slight dovetail effect diverging to the occlusal.There is a slight reverse bevel over both buccal and lingual cusps to add to their protection and to assist in holding the tooth together.  



Chapter 7 - Retention
2 of 2Figure 7.19 AThe same model as shown in slide #122.Inlay cavities prepared clinically which demonstrate the retentive requirements for an intra-coronal restoration.Note the fine taper on all walls as well as a supplimentary pin hole at the mesial extension of the occlusal groove in the bicuspid. The pin hole is prepared with a tapered fissure bur #168. The bur is inserted to the desired depth and held parallel with the walls of the proximal box. The bur is then moved slightly sideways to extend the pin hole into a groove. This makes it easier to syringe the impression material into the hole without entrapping air bubbles.



Chapter 7 - Protection
Figure 7.23An artists impression of an extracted tooth from which an old amalgam restoration has been removed. It demonstrates the basic principals to be followed to develop a protective cavity design for restoration with amalgam.This tooth clearly showed a split at the base of the buccal cusp and this may well have been the reason for its extraction. The cause of the split was the continuing exposure of the medial facing incline of the buccal cusp to occlusal load. A split was inevitable.Prevention of a split is best provided by enlarging the cavity outline to the buccal or lingual, as the case may  require, so that amalgam can be built over the cusp with the restoration taking the load instead of the cusp.As strength of the tooth and retention of the restoration is always best obtained in the gingival one third of the crown it is important to retain as much tooth structure as possible in this region. This means that, to determine the final cavity outline, the following steps should be followed. 1. Explore the full extent of the lesion by removing caries or old restorations.2. Make a decision as to whether protection is required and which cusps should be involved. A cusp which has more than one half of the medially facing incline remaining and is well supported by sound dentine will probably not require protection.3. Where a cusp requires protection leave the buccal to lingual  dimension of the proximal box at the gingival and do not extend beyond the demineralised enamel. Use a tapered diamond bur  #168 at intermediate high speed at about 80,000 rpm under air/water spray  and lean the cavity outline to the buccal or lingual as required. The cavity outline should be a straight line from the gingival to the cusp tip.4. When protecting a working cusp there should be coverage of about 2mm of amalgam.5. For a non-working cusp coverage need not exceed one half of a millimetre.6. Retention should be developed in the gingival one third of the crown using grooves and ditches as demonstrated in slides #112 to #120. Restoration can then be carried out as usual. A standard matrix  is generally sufficient and it is not difficult to achieve full original cusp height and occlusal anatomy.Drawing courtesey Diana McLean  



Chapter 7 - Protection
A clinical case of an upper first bicuspid which was painful to pressure on the buccal cusp.Removal of the amalgam revealed a split at the base of the buccal cusp and this slide shows the completed cavity design. The cavity has not been modified at the gingival but the buccal wall has been leaned outwards to the cusp tip to allow protection with the restoration. The lingual cusp was regarded as soundly supported with a dentine column and did not require protewctionSee slide #124



Chapter 9 - Composite cavity
1 of 2Figure 9.5 AA modified #2.2 cavity designed to minimise loss of tooth structure in comparison to the standard GV Black type cavity design.The outline of the proximal box is determined  by  the  extent of the demineralised enamel only and it is not extended  beyond that to a traditional dovetail design. The margins are not necessarily free of the adjacent tooth because it is designed to be restored with glass-ionomer with composite resin laminated over and there is therefore some element of prevention and adhesion provided by the restoration.See slide #127



Chapter 9 - Composite cavity
2 of 2Figure 7.21The occlusal view of a cavity in an extracted  tooth similar to the case shown in  Figure 7.21.In this simulated case there is very limited extension into the occlusal grooves and the possibility of  limited opening of the proximal lesion is demonstrated. The lingual cusps have been beveled as discussed in slides #124 and 125 to allow protection for remaining tooth structure by the restorative material - either composite resin laminated over glass-ionmer or amalgam. 



Chapter 7 - Protection
1 of 4A quadrant of amalgam restorations only about 7 years old. They have been poorly designed and heavily over prepared. The margins are failing and some remaining cusps need protection from further occlusal load to prevent fracture. Both buccal and lingual cusps of the second bicuspid are badly weakened but remain open to occlusal load. The cavity in the first bicuspid is over prepared and  part of the lingual cusp, in particular, is undermined and  remains open to  occlusal load.The amalgam restorations are already collapsing.See the following slides #129 to 131



Chapter 7 - Protection
2 of 4The quadrant of restorations shown in slide #128 following completion of the final cavity design.One half only of the lingual cusp on the first bicuspid required protection from occlusal load and the wall has been bevelled out to allow for amalgam to take the load as described in slide #124.The two grossly weakened cusps on the second bicuspid have been offered protection by leaning the walls out from the gingival floor to the tips of the cusps. The lingual cusp has been reduced by about 2mm and the buccal cusp has been dealt with more conservatively. Four pins have been placed in the gingival floor to enhance retention because there is little else left to retain an amalgam. See Chapter 7.2, page 98 for a discussion on pin retention.In the first molar only the disto-lingual cusp required protection. It was apparent that the remaining cusps were well supported with sound dentine and more than one half of the medial facing inclines of each cusp were still present.See Slide #130  for completed  restorations.



Chapter 7 - Protection
3 of 4The same quadrant of restorations as shown in slides #128 & 129.The cavities have now been restored with amalgam and subsequently polished.Note the amount of cusp cover on the distal incline of the lingual cusp of the first bicuspid. This was involved in occlusion with the buccal cusp of the lower first bicuspid and was judged to be in need of protection.The two cusps of the second bicuspid are now protected  although the tooth is so heavily restored that it is likely to require a full crown eventually. As the patient is only 22 years of age it is desirable to delay this until it is really necessary. The lingual cusp has approximately 2mm of amalgam over while the buccal cusp is very lightly covered.The disto-lingual cusp of the first molar is now well covered by approximately 2mm of amalgam and the cusp height has been maintained so that it will articulate with the central fossa of the opposing molar. 



Chapter 7 - Protection
4 of 4The same quadrant of amalgam restorations as shown in slides #128 to 130.This is a buccal view of the quadrant following restoration. Note the relatively light coverage of the buccal cusp of the second bicuspid means that the aesthetic result is reasonably acceptable.Note that the interproximal gingival tissue appears to be unaffected by the presence of extensive amalgam restorations.  This is presumably because the contours are acceptable and there are no overhanging margins.Unfortunately the unnecessarily wide buccal extension of the proximal boxes at the gingival was already dictated by the previous cavity designs. When carrying out replacement dentistry  the operator has little control of final cavity design.



Chapter 7 - Protection
1 of 2Figure 7.24Old amalgam restorations in the upper first bicuspid and first molar showing protective cavity designs.The mirror image shows that  the occlusal anatomy has been adequately restored on both teeth.The buccal view suggests that the aesthetic result is satisfactory.These restorations were placed many years ago and the buccal amalgam at the gingival would now be restored with glass-ionomer for preference. 



Chapter 7 - Protection
2 of 2The same restorations as shown in slide #132.The buccal view  emphasises the acceptable aesthetics available with this type of cusp protection.The amalgam restoration at the gingival of the first bicuspid would now, for preference, be restored using glass-ionomer.



Chapter 7 - Protection
1 of 3A technique case where a protective type cavity design was carried out in an extracted  bicuspid tooth.Note the buccal cusp is regarded as being well supported with dentine and about one half of the medial facing incline is still present. Therefore it did not require protection.The lingual cusp is assumed to be undermined and weakened. The extension of the lingual wall towards the buccal at the gingival remains without modification but the angle towards the occlusal is reversed from the traditional dovetail design. As this is a working cusp allowance will need to be made for building approximately 2mm of amalgam over  the cusp to provide adequate protection from occlusal load.See slide #135 for restoration.   



Chapter 7 - Protection
2 of 3The same technique restoration as shown in slide #134.The amalgam has now been placed using a standard matrix system. Note the amount of amalgam overlying the lingual cusp and offering adequate support for remaining tooth structure.It also makes it relatively simple to restore cusp height and therefore occlusion with the opposing tooth. 



Chapter 7 - Protection
3 of 3The same technique case shown in slides #134 & 135.Following restoration with amalgam a section has been cut out of the lingual to demonstrate the amount of amalgam overlying the protected cusp.Note that the amalgam overlay is quite substantial and capable of withstanding a considerable occlusal load.  This is preferred to the traditional "cusp capping"  technique because it is much easier to maintain cusp height and therefore the occlusal relationship with the opposing tooth.



Chapter 7 - Protection
1 of 2A clinical case showing several extensive amalgam restorations  in which no provision has been made for protection of remaining tooth structure. Several cusps are therefore at serious risk of failure.Other criticisms could also be offered of these restorations. They appear to be over polished and there is a complete lack of occlusal anatomy with no marginal ridges or cusp inclines. Also the contact areas between teeth are far too wide bucco- lingually  making hygiene difficult.The predicted failures occurred within five years. See slide #138.



Chapter 7 - Protection
2 of 2The same quadrant of amalgam restorations as shown in slide #137 approximately five years later.Note that the predicted failures have occurred with loss and repair of the disto-buccal cusp of the molar and, recently,  loss of the buccal cusp of the first bicuspid.Restoration of these teeth is now complex particularly  if aesthetics is of concern in the first bicuspid. Further losses could be predicted if protective restorations are not placed in all these teeth.



Chapter 7 - Protection
1 of 7This  quadrant of amalgam restorations  is already showing signs of failure in spite of the fact that it is only about five years old. The margins of the amalgam are chipping, the contact areas are far too wide and there are cusps which require protection.The lingual cusps of the first molar are very much at risk and both the buccal and lingual cusps of the second bicuspid are likely to fail.The following series of slides  shows the stages of replacement of the restorations and discusses cavity design. 



Chapter 7 - Protection
2 of 7The old amalgam has been removed with some care to show the original cavity design and the placement of the linings.The lining material was zinc oxide and eugenol and the amalgam was probably packed before the lining was set. There has been considerable displacement of the lining to the extent that, in places, it is out over the cavity margins.Most of the cavities appear to be grossly over-extended because they are relatively shallow in the occlusal sections but very wide. As caries penetrates twice as deep as it is wide there was no reason for such width in the occlusal sections of the cavity. See Chapter 2.3 page 26.When carrying out replacement dentistry  tooth structure cannot be replaced so it  is necessary to compromise in the final cavity design to overcome the present limitations. See remainder of the series beginning with the next slide.



Chapter 7 - Protection
3 of 7The cavities in the  first and second molars have been completely cleaned and a decision has now to be made concerning protection of weakened, exposed cusps.It is apparent that the disto-lingual cusp as well as the mesio-buccal cusp of the first molar are both in need of protection. They  no longer have a sound dentine base and there is less than one half of the medial facing incline left exposed to occlusal load. Failure is predictable if cover is not provided.See the rest of the series.   



Chapter 7 - Protection
4 of 7The final cavity design  for the first molar as well as for the second bicuspid.Note that both the buccal and  lingual cusps of the bicuspid have been protected. Also the mesio-buccal cusp and the disto-lingual cusps of the first molar are being protected in the same fashionThe bucco-lingual extension of the proximal boxes at the gingival have been retained and the walls leaned out to the occlusal to provide protection. See slide #141.Note also the retentive grooves provided in the gingival floor  which tend to turn inwards at each end to develop a dovetail  retentive effect around the central core of dentine in the gingival one third of the crown.See the remainder of the series.



Chapter 7 - Protection
5 of 7A slightly different view of the completed cavities in both the first molar as well as the two bicuspids.The degree of protection is apparent and the retentive grooves can be seen from a different angle.Because of the extent of the cavities and the proximity to the pupl it will be desirable to line all four teeth to prevent rapid temperature change reaching the pulp and causing pain. A small quantity of a  fast set auto cure glass-ionomer will be laid down over the axial wall in the proximity of the pulp chamber of each tooth and then two layers of copal varnish will be applied. It is possible to apply a resin bond agent for the same purpose of preventing microleakage but it is unlikely that it would actually reinforce the teeth.See next slide for completed restorations.



Chapter 7 - Protection
6 of 7The completed restorations after polishing at a subsequent appointment.Note the amount of protective cover over those cusps at risk of fracture.Note also the relatively shallow  carving of the occlusal anatomy. The marginal ridges are present as well as spill ways to the buccal and lingual. The cuspal inclines are pronounced and have been adjusted to accept occlusion with  their opponents.The restorations have been polished to a matte finish rather than to a high gloss. It is unwise to over polish because of the potential for over heating and bringing mercury to the surface of the amalgam. 



Chapter 7 - Protection
7 of 7A bitewing radiograph of the quadrant shown in this series immediately after restoration.Note the retentive grooves in the gingival floor of several of the cavities which show quite clearly.Other retentive grooves are under the buccal and lingual walls and do not necessarily show. Note the proximal contour and the position and dimension of the contact areas.The radiopaque lining materials do not show up separately but are present immediately in the vicinity of the pulp chambers.End of series



Chapter 7 - Protection
1 of 3A technique series on extracted teeth showing possible cavity design in the upper first molar with a weakened lingual cusp. There is a substantial overhang on the old amalgam restoration with a carious gingival margin as a result.The adjacent second molar has a carious lesion in the mesial as well and will also be prepared.



Chapter 7 - Protection
2 of 3The completed cavity design in the distal of the first molar.Note the retentive grooves in the gingival floor of the proximal box and note that the end of each groove is turned slightly mesially and in under the cusp to form a retentive effect around the remaining central core of dentine.Note also the short ditch at the end of each of the occlusal extensions. These are also cut with the same #168 tapered fissure bur and are turned outwards at each end to form a separate dovetail within the dentine.Some of the retentive elements within the second molar can also be seen.



Chapter 7 - Protection
3 of 3The cavity shown in the last two slides after the first  molar was removed from the model.Note the shape of the proximal box. The cavity has been extended only as far as necessary to remove the demineralised and cavitated dentine and enamel  which was related to the overhang in the old restoration. The margins are curved and rounded and  there are no sharp angles incorporated. It is not strictly a dovetail in the enamel but there is a dovetail design with in the dentine.There has been the required  degree of protection provided for the disto-lingual cusp.Note again the retentive grooves at the extensions of the occlusal grooves.



Chapter 8 - Cermets
1 of 4This is an electron-probe analysis of a true cermet cement to demonstrate its constituents. This material falls within the classification of a Type II.2 reinforced restorative GIC by virtue of the fact that there are micro-fine spheres of pure silver sintered to the surface of each glass particle. The silver is expected to burnish and flow over the surface of the cement when under occlusal load thus improving abrasion resistance.The squares on the left side show  the distribution of the  four main elements of the GIC within or on the surface of each glass particle -  pink square shows silver on the surface.green square shows aluminium withinblue square is siliconpale square is calciumThe main square on the right  shows the distribution of silver through out the specimen. Note the relatively even spread with clusters of silver particles on the surface of each glass particle.Compare this with the next slide which shows a material which  is a GIC with a spherical amalgam alloy  included and this reacts in a rather different manner.



Chapter 8 - Cermets
2 of 4This is an electron probe analysis of a Type II.2 restorative reinforced GIC which contains a certain amount of a spherical amalgam alloy to act as a reinforcement. Laboratory testing suggests that the set cement is no more abrasion resistant than any other GIC and other physical properties are not significantly enhanced. The squares on the  left side of the slide show  the distribution of the essential elements as in the previous picturepink square is silver in the amalgam alloygreen square is aluminiumblue square is siliconpale square is calciumIt is apparent in the main square on the right that the silver is concentrated in the spherical alloy particles. As there is little or no union between the alloy spheres and the GIC there cannot be much expectation of actual reinforcement arising from the alloy inclusion. 



Chapter 8 - Cermets
3 of 4Figure 8.4This is a scanning electron micrograph of the split surface of a Type II.2 restorative reinforced GIC which contains spherical amalgam alloy  particles in the expectation of reinforcement. The particles can be seen standing out from the set cement.There may be an increase in surface hardness  but the other physical properties remain relatively unchanged.One of the main contra-indications for this material is that it is black in colour and therefore not aesthetic at all. This cannot be modified.



Chapter 8 - Cermets
4 of 4Figure 8.3A scanning electron micrograph  of a cermet cement where the fine silver particles are sintered to the surface of each piece of powdered glass. The particles of silver are so fine that it isdifficult to detect them individually.The silver is expected to flow and burnish over the surface, forming a so-called Bielby layer, under occlusal load and therefore increase abrasion resistance. Clinical experience suggests that this is a realistic expectation. It is a fast set GIC with the colour modified by the inclusion of titanium dioxide. The material has a variety of uses although expectations should not be too high. It is excellent for repairs but as the tensile strength is no higher than other cements it should not be placed under heavy occlusal load.The fluoride release and bond to tooth structure are both lower than conventional formulas.



Chapter 8 - Cermets 
1 of 5The GICs are not designed to restore conventional GV Black style cavities particularly if the restoration is to be subjected to occlusal load.Here a  relatively  large cavity in an upper second bicuspid has been restored with a cermet cement  which shows signs of having cracked across the isthmus between the occlusal extension and the proximal box.This is not surprising in view of the relative  lack of tensile strength. The material is not designed for restorations of this dimension because it needs to be well supported by surrounding tooth structure if it is to survive.



Chapter 8 - Cermets
2 of 5An extensive restoration made with a cermet cement, the photograph taken  immediately after placement. It is a replacement for a failed amalgam  so the cavity is a conventional GV Black design. It looks satisfactory initially but is unlikely to survive for long. The abrasion resistance is satisfactory and the occlusal section may well last but the proximal box  is at risk, as shown  in the previous slide #153, because of the lack of tensile strength.



Chapter 8 - Cermets
3 of 5A  Site 3, Size 3 (#3.3) "tunnel" restoration, using a "cermet cement", placed in the mesial of an upper molar immediately below an existing amalgam. There was root surface caries developing in this area so a "tunnel" was prepared from the buccal aspect and the lesion restored with a cermet.This is a logical position for the use of this material because it is fast setting and does not need to be sealed immediately after placement. Whilst it is not entirely aesthetic this is of no concern in this position.This restoration is photographed seven years after placement and is expected to last much longer, particularly as there is no occlusal load.



Chapter 8 - Cermets
4 of 5The disto-lingual cusp of the lower molar has been repaired with a cermet cement to avoid replacement of the entire restoration in an aging patient.A limited cavity was prepared  and the dovetail retentive design was not intentional. As the material is adhesive to tooth structure, and to a lesser extent, amalgam,additional retention was not required.The occlusal load is not great in this patient. As the restoration has been in place for over five years when photographed it can be expected to last much longer. A similar repair, placed at the same time, can be seen on the buccal of the second bicuspid.



Chapter 8 - Cermets
5 of 5The same patient as shown in the previous slide.The buccal cusp of the lower second bicuspid has been repaired with a cermet cement in an aging patient rather than attempt to replace the entire restoration. The cavity design was minimal and removal of further tooth structure was avoided. As the cement is adhesive to tooth structure and, to a limited extent to amalgam, very little preparation was required.The photograph was taken more than five years after placement so it is expected that it will last many  years yet.



Chapter 8 - Cermet core
1 of 6Core build-up with a cermet cement.Most manufacturers include the possibility of "core build-up" with the range of uses for their Type II.2 restorative reinforced  GIC. However, there are a number of cautions required if the material is to be successfully used for this purpose.The tensile strength of the GICs generally is not great although recent advances have shown considerable improvements in physical properties. The following is recommended as a viable technique for core build-up for non-vital  teeth.This patient presented with the teeth in this condition following a motor vehicle accident. The pulp chambers of both bicuspids were exposed and root canal therapy carried out first.See the following slides to observe the recommended technique.



Chapter 8 -Cermet core
2 of 6The temporary dressings have been removed and root canal therapy completed. Preparations are under way to construct cermet cores on both teeth. Note that the buccal cusp of the second  bicuspid is missing as well as both cusps on the first bicuspid. Full crowns are required to restore both teeth. The root canals will be reamed for the placement of preformed stainless steel threaded parallel sided posts  which will be cemented to place with a glass-ionomer cement.See remaining slides. 



Chapter 8 - Cermet core
4 of 6Figure 8.26Immediately the cermet had set the matrix was removed and the cermet was painted with a  low viscosity resin sealant to prevent any dehydration over the short period required for construction of the next core.The posts can be seen in the second bicuspid and the technique will be repeated for this tooth. It is generally wise to paint the inside of the metal matrix with a separating medium to prevent the cermet from sticking to the metal.See remaining slides.



Chapter 8 - Cermet core
5 of 6Both teeth have now been built up with a cermet and further preparation for full crowns can proceed once the cement is set hard enough.Note that, if it was considered desirable, it would be possible to leave these build-ups like this for several days to allow the cermet to mature, providing the occlusion is free. On the other hand, because this is a fast set cement, preparations can continue within ten minutes of placement. 



Chapter 8 - Cermet core
6 of 6Figure 8.27Preparations for full crowns have now been completed and gingival retraction is being undertaken prior to impression taking.The most significant factor to be noted is that the final preparations include extension of the crown preparations towards the gingival crevice to the extent that there is a cuff of sound normal tooth structure for at least  the first 2-3mm from the gingival margin of the preparation. This is the most important area because this is where retention for the crown is obtained. The constitution of the remaining two thirds of the preparation  is of less importance as long as there is strength in the most gingival 2-3 mm of tooth structure.The ideal material for a core is gold but this is not always feasible or cost effective. It is possible to compromise in this manner as long as there is sufficient remaining natural tooth structure to take the main load required for strength and retention.
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Dental composite resins were introduced commercially in the mid 1960s.  The addition of
inorganic fillers to synthetic resins created "composite" (or "filled resins")  with substantially
better strength and colour and considerably less shrinkage than unfilled resins.

Mechanical bonding of resins to enamel through acid-etching had already been developed
in the 1950s and became common usage in by the mid 1970s.  Activation of the
polymerisation by intense visible light, developed in the late 1970s increased the range of
clinical uses of these  materials.

Chemically activated (auto cure) materials are still available and dual-activated composites,
activated both chemically and by light, are available for luting purposes.

The principal use for composite resins is for direct placement into a prepared cavity or for
lamination over the outside of a tooth to improve aesthetics.  However, it can be also be
used indirectly using a technique where  a composite resin inlay is fabricated and then luted
into a prepared cavity with a resin luting agent.
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Chapter 10 : Dental AmalgamsChapter 10 : Dental AmalgamsChapter 10 : Dental AmalgamsChapter 10 : Dental AmalgamsChapter 10 : Dental Amalgams

An amalgam is an alloy of one or more metals with mercury.

"Dental amalgam" refers to a particular type of amalgam and it is the most commonly used
and one of the oldest dental restorative materials. It is the product of an amalgamation
reaction between particles of an alloy, containing essentially varying amounts of silver,
copper and tin, with mercury.

There is still no adequate, economic alternative for dental amalgam as a restorative material
for a moderate sized carious lesion in a high load bearing area. The combination of reliable
long-term performance in load bearing situations and cost per unit restoration is
unmatched by any other dental restorative material.
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When preventative measures and remineralisation fail and a carious lesion has progressed
into the dentine there is a need to remove the infected dentine, and possibly some of the
affected dentine as well, to eliminate cavitation and avoid further accumulation of plaque.

In most situations this will involve removal of a certain amount of enamel to achieve access
but it must be noted that both enamel and dentine are capable of being remineralised and
therefore conserved.

The principal of minimal extension is encouraged to allow maximum preservation of natural
tooth structure.  The proposed cavity classification is designed to make the most of the
potential for healing, although it is accepted that a considerable proportion of restorative
dentistry is carried out to replace failed restorations.  In this case cavity design is
complicated.
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Site 1. Size 1 (#1.1)   minimal pits and fissures

Site 1. Size 2 (#1.2)   moderate pits and fissures

Site 1. Size 3 (#1.3)   pits and fissures requiring enlarging to support remaining tooth structure

Site 1. Size 4 (#1.4)   originally pits and fissures but extensive loss of tooth structure including cusp loss

Site 2. Size 1 (#2.1)   minimal interproximal lesion

Site 2. Size 2 (#2.2)   moderate interproximal lesion

Site 2. Size 3 (#2.3)   interproximal lesion requiring enlarging to support remaining tooth structure

Site 2. Size 4 (#2.4)   originally interproximal lesion but extensive loss of tooth structure including cusp loss

Site 3. Size 1 (#3.1)   minimal cervical lesion including erosion or minor caries

Site 3. Size 2 (#3.2)   moderate cervical lesion with active caries

Site 3. Size 3 (#3.3)   cervical lesion involving two surfaces particularly root surface lesions

Site 3. Size 4 (#3.4)   cervical lesion involving three or more surfaces
continue
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The THREE SITES of carious lesions ....

Carious lesions occur in three sites on the crown or root of a tooth.
That is in those areas subject to the accumulation of plaque.
These are :

SITE 1 : pits, fissures and enamel defects on occlusal surfaces of posterior teeth
              or other smooth surfaces.

SITE 2 : approximal enamel immediately below areas in contact with adjacent teeth.

SITE 3 : the cervical one-third of the crown or, following gingival recession,
              the exposed root.
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The FOUR SIZES of carious lesions ....

Taking into account the progress of the carious lesion, described before, it is possible to consider restoration in
FOUR SIZES regardless of the SITE of origin of the lesion :

SIZE 1 : MINIMAL involvement of dentine just beyond treatment by remineralising alone.

SIZE 2 : MODERATE involvement of dentine. Following cavity preparation remaining enamel is sound, well
supported by dentine and not likely to fail under normal occlusal load. The tooth is sufficiently strong to support
the restoration

SIZE 3 : the cavity is ENLARGED beyond moderate. Remaining  tooth structure is weakened to the extent that
cusps or incisal edges are split, or are likely to fail if left exposed to occlusal load. The cavity needs to be further
enlarged so that the restoration can be designed to provide support to the remaining tooth structure.

SIZE 4 : EXTENSIVE caries or bulk loss of tooth structure has already occured.

continue

To go to the next image, click once on the

red button. At the end of a sequence this

button will return you to the chapter menu.

Each chapter has a series of photographs that supplement the text and illustrations in

this book. By double clicking on the folder symbol (see the icon at right) you will be

able  to read a caption or commentary for that picture.



Author : GJ Mount

Chapter 11 : TChapter 11 : TChapter 11 : TChapter 11 : TChapter 11 : Tooth preparation for restorationooth preparation for restorationooth preparation for restorationooth preparation for restorationooth preparation for restoration
                       with plastic materials                        with plastic materials                        with plastic materials                        with plastic materials                        with plastic materials (continued)(continued)(continued)(continued)(continued)

To go to the next image, click once on the

red button. At the end of a sequence this

button will return you to the chapter menu.

Each chapter has a series of photographs that supplement the text and illustrations in

this book. By double clicking on the folder symbol (see the icon at right) you will be

able  to read a caption or commentary for that picture.



Chapter 8 - Mixing
1 of 9Figure 8.8The preferred method of mixing a glass- ionomer is through capsulation. However, this is not always possible and if hand mixing has to be undertaken then great care must be used to ensure that the powder to liquid ratio is correct and the mixing technique is followed carefully.Mixing can be undertaken on either a paper pad or a glass slab. The advantage of a glass slab is that it can be cooled a little to prolong the working time. A possible problem with a paper pad is that it may  take up water if the liquid is dispensed too long prior to mixing.The type of spatula is not important providing it is recognised that the cement should not be over-spatulated. The object is to merely wet the surface of the powder particles and not dissolve them entirely  in the liquid



Chapter 8 - Mixing
2 of 9When dispensing the powder shake the bottle lightly first to fluff up the powder. See that the spoon is quite full of powder and level off the surface using the lip on the bottle which is provided for the purpose.Take care that there is not an excess of powder on the handle or the back of the spoon.Dispense the powder on to the slab and divide it into two halves with the spatula. 



Chapter 8 - Mixing
3 of 9With most of the glass-ionomers the liquid provided is a polyacrylic acid and this is rather viscous and a little difficult to dispense. It should be dispensed in two distinct moves.Tilt the bottle to horizontal and watch while the liquid flows into the nozzle. This will take 3-4 seconds.Now tilt the bottle to vertical as shown in the next slide.If the liquid is water take care not to dispense more than one drop at a time.



Chapter 8 - Mixing
4 of 9Now tilt the bottle to vertical and squeeze lightly. A full drop will be dispensed without the inclusion of an air bubble.If the liquid is water take care to squeeze gently or it is possible to eject more than one drop at a time.If the liquid has become more viscous over time it can be thinned down by immersing the bottle in water at 70 degrees  Centigrade for 15 minutes. Allow it to cool again before using  the liquid.



Chapter 8 - Mixing
5 of 9Figure 8.8With both the powder and the liquid dispensed on the pad, divide the powder into two equal parts and begin mixing one half only at a time.Roll the powder into the liquid to wet the surface of the powder particles. Spatulate vigorously to incorporate all the liquid but    DO NOT OVER SPATULATE .It is important not to dissolve the powder particles but merely to wet them with the liquid. Continuing to spatulate beyond 30 seconds will tend to dissolve all the glass particles.



Chapter 8 - Mixing
6 of 9Figure 8.8The first half of the powder should be all wet within 10 seconds.Mixing is easy and rapid for this half and take care not to continue beyond the time allowed



Chapter 8 - Mixing
7 of 9Figure 8.8Take the second half of the powder and incorporate it into the mix as rapidly as possible.Roll the remaining powder into the mass. Spatulate vigorously but watch the timeDo not spread the mix around the pad. Keep it all together and just wet the powder without dissolving the particles.By 30 seconds the mix  must be complete. Do not continue spatulating.



Chapter 8 - Mixing
8 of 9One of the advantages of capsulation is that the capsule generally becomes a syringe as well. If the material is hand mixed it is desirable to utilise a disposable syringe rather than attempt to paste the mix  into the cavity.The Centrix style disposable syringe is useful. Load the mixed cement into the nozzle of the syringe and then place the plunger into the base.Put the tip of the syringe to the floor of the cavity and begin dispensing. This will minimise the inclusion of air bubbles and adapt the cement to the cavity walls and floor.



Chapter 8 - Mixing
9 of 9This is the Centrix syringe which is useful  for placement of such materials as freshly mixed cements into the depths of a cavity.The handle is permanent and can be sterilised but the nozzle and the plunger are disposable.It is simple to handle and will ensure excellent placement for a material such as a glass-ionomer.



Chapter 8 - Mixing
1 of 4Figure 8.7Capsulation is desirable for all materials which have to be mixed prior to placement. However  it is necessary to maintain the condition of all equipment which is to be used for such a task. Automatic mixing machines can vary in their efficiency as manufactured and also may change over time.An automatic mixing machine can be readily checked for efficiency by following this routine.Mix a capsule on the machine and dispense the entire contents on to the slab. Start the timing clock. See next slide



Chapter 8 - Mixing
2 of 4Figure 8.7Keep the mixed cement under close observation.Use a small instrument to lift the top of the pile of cement into the air until it breaks and slumps back into the pile.At this time the cement will have a smooth wet shiney surface.Repeat lifting the cement until it breaks and slumps.



Chapter 8 - Mixing
3 of 4Figure 8.7The cement has been lifted up from the slab and has broken and slumped down into the mix again.Repeat this at intervals of 20 seconds until the mix begins to become less liable to break.Watch the surface and note a gradual loss of gloss.



Chapter 8 - Mixing
4 of 4Figure 8.7At some point the cement will fail to slump back into the pile. It will break and stay in the air as demonstrated. It will also now look less wet and somewhat dull on the surface.This indicates that the cement is beyond its working time and now cannot be used clinically. The exact time of change is difficult to determine but careful observation will give a  reasonable estimate.To convert this to clinical reality deduct 30 seconds from the estimated time and call that the working time for that particular material in that machine.To EXTEND working time                  REDUCE  mixing time.To REDUCE working time                  EXTEND mixing time



Chapter 8 - Resin-modified
1 of 2Figure 8.1A clinical problem is to determine whether a material is, in fact, a resin-modified glass- ionomer or a polyacid-modified composite resin.A simple method of differentiating is to make a trial mix of each material and store the specimen under cover completely free of light.  Test the material at 2 minute intervals to determine an approximate time of set.Because the acid/base setting reaction of a glass ionomer is still the prime setting mechanism for a  true resin- modified glass-ionomer it will be well set within 15 minutes at a maximum. The specimen shown here is being tested at about 7 minutes and it is seen to be well set.



Chapter 8 - Resin-modified
2 of 2Figure 8.2The test described in the previous slide is repeated here with a material which is a polyacid - modified composite resin.  It is  over 20 minutes since this example was mixed but there is still no sign of a setting reaction. This means there is no acid/base setting reaction at all.Some other materials may show slight signs of setting by 15 minutes but if they  have not achieved a reasonable degree of set within that time it is an indication that the acid / base reaction is being swamped by the resin component and the glass- ionomer content is too low. There will certainly be no ion exchange adhesion to tooth structure with such a material and the fluoride release will be very  limited.Of course, a material which is supplied in a compule and does not require mixing cannot have an acid / base reaction  and is therefore not a glass-ionomer.



Chapter 8 - Setting reaction
1 of 3Figure 8.5A diagrammatic representation of the acid/base setting reaction which occurs in a glass-ionomer. The stages are set out in the text but can be seen in this diagram as followsPoly-alkenoic acid - green chainsCalcium ions - pink spheresAluminium ions - grey spheresFluoride ions - small blue spheresCalcium ions are released first  from the glass forming calcium polyacrylate chains. These are highly soluble in water before they become locked in to the set material. They can be stabilised  within the setting cement by an application of a resin seal on the surface.Aluminium polyacrylate chains form next and these are strong and insoluble.The setting reaction can be speeded up by removal of some of the calcium ions from the surface of the glass powder particles thus allowing the more rapid formation of the aluminium polyacrylate chains. Such a cement is called "fast setting" but it will lose translucency through loss of the calcium polyacrylate chains.Ultimately  a silica gel forms on the surface of the particles and these help to bind the glass to the matrix.Fluoride ions are released from the glass and lie free within the matrix but play no part in the construction of the matrix. They are very small and can migrate both out of and back into the set matrix.It must be recognised that the acid/base setting reaction is rapid in the first place but will continue for a prolonged period thereafter and  a glass-ionomer should not be regarded as mature for months after placement. In this regard it is similar to amalgam.



Chapter 8 - Resin-modified
2 of 3Figure 8.6The term "Resin-modified  glass- onomer" is conferred upon those materials in which the setting reaction is still essentially an acid/base reaction as described in slide #185, but there has been an addition of a resin component which is designed to provide an in-built protection for the calcium polyacrylate chains such that there is an immediate resistance to water uptake following light activation.Note there is no immediate resistance to water loss and these materials can still dehydrate in the short term unless care is taken to prevent this.The resin incorporated into the liquid is hydroxy-ethyl-methacrylate (HEMA), which is a hydrophillic wetting agent, and  is a normal constituent of a composite resin. As there is only 5% of HEMA in the final mix of a resin-modified GIC this must still not be regarded as a mixture of a composite resin and a GIC - such a material is not possible.This diagram represents the original acid/base setting reaction with the HEMA chains superimposed over it.  Note that the chains will react with the light only as far as the light will penetrate into the restoration. Any remaining HEMA, however, will still set via an auto cure mechanism similar to that contained in an auto cure composite resin



Chapter 8 - Resin-modified GIC
3 of 3Figure 8.6This follows the previous slide #186 and illustrates the final set of a resin-modified glass- ionomer. As shown in the previous slide the HEMA chains will only be light activated to the depth of the light penetration. The remainder will set through an auto-cure reaction similar to that incorporated in an auto -cure composite resin.There is therefore a safety factor built in which means that there will, in the long run, be no unreacted HEMA remaining in the restoration.However there is HEMA available in the unset material and some may remain available for a period after placement.



Chapter 8 - Adhesion
Figure 8.11Adhesion between glass-ionomer and tooth structure - both enamel and dentine- is the result of an  ion exchange between the two  materials.The acid/base reaction, as described in slide #185,  is an essential part. The polyalkenoic acid reacts first with the glass and then with the tooth structure. There will be a degree of penetration into the surface with the displacement of phosphate ions. To maintain electrolytic balance the phosphate ions will each take a calcium ion with it leading to an ion enriched layer developing at the interface as demonstrated diagrammatically in this slide. It will form with both enamel and dentine.This is a DIFFUSION BASED adhesion.The ion enriched layer is very strong and failure is likely to then occur as a cohesive failure within the cement rather than at the interface.  This will leave the layer attached to the tooth surface continuing to seal the dentine tubules and preventing micro- leakage



Chapter 8 - GIC adhesion
1 of 4As discussed in Chapter 7 it is necessary to have a clean surface to develop the ion exchange adhesion which is available with GICs.This is the surface of an erosion lesion which represents probably  the ideal surface for any diffusion based adhesion. It is smooth, clean and has available the maximum ions for exchange with the cement. Also the dentine tubules are moderately obliterated by the burnishing of the dentine thus limiting the dentine fluid flow.This surface is best prepared by lightly scrubbing with pumice and water only on a small rubber cup. Wash well, dry lightly and condition with 10% polyacrylic acid for 10 seconds only.Wash again and dry  lightly  and the surface is prepared for the cement.Under no circumstances should the surface be instrumented in any way because it will only become rougher and therefore less desirable for a diffusion based adhesion. 



Chapter 8 - Adhesion with GIC
2 of 4This slide is by courtesy  the late Dr. Ralph Phillips and shows the ideal conditioned surface of dentine ready for diffusion based adhesion with a glass-ionomer.The surface is obtained by preparing a smooth surface on the cavity and then applying 10% polyacrylic acid for 10 seconds, wash and dry lightly only until there is no obvious moisture remaining.Note that the dentine tubules are still  more or  less closed over thus minimising dentine fluid flow. The surface energy has also been reduced so that the high surface energy cement will adapt more readily.



Chapter 8 - Adhesion with GIC
3 of 4Figure 8.12This is another view of conditioned dentine similar to that shown in the previous slide #190.Note the relatively smooth cavity floor which is now free of smear layer with  large areas of inter- tubular dentine exposed ready for the ion exchange.  This surface is probably half way through the dentine to the pulp as guaged by the size and frequency of the tubules (see Chapter 1.2, page 8)Compare with the next slide #192 which has been etched ready for adhesion with composite resin.



Chapter 8 - Adhesion with GIC
4 of 4Compare this surface with that shown in the previous slide #191.This represents dentine which has been etched with 37% ortho- phosphoric acid for 15 seconds in preparation for adhesion with composite resin.Note that the dentine tubules are opened and funnelled and there is likely to be a generous flow of dentinal fluid which may interfere with the chemistry of the proposed  adhesion.Judging by the size and frequency of the tubules this section is probably closer to the pulp.



Chapter 8 - Plaque resistance
1 of 2Figure 8.16The relatively generous fluoride release available from a glass-ionomer manifests itself in a variety of ways.One positive advantage is that plaque is less likely to form on the surface of a restoration and therefore the tooth and the soft tissue in the vicinity is likely to remain healthy.This slide compares plaque formation on the surface of two glass-ionomers in the lower right lateral incisor and canine with that found on two adjacent teeth in a poorly maintained mouth. This is typical and helps to explain the resistance to recurrent caries as well.



Chapter 8 - Plaque resistance
2 of 2Figure 8.17A  further demonstration of the resistance to plaque formation on the surface of a glass-ionomer restoration.There is a subgingival restoration along the gingival margin of the crown on the lower right first bicuspid which has been in place for about 8 years. The most gingival extension is approximately 2 mm. into the gingival crevice but the  tissue remains in excellent condition. Even though the surface of the GIC is relatively rough there is little or no plaque accumulation on it.



Chapter 8 - GIC aesthetics
1 of 2Figure 8.23It is not difficult to develop excellent aesthetics with an auto cure glass-ionomer. There are three gingival restorations in these teeth, the canine and  the two bicuspids, which have been in place for about 8 years when photographed.Instructions for successful placement are set out in detail on page 129.It is most important to note the need to seal the newly placed cement immediately after removal of the matrix with a  low viscosity resin enamel bond to prevent water exchange. If the seal remains for the first 24 hours the cement will have matured sufficiently to develop full translucency.



Chapter 8 - GIC aesthetics
2 of 2Figure 8.23The same three restorations shown in the previous slide #195 have been thoroughly dried off to test the degree of maturity.After eight years in the mouth they are very stable and they show no sign of dehydration nor do they show any indication of wear or dissolution. Even the very thin "flash" down over the crown beyond the margin of the original erosion lesion is sound and not ditching in spite of the years.



Chapter 8 - GIC aesthetics
1 of 2Figure 8.10The original Type II.1 restorative aesthetic glass-ionomers were very successful but required careful handling.The problem of developing full translucency and aesthetics was solved with the use of a very  low viscosity, light activated resin enamel bond as a sealant rather than the recommended varnish, which is likely to allow some transmission of water.The restorations shown here were not well placed and show signs of both early hydration and dehydration. They lack translucency and are cracked and have taken up stain.They were replaced after two years. See the next slide #198  for the new restorations which were properly placed.



Chapter 8 - GIC aesthetics
2 of 2Figure 8.10These are the same teeth as shown in the previous slide #197.The original restorations were replaced after two years and the present restorations placed using a Type II.1 restorative aesthetic auto-cure cement. Soft tin matrices were preformed and used to develop the original contour.As soon as  the cement was set the matrices were removed and the cement immediately covered with a low viscosity, light cured resin enamel bond. Further contouring was undertaken,  using a sharp blade, through the unset  resin, another coat was applied and then light activated to seal the cement from water exchange.This photograph was taken eight years later and the glass-ionomer has matured very satisfactorily. It still shows a very smooth  surface, even though it was never polished, as well as a resistance to wear and dissolution and acceptable aesthetics. 



Chapter 8 - GIC aesthetics
1 of 2As already noted the acid/base setting reaction continues for some time after placement of a GIC restoration.This is a photograph of a  newly placed glass-ionomer which has just been released from its matrix and is covered with a generous coat of a resin enamel bond. A very limited amount of trimming was required using a sharp blade and further sealant was placed.There is some question concerning the colour match and the translucency. However, it will be reviewed later to see if it has matured.See the next slide #200.



Chapter 8 - GIC aesthetics
2 of 2The same restoration as shown in the previous slide #199, the photograph taken 14 days later.Note that the cement has matured very satisfactorily and now has a good colour match and translucency. There is no need to laminate it.It is generally advisable to delay a decision on the final aesthetic result for at least one week after placement. It is still possible to laminate the cement as discussed on page 145  if the result remains unsatisfactory.



Chapter 8 - GIC - Placement
1 of 8Figure 8.25The technique for placement of a glass-ionomer restoration is quite straight foreward and is described in the following series of slides. Either auto-cure or resin-modified GIC can be placed and the technique is essentially the sameThere are extensive erosion lesions at the gingival margin of the canine and first bicuspid. They are to be restored with a resin-modified glass-ionomer.Note that the lesions may be abfractions and the occlusion should be checked and corrected prior to restoration. See Chapter 4, page 49.



Chapter 8 - GIC placement
2 of 8The first step in restoring an erosion lesion is to clean the surface with a light scrub with pumice and water only on a small rubber cup. This will remove plaque and pellicle.Do not use proprietory cleaning pastes as they leave their own smear layer.Take care not to damage the soft tissue



Chaptert 8 - GIC placement
3 of 8The next step is to condition the surface with an application of 10% polyacrylic acid and leave in place for 10 seconds only.Wash well and dry but do not dehydrate.Note that in this case there was a little damage to the gingival tissue with a small amount of haemorrhage. To deal with this the soft tissue was cauterised with a very light application of trichloracetic acidSee Chapter 14, page 287, for further discussion on this technique. 



Chapter 8 - GIC placement
4 of 8With the cavity ready to be restored, test out a translucent matrix and adjust it for correct fit.The use of a matrix is always desirable because it will assist in positive placement of the cement on to the tooth surface and will also lead to a  reduction of voids and porosities within the restoration.



Chapter 8 - GIC placement
5 of 8The cement was then mixed according to manufacturers instructions. For preference the material should be capsulated. If hand mixed, pay particular attention to powder to liquid ratio. This should be optimal to assure resistance to wear and dissolution.Place the cement and adjust the matrix.Light activate through the matrix for 20 seconds and then snap off the matrix.It is not possible to over light activate so a restoration should be subject to at least one more application of the light. These were large restorations so they were exposed again for a further 40 seconds making a total of 60 seconds for each.



Chapter 8 - GIC placement
6 of 8Having been fully light activated a resin-modified glass-ionomer is now resistant to water uptake but it is still possible to dehydrate.Contouring can now be safely undertaken at intermediate high speed under air/water spray. Take care not to burn the material and use fine polishing diamond burs with graded particle size until the required shape and surface finish is achieved.



Chapter 8 - GIC placement
7 of 8The restorations have now been contoured and the colour match is regarded as satisfactory.As there will inevitably be some surface scratches and a little porosity on the cement surface  it is desirable to apply a very low viscosity, light activated resin enamel bond to the surface at this time to make it as smooth as possible.The resin seal will wear off quite rapidly but will presumably leave the porosities and scratches filled and smooth.  It would appear at this time that the gingival tissue has been mildly traumatised. However within five days healing was complete without any inflammation at all.



Chapter 8 - GIC placement
8 of 8Figure 8.24The same restorations photographed approximately one year later .The colour match is regarded as satisfactory and there are no signs at this point of wear or dissolution.



Chapter 8 - Auto cure GIC 
1 of 2The three teeth shown here are to be restored with an auto cure GIC following the routine set out in slides #201 to 208.The only difference in the routines is that the auto cure cements require immediate protection from water uptake and water loss as soon as the matrix is removed. This means that they cannot be contoured and polished under air/water spray for at least 24 hours after placement. See page 126 for a full discussion.



Chapter 8 - Auto cure GIC
2 of 2These are the three restorations in the teeth shown in the previous slide #209  approximately five years after placement.Note the satisfactory colour match and the apparent resistance to wear and dissolution.



Chapter 8 - GIC placement
1 of 2Two old restorations have been removed from the proximal surfaces of the upper right lateral incisor. Unfortunately  they were originally placed from the labial making replacement a challenge.The cavities have been prepared and conditioned, without removal of any further tooth structure, and they will be restored using a resin-modified glass-ionomer.



Chapter 8 - GIC placement
2 of 2The same teeth as shown in the previous slide #211. The  cavities were restored using a resin modified glass-ionomer and the photograph was taken approximately one year after replacement of the restorations.Note the satisfactory colour match and the apparent lack of wear or dissolution.



Chapter 8 - GIC lining.
1 of 2Figure 8.28A lining is designed to be a thin layer placed under a  metallic restoration which is intended to interrupt rapid  temperature change passing through the metal. Alternatively it can be used to make good deficiencies in cavity design where a line of withdrawal is required such as an inlay cavity or crown preparation.The material of choice is a glass-ionomer mixed at a low powder to liquid ratio, as shown in this slide. As such it has low physical properties and should not be exposed to the oral environment at any time because it is rather soluble.However it will flow easily over the cavity floor and will set rapidly. It will also have a positive fluoride release which may be of value. 



Chapter 8 - GIC lining
2 of 2Figure 8.29A further example of a glass-ionomer lining placed in a deep cavity prior to placement of an amalgam.In view of the rather limited physical properties it must not be relied upon as a base for a composite resin in the lamination technique.If glass ionomer is to be used as a base it must be mixed with a high powder content.  For further discussion of the use of a glass-ionomer as a base see Chapter 8, page 143.



Chapter 8 - GIC disintegration
Because glass -ionomer is a water based cement there is one situation in which it is at risk of disintegration and that is in the presence of severe xerostomia.The patient demonstrated in this slide had Sjogrens Syndrome and therefore severe xerostomia. Glass ionomer restorations were placed at the cervical margins of all anteriors but only  lasted two years before they  degenerated to  this state. Initially the restorations became pitted and the surface rapidly disintegrated.Subsequently  they were replaced and laminated with composite resin which protected the glass ionomer from dehydration and  they appeared to last much better.For further discussion see Chapter 8, page 132.



Chapter 8  - Luting 
1 of 9 refer Chapter 8, page 138Glass-ionomer is a very useful material for luting all crowns and bridges as well as orthodontic appliances. The parameters are discussed in detail on page 138.The stages for clinical placement are descibed in the following slides. It does not matter what kind of temporary cement has been used because none of them will interfere with the setting reaction.The luting cements are fast setting and can therefore be exposed to water contamination within five minutes of the start of mix..See next slide #217



Chapter 8 - Luting
2 of 9Having removed the temporary restoration clean off any remaining temporary cement manually. Do not scrub the prepared surface because that will remove the smear layer and may open dentine tubules.If it is desirable to seal the dentine tubules paint the prepared surface with a low viscosity resin enamel bond or apply a remineralising solution.It is not necessary to develop adhesion to the dentine under these circumstances . The design of the restoration should provide all the retention required  for the restorationThe tensile strength of the cement is not sufficient to enhance retention so any available adhesion from the cement should not be relied upon to retain the restoration in place.



Chapter 8 - Luting
3 of 9To ensure adequate flow properties the cement is mixed at a low powder to liquid ratio. It therefore is not high in physical properties.When mixed it should be able to string out from the slab about 3cm. before it breaks and slumps back on to the slab.The main advantages for its use include a fluoride release,  easy thixotrophic flow, low ultimate film thickness and low solubility



Chapter 8 - Luting
4 of 9Following mixing to the correct consistency paint a small quantity on to the prepared tooth surface, using a small stiff bristle brush,  to minimise the chances of air inclusions under the crown.



Chapter 8 - Luting
5 of 9Also paint a little cement into the crown, or over the inlay as the case may be, using a small disposable stiff bristle brush.Pay particular attention to covering the margins with a layer of cement



Chapter 8 - Luting
6 of 9As soon as possible place the crown over the tooth and apply heavy pressure using an orangewood stick or similar.Make sure the crown is fully seated and the margins are true. Pressure can then be released because the cement flows so well that it does not have an elastic memory and the crown will not retreat from the tooth as it is likely to do with a zinc phosphate cement.Keep the tooth dry and isolated until the cement has achieved its initial set.



Chapter 8 - Luting
7 of 9Keep the area isolated because, until it is set, the cement is still liable to water contamination. Check the excess cement ocassionally unti l such time as the cement is resistant to indentation with a sharp probe.At this point, approximately four minutes from the start of mix,  it is resistant to water uptake and removal of excess can commence.



Chapter 8 - Luting
8 of 9Once the cement has achieved its initial set, remove the excess cement promptly because it will set rapidly and the excess will soon become  more difficult to remove.It is sometimes suggested that, at this point, the cement margin should be painted with a varnish to prevent water contamination. However, this appears to be unnecessary  because the cement is a fast set type and, in any case, some of the margins will be subgingival and not available for sealing.



Chapter 8 - Luting
9 of 9Finally search carefully in the gingival crevice for remaining scraps of cement. These may  gather plaque and lead to irritation of the gingival tissue if left behind.These luting cements are radiopaque and any residue can generally be detected with a radiograph but care at the time of placement will generally avoid problems. 



Chapter 8 - Lamination
1 of 4Figure 8.30The following series shows the basic principles for the lamination technique where the glass ionomer cement is placed with a high powder content for maximum strength as a base for a composite resin restoration. For further discussion see Chapter 8, page 143.This technique specimen has been prepared to demonstrate the principles on an extracted tooth.Note that, at the right hand end, it is assumed that the enamel along the gingival margin  is strong enough to withstand a resin to enamel bond in spite of the setting shrinkage of the composite resin.At the left hand end there was no enamel left so the glass-ionomer has been built over the gingival margin in a generous layer.The glass-ionomer has been trimmed to allow sufficient room for a reasonable thickness of composite resin over the base with some of the glass-ionomer left exposed to the oral environment.



Chapter 8 - Lamination
2 of 4This is the left hand end of the technique specimen shown in the last slide #225.Note that there is essentially no enamel remaining at the gingival margin and therefore no chance of a composte resin to enamel bond. Under these circumstances  the gingival end of the proximal box  is restored with a generous layer of a high powder content, high strength glass-ionomer.



Chapter 8 - Lamination
3 of 4This is the right hand end of the technique specimen. In this case there appeared  to be a reasonable amount of well supported  enamel of sufficient strength at the gingival margin to allow for the development of a composite resin to enamel bond.This is probably the strongest bond available but it is conditional on the enamel being well supported by healthy dentine and free of micro-cracks. 



Chapter 8 - Lamination
4 of 4Figure 8.31The specimen shown in the last three slides has now been sectioned to demonstrate the lamination of the glass-ionomer with composite resin.The difference between the two proximal boxes is shown clearly  and there is emphasis on the need to develop complete adhesion between each of the partners in the union.The dentine was conditioned to allow development of the ion exchange union with the glass-ionomer.The glass-ionomer was etched to allow union between the glass- ionomer and the composite resin.The enamel was etched to allow development of a micro- mechanical union with the composite resin.See the next two slides for the union between the cement and the resin.



Chapter 8 - Lamination
1 of 2Figure 8.32The surface of a glass-ionomer viewed under the SEM immediately after cutting it back ready for lamination.Note the matrix  material lying over the surface with glass particles showing intermittently.Note that the cracks in the cement are artifacts, the result of the complete dehydration required for viewing under the SEM.See the next slide for the effect of etching.



Chapter 8 - Lamination
2 of 2Figure 8.33The specimen shown in the previous slide following 15 seconds of etching with 37% orthophosphoric acid.Note that the glass particles are now exposed and  the surface will accept a low viscosity  resin bond to develop a micro-mechanical union between the two materials.Note that further etching will only remove more glass- ionomer and will not improve the surface topography.



Chapter 8 - Lamination
1 of 11The routine to be followed in laminating a composite resin over a glass-ionomer base is described over the next 10 slides.The technique can be applied to almost any cavity but if reliance is to be placed on a resin enamel bond then it is important that the enamel be strong and well supported by healthy dentine and also free of micro-cracks.The technique is used to restore this laboratory specimen in the upper first bicuspid.  It is assumed that it is a "replacement restoration" because the cavity is essentially a Black Class II  design rather than a modern adhesive style design.



Chapter 8 - Lamination
2 of 11The first step is to condition the cavity with 10% polyacrylic acid for 10 seconds only to remove the smear layer and ensure the development of the ion exchange adhesion which is available with a glass-ionomer.Wash the cavity and dry it but do not dehydrate the tooth. It is now ready for placement of the cement.



Chapter 8 - Lamination
3 of 11Use a short length of mylar strip as a matrix, lightly supported with a wooden wedge.Mix a high strength glass-ionomer cement according to manufacturers instructions or, for preference, use a capsulated cement. The capsule is a syringe as well but if the cement is handmixed it can be transferred to a disposable syringe.Syringe the cement into place begining with the tip of the syringe at the floor of the cavity. Take care not to incorporate air bubbles or voids. 



Chapter 8 - Lamination
4 of 11The cement can be lightly tamped into place in the cavity using a small plastic sponge to make sure it is fully adapted to the cavity floor and walls.Note the short length of mylar strip used as a matrix. This can be lightly supported with a wooden wedge or similar but there is no need, at this point, to attempt to gain separation between the teeth.



Chapter 8 - Lamination
5 of 11As soon as the cement is set it can be cut back and shaped into the final cavity design.Expose all enamel margins, except, possibly, the gingival margin of the proximal box, if there is insufficient enamel along that margin. If that is the case then reduce the cement to just below the contact area so that the contact can be built in composite resin rather than the cement.Remove sufficient cement to allow a reasonable thickness of composite resin on the occlusal keeping in mind that composite resin is rather flexible.



Chapter 8 - Lamination
6 of 11At this point either or both the enamel and the cement should be etched with a standard dental etchant to develop a micro- mechanical union between the two.If an auto cure cement is being used then the cement as well as the enamel should be etched for 15 seconds.If an resin-modified glass- ionomer  has been placed then it is only necessary to etch the enamel. There are sufficient resin bonds available in the cement to form a chemical union with the composite resinNo harm will be done if the resin- modified glass-ionomer is etched but it is unnecessary.



Chapter 8 - Lamination
7 of 11To ensure an intimate union between the glass-ionomer and the composite resin paint a thin layer of a very low viscosity resin enamel  bond on to both the enamel and the glass-ionomer. Blow off any excess and light activate it.Note that the complexities of a dentine bonding system are not necessary because there is no dentine to which to bond.



Chapter 8 - Lamination
10 of 11Finally over-build the occlusal surface and trim back to an acceptable occlusion and anatomy. Do not over carve because that will result in loss of occlusal contact with possible over-eruption resulting.Develop a fine surface finish and apply a final coat of a  low viscosity resin enamel bond to compensate for any immediate shrinkage and micro-leakage which may have developed along the margins.Light activate for a further 20 to 40 seconds to ensure maximum polymerisation.



Chapter 8 - Lamination
11 of 11As this was a technique case the tooth has now been removed from the model and sectioned to show the result of the lamination.Note on the far side the gingival half of the restoration is glass-ionomer exposed to the oral environment. As it is a strong cement with a high powder content it can be regarded as an integral part of the restoration and such exposure is of no consequence.Note also that there have been some small voids developed between the composite resin and the glass-ionomer. This is difficult to avoid and care must be taken during placement.



Chapter 8 - Lamination
9 of 11Further increments should be placed to follow  the same principles. Light activate through  the tooth if possible to encourage shrinkage on to the tooth rather than away from it.Adapt each increment carefully to the one below to minimise entrapment of air bubbles 



Chapter 8 - Lamination
8 of 11The composite resin can now be built incrementally. See Chapter 9, page 165 for detailed discussion on incremental buildup.Place a small section of mylar matrix strip and wedge strongly  to encourage separation between the teeth. Take care to build in increments no deeper than 3mm. and light activate in such a way as to encourage the composite resin to shrink towards the tooth. 



Chapter 8 - Lamination
1 of 8The following is a clinical case in which the upper right first bicuspid was restored using a lamination technique similar to that demonstrated in the previous series.The old amalgam restoration required replacement because of leakage in the mesial proximal box. The patient preferred the concept of a more aesthetic restorative material.



Chapter 8 - Lamination
2 of 8The old restoration has been removed and the final cavity outline determined. Note that the lingual cusp has been sufficiently undermined to warrant the preparation of a degree of cusp protection . See Chapter 7.3, page 100 for a full discussion of a protective cavity design.The prepared cavity is now being conditioned with a 10% polyacrylic acid for 10 secs. to remove the smear layer ready for the ion exchange adhesion which is available between glass-ionomer and dentine.



Chapter 8 - Lamination
3 of 8Following conditioning a short length of pre-contoured  mylar strip is placed using a standard matrix  retainer.  It can be  lightly supported with wooden wedges if necessary  but at this point there is no attempt to open the contacts between the adjacent  teeth.The cement can now be syringed into place using a disposable syringe with a very fine "needle tip" to ensure complete adaptation to the cavity floor.



Chapter 8 - Lamination
7 of 8In this case a resin-modified glass-ionomer was being used so the cement was adequately light activated immediately after placement.The light should be applied several times from different angles to ensure full activation. It is not possible to over activate.



Chapter 8 - Lamination
4 of 8The cement has been trimmed to expose the enamel margins and make sufficient room for the composite resin. The final cavity preparation can now  be etched for 15 seconds only with a 37% ortho- phosphoric acid.As a resin-modified  cement has been placed it is not necessary to etch the cement. However, in this case both the cement and the enamel were etched for the same length of time.Wash the etchant off carefully and dry the tooth and the cement but do not dehydrate unduly.



Chapter 8 - Lamination
6 of 8Following etching paint a thin layer of a very  low viscosity resin enamel bond over both the enamel and the cement.  Blow off any excess and light activate the bond.Note that there is no need to use a complex dentine bonding system because there is no dentine exposed to which to bond. 



Chapter 8 - Lamination
5 of 8Having over-filled the cavity and allowed the cement to set it can be cut back and the final cavity design developed to make room for the composite resin.In view of the fact  that the composite resin is rather flexible there should be at least 3mm of space allowed on the occlusal.Note that the weakened unsupported section of the lingual cusp has been bevelled back to allow space for a protective layer of composite resin. 



Chapter 8 - Lamination
8 of 8Finally the composite resin can be buikt up incrementally with care to minimise the incorporation of voids between the materials.Light activate from different angles and through the tooth to encourage shrinkage on to the tooth rather than away from it.Contour and polish making sure that an occlusal contact is maintained.



Chapter 8 - Lamination
1 of 9The following  is a series showing lamination of amalgam over a cermet cement in a clinical case. A cermet had been placed very poorly  as a temporary  restoration and it had remained longer than it should have. There was a degree of leakage at the gingival margin but no recurrent caries. As the gingival margin was placed well subgingivally it was decided to lay down a cermet first in the proximal box and laminate over that  with amalgam as a final restoration.. 



Chapter 8 - Lamination
3 of 9The old cermet has been removed and the rubber dam has been shifted foreward one space to show the condition of the gingival tissue. It is rather surprising that there appeared to be no recurrent caries and very little inflammation in the gingival tissue.As the gingival margin was subgingival it was decided to place a cermet base first which would be left exposed to the oral environment



Chapter 8 - Lamination
4 of 9The cavity was conditioned as usual, washed and dried lightly. A metal matrix was placed after having a separator painted over it, and it was lightly supported with a wooden wedge.The cermet was then placed incrementally and tamped into place to ensure proper adaptation to the cavity floor and walls.As soon as the cement was set the matrix was removed and the cavity modified to make room for the amalgam.



Chapter 8 - Lamination
5 of 9The cavity was modified into a conventional style for an amalgam.The gingival floor was reduced to just below the contact area and retentive grooves were placed in the buccal, lingual and gingival in a conventional style.



Chapter 8 - Lamination
7 of 9The clinical case has now been restored with amalgam. Note the protective design developed for both of the distal cusps because they were at risk of further breakdown under occlusal load.Note that just prior to placement of the amalgam a small quantity of 45% polyacrylic acid was wiped over the cermet and then excess was wiped off. The amalgam was immediately packed over the top of this and there was a minor chemical union developed between the two materials as a result.



Chapter 8 - Lamination
6 of 9This is a distal view  of an extracted tooth which was made to simulate the previous clinical case. The whole of the gingival section of the proximal box has been restored with the cermet and it has been cut back as shown. It is apparent that it is simpler to achieve a smooth gingival margin free of an overhang by this technique than if it was entirely restored with amalgam.



Chapter 8 - Lamination
8 of 9The simulated restoration in the extracted tooth can now be seen following placement of the amalgam. It is apparent now the extent to which the cermet remains exposed to the oral environment.As it is a strong material capable of being a restoration in its own right it is expected to remain as a sound part of the overall restoration. The fluoride release will minimise plaque formation and the adhesion will prevent microleakage. 



Chapter 8 - Lamination
9 of 9The simulated restoration has now been sectioned to illustrate the main features of the finished restoration.Note the cermet  is exposed to the oral environment but will not be under occlusal load. There is adequate bulk in the amalgam for it to take the occlusal load and it is retained with retentive grooves and ditches as usual 



Chapter 9 - Cermets
3 of 6A standard matrix has been placed and lightly supported by wooden wedges. The posts have been cemented to place so now the cavity will be conditioned as usual and the cermet syringed to place.It will be placed incrementally with each increment tamped to place using a small dry plastic sponge to ensure proper adaptation to the cavity floor. It will be necessary to work reasonably quickly because working time is not great and it is likely that more than one capsule will be required to complete the build-up.



Chapter 8 - Lamination
2 of 9A bitewing radiograph of the tooth shown in the previous slide.Note the poor placement of the cermet in the proximal box of the lower molar. It is not well adapted to the gingival floor but in spite of this there was no recurrent caries revealed when the cement was removed. Also the gingival tissue was not badly inflammed suggesting some degree of plaque inhibition from the cermet.



Chapter 9 - Depth of cure
1 of 2One of the main problems when using any material which relies solely on light activation for the initiation of the curing mechanism is to determine the actual depth of light penetration into it. The scratch test was developed by OF Makinson to offer a more accurate test for this determination.A specimen is constructed in a light proof split mold and cured for a given time from above only. The mold is split and the specimen is passed beneath a diamond point which leaves a  scratch down the length of the specimen.Where the specimen is fully cured the scratch will remain with parallel sides . Once the scratch has widened by 10% the specimen can be regarded as less than fully cured and thus the depth of complete cure can be measured.See next slide for a diagrammatic representation of this test.



Chapter 9 - Depth of cure
2 of 2This is a diagrammatic representation of the scratch test shown in the previous slide.Note that there are three zones defined where the top zone is fully cured, the second zone is partly cured and the lower zone is virtually uncured.It is suggested that the second layer should not be relied upon for the adhesion of composite resin to dentine which infers that care must be taken to build incrementally in very shallow  layers.



Chapter 9 - Radiopacity
Figure 9.3A series of teeth have been set up to show a comparison of radiopacity of several well known composite resins. They can be listed as follows beginning on the left sideOpen cavityVisio-molarSinterfilHelio-molar RadiopaqueP-30HerculiteOcclusinTytin amalgam



Chapter 9 - Lamination
1 of 7The following is a clinical series covering the placement of a composite resin for the repair of the buccal cusp of an upper right first bicuspid. It is used here to demonstrate what is considered to be  a  standard approach to the routine of repair using composite resin. Whether the lesion is larger or smaller the same routine is recommended.The buccal cusp of the first bicuspid failed because it was weakened by the presence of a relatively small disto- occlusal amalgam restoration which was approximately 20 years old at the time of failure.



Chapter 9 - Lamination
2 of 7The old restoration was removed and a small carious lesion on the mesial was dealt with very conservatively.The cavity was conditioned with 10% polyacrylic acid for 10 seconds only.  It was then washed and dried lightly but not dehydrated.A small section of mylar strip was cut and pre-contoured and placed around the tooth to assist in shaping the glass- ionomer. The matrix was lightly supported with wooden wedges but they were not forced interproximally because separation was not required at this stage.An auto cure fast set Type III glass- ionomer was syringed into the cavity and tamped into place with a small plastic sponge and allowed to set. Within 5 minutes from the start of mix  it was sufficiently set for final cavity design  to be developed. 



Chapter 9 - Lamination
3 of 7Once the cement had set it was cut back to develop a suitable cavity design for the composite resin. Note that the distal proximal box  was left with glass- ionomer at the gingival because the gingival enamel was insufficient for an acid etch union with the composite resin. The small lesion at the mesial was also left with glass-ionomer at the gingival.Remaining sound enamel was exposed at the margin of the lingual cusp and around the buccal also. Following trimming both the cement and the enamel were etched with a 37% ortho- phosphoric acid for 15 seconds only, then washed thoroughly and dried but not dehydrated.



Chapter 9 - Lamination
4 of 7Placement of the composite resin could now follow.First a thin layer of an enamel bonding resin was painted on to the cement and the enamel, spread with a short blast of compressed air to thin it out to a  minimum, and light activated.A short length of a preformed mylar strip was then wedged firmly into the distal interproximal space to act as a matrix. The wedge was firmly placed to obtain as much spacing as possible in an attempt to ensure a good contact with the adjacent tooth.The initial increment of a hybrid composite resin was then placed in the lingual corner of the distal proximal box. It was light activated from the lingual in an attempt to draw the composite resin on to the tooth as it under went its setting shrinkage. 



Chapter 9 - Lamination
5 of 7Once the distal box had been fully restored the matrix was placed mesially and strongly wedged at that end to try to develop a good contact again.The composite resin waa again placed incrementally beginning with light activation from the lingual. As the build up continued the labial surface was finally built using a micro-fil composite resin to enhance the aesthetic result.Providing the occlusal surface and the load bearing areas had been built with a hybrid composite the remainder could be built with a more translucent material and various colours could be built in to colour match the adjacent teeth.



Chapter 9 - Lamination
6 of 7The finished restoration from the occlusal.A  reasonable attempt has been made to restore anatomy and particular attention has been paid to maintaining a good occlusal contact. This is essential to prevent future movement of the tooth with consequent changes to lateral excursions.See Chapter 21.6, page 389 for further discussion on occlusion.



Chapter 9 - Lamination
7 of 7The finished restoration viewed from the buccal. Note that there has been a reasonable attempt to restore anatomy and the colour match is acceptable. The use of a micro-fil composite resin makes it easier to build in colour transition from the occlusal  to the gingival.The routine as described can be applied to all restorations to be placed with these materials.



Chapter 9 - Composite failure
1 of 2One of the most difficult exercises with composite resin is to develop a gingival margin with dentine which is proof against microleakage.This tooth was restored clinically and continued to produce pain for the patient. It was treated in a variety of ways before it was finally extracted and the probable cause determined.Note the lack of union along the gingival margin between the dentine and the composite resin as well as the various voids and faults in the composite resin itself. As there is no inbuilt resistance to plaque formation it can be anticipated that there would be plaque accumulation in all problem areas.See next slide



Chapter 9 - Composite failures
2 of 2The tooth discussed in the previous slide following extraction and sectioning.Note the failure to adapt the composite resin to the gingival margin . As there was no enamel along the gingival the seal was dependant upon a union with the dentine. This is very difficult to achieve.The lining was a calcium hydroxide which had become water logged and soggy and did not provide an efficient lining for composite resin..



Chapter 9 - Composite failure
Abrasion resistance of composite resins has always been a problem and this slide shows tthe type of breakdown which was common with the early auto-cure versions.This restoration was placed using a macrofilled auto-cure composite resin and after about 8 years it had worn away and showed a colour change as well.The modern  hybrid composite resins show greater longevity  and light activation ensures better colour stability.



Chapter 9 - Composite failure
1 of 2Two Site 2. Size 2  (#2.2) cavities restored with one of the older macro-filled composite resins which was auto-cured.Note the colour shift which was common prior to light activation becoming available as well as the degree of microleakage showing as stain around the margins.



Chapter 9 - Composite resins
2 of 2The same restorations as those shown in the previous slide viewed from the labial.Note again the marginal staining as a result of microleakage as well as the colour shift which was usual with the auto cure composite resins.



Chapter 11 - Classification
Figure 11.12This extracted tooth shows the three places on the crown or exposed root of a tooth which are subject to carious attack.1. Pits and fissures on otherwise smooth  surfaces anywhere on the crown of a tooth, anterior or posterior.2. Contact areas of any  tooth. Generally this means immediately below the actual contact with an adjacent tooth because this is where plaque will accumulate and is difficult to remove.3. Cervical areas of either the crown or exposed root surface of any  tooth. This results from plaque accumulation  in relation to the gingival tissue with failure to remove it.



Chapter 10 - Amalgam
1 of 4Figure 10.2A scanning electron micrograph of a specimen of a modern high copper blended alloy.Note the presence of both lathe cut and spherical particles. Note also that the lathe cut particles are of a reasonably regular size free of long slabs or fine powdered alloy dust.



Chapter 10 - Amalgam
1 of 4Figure 10.3A back -scatter electron photo- micrograph of a lathe cut low copper amalgam  -  in this case New True Dentalloy (SSWhite).This was one of the older style amalgams in which the particle sizes  were not fully controlled. It is apparent that close condensation of these rough particles would be rather difficult and there was often quite a lot of alloy dust present as well.



Chapter 10 - Amalgam
2 of 4Figure 10.3A back-scatter electron photo-micrograph of another amalgam alloy. This time a high copper spherical alloy (Tytin from Kerr).Note the close adaptation of the alloy particles which is not difficult to achieve because the spherical particles pack  together readily.Tytin is regarded as one of the easiest amalgams to condense.



Chapter 10 - Amalgam
3 of 4Figure 10.3This is a back-scatter electron photo-micrograph of a high copper blend alloy  (Valiant PhD from Caulk/Dentsply).The mixture of spherical and lathe cut particles is apparent but the particle sizes are carefully controlled to ensure the material is readily condensed.



Chapter 10 - Amalgam
4 of 4Figure 10.3A back-scatter electron photo-micrograph of a high copper blend amalgam alloy (Dispersalloy from Dentsply).Again the difference between the lathe cut particles and the spherical particles is readily apparent but with controlled particle size the material remains easily condensed.



Chapter 10 - Amalgam
Figure 10.4One of the weaknesses of amalgam is that it is liable to corrode in the oral environment.This is a back-scatter electron photo-micrograph of an aged low copper amalgam. Towards the left hand side there is some chloride containing corrosion product marked with "C".  There is generally an absence of gamma 2 phase because it has been replaced with the corrosion product.



Chapter 10 - Amalgam
Figure 10.6A clinical example of various types of marginal failure in a group of amalgams which cannot be identified. For a detailed discussion of the types see Chapter 10, page 174.The amalgam  in the first bicuspid shows both ditching and bulk failure possibly arising from over contouring and over-extension of the cavity  towards the lingual.The second bicuspid shows corrosion overall, possibly from under condensation. There is also ditching along all margins suggesting that the amalgam cavo-surface angle was greater than 70 degrees.In the molar the amalgam has retained its form better than the other two but the margins are ditched in such a way as to suggest that the amalgam was left overlaying the enamel.The question then arises as to whether to replace these restorations or not. It is necessary first to determine the presence of recurrent caries or actual cracks in the amalgam. In the absence of either then restorations can probably remain.



Chapter 10 - Amalgam
2 of 4Figure 10.1A  photo micrograph of a specimen of the old style lathe cut  low copper  amalgam alloy. Note the long shafts of alloy which had to be broken up in the mortar or capsule as part of the trituration process.The resultant restoration was difficult to condense into the cavity as well as hard to  polish and it tarnished rather readily. 



Chapter 10 - Amalgam
3 of 4A micrograph of a specimen of the next major advance in amalgam alloys - the "controlled grain sized" alloys. In this case the particles have already been broken down into graded particle sixes so that the largest particle was only about 15µ long and the smallest particle was about 2µ.This regulation of particle size made condensation much easier and produced  a restoration which was easier to polish and showed more marginal integrity.



Chapter 1- - Amalgam
4 of 4A photomicrograph of a modern admix high copper alloy showing the combination of both lathe cut and spherical  particles.Note the apparent absence  of dust  as well as the regularity of particle size. This means that condensation is relatively easier to ensure the removal of excess mercury and matrix material.



Chapter 10 - Amalgam
1 of 2Figure 20.21One of the problems with the plastic restorative materials lies in the fact that they must be placed by hand under limited circumstances and the development of full and correct contour is difficult.This amalgam restoration is an example of the problem in as much as it is severely over-contoured on the proximal surface. The contact area is much too broad and tends to overshadow  the interproximal area and encourages the accumulation of plaque which in turn will lead to inflammation in the gingival tissue.See the next slide for recontour.



Chapter 10 - Amalgam
2 of 2Figure 20.22The same restoration shown in the previous slide following recontouring.This was carried out quite simply using a very  fine diamond  bur #200 and a reciprocating diamond blade in a  hand piece (Dentatus).The surface was then polished using the same reciprocating blade with plastic tips to carry a polishing paste interproximally.The prime object was to  reduce both the width and the height of the contact area  to facilitate plaque removal.



Chapter 10 - Amalgam
1 of 3Figure 20.11Another major problem with the plastic restorative materials is the difficulty of determining the presence or absence of an over-hanging margin along the gingival margin of a completed restoration. Even a radiograph will not always show the full extent of the problem. The problem is demonstrated here by the mesial proximal box  in the upper first molar. On the radiograph the overhang does not appear to be very large. However, note carefully the alveolar bone contour immediately below the gingival margin of the amalgam.See the next slide for the full implications.



Chapter 10 - Amalgam
2 of 3Figure 20.12The same case as shown in the previous slide immediately after the removal of the amalgam and the preparation of an inlay cavity.Note the condition of the gingival tissue There is a moderate amount of granulation tissue representing an ongoing  inflammatory  response to accumulated plaque. There is no doubt the loss of alveolar bone shown in the previous radiograph  is related to the same cause.See next slide for the  tissue following treatment.



Chapter 10 - Amalgam
3 of 3Figure 20.12Following the last slide, impressions were taken for a group of inlays and temporary restorations were placed for two weeks. The interproximal contour of the temporaries  was adjusted to ensure cleanliness in this area.This slide shows the condition of the tissue at the time of removal of the temporaries. No other treatment was required other than to ensure that the gingival crevice was clean and free of plaque or calculus.This suggests that clearly  the presence of plaque retained by  a very minor overhang was sufficient to produce an inflmmatory response.



Chapter 10 - Amalgam
1 of 2Figure 22.9Failures in amalgam arise from many causes and it is not always the amalgam at fault. At first look it may seem that the amalgam in this restoration has been poorly condensed and lacks physical properties. This is difficult to judge and may be so. However, it is essential that the full picture be observed before laying the blame.The next slide shows that the cavity design is also, at least in part, to blame because it is apparent that there is no support for the amalgam.Fracture at the isthmus of an amalgam is almost invariably the result of poor cavity design rather than a fault in the amalgam.



Chapter 10 - Amalgam failures
2 of 2Figure 22.10The pieces of broken amalgam have been removed from the proximal box allowing a good view of the box  itself.Note that the proximal box  is merely a shallow dish shape with very little gingival floor and widely  flared buccal and lingual walls. The proximal amalgam was, in effect, a cantilevered mass with little or no support.The cavity design is the primary problem although the amalgam is possibly poorly condensed.



Chapter 10 - Amalgam failures
1 of 2Figure 22.5A further example of amalgam failures which can again be put down mainly to poor cavity design.Both the mesial and distal proximal boxes in the first molar are flared too widely thus leaving fine margins of amalgam with little or no support.The state of the amalgam, with its corroded surface, also suggests that it has been poorly condensed and probably not polished. Replacement is justified at this time even though it means further loss of tooth structure. This could heve been avoided if the original cavity design had been more conservative.



Chapter 10 - Amalgam failures
2 of 2A similar example of poor cavity design for an amalgam restoration. The proximal box at the distal of the second bicuspid is widely flared and amalgam is too brittle to withstand a significant  occlusal load in thin section.A similar problem appears in the first bicuspid  but the failure so far is not so great. The second bicuspid must be repaired at this point but there is probably no need to replace the restoration in the first bicuspid because it will mean further loss of tooth structure.



Chapter 11 - Site 1, Size 1
1 of 8A typical fissure in an older patient who has recently developed a mild caries rate.  There was no major fault in either fissure but a sharp probe sticks at several points and it was deemed wise to explore it.A very fine diamond bur #200 was used to run a narrow ditch along the fissure to determine if there was any dentine involvement.The finished cavity is shown in the next slide and the dimensions should be compared with the amalgam restoration in the first molar which has been restored in a traditional manner.



Chapter 11 - Site 1, Size 1
2 of  8The tooth shown in the previous slide following completion of the cavity. Note how little tooth structure is involved.The strongest available  adhesive glass ionomer will be used for restoration because it is tooth coloured, can be syringed into such a narrow cavity and is sufficiently strong and resistant to dissolution that it is likely to remain for a long time.Also the fluoride release will ensure that there will be no recurrent caries. 



Chapter 11 - Site 1, Size 1
3 of 8Figure 11.13The occlusal fissure shows signs of breakdown in the lingual groove The patient is in her 20's and shows signs of susceptability to caries. It was decided that it was necessary to explore the fissures in both the molars.A very fine diamond bur #200 was used to open the fissures far enough to determine the presence or absence of dentine involvement. .A dentine lesion under the lingual fissure was further debrided with a small round bur.See next slide for the completed cavity.



Chapter 11 - Site 1, Size 1
4 of 8Figure 11.14The cavity in the first molar has been completed and is now being conditioned prior to placing a glass- ionomer restoration.Note the very fine cavity outline with minimal destruction. The dentine pit in the  lingual groove has been cleaned with a small round bur



Chapter 11 - Site 1, Size 1
5 of 8Figure 11.14An auto cure glass-ionomer is being used to restore the fissure. It was syringed into place using a disposable syringe and then a small sheet of the lead foil from the back of an Xray packet is being used as a matrix.Paint a thin layer of a separating medium such as vaseline on the back of the foil, place it over the cement and use finger pressure to force it into place. This will assist in driving the cement into the depths of the fissure and assure good placement. 



Chapter 11 - Site 1, Size 1
6 of 8Figure 11.15The finished restoration immediately after completion. As soon as the cement was set the matrix was removed and the cement was covered with a resin enamel seal to stabilise the water exchange.The occlusal surface was trimmed of excess cement  through the unset sealant. More sealant was placed as required and then finally  light activated  to seal completely for the next few hours. 



Chapter 11 - Site 1, Size 1
7 of 8Figure 11.15This is the same restoration shown in the previous slides approximately seven years after placement.Note that the cement is still intact and shows very little sign of wear or  loss of structure. Some of the "flash" on the occlusal surface may have worn away to a limited extent but this is insignificant.



Chapter 11 - Site 1, Size 1
8 of 8A similar restoration to those shown in the previous slides approximately ten years after placement.Note that there has been some loss of material from the buccal fissure but there is no sign of caries. This may be because there is still a  residue of cement deep in the fissure or, alternatively, the fluoride uptake into the enamel while the cement was present was sufficient to prevent demineralisation up to this time.



Chapter 11 - Site 1, Size 1
1 of 7  An erosion lesion on the incisal tip of an anterior tooth or the occlusal surface of a posterior comes in the Site 1, Size 1 category also .See Chapter 11,  page 209.This particular lesion began as attrition and then, as the dentine became exposed,  it developed into erosion. As there remains a wall of enamel surrounding the lesion it can be simply repaired with a glass-ionomer.See next slide for completed restoration. 



Chapter 11 - Site 1, Size 1
2 of 7The lesion shown on the previous slide following restoration with an auto cure glass-ionomer. As the restoration is completely surrounded with a wall of enamel the cement is expected to last well.It could be laminated with composite resin but in this case it was judged unnecessary.



Chapter 11 - Site 1, Size 1
3 of 7Figure 11.16The lower right canine shows a fractured incisal corner which is the result of trauma.Subsequently there has been some degree of erosion in the exposed dentine. It will be repaired using a lamination technique with composite resin over glass-ionomer. It is desirable to reinstate the normal cuspid rise in lateral excursion to eliminate a balancing side contact and a glass-ionomer alone would not be able to cope with the load.See Chapter 21, page 387.



Chapter 11 - Site 1, Size 1
4 of 7Figure 11.17The tooth shown in the previous slide. The dentine surface has been conditioned with 10% polyacrylic acid for 10 seconds and a resin modified glass-ionomer placed as a base. A capsulated material was used to ensure full physical properties.The enamel will now be etched  for 15 seconds prior to bonding and placement of the composite resin laminate.



Chapter 11 - Site 1, Size 1
5 of 7The enamel has now been etched and a low viscosity resin enamel bond is being applied. Blow off the excess because only a very thin layer is required.The complexities of a dentine bonding system is not required because there is no available dentine to which to bond.



Chapter 11 - Site 1, Size 1
6 of 7Figure 11.18The composite resin has now been built incrementally and fully light activated.The restoration was overbuilt in the first instance so that there was an excess to adjust after removal of the rubber dam.Anterior guidance was modified to remove a balancing side contact whilst leaving the patient comfortable.



Chapter 11 - Site 1, Size 1
7 of 7The lower left canine and the two bicuspids were eroded on the incisal/occlusal surfaces in an aging patient. As minimal treatment was indicated the three lesions were sealed with an auto-cure  glass-ionomer alone without lamination.The photographs show the restorations approximately five years after placement. As they were still largely present the treatment was regarded as successful.



Chapter 11 - Site 1, Size 2
1 of 6A moderately advanced lesion in the occlusal fissures of an upper molar.It is apparent that the dentine has been involved to a reasonable degree so the cavity is regarded as being more advanced than  a Size 1Note the very fine #200 diamond bur which will be used in the first instance to explore the extent of the problem whilst retaining as much natural tooth structure as possible.Unless there is obvious caries in the dentine the enamel fissure will not be opened into the dentine but merely explored.



Chapter 11 - Site 1, Size 2
2 of 6The fissures have been explored to determine the full extent of the problem. Note that they have been opened only as wide as is essential for removal of the infected dentine and do not necessarily penetrate to sound dentine.Where the enamel of the  fissure was considered to be further demineralised, as in the buccal extension of the central fissure, the bur was leaned out to open the fissure towards the occlusal surface only so it could be effectively sealed. 



Chapter 11 - Site 1, Size 2
3 of 6The cavity is now complete and is being conditioned with 10% polyacrylic acid  for 10 seconds only. It will then be washed and dried but not dehydrated ready for the cement.Note that there is still some discoloured dentine on the floor of the cavity. This is regarded as affected dentine and capable of remineralising. It is therefore allowed to remain.



Chapter 11 - Site 1, Size 2
4 of 6The cement has been mixed in a capsule according to manufacturers instructions and is now being syringed into the cavity. It is desirable that the tip of the syringe is fine enough to be able to reach the floor of the cavity before commencing syringing. This will minimise the possibility of air inclusions in the cement and encourage it to  adapt well to the floor and walls.



Chapter 11 - Site 1, Size 2
5 of 6Positive pressure was applied to the cement to ensure full adaptation to the cavity while it set.A piece of thin lead foil from the back of an xray packet or similar can be used as a matrix but it is also possible to use an index finger. Lightly coat a gloved finger tip with vaseline and use that as a matrix. Hold in position for approximately 1.5 minutes and then roll the finger carefully to one side. The rubber of the glove will roll off the cement leaving a good contour as shown.If a slow setting cement such as a Type II.1 restorative aesthetic auto cure cement has been used then it will need to be protected at this time with a resin sealant. All other cements are fast setting and do not need protection.  



Chapter 11 - Site 1, Size 2
6 of 6The completed restoration immediately after removal of excess.It will sometimes be necessary to adjust the occlusion. Take care to observe the opposing tooth and decide which tooth to adjustSee Chapter 21.6, page 398 for a detailed discussion on occlusion



Chapter 11 - Site 1, Size 2
1 of 6Figure 11.19There is a large lesion on the oclusal of the lower second molar apparent in the radiograph. It appears to be in close proximity to the pulp chamber although there are no symptoms reported.Compare this slide with the next one which shows the clinical view of the same tooth. 



Chapter 11 - Site 1, Size 2
2 of 6Figure 11.20The occlusal view of the tooth shown in the previous slide. The apparent clinical size of the lesion is quite deceptive but the problem appears to be that, where the enamel is well fluoridated, it will withstand breakdown better than the dentine. Once the lesion reaches the dentine the cavity can progress at speed whilst the enamel remains reasonably intact.Radiographs remain a very important diagnostic tool.See next slide for cavity design.



Chapter 11 - Site 1, Size 2
3 of 6Figure 11.21The completed cavity  is being conditioned with 10% poly- acrylic acid for 10 seconds prior to placing a glass- ionomer restoration.Note that the area of enamel undermined by the carious dentine has been opened sufficiently only to allow removal of the infected dentine. The dentine on the floor of the cavity is still softened and affected and its removal would place the pulp at risk of an exposure. Sealing with a glass-ionomer will allow remineralisation of the dentine.



Chapter 11 - Site 1. Size 2
4 of 6Figure 11.22The cavity has been restored with a fast setting glass- ionomer only.  It was decided that the area of the occlusal surface involved in the restoration was too large to remain in a glass-ionomer only so the main load bearing area will be laminated with composite resinThe area has been cut back with a small diamond cylinder to make roorm for the composite resin and to expose all sound enamel margins. It will now be etched, painted with a low viscosity resin bond and laminated with composite resin.



Chapter 11 - Site 1, Size 2
5 of 6Figure 11.23The glass-ionomer has now been laminated with composite resin in the main central load bearing area.The aesthetic result is satisfactory and the wear factor should be sufficient to withstand the load. Compare the result with the amalgam restoration in the adjacent first molar.See next slide for the final radiograph.



Chapter 11 - Site 1, Size 2
6 of 6Figure 11.24The final radiograph of the completed restoration. Note the radiolucency under the restoration showing the remaining affected dentine. This also shows the radiopacity of the glass- ionomer and the composite resin.Note the extent of the adjacent amalgam restoration in the first molar. The central part of the amalgam represents a buccal restoration superimposed on a standard occlusal. 



Chapter 11 - Site 1, Size 2
1 of 5A technique case showing a complex cavity in a lower molar. There is in fact a  combination of two Site 1, Size 2 lesions on the one tooth. There is an extensive occlusal involvement and a buccal pit as well.When using an adhesive restorative cement it is possible to rely on the adhesion to "reinforce" the remaining tooth structure sufficient to retain enamel even though it is undermined thus  leading to retention of more natural tooth structure.



Chapter 11 - Site 1, Size 2
2 of 5An occlusal view of the same tooth showing involvement of the fissures in several sections. It is apparent from the radiograph that there is considerasble involvement in the dentine below.



Chapter 11 - Site 1, Size 2
3 of 5A buccal view of the same tooth. Again it is apparent that there is considerable dentine involvement beneath the #1.2 lesion in the enamel. However the enamel appears to be fully mineralised and strong and may therefore be retained and reinforced.



Chapter 11 - Site 1, Size 2
4 of 5A view of the completed cavity showing both the buccal and occlusal surfaces.The enamel has been removed sufficient to expose the infected dentine which has been removed. There is a reasonable amount of affected dentine remaining on the floor and this is expected to remineralise.Note that the two lesions run together and the buccal enamel is undermined and no longer supported by sound dentine. However the use of an adhesive cement is expected to reinforce this enamel and its removal is not justified.  



Chapter 11 - Site 1, Size 2
5 of 5A more occlusal view of the cavity on the occlusal of the molar.Note that the enamel has been removed sufficient to expose the infected dentine but the affected dentine remains on the occlusal floor. Also the extemes of the fissures have been very conservatively explored but not opened further than essential. Any remaining fissures will be sealed at the time of restoration with the glass-ionomer.If there is concern about the amount of occlusal load then the glass-ionomer can be laminated with either composite resin or amalgam.



Chapter 11 - Site 1, Size 3
1 of 3Figure 11.25A laboratory case showing an extensive lesion on the occlusal of a  lower molar prior to preparation for restoration.It is apparent from the radiograph that there is an extensive lesion in the dentine beneath so it can be assumed that there may  need to be a protective cavity design. In other words the cavity may need to be enlarged to allow protection of remaining tooth structure by the restoration.See next slide for the completed cavity design.



Chapter 11.- Site 1, Size 3
2 of 3Figure 11.26The completed cavity design in the tooth shown in the previous slide. Note that the extent of the dentine involvement was such that the disto-lingual cusp was at risk of failure so it has been bevelled out so that it can be protected as described in Chapter 7.3, page 100



Chapter 11 - Site 1, Size 3
3 of 3The same cavity as shown in the previous slide from a different view. This angle tends to show the amount of protection offered to the disto-lingual cusp by  the design. The key point is that the medially facing cuspal inclines on that cusp have been removed and it is therefore no longer subject to occlusal load.



Chapter 11 - Site 1, Size 3
1 of 2Figure 11.27A clinical case where a large occlusal restoration was being replaced. The patient had reported  symptoms of pain on pressure and, following removal of the old amalgam, a split became apparent at the base of the mesio-lingual cusp. There had been mild symptoms of pain on  pressure so the split was not a complete surprise.A protective cavity design was introduced and the result is shown on the next slide.



Chapter 11- Site 1, Size 3
2 of 2Figure 11.28The same tooth as shown in the previous slide following restorationNote the protection offered to the mesio -lingual cusp by the modified design. The medially facing cuspal inclines on that cusp have been removed and amalgam built over to accept the occlusal load. 



Chapter 11- Site 1, Size 4
1 of 4Figure 11. 29Very extensive carious lesions in two lower molars in a laboratory experiment. These are possibly more extensive than would be tolerated  in the average oral cavity but are used to demonstrate the type of cavity which would fulfil the category of a #1.4 lesion.In the case of the second molar the buccal cusp is badly broken down and the tooth could be regarded as being extensively involved.See next two slides.



Chapter 11 - Site 1, Size 4
2 of 4A radiograph of the teeth shown in the previous slide demonstrating the extensive nature of the lesions.The cavity  to be demonstrated was cut in the second molar on the right and it will be seen that the pulp does not appear to be involved at this stage. Affected dentine will be left on the floor of the cavity  in order to avoid a pulp exposure.



Chapter 11 - Site 1, Size 4
3 of 4Figure 11.30An occlusal view of the completed cavity showing the extent of the lesion. The  demineralised remains of the buccal enamel have been removed and retentive ditches have been cut in remaining sound dentine. As the cavity now involves the mesial enamel as well it could be argued that it comes in the category of a Site 2  lesion. However as the origin of the lesion was essentially in the occlusal fissures it should remain regarded as a Site 1 lesion.



Chapter 11 - Site 1, Size 4
4 of 4Another view of the cavity described in the previous slide.Note the affected dentine still remaining on the floor of the cavity and the retentive ditches cut in sound dentine in the gingival one third of the crown.A relatively complex matrix design will be required to rebuild this tooth and amalgam is the material of choice. Being the terminal tooth in the arch it will be subject to heavy occlusal load and the other plastic restorative materials would not be capable of handling the load.



Chapter 11 - Site 2, Size 1
1 of 9Figure 11.31The classic position for the initiation of a proximal lesion  is immediately below the contact area with the adjacent tooth. It is often identified through radiographs and in view of the current understanding of the carious lesion, as discussed in Chapter 2, it is possible to deal with it in a very conservative manner.Once the lesion has been identified and a decision made that it is beyond remineralisation then it can be approached through the occlusal fossa using a small tapered diamond #168.  Move inwards and downwards towards the lesion at intermediate high speed under air/water spray. Watch carefully,  using  binocular loopes for magnification, until the lesio n is actually  identified. See following  slide for the next stage.



Chapter 11 - Site 2, Size 1
2 of 9Figure 11.32Having identified the lesion it is necessary to achieve a degree of access to improve visibility for removal of infected dentine and to view the extent of the enamel lesion on the proximal surface.Using the same #168 diamond bur at intermediate high speed, upright the bur to vertical and  lean to both the buccal and lingual to enlarge the cavity access in a triangular form.Do not encroach upon the marginal ridge any further than absolutely essential . See following slide for next stage.



Chapter 11 - Site 2, Size 1
3 of 9Figure 11.33Viewed from the occlusal the amount of visibility is apparent. Using a small round bur #008 or #012 it is possible to remove infected dentine and clean the buccal, lingual and gingival wall but do not encroach on the axial wall because this will be affected dentine only and can remain.Explore the enamel lesion at this time. If the enamel remains intact it should be left alone to remineralise under the influence of the glass-ionomer  in combination with topical fluoride.If the enamel is cavitated the lesion should be gently explored with a small curved chisel or even a blunt probe to remove any  fragile unsupported enamel rods. There is no need to enlarge the lesion to include removal of all demineralised enamel rods because it is possible to remineralise them to some degree.Be very  conservative in all extensions.  If there is any risk to the adjacent tooth place a short length of a metal matrix strip, and wedge it to place, . 



Chapter 11 - Site 2, Size 1
4 of 9Figure 11.33Once the cavity is clean it should be conditioned with 10% polyacrylic acid for 10 seconds, washed thoroughly and dried lightly. Do not dehydrate.It is now possible to place a short length of mylar strip to act as a matrix although the existing metal matrix will be adequate particularly if a high strength auto cure glass- ionomer is to be placed.See following slide for next stage.



Chapter 11 - Site 2, Size 1
5 of 9Figure 11.34Having placed a short length of mylar strip as a matrix, wedge it to place for support. It is not necessary to develop space between the teeth because the original contact still remains.Restore the cavity with the strongest  glass-ionomer available. In many cases it will be exposed to the oral environment on the proximal surface and often it will not need to be laminated on the occlusal, although the option is always there if required.



Chapter 11.34 - Site 2, Size 1
6 of 9Figure 11.34In this case a resin modified glass-ionomer was used for the restoration. It therefore required light activation. The light will penetrate tooth structure to the same extent as the cement itself so the restoration should be exposed to the light from several directions. It is not possible to over-light activate but with these materials there is an auto cure component built in so if any  is not activated it will still set completely in a short time.



Chapter 11- Site 2, Size 1
7 of 9Figure 11.34The completed restoration of the cavity shown in the previous slides.Note the satisfactory aesthetic result although it is posible to laminate it with composite resin if it is deemed wise.There may be a slight excess on the proximal surface and this can be dealt with by passing a fine sandpaper strip or similar through the contact area.



Chapter 11 - Site 2, Size 1
8 of 9Figure 11.35The tooth has now been removed from the model so that it can be fully explored to check the result.The proximal lesion is now apparent and it can be seen that the cement has adapted well to the enamel surrounding it. There remains some demineralisation around the lesion but this enamel is well supported by the adhesive cement and is of no concern. It is expected to remineralise quickly as a result of both  the cement itself as well as topical fluoride applications.Note in particular the amount of natural tooth structure which has been retained through the use of this cavity design. 



Chapter 11 - Site 2, Size 1
9 of 9The tooth has now been sectioned vertically through the restoration.Note the close adaptation of the cement to the tooth structure particularly in the region of the enamel lesion on the proximal surface.There remains some demineralisation around the periphery of the lesion but the adhesion and the fluoride release from the cement will help to maintain the enamel and it will heal.



Chapter 11 - Site 2, Size 1 & 2
1 of 9This is a clinical series showing two Site 2 lesions in deciduous teeth. There is both a Size 1 and a Size 2 lesion and both will be restored with a resin modified glass-ionomer. It would be quite possible to use a high strength Type II.2 auto cure cement, the important factor being the use of the strongest cement available because the restorations will be under occlusal load.The radiograph shows the larger lesion in the distal of the first deciduous molar and a small lesion in the distal of the second molar. There is an obvious risk to the mesial surface of the first permanent molar so restoration of the latter is important.



Chapter 11 - Site 2, Size 1 & 2
2 of 9This is the occlusal view of the teeth prior to cavity preparation. Note that the cavity in the distal of the first molar is rather extensive for a deciduous tooth and care must be taken to avoid a pulp exposure.



Chapter 11 - Site 2, Size 1 & 2
3 of 9The cavities have been prepared and are now being conditioned with a 10% polyacrylic acid for 10 seconds only before being washed and dried carefully without dehydration.It will be apparent later that the axial wall of the proximal box  in the first deciduous molar  was left with affected dentine on it after removal of the infected dentine.



Chapter 11 - Site 2, Size 1 & 2
4 of 9Another occlusal view of the completed cavities following conditioning. This view shows more clearly that the infected dentine and denatured enamel only were removed from the cavities and affected dentine left behind particularly on the axial wall of the first molar.Note that there is still a tooth to tooth contact between the two molars because the proximal box has not been extended laterally. The concept of extension for prevention no longer applies and any natural contact should be maintained as far as possible.Note the placement of short lengths of mylar strips supported by wooden wedges which will act as matrices. 



Chapter 11 - Site 2, Size 1 &2
5 of 9The restorations are now  in place and photographed approximately 18 months later. It is apparent that both were successful and aesthetic.A resin modified glass-ionomer was  used but a high strength auto cure glass-ionomer would be just as appropriate. Either or both restorations could also be laminated with composite resin if it was thought to be desirable.



Chapter 11 - Site 2, Size 1 & 2
6 of 9A bitewing radiograph of the completed  restorations taken at the time of placement. Note that there appears to be some affected dentine left on the axial wall of the first molar. This is of no concern because it is likely to remineralise over a short period . A sub-lining of calcium hydroxide would have served no purpose and would have weakened the adhesion of the glass-ionomer restoration.



Chapter 11 - Site 2, Size 1 & 2
7 of 9The two teeth were shed normally approximately 3 years later and were harvested and examined.This shows a section of  the second deciduous molar  through the "tunnel" restoration. It shows the adaptation of the cement throughout apart from a small defect at the exit from the "tunnel" adjacent to the first permanent molar. As there was no sign of a lesion on the permanent molar it can be asssumed that this defect was of no concern. If plaque had accumulated in the defect a lesion on the molar would have been expected. 



Chapter 11 - Site 2, Size 1 & 2
8 of 9The proximal surface of the second molar as it was shed. There is a minor defect in relation to the proximal lesion but it is hard to know if this was an artifact or not. As there was no  lesion on the first permanent molar it was accepted that this was of no concern.Note the area of tooth structure that would have been lost if a conventional restoration had been placed . The proximal surface of the first molar would also have been at risk of damage during cavity preparation.



Chapter 11 - Site 2, Size 1 & 2
9 of 9One half of the sectioned tooth was examined under the SEM and this picture is taken of the junction of the enamel, dentine and cement as shown in slide #351.As the specimens dehydrate under the SEM there will be cracks appearing at any area of weakness. Here there has been failure in the cement in relation to the dentine leaving a layer of ion enriched cement attached to the dentine.There has also been failure between the cement and the enamel but in this case some of the enamel has remained attached to the cement.There is also failure between the dentine and the enamel demonstrating the stress required to produce any  failure.



Chapter 11 - Site 2, Size 1 & 2
1 of 6A  radiograph of  two bicuspids with proximal lesions of different sizes which have been set up to simulate clinical conditions.The first bicuspid has a small lesion reasonably high up on the distal surface and this is regarded as a Size 1 lesion and will be restored as a "tunnel".The lesion at the distal of the second bicuspid is notably larger and a decision on size may be delayed until the full extent of the problem can be determined.  



Chapter 11 - Site 2, Size 1 & 2
2 of 6The lesion on the distal of the first bicuspid. Note the degree of cavitation and the extent of the demineralised enamel beyond on both sides of the cavity. It will be necessary to seal the cavitation only and the demineralised area can be left to remineralise in the presence of the fluoride in the cement. The cavity is well below the crest of the marginal ridge and there is still considerable strength in the enamel.



Chapter 11 - Site 2, Size 1 & 2
3 of 6The lesion on the proximal surface of the second bicuspid.Note that the marginal ridge is severely compromised and is  certainly beyond maintaining as a "tunnel" cavity.There is still some demineralised enamel around the periphery of the lesion but this can remain as long as it can be remineralised by the cement. 



Chapter 11 - Site 2, Size 1 & 2
4 of 6The teeth have now been set up to simulate a clinical situation. Note that it is often difficult to determine the extent of a lesion just by clinical observation.It is recommended that the initial preparation should generally be approached on the assumption that the final cavity design will be a "tunnel".The cavity can then be extended if the lesion is greater than expected. However, there may be occasions where the lesion is obviously so close to the marginal ridge that a "slot" is the cavity of choice. 



Chapter 11 - Site 2, Size 1 & 2
5 of 6The completed cavity designs for both teeth.Note the conservative approach to the "tunnel" leaving maximum strength in the marginal ridge. The occlusal groove has been included for demonstration purposes only. It is generally  not necessary to include it because it can often be sealed with the restorative material chosen for final restoration.The cavity in the second bicuspid is certainly a Size 2 now  and this was necessary to allow complete removal of the infected dentine. Note that there is still a contact with the adjacent tooth because it is not necessary to follow "extension for prevention". It is only required to remove completely denatured enamel along the buccal and lingual margins. 



Chapter 11 - Site 2, Size 1 & 2
6 of 6The proximal view of the cavity prepared in the distal of the second bicuspid.Note that there is still demineralised enamel around the preiphery of the cavity but it can remain on the assumption that there will be glass-ionomer in contact with it. If it is intended to develop an acid-etch union with composite resin the enamel will need to be removed out further to provide a margin of completely sound well supported enamel.



Chapter 11 - Site 2, Size 1 
1 of 3Figure 11.36A  tooth similar to the first bicuspid shown in the last series. This shows the original lesion with actual cavitation in the enamel which has to be cleared and restored to prevent further plaque accumulation.Note the extent of the demin- eralisation surrounding the cavitation most of which can be remineralised and therefore need not be removed.Note also the large areas of proximal enamel which are unaffected by the lesion and should be maintained.



Chapter 11 - Site 2, Size 1 
2 of 3Figure 11. 37An occlusal view of the completed prepared cavity.Note the proximal "tunnel" which is now  free of infected dentine. The external cavity in the enamel  is just visible and has been lightly cleaned to allow sealing of the cavitation without extensive removal of all demineralised enamel around the margin.The occlusal groove has been opened very conservatively in this case although it will generally be unnecessary  in most cases. Normally the fissure would just be sealed with the restorative material. 



Chapter 11 - Site 2, Size 1 
3 of 3Figure 11. 38A proximal view of the completed cavity.Note the demineralised enamel around the cavity which can remain on the assumption that the cavity will be restored with a fluoride releasing glass-ionomer and will then remineralise.Note also the strength of the remaining enamel on the proximal surface. It is unlikely to fail particularly when it is supported with an adhesive cement. 



Chapter 11 - Site 2, Size 1
1 of 4A further example of a  Site 2, Size 1  lesion in a laboratory experiment.The teeth have been set up to simulate a clinical situation and radiographed for the record. There is a lesion on the first molar both mesially and distally but only the mesial lesion will be shown.See next slide. 



Chapter 11 - Site 2, Size 1
2 of 4This is the proximal view of the mesial surface of the lower molar shown in the previous slide.Note the area of cavitation in the enamel and the extent of the demineralisation surrounding it. Obviously the patient was subject to extensive and rapid caries as shown by the extensive demineralisation round the circumference of the tooth well beyond the actual enamel cavitation.



Chapter 11 - Site 2, Size 1
3 of 4The proximal view of the tooth shown in the previous two slides showing  the completed cavity.Note that only the cavitated area of the enamel has been removed and the surrounding demineralised enamel remains ready to be remineralised through the fluoride release from the glass- ionomer. Note also the apparent strength in the remaining proximal enamel which is unlikely to fail under load.



Chapter 11 - Site 2, Size 1
4 of 4An occlusal view of the completed cavity in the mesial of the lower molar.Note the very conservative cavity outline and the strength left in the marginal ridge. The access cavity is approximately triangular with very little involvement of the occlusal fissure system.As part of the exercise other areas in the fissure system have been prepared in places which were believed to be carious and there is also a "tunnel" at the distal . Normal tooth structure in between is maintained and each lesion is dealt with in a very conservative manner.It must be noted that this system of classification relates to carious lesions rather than cavities so if there is more than one lesion in the crown of the tooth each can be recorded separately.



Chapter 11 - Site 2, Size 1
1 of 3A more extensive example of a proximal lesion which may still be restored using a very conservative approach.Note that the cavitation is relatively extensive but the marginal ridge is not involved to any great extent and there is still considerable strength in the proximal enamel. There appears to be a split in the proximal enamel but the adhesion of the glass-ionomer is often sufficient to support this wall. If it fails during cavity preparation the cavity design will need to be modified..There is further demineralisation around the cavitation but this area of enamel need not be removed during cavity preparation.See next slide for prepared cavity.



Chapter 11 - Site 2, Size 1
2 of 3The prepared cavity in the tooth shown in the previous slide.Note that the proximal box  is now clear of infected dentine and the cavitated lesion in the enamel is just visible.Note also that there was an old amalgam restoration on the occlusal of this tooth and this has been removed and is to be replaced with a composite resin laminated over the glass-ionomer base. The glass-ionomer will be used to restore the proximal "tunnel" and then will base out the occlusal ready for the composite resin. 



Chapter 11 - Site 2, Size 1
3 of 3The proximal view of the completed cavity as shown in the previous slides.Note that the cavitation in the enamel is rather extensive but there appears to still be considerable strength in the marginal ridge.A clinical decision will need  to be made during the preparation of this cavity as to whether it is possible to rely still upon the strength remaining in the proximal enamel . Having prepared a "tunnel" it is still possible to change the design to a more conventional pattern without undue loss of tooth structure.Of course any  change in cavity design will lead to a  re-classification. If the marginal  ridge is lost it would then become a Site 2, Size 2



Chapter 11 - Site 2, Size 1
1 of 6Figure 11. 45An alternative approach to this classification of cavity design is the "proximal approach".This becomes possible when an approximating tooth has been prepared for a Size 3 or 4 cavity and a carious lesion on the adjacent tooth becomes apparent and available for restoration.An example is shown in this simulated series where an old amalgam restoration has been removed from an upper molar revealing a small lesion on the distal of the second bicuspid.See following slides.



Chapter 11 - Site 2 , Size 1
2 of 6Figure 11.45The approach to the lesion is only possible if the adjacent cavity is large enough to admit the bur in the hand piece. Use a small tapered diamond bur #168 at intermediate high speed under air/water spray.Enlarge the cavity only sufficiently to facilitate removal of infected dentine and this can be achieved using a small round bur  #012. It may be necessary to use a bur with an extended shank.The pattern of the caries advancing into the dentine is downwards and inwards towards the pulp and this is similar to the angle available to the bur in this cavity. Therefore removal of infected dentine is generally simple. 



Chapter 11 - Site 2, Size 1
3 of 6Figure 11.45The cavity has now been restored using a fast setting radiopaque glass-ionomer. It is essential that the cement be radiopaque because the restoration will not be easily detected clinically and the next operator may be deceived.It is probably unwise to use a resin modified glass-ionomer because of problems of access for the activator light.



Chapter 11 - Site 2, Size 1
4 of 6Figure 11.45The amalgam has now been replaced in the adjacent cavity and this shows how difficult it may be to clinically identify the presence of the restoration.



Chapter 11 - Site 2, Size 1
5 of 6Figure 11.45A radiograph of the completed proximal restoration to emphasise the need for placing a radiopaque glass-ionomer. This material compares well with amalgam for radiopacity .Note that there is still some affected dentine under the glass-ionomer but this is expected to remineralise over a short period.



Chapter 11 - Site 2, Size 1
6 of 6Figure 11.46The restoration discussed in the previous slides  has now been sectioned to show the relationship of the two teeth .Note the affected dentine beneath the proximal restoration which is expected to remineralise and stabilise.The restoration in the molar is an  amalgam laminated over a fast setting cermet material. See slide series beginning at #250 for further examples of this technique. 



Chapter 11 - Site 2 , Size 1
1 of 6The following series shows restorations in this category some years after placement in clinical cases.There is both a mesial and distal "tunnel" in the lower second bicuspid which have been restored with a cermet cement. They are photographed approximately three years after placement and at this time it is necessary to replace the amalgam in the first molar because the mesio-lingual cusp has a split at the base. This will make it possible to review the external surface of the "tunnel".See next slide.



Chapter 11 - Site 2, Size 1
2 of 6A radiograph of the tunnels shown in the previous slide.Note that there appears to be entirely intact enamel on both proximal surfaces but confusion through angulation of the xray  must be taken into account.Note also an apparent defect or void in the cement in the mesial restoration. This appears to be of no concern.



Chapter 11 - Site 2, Size 1
3 of 6The case shown in the previous two slides following removal of the amalgam from the mesial of the first molar.Note that the proximal enamel of the second bicuspid appears to be remineralised. It is stained and roughened but apparently sound. It is significant to note that remineralised enamel such as this is stronger than original enamel and very resistant to further acid attack.



Chapter 11 - Site 2, Size 1
4 of 6A similar example of a "tunnel" which was subsequently exposed because of the need to replace an adjacent restoration. This one is also approximately three years after placement and in this case it is apparent that the cermet actually penetrated an enamel defect and appeared on the external surface.Note the extent of the proximal enamel which has been preserved through the use of this cavity design.Note also the relatively extensive areas of remineralisation on the proximal enamel.



Chapter 11 - Site 2, Size 1
5 of 6Two "tunnels" placed in the upper molars using a cermet glass- ionomer shown in a bitewing radiograph taken approximaely 10 years after placement.They appear to be quite sound at this time and unlikely to break down.



Chapter 11 - Site 2, Size 1
6 of 6The same restorations shown in the radiograph in the previous slide.Note the age of the restorations and the apparent lack of wear over the period of 10 years.A significant amount of tooth structure has been retained as well as a  natural  contact area. 



Chapter 11 - Site 2, Size 1
1 of 2Figure 11.43The anterior lesions which fit in to this category would have to be new  lesions related to the contact areas and they will be dealt with in exactly the same manner as posterior lesions.There is a small new lesion on the distal of the upper canine. The conventional approach would be to remove the marginal ridge entirely  to gain access.See next slide for a conservative approach.



Chapter 11 - Site 2, Size 1
2 of 2Figure 11.44The lesion discussed in the previous slide has been opened and cleaned of infected dentine. Entry was gained using a small tapered diamond bur #168  at intermediate high speed to allow optimum tactile sense.The marginal ridge was maintained intact and the infected dentine was removed using a small round bur #008. There was a small amount of enamel cavitation and this was carefully cleaned with a fine probe.The cavity was conditioned and restored with a Type II.1 restorative aesthetic glass- ionomer.



1 of 4There is a small lesion apparent just below the contact point on the distal of the upper central incisor. As the caries rate is low and the lesion is in the early stages it is possible to contemplate a #2.1 tunnel design cavity.See next slides



2 of 4The lesion shown in the previous slide viewed from the lingual. Note the strong enamel marginal ridge and , viewed from this side, it is obviously a small lesion.It would be very desirable to retain the marginal ridge for strength so the approach will be for a tunnel cavity in the first instance with the chance of extending it if necessary.



3 of 4A tunnel design cavity has been prepared. The cavity was entered using a small tapered diamond bur (#168) at intermediate high speed under air water/ spray. A small round bur (008) was then used to remove infected dentine without removing any of the axial wall. A small lesion in the enamel was cleaned gently with a sharp probe and the cavity was conditioned and restored using a high strength auto cure glass-ionomer. Aesthetics is not a problem in a restoration  such as this. 



4 of 4The finished restoration immediately after removal of the rubber dam. Note that the occlusal load on the restoration is minimal and the marginal ridge has been retained thus maintaining the intrinsic strength of the crown of the tooth



Chapter 11 - Site 2. Size 1
1 of 4Figure 11.39Another alternate cavity design in this classification is possible for the cavity which is situated on the proximal surface but too close to the marginal ridge to be able to cut a "tunnel" cavity. This design is known as a "slot".The slide shows teeth set up to simulate a clinical situation where there is a proximal lesion at the distal of the first bicuspid. As it appears to be close to the marginal ridge a slot cavity will be designed beginning at the outer curve of the marginal ridge.See next slide for completed cavity. 



Chapter 11 - Site 2, Size 1
2 of 4Figure 11.40The completed cavity as discussed in the previous slide.Note that the initial approach was through the outer roll of the marginal ridge to locate the lesion. The cavity was extended only as far as was necessary to gain access to the infected dentine and cavitated enamel. The walls were carefully cleaned but the axial wall was left as affected dentine. As much as possible of the marginal ridge was retained.See next slides for complete cavity.



Chapter 11 - Site 2, Size 1
3 of 4Figure 11.41An  occluso-proximal view of the completed cavity.Note that the marginal ridge is relatively intact and the occlusal surface and fissure are not involved at all.There remains some demineralised enamel surrounding the margins of rhe cavity but there is no need to remove these areas because they will remineralise.



Chapter 11 - Site 2, Size 1
4 of 4Figure 11. 42A view from the proximal of the cavity described in the previous slides.Note the very conservative outline with retention of as much enamel as possible. The minor areas of demineralised enamel remaining will be expected to remineralise in the presence of a fluoride bearing glass-ionomer.



Chapter 11 - Site 2, Size 2
1 of 7A radiograph of a simulated laboratory model set up to demonstrate cavities in this classification.The distal of the first molar has an old amalgam which requires replacement and in the second molar there is a new  lesionThe second molar  is  well beyond a conservative design and the first molar represents a typical  "replacement dentistry"  problem. Logically there is no possibility of a "tunnel" in a tooth which has already been prepared well beyond the design.



Chapter 11 - Site 2, Size 2
2 of 7An occlusal view of the two teeth which helps to demonstrate the extent of the problem.Note the poor contour on the amalgam and this could be expected to lead to caries on the adjacent tooth.



Chapter 11 - Site 2, Size 2
3 of 7A proximal view of the second molar prior to mounting in the model for the simulation.Note the extent of the cavitation and the weakness of the marginal ridge. It is far too weak and undermined to contemplate a "tunnel" or a "slot"



Chapter 11 - Site 2, Size 2
4 of 7An occlusal view of the completed cavity in the second molar.Note that the proximal box has been opened only to the extent that the infected dentine could be effectively removed. However, it is logical to restore such a load bearing restoration with amalgam so a retentive design has been incorporated with grooves and ditches in the proximal box .Note also that the occlusal groove has been opened very conservatively and is not regarded as an integral part of the retention of the restoration.Note also the very conservative exploration of the distal fissure which will be restored with a glass-ionomer rather than amalgam.



Chapter 11 - Site 2, Size 2
5 of 7Another occlusal view of the cavity design which tends to emphasise the retentive elements in the proximal box.Note again the conservative extension into the occlusal groove. It will be restored with amalgam so it has to be wide enough to allow for proper condensation but that is all.



Chapter 11 - Site 2, Size 2
6 of 7This is an occlusal view of the distal cavity preparation in the first molar. It is replacement dentistry so the cavity is necessarily more extensive .It is very close to a Size 3 cavity because the disto-lingual cusp is probably in need of protection from occlusal load. The decision will depend upon the relationship of the opposing tooth and the potential for load.Note  the retentive elements in the occlusal grooves . Refer to Chapter  7, page 96 for further discussion. 



Chapter 11 - Site 2, Size 2
7 of 7A different occlusal view of the cavity in the distal of the first molar.The weakness of the disto-lingual cusp is more apparent and the cavity design will therefore depend upon the position and relationship of the opponent.Note again the retentive elements in the cavity. See Chapter 7, page 97 for further discussion.



Chapter 11 -Site 2, Size 2
1 of 2A typical example of replacement dentistry.An attempt has been made to restore these two teeth with slot cavities and amalgam. However, this is not a procedure to be recommended. It is not possible to finish an amalgam in the middle of a fissure because there will always be a fault at the base of the fissure. It is also more difficult to obtain good retention for a small mass of amalgam.Both these restorations have come free and are slightly mobile. They will be replaced with a  more conventional cavity design but, as amalgam is the material of choice for restoration again, it is difficult to be conservative in the cavity design. 



Chapter 11 - Site 2, Size 2
2 of 2The finished cavity designs are very conventional but as conservative as possible within those parameters.The occlusal grooves are no wider than they have to be to allow condensation of amalgam. The proximal boxes include retentive elements to ensure each separate section of amalgam is self retentive.



Chapter 11- Site 2, Size 2
1 of 3Figure 11.49A conventional cavity design for a Site 2, Size 2 lesion which is to be restored with amalgam. This series was photographed long before the advent of glass-ionomers and attempts to show a very conservative cavity design.Note the geometric form of the cavity  with relatively sharp angles and flat floors. There are retentive grooves at the floor of the proximal box and a minimal invasion of the occlusal groove.The cavity can be regarded as satisfactory for amalgam but by present standards it represents a considerable loss of sound tooth structure.



Chapter 11 - Site 2, Size 2
2 of 3Figure 11.49Another view of  the conservative amalgam cavity design.Note that the buccal to lingual extension is very conservative and there is still contact between the adjacent teeth. The cavitated and demineralised enamel was removed and any sound enamel left behind on the grounds that, in the presence of topical fluoride, extension for prevention is no longer required.



Chapter 11 - Site 1, Size 1
3 of 3Figure 11.50The completed amalgam restoration photographed several years after placement.There appears to be no problem arising from the very conservative cavity design but this is dependant to some degree on the efforts of the operator to place the amalgam properly and patient to remain caries free.



Chapter 11 - Site 2, Size 2
1 of 4An old composite resin restoration in the mesial of an upper lateral incisor requires replacement. There has been a modification of colour and there is a degree of marginal leakage at the incisal corner.As this is replacement dentistry there is no option in cavity design. However, it is important not to extend any further than is essential to deal effectively  with the present problem. 



Chapter 11 - Site 2, Size 2
2 of 4The composite resin shown in the previous slide has been removed and the cavity refined. It is now being conditioned with 10% polyacrylic acid preparatory to restoration with glass- ionomerNote that the cavity extension is minimal and, on the whole, remains rather conservative



Chapter 11 - Site 2, Size 2
3 of 4The cavity shown in the previous slide has now been restored with an auto-cure  glass-ionomer only. There was no need to place a lining.In view of the very limited occlusal load to which this restoration is likely to be subject,  it is sensible to use glass- ionomer alone without lamination with composite resin.  



Chapter 11 -  Site 2, Size 2
4 of 4The labial view of the completed restoration as shown in the previous slides.A Type II. 1 restorative aesthetic glass-ionomer was placed using a mylar strip as a matrix, and properly sealed with a resin sealant upon removal of the matrix. The aesthetic result is satisfactory and lamination is not required. 



Chapter 11 - Site 2, Size 2
1 of 2Figure 11.51Two Site 2, Size 2 lesions in an  anterior tooth. These lesions had been restored previously with composite resin which needed replacement because of change of colour and micro leakage.Unfortunately  they had been restored from the labial and this posed aesthetic problems.The cavities were prepared as shown and then restored with a resin-modified  glass-ionomer .See next slide.



Chapter 11 - Site 2, Size 2
2 of 2Figure 11.52The two cavities shown in the previous slde have been restored using a resin modified glass-ionomer . The aesthetic result is entirely satisfactory because the translucency is high with this material.  The photograph was taken about two years after placement



Chapter 11 - Site 2, Size 3
1 of 5The patient reported intermittent pain on pressure in relation to the lower first molar. Individual pressure on the separate cusps suggested that the mesio-lingual cusp had a split at the base. This would not be surprising because it is apparent that there is still some of the medial facing incline of that cusp available to sustain occlusal pressure.The amalgam was removed and the cavity explored.See next slides



Chapter 11 - Site 2, Size 3
2 of 5The amalgam restoration has been removed from the lower molar shown in the previous slide and the split at the base of the mesio-lingual cusp is  revealed. It is seen more readily when the tooth is exposed under rubber dam probably because it is easier to completely dry  it. The split can also be revealed using a dye such as iodine or basic fuchsin.It will now be necessary to protect the remaining cusp or replace it. Protection is the method of choice because it is much easier to rebuild full cusp height and correct occlusal anatomy in the presence of the existing tooth structure.



Chapter 11 - Site 2, Size 3
3 of 5The completed cavity design in the lower molar .Note that the mesio-lingual cusp has been bevelled out so that the lingual wall runs directly from the gingival floor to the tip of the cusp in a straight line. The cusp has been reduced in height by only half a millimetre and the full  external anatomy of the original tooth is retained.Note also the retentive ditches and grooves in the gingival one third of the crown. These all provide some degree of interlock into remaining core tooth structure so that the amalgam will be locked on to the crown and will form the foundation for the crown which is the almost inevitable final reconstruction.For further discussion of the protective cavity design see Chapter 7.3, page 100. 



Chapter 11 - Site 2, Size 3
4 of 5The cavity in the lower molar from a slightly different perspective. Note that all remaining cusps have been offered protection in the same pattern as the mesio-lingual cusp. The two buccal cusps have been reduced by approximately 2 mm. because they will take the full occlusal load.Note also that the retentive grooves are turned in under the split cusp thus giving  further support above the base of the split. 



Chapter 11 - Site 2, Size 3
5 of 5The final restoration in the lower molar .Note the degree of cusp cover provided to both the buccal and lingual cusps.As the lingual cusps are not load bearing the coverage is minimal but there is a substantial cover over the working cusps, both to take the occlusal load and ensure full rebuild of the occlusion with the opposing tooth.Cusp inclines and marginal ridges have been included in the occlusal anatomy but all features are shallow and the opposing tooth will be adjusted as required to minimise undesirable inter-cuspation with resultant lateral stresses.



Chapter 11 - Site 2, Size 3
1 of 5This is a technique case set up to demonstrate more clearly the design of the protective cavity. There is an existing amalgam in the lower molar and a new lesion on the mesial. A cavity will be designed to accomodate the apparent weakness in the disto-buccal and disto-lingual cusps.



Chapter 11 - Site 2, Size 3
2 of 5The cavity is complete. In the ultimate design both the lingual cusps were protected because of a perceived weakness which became apparent during cavity preparation.Note the degree of cusp cover provided on the disto-buccal cusp as well as the retentive ditch in the lingual occlusal  fissure.The mesio-buccal cusp remains acceptably strong as it is well supported by a column of sound dentine. Retention of at least one cusp at full height assists in rebuilding to full cusp height when using plastic restorative materials direct in the oral cavity. 



Chapter 11 - Site 2, Size 3
3 of 5The tooth has been removed from the model to show the design required for adequate cusp cover.This is the mesial proximal box. Note the limited bucco-lingual width of the box at the gingival which was dictated entirely by the extent of the carious lesion. The lingual wall is then leaned out to the tip of the cusp in a straight line so that the cusp is protected but at the same time the amalgam will have reasonable bulk.Retention is developed with a groove in the gingival of the box returning around into the buccal and lingual walls.The mesio-buccal cusp remains full height with good support from sound dentine.



Chapter 11 - Site 2, Size 3
4 of 5The cavity has now been restored with amalgam and the amount of cusp cover is apparent.The view from the buccal shows the height of amalgam above the disto-buccal cusp and retention of the full height of the mesio-buccal cusp  made it easier to restore full occlusal anatomy.Modified occlusal anatomy has been built in to the amalgam with restitution of cusp inclines and marginal ridges but modification of the opposing tooth is often essential to eliminate deep inter-cuspation between the arches. See Chapter 21, page 389 for a full discussion.



Chapter 11 - Site 2, Size 3
5 of 5The amalgam restoration viewed from the lingual.Note that  the amount of cusp cover for the two lingual cusps is minimal. They do not require much support and protection and retention of almost full height makes it easier to rebuild to the correct occlusal table.The provision of correct marginal ridges with lateral spillways is essential to protect the contact areas.



Chapter 11 - Site 2, Size 3
1 of 2There is an amalgam restoration in the first bicuspid which is 25 years old. The margins are ditched and the surface corroded but it could be regarded as a conservative cavity design and still satisfactory.However, the patient complains of pain on pressure and it needs to be explored.The most significant weakness in the design is that the medial facing inclines of both cusps are still subject to occlusal load and therefore liable to split. The original cavities were apparently small and, at the time of treatment, there was no alternative to this type of cavity design. If modern, minimal intervention restorations had been available the split may  not have occurred.See next slide. 



Chapter 11 - Site 2, Size 3
2 of 2The amalgam has been removed from the upper first bicuspid and the split under the buccal cusp has become apparent.The cavity has been modified to allow for support and protection  for the buccal cusp and adequate retention has been developed in the gingival of the proximal boxes.The cavity will be restored with amalgam again but it is really only preparation as a base for a crown. As the lingual cusp is also at risk, a crown is the restoration of choice before there is further failure.It could be argued that an adhesive restorative material would be sufficient to reinforce the tooth but it appears that such "bonding" is only short lived. It is suggested that this would only be an interim measure and the crown would be placed ultimately. The controlling factor is really the amount of occlusal load to which this particular tooth is subject.



Chapter 11 - Site 2, Size 3
1 of 5Figure 11.57The restoration in the lower molar has been in place for 27 years but the patient now complains of intermittent pain on pressure. It is apparent that there has been a degree of wear on the amalgam with deeper intercuspation developing over time. This has left the lingual cusps, in particular, subject to splitting stresses. As the medial facing inclines of those cusps are still present a split is predictable.The design of the original cavity is moderately conservative but steady  loss of occlusal anatomy has lead to this situation. It is likely that the opposing tooth will need to be modified at the time of restoration to avoid deep inter-cuspation in the new restoration.



Chapter 11 - Site 2, Size 3
2 of 5Figure 11.58The amalgam restoration has been removed from the cavity taking care not to enlarge the cavity beyond the original.Note the medial facing cuspal inclines on both lingual cusps are still present and therefore still subject to heavy  lateral pressures.The cavity will be modified to eliminate these stresses and protect remaining cusps.



Chapter 11 - Site 2, Size 3
3 of 5Figure 11.59An occlusal view of the completed cavity showing the extent of the protection over the two lingual cusps.The bucco-lingual extent of the proximal boxes remains the same but the lingual wall has been leaned out to the lingual cusp tips only.Note the retentive elements developed in the gingival one third of the proximal boxes as well as the lingual extension of what used to be the lingual occlusal fissure.



Chapter 11 - Site 2, Size 3
4 of 5Figure 11.59Another angle on the finished cavity design. This time the split at the base of the lingual cusps is apparent. It does not appear to follow the full mesio-distal length of the cusps so the chance of preventing it spreading further is great providing the lingual cusps are offered sufficient protection.Note the retentive elements cut in the proximal boxes and particularly the central slot in the lingual cusps. This provides a "strut" for the two cusps and helps to tie them on to the remaining tooth structure.



Chapter 11 - Site 2, Size 3
5 of 5Figure 11.60The completed restoration viewed from the lingual. It shows clearly the amount of protection offered to the lingual cusps. The amalgam reaches to the tip of the cusps but they were not reduced in height so that it would be easier to reinstate full occlusal anatomyThe opposing tooth was modified to a degree to accomodate the new anatomy and reduce the degree of intercuspation between the arches.See Chapter 21, page 389.



Chapter 11 - Site 2, Size 3
1 of 3A simulated case of a Site 2, Size 3  cavity in an anterior tooth. There are cavities in both the central incisor as well as the lateral and it is the lateral which will be discussed.The incisal edge is mildly involved and weakened but through the placement of adhesive restorative materials the enamel can be reinforced and there is no need to remove a great deal of it.See next slides for cavity design.



Chapter 11 - Site 2, Size 3
2 of 3A lingual view of the lateral incisor which shows more clearly the degree of breakdown in the region of the incisal corner. In the presence of adhesive restorative materials it is possible to be far more conservative of remaining tooth structure because it is possible to reinforce and support it.



Chapter 11 - Site 2, Size 3
3 of 3The cavities in both the central and the lateral have now been completedIn the lateral incisor note the relative weakness of the incisal corner which places this cavity in the Size 3 category. In spite of the fact that the enamel  is unsupported with dentine it can now be supported with an adhesive glass-ionomer and then laminated with composite resin. This combination will tie the incisal corner together and the restoration will be sound.The cavity in the central incisor is smaller and falls in the Size 2 classification.



Chapter 11 - Site 2, Size 3
1 of 5Figure 11.53This is a clinical case in which the distal incisal corner of the upper canine was severely undermined and weakened through the presence of a large amalgam and subsequent wear.The present situation is aesthetically undesirable and further breadown is inevitable.  It is placed in the Size 3 category although it is close to a Size 4.



Chapter 11 - Site 2, Size 3
2 of 5Figure 11.54The old amalgam has been removed and the cavity completed. Note that the enamel of the labial wall is undermined and has lost dentine support. However an auto cure glass-ionomer will be placed as a dentine substitute and this will support the enamel and improve the aesthetics from the labial.



Chapter 11 - Site 2, Size 3
3 of 5Figure 11.55The cavity was completely restored with an auto cure fast setting glass-ionomer and allowed to set for 10 minutes. It was then cut back and a new cavity designed in both the cement and the tooth structure to allow for a composite resin lamination.Note that the gingival floor remains in glass-ionomer because it was decided that the enamel in that region was not strong enough to accept a composite resin to enamel bond.The whole of the lingual surface and part of the labial will be built in composite resin now. The glass-ionomer has been etched ready for the application of a low viscosity resin enamel bonding agent prior to incremental build-up with composite resin.



Chapter 11 - Site 2, Size 3
4 of 5Figure 11.56The composite resin has now been built incrementally .Note that the entire load bearing lingual surface is built in composite resin and it also replaces some of the labial surface. It is attached to enamel by an etched bond technique around the entire circumference of the restoration apart from the gingival margin. The occlusal load and the cuspid rise is all accomodated in composite resin. 



Chapter 11 - Site 2, Size 3
5 of 5Figure 11.56The completed restoration viewed from the labial in a photograph taken approximately  three years after placement.Note the satisfactory aesthetics which arises, at least in part, because the unsupported enamel at the distal  is supported within by a glass-ionomer so that  there is no shadow effect.The wear pattern has been satisfactory and the first bicuspid is about to be crowned.



Chpater 11 - Site 2, Size 4
1 of 2The lower molar has lost both lingual cusps so the cavity falls into the Size 4 classification.This is a relatively common problem and arises through failure to comprehend the inherent weakness of a tooth which has been cut in to two sides by the preparation of a cavity designed for restoration with amalgam.The cusps which appear  to be most at risk are the buccal and lingual cusps of upper bicuspids and the lingual cusps of lower molars. Care in cavity design is the best preventive and particularly the use of minimal cavities and adhesive restorative materials



Chapter 11 - Site 2, Size 4
2 of 2Figure 21.18The mesio-lingual cusp has failed on this lower molar making it a Size 4 lesion.A study of the situation leads to the conclusion that, although the original cavity is reasonably conservative, the medial facing cuspal incline of the mesio-lingual cusp  remained exposed to occlusal load. In addition there is a heavy wear facet in the region of the isthmus of the amalgam suggesting that the opposing tooth provided a major contact in that area. There has apparently been some wear in the amalgam leading to deeper inter-cuspation and therefore an increase in lateral stresses on the mesio-lingual cusp.Failure was predictable.  



Chapter 11 - Site 2 - Size 4
1 of 3Figure 7.15A technique case of an upper second molar which has lost all the buccal cusp. It is to be restored with amalgam prior to  restoration with a  full  crown.The most important factor now is to ensure that the amalgam is firmly locked on to the underlying tooth structure so that it does not fall off in the middle of the crown preparation.



Chapter 11 - Site 2, Size 4
2 of 3The tooth has now been restored to reasonable anatomy with amalgam. A thin layer of a glass ionomer liner was placed first to prevent temperature transfer and considerable attention was paid to a retentive cavity design.See next slide.



CXhapter 11 - Site 2, Size 4
3 of 3Figure  7.16The final amalgam restoration is in place and the tooth has been sectioned mesio- distally to display the retentive elements.Note the grooves and ditches in the gingival floor of each proximal box. Note also that the mesial and distal axial walls converge towards the gingival  thus providing a permanent lock between the tooth and the amalgam.Care must be taken in designing the cavity  to avoid pulpal involvement but generally the pulp in such a heavily restored tooth is quite small.



Chapter 11 - Site 2 ,Size 4
The buccal cusp of the upper first bicuspid has failed despite the fact that the amalgam restoration is relatively conservative. It has been  in place for about 25 years and the wear has allowed a deeper inter-cuspation leading to lateral stresses on the medial  facing incline of the buccal cusp.The ultimate restoration will be a crown but a composite resin lamination technique will probably last a few years before the ultimate restoration is placed.



Chapter 11 - Site 2, Size 4
1 of 3Figure 11. 69This upper central incisor had a small #2.2 composite resin restoration on the mesial surface which had been in place for approximately 15 years. The incisal corner was apparently weakened by its presence and finally broke away making the lesion into a Size 4 cavity.The composite resin is just visible on the mesial proximal surface and will be completely removed. 



Chapter 11 - Site 2, Size 4
2 of 3Figure 11.69The old composite resin restoration was completely removed  and a  resin modified glass-ionomer base was placed. Once it had been adequately light activated it was cut back to make room for a composite resin laminate.Note that a considerable part of the lingual surface remains in glass-ionomer but the load bearing area is to be built in composite resin. This will be built incrementally using a hybrid composite for the bulk of the laminate with  a micro-fil over the labial surface  to enhance translucency.  



Chapter 121 - Site 2, Size 4
3 of 3Figure 11.70The completed restoration built in composite resin laminated over a  resin modified glass-ionomer.Note the colour match which is available. This was achieved by placing a hybrid composite as the main bulk of the resin laminate and then laying a thin section of  micro-fil composite resin material over the labial of that.The enhanced translucency of the micro-fil composite lightens the restoration and more closely simulates enamel.Note that the incisal edge is at an angle at the request of the patient because it reproduces the original anatomy.



Chapter 11 - Site 2, Size 4
1 of 4Figure 11. 65The failure of the incisal edge in this young patient is the result of trauma.At the time of presentation he was shocked and bruised but fortunately had no other physical damage. In view of his condition, emergency  treatment only was carried out. There was no apparent pulp exposure so  the fractured dentine only was covered with an auto-cure glass-ionomer  and he was sent home until he had recovered.See next slides. 



Chapter 11 - Site 2, Size 4
2 of 4Figure 11.66The lingual view of the fractured incisor immediately after covering the dentine with a glass-ionomer.Note the anatomy of the lost tooth structure. The split follows well up towards the cingulum but is not deep into dentine.The surface of the dentine was lightly wiped over with 10% polyacrylic acid to condition it and it was then washed and dried with cotton pledgets only  to minimise trauma. A capsule of an auto cure Type II.1 glass-ionomer was mixed and a little flowed over the broken surface. It was lightly tamped into place and the cement was covered with a low viscosity resin enamel bond to seal it from contamination. The resin bond was light activated and the patient dismissed. 



Chapter 11 - Site 2, Size 4
3 of 4Figure 11.67At the next appointment, after about two weeks, the surface of the glass-ionomer was lightly cut back to expose fresh cement and the entire surface and the surrounding enamel was etched with 37% orthophosphoric acid for 15 seconds only and then washed a dried.A  thin coat of a  low viscosity resin enamel bond was applied, the excess blown off, and the resin light activated.Composite resin was then built incrementally beginning with a hybrid composite for the bulk of the restoration and laminating that with a micro-fil composite resin for better translucency. 



Chapter 11 - Site 2, Size 4
4 of 4Figure 11.68The completed restoration showing a satisfactory reconstitution of the original anatomy and aesthetics. The photograph was taken approximately one year subsequent to restoration.The only modification to the cavity outline was to do a small labial bevel to allow for a gentle transition from composite resin to enamel. The use of both a hybrid and a  microfil composite resin is justified by the aesthetic result.



Chapter 11 - Site 3, Size 1
1 of 3 There are small root surface carious lesions at the gingival margin of the upper right lateral incisor.At least for aesthetic reasons this area probably requires restoration although it may be possible in some patients to remineralise this successfully. Remineralisation is the preferred technique but if restoration is required the material of choice is a Type II.1 restorative aesthetic glass- ionomer. As it is a root surface an auto-cure cement is probably the best for a satisfactory aesthetic result.



Chapter 11 - Site 3, Size 1
2 of 3Figure 11.79A root surface carious lesion at the gingival margin of the upper right lateral incisor. It is probably a slow moving lesion and may even be arrested but aesthetics requires that it be restored,A Type II.1 restorative aesthetic  auto-cure glass-ionomer is the material of choice. The periphery of the cavity outline should be carefully defined with a small round bur but the affected dentine can be left on the floor of the cavity because it will remineralise.  



Chapter 11 - Site 3, Size 1
There are three Site 3, Size 1 restorations at the gingival margins of the upper right canine as well as the first and second bicuspids. They were all placed at the same time using an auto cure Type II.1 restorative aesthetic glass- ionomer.These restorations have been in place for five years at the time they were photographed and show no signs of wear or dissolution.



Chapter 11 - Site 3, Size 1
1 of 2Figure 8.25Extensive erosion lesions at the gingival margin of the upper right canine and first bicuspid.In spite of the size they are still classified as Size 1 because they are no more difficult to restore than the smaller versions of this lesion.



Chapter 11 - Site 3, Size 1
1 of 2Figure 11. 77There are three erosion lesions in the upper right central, lateral and canine. Although they are not far advanced they are sensitive to change of temperature and should be sealed and arrested.A Type II.1 restorative aesthetic glass-ionomer is the material of choice for such lesions.



Chapter 11 - Site 3, Size 2
1 of 4Figure 11.81There are old composite resin restorations on the labial of the central and lateral incisor which appear to have been repaired more than once. The aesthetic result at present is unacceptable so they will be replaced.The preferred method  is to use an auto cure Type II.1 restorative aesthetic glass- ionomer because it can be laminated with composite resin if the result is unsatisfactory.



Chapter 11 - Site 3, Size 2
2 of 4Figure 11.82Both old restorations have been removed without extending the cavity size and the lesions restored with an auto cure glass-ionomer. Both restorations have been covered immediately with a  low viscosity resin enamel bond to prevent water loss while the result is assessed.The restoration in the central incisor appears to be satisfactory but the one in the lateral is judged to be too light. It will be cut back to a depth of about 2mm. and laminated with composite resin.



Chapter 11 - Site 3, Size 2
3 of 4Figure 11.81The glass-ionomer in the lateral incisor has been cut back to a depth of about 2mm and the cement and surrounding enamel is being etched with a 37% orthophosphoric acid for 15 seconds.The area will then be painted with a thin coat of a low viscosity resin enamel bond ready for an incremental build up with composite resin.



Chapter 11 - Site 3, Size 2
4 of 4Figure 11.81This photograph was taken 3 years after placement of the restorations.Note the acceptable aesthetic result with both materials although it could be argued that the glass- ionomer in the central  is better than the laminated restoration in the lateral incisor.



Chapter 11 - Site 3, Size 2
1 of 2Figure 11.83The patient, in his middle twenties, had recently developed an extremely high caries rate and was treated with topical fluorides and intense education to overcome the problemThere were several lesions in this category - fast moving caries in relatively open areas particularly buccal surfaces of posterior teeth.In the first instance the cavities were lightly debrided of infected dentine and sealed with a glass-ionomer. This was left in place for two months to allow for remineralisation and then replaced with a definitive aesthetic glass-ionomer as a permanent restoration. 



Chapter 11 - Site 3, Size 2
2 of 2Figure 11.84The cavities being treated in the previous slide have now been re-opened after they were sealed with glass-ionomer for  two months.The cavities have been cleaned as far as necessary. The walls are completely clean but the floor still has some softened, demineralised, affected dentine which will be left behind.  In the presence of a fluoride releasing adhesive glass-ionomer this dentine is expected to remineralise and heal.



Chapter 11 - Site 3, Size 3
1 of 8Figure 11.85There is a substantial root surface caries lesion at the mesial of the upper left first bicuspid which is urgently in need of attention. These lesions tend to progress reasonably quickly and the depth as well as the margins are hard to define.Glass-ionomer  is the material of choice for restoration because of the adhesion and the fluoride release. In addition the restoration will not be under occlusal load and therefore their strength is of little concern.



Chapter 11 - Site 3, Size 3
2 of 8Figure 11.86The cavity has been prepared ready for restoration with a resin modified glass-ionomer.Note the approach began with a small tapered fissure diamond bur #168 at intermediate high speed under air water spray. Entry was gained from the occlusal end of the lesion to improve visibility. A small round bur #012 was then used to define the margins. The axial wall was left alone as far as possible because of the risk of a pulp exposure. Only the infected dentine was removed and no attempt was made to reach a firm dentine floor.



Chapter 11 - Site 3, Size 3
3 of 8Figure 11.87The completed cavity showing the defined periphery in sound dentine and enamel.Note there is still some affected dentine on the axial wall and this will not be disturbed for fear of exposing the pulp. These cavities can often be prepared without local anaesthesia because the teeth are less sensitive in the aging patient. There is a minor advantage in working this way because pain can be an indication of having reached sound dentine.



Chapter 11- Site 3, Size 3
4 of 8Figure 11.87As the restorative material is to be a glass-ionomer the cavity is being conditioned with a ten second application of a 10% polyacrylic acid.The cavity will then be washed thoroughly and dried lightly before placement of a mylar strip as a  matrix  ready  for  the cement.



Chapter 11 - Site 3, Size 3
5 of 8Figure 11. 88Placement of a matrix will always facilitate the placement of a good restoration. A short length of  mylar strip can be preformed to some degree to assist in developing acceptable contour without the need to contour and polish subsequently. In fact the best surface finish possible with a glass-ionomer will be obtained from the matrix and for preference they should not be instrumented subsequently.Support the matrix  lightly with a wooden wedge but there is no need to attempt to force the teeth apart.



Chapter 11 - Site 3, Size 3
6 of 8Figure 11.89There is a choice of materials for restoration of a cavity such as this. A resin modified glass-ionomer is simple to place and will be resistant to water uptake immediately after it has been light activated. However, access for the activator light is important and if this is limited it is better to use an auto cure material.The Type II.1 restorative aesthetic glass-ionomers are slow setting and need to be sealed against water exchange for the first 24 hours after placement so their use is limited by convenience.The fast setting glass-ionomers lack translucency so their place is limited to areas where aesthetics is of no concern.



Chapter 11 - Site 3, Size 3
7 of 8Figure 11.89In this case, because the restoration was readily accessable, a resin modified glass-ionomer was used.Note from the previous slide that the cement was light activated from both the lingual and the buccal.It was first activated from the lingual while the matrix was held at the buccal and then this was reversed. It is not possible to over- light activate but it is important to fully cure the material.



Chapter 11 - Site 3, Size 3
8 of 8Figure 11.90The completed restoration immediately after removal of the rubber dam.Note the acceptable aesthetic result. There was virtually no contouring and polishing required because the matrix was used to ensure good contour during placement. There was a limited amount of  flash at the labial and this was easily removed.



Chapter 11 - Site 3, Size 3
1 of 2There is an old Site 3, Size 3 restoration at the mesial of the upper right second bicuspid. This was restored with ASPA approximately 15 years before this photograph was taken.The patient was regarded as elderly and fragile at the time of restoration so an existing amalgam was left in place and the root surface caries was dealt with directly from the buccal.The aesthetic result was less than ideal but it suited the patient and was still there when she died .



Chapter 11 -0 Site 3, Size 3
2 of 2The Site 3, Size 3 lesion at the mesial of the upper first molar was restored with a cermet glass-ionomer approximately 12 years before the photograph was taken.The tooth is over-erupted and has no opponent but the patient was old and rather fragile at the time and did not want to lose the tooth. Aesthetics was not a problem and generally the caries rate was under control.



Chapter 11 - Site 3, Size 4
1 of 6Figure 11. 91The Site 3, Size 4 lesion is an extensive lesion which takes in more than one surface of a tooth around the cervical areas.This case represents a classic example where an old composite resin restoration on the labial gingival margin of the lower right canaine has begun to show signs of microleakage and at the same time the distal and lingual surfaces are also involved.See next slides.



Chapter 11 - Site 3, Size 4
2 of 6Figure 11.92The distal and lingual surfaces of the same tooth as that shown in the previous slide. The distal has a zinc oxide and eugenol  temporary restoration and the lingual has an old cermet cement which is also breaking down.The resultant cavity is going to be complex but a glass-ionomer is the obvious material of choice because it is both adhesive and releases fluoride.



Chapter 11 - Site 3, Size 4
3 of 6Figure 11.93The final cavity design from the labial aspect. The old composite resin has been removed and the cavity margin has been refined. However, the axial wall has not been instrumented because it represents affected dentine and is probably capable of remineral isation.



Chapter 11 - Site 3, Size 4
4 of 6Figure 11.94The distal and lingual aspect of the same cavity when complete.Note that the margins are all clean but the axial wall remains soft and demineralised because it is affected dentine and is likely to remineralise in the presence of a glass- ionomer restoration.The cavity will now be conditioned with 10% polyacrylic acid for 10 seconds only then washed and dried lightly but not dehydrated.



Chapter 11- Site 3, Size 4
5 of 6Figure 11.96The disto-lingual view of the finished restoration. A resin modified glass-ionomer was the material of choice and the cavity was restored incrementally.The first stage was this aspect . A short length of mylar strip was shaped in preparation and the cement mixed in a capsule. A small quantity was syringed into the lingual cavity and the matrix  wrapped around. The cement was light activated for 20 seconds, the matrix was removed and a second increment was added  to the distal from the same capsule. The matrix was again applied followed by the activator light.See next slide for final restoration.



Chapter 11 - Site 3, Size 4
6 of 6Figure 11.95The final increment of cement was added, from a second capsule, to the labial. A translucent  matrix was then used to obtain the final form of the labial gingival area.This photograph was taken approximately two years after placement of the restoration showing that the aesthetics was satisfactory and the wear resistance is acceptable.



Chapter 12 : Rigid materials used in tooth restorationChapter 12 : Rigid materials used in tooth restorationChapter 12 : Rigid materials used in tooth restorationChapter 12 : Rigid materials used in tooth restorationChapter 12 : Rigid materials used in tooth restoration

Author : D Southan

This chapter deals with the rigid materials which can be used in the restoration of the teeth following caries or fracture.

Because the materials themselves are as rigid and inflexible as the tooth, the techniques used for their construction are almost
invariably indirect, meaning that a model replica of the tooth or teeth must be constructed first and the restoration then
constructed on the model on the laboratory bench. Whilst this is a time consuming procedure and requires a number of steps
each of which is subject to human error, the end result when properly carried out, is the closest possible reproduction of
original correct dental anatomy which can be achieved.

Structures can be rigid or flexible. A rigid material has a high modulus of elasticity and can resist high stress without permanent
deformation. Rigid substances are almost perfectly elastic and many behave in a brittle fashion at room temperature.

The rigidity of any structure is controlled by the inherent elastic modulus of the material, the thickness of the structure and its
shape.  Otherwise, rigid materials can be made flexible when the relative dimensions of the body are changed. A long, thin
glass rod can be flexible while a thick slab of the same material behaves in a rigid fashion. Ductility is the antithesis to rigidity.
Ductile substances can be permanently deformed easily at room temperature. Ceramic materials are rigid - pure gold is
ductile.
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Chapter 13 : TChapter 13 : TChapter 13 : TChapter 13 : TChapter 13 : Tooth preparation for restorationooth preparation for restorationooth preparation for restorationooth preparation for restorationooth preparation for restoration
                     with rigid materials                     with rigid materials                     with rigid materials                     with rigid materials                     with rigid materials
Author : GJ Mount

The general principles for removal of tooth structure during preparation for restoration
were described in Chapters 7 and 11.  The essential difference between a cavity designed
for placement of a plastic material and for the acceptance of a rigid restorative material is
that the restoration itself will be fabricated outside of the mouth rather than in the tooth.
This has several implications for preparation design.  Probably the most important is that it
must be possible to take an impression without distortion and then it must be possible to
insert the restoration into the cavity without it binding or imposing stress on remaining
tooth structure.

Preservation of remaining tooth structure is still of paramount importance because all
restorations rely upon the strength and integrity of remaining tooth structure for their
retention.  To a limited extent the restorative material can be used to protect and 'reinforce'
the remaining tooth, but in the long run the less dentine and enamel there is the weaker the
remaining tooth structure and the greater the risk of failure
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Chapter 15 : Restoration of aesthetics in anterior teethChapter 15 : Restoration of aesthetics in anterior teethChapter 15 : Restoration of aesthetics in anterior teethChapter 15 : Restoration of aesthetics in anterior teethChapter 15 : Restoration of aesthetics in anterior teeth

Author : D Southan

Restoration of the single anterior tooth is a difficult aesthetic challenge and the single maxillary
central incisor is the most difficult of all.  Dentine is the prime source of colour in a tooth and
enamel envelopes the dentine with a translucent prismatic mantle.  The highest light transmission
occurs at the incisal one-third and in the proximal regions.  A section of enamel 1.0mm thick can
transmit up to 70 per cent light.  A section of dentine the same thickness transmits only about 30
per cent light.  Un-opacified porcelain is the best material available to simulate these optical
properties of teeth.

Both the colour and shape of natural teeth are constantly changing throughout life but porcelain
restorations show little change in service.  Therefore, at present, it is not possible to guarantee to
provide a single anterior restoration that remains permanently aesthetically undetectable.  There
are a number of problems which occur to alter the aesthetics of teeth and a number of methods
that can be employed to modify or improve the situation.  Not all are perfect or permanent in
their effect but the alternatives should be offered and discussed with the patient.
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Chapter 18 : Vital pulp therapyChapter 18 : Vital pulp therapyChapter 18 : Vital pulp therapyChapter 18 : Vital pulp therapyChapter 18 : Vital pulp therapy

Authors : WR Hume, GJ Mount

In addition to procedures designed to keep the pulp alive by avoiding pulpal damage there
are several routine measures available which are designed to help heal a damaged pulp.
Whether the damaged pulp will heal with the aid of a particular therapy or not will depend
to a large extent upon the balance between the damaging factors and the host response.

It is impossible to accurately predict the outcome of a particular therapy when the
principal pulpal irritant is microbial because both the microbial mix and the host response
vary greatly.  These two factors can vary between individual patients, between teeth and
with time in the same patient.  Despite this, several therapies have been applied with
sufficient likelihood of success to have made them accepted and reasonable parts of the
practice of dentistry.
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Author :  GJ Mount

Loss of vitality reduces the physical properties and translucency of remaining
tooth structure.  Depending to some degree upon the cause of pulp death and
the history of the endodontic treatment there will generally be a colour shift
towards grey or brown.  There will inevitably be a reduction in the fracture
resistance of remaining tooth structure and the strength of the remaining crown
of the tooth will be reduced by the need to open into the crown to carry out a
root canal therapy.

Restoration of non-vital teeth will need to take all these factors into account.
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Author :  GJ Mount

The significant factors which require consideration are those situations which can
compromise the health of the gingival tissues as the result of operative procedures
undertaken for the restoration of a diseased or broken tooth.  It is necessary to be able
to recognize variations from normal prior to commencement of treatment as well as
changes which may occur following restorative procedures.  Consideration must also be
given to actions which may cause irreversible damage during treatment.
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Chapter 21 : Occlusion as it relates to restorationChapter 21 : Occlusion as it relates to restorationChapter 21 : Occlusion as it relates to restorationChapter 21 : Occlusion as it relates to restorationChapter 21 : Occlusion as it relates to restoration
                     of individual teeth                     of individual teeth                     of individual teeth                     of individual teeth                     of individual teeth
Author :  GJ Mount

When the anatomy of the occlusal surface of a posterior tooth, or the incisal
or lingual surface of an anterior tooth is to be modified in any way as a result
of restoration of that tooth, or an opponent such modification must be carried
out with an understanding of the potential for change in the occlusal
relationship between the arches.

Any change must maintain the overall pattern of occlusal harmony.
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Author :  GJ Mount

There are many reasons for failure of a restoration and there is always a temptation to replace
it entirely rather than repair it.  However, each time a restoration is replaced there is inevitably
further loss of tooth structure and that which remains will be weakened.  It is desirable
therefore, that all factors be taken into account before a decision is taken to remove all
remaining restorative material on the grounds that, in many cases, repair of the existing
restoration may be acceptable.

Firstly, it is essential that the cause of failure be assessed and if possible, fully determined.  This
may pose problems because the physical properties of the remaining restorative material
cannot be assessed without removing it.  Also it is often not possible in many cases, to be
certain that there is no recurrent caries under the restoration, or to make a valid assessment
of the condition of the pulp.  Some restorative materials can be repaired more readily than
others and adequate access to the area of breakdown may be difficult.



Chapter 12 - Rigid Materials
Figure 12.5These are specimens of fractured porcelain crowns following failure in the oral cavity. The significant aspect is the fact that there is much of the luting cement still attached to the inner surface of the crown.The cement is probably retained within the small porosities in the ceramic. That is, the adhesion is micro- mechanical rather than chemical and this is to be expected.It is possible to obtain a chemical union with a crown if a double platinum foil technique is used and the foil is tin plated prior to cementation.



Chapter 12 - Rigid Material
Figure 12.6This is a small section of the inner surface of a ceramic crown showing the cervical end and gingival margin. A small quantity of lamp black has been rubbed over the surface to emphasise the porosities and it becomes apparent that there is  a  concentration of porosities  in this region.It is recognised that porosities represent a weakness and tend to facilitate the commencement of a crack leading to failure. 



Chapter 13 - Rigid preparation.
1 of 3These are part of the range of burs recommended for preparation of extra-coronal  restorations as well as inlays. #290 - long parallel side diamond for gross extra-coronal preparation#168 - tapered diamond for intra-coronal preparation to produce the correct taper on internal walls.#223 - long tapered sintered diamond for finishing all walls in both intra- and extra-coronal preparations.



Chapter 13 - Rigid preparations
2 of 3A further example in the range of burs for rigid preparations.#199 - a very long fine tapered diamond used to reduce tooth structure interproximally after completion of the buccal and lingual surfaces with the next bur.#290 - Parallel sided diamond for preparation of buccal and lingual of extra-coronal preparations.#223 - very fine tapered diamond for finishing all surfaces.



Chapter 13 - Rigid preparations
3 of 3#200 - very small fine tapered diamond for preparation of the finest detail particularly for intra-coronal preparations.#168 - small fine tapered diamond particularly for the preparation of the fine taper required in intra-coronal preparations.#234 - pear shaped diamond for preparation of occlusal and lingual surfaces in particular.



Chapter 13 - Rigid preparation
1 of 4Figure 13.4The lower first molar has been restored with amalgam aa a foundation for a crown in a simulated laboratory case. This is the recommended procedure for any tooth which needs to be crowned so that the operator can be sure the crown is well founded on a secure base.There is no need to finish the amalgam to this extent if the crown is to be developed immediately but the principle of a sound foundation should not be overlooked.



Chapter 13 - Rigid preparation
2 of 4The lingual aspect of the completed amalgam restoration which is to be regarded as a foundation for a crown preparation.The amalgam does not have to be finished to this stage unless there is to be a delay  in proceding to the crown.



Chapter 13 - Rigid preparation
3 of 3The finished crown preparation viewed from the distal.Note the buccal and lingual walls were prepared using the #290 diamond bur and the occlusal was reduced using the #234.The entire preparation was refined using the #223 very fine sintered diamond bur.Note also the lingual gingival margin is prepared to a champfer finish achieved with the use of the above burs alone.On the buccal a shoulder has been prepared on the assumption that the crown is to be porcelain bonded to metal. The shoulder was prepared using a tapered diamond #168 and, depending on the marginal finish to be built in to the crown, it can be bevelled for gold or left as a shoulder for porcelain. 



Chapter 13 - Rigid preparation
4 of 4Figure 13.4The same preparation viewed from the buccal.The mesial and distal walls were prepared initially using the #199 fine tapered diamond to separate the preparation from  the adjacent teeth without damage to them.The occlusal was prepared with the #234 and the entire preparation was completed and refined with the #223 very fine polishing diamond.The interproximal margins are all finished to a fine champfer.



Chapter 13 - Rigid preparation
1 of 2Figure 13.5A  three quarter crown prepared on an extracted tooth.Note the fine reduction over all. The proximal and lingual walls were prepared first with the fine tapered diamond  #199 to minimise reduction, avoid damage to adjacent tooth structure and develop a line of withdrawal.The pear shaped diamond #234 was used to reduce the lingual curve and  to develop sufficient  clearance from the opposing tooth.The preparation was refined over all using the very fine sintered diamond  #223 . This also developed the champfer around the gingival margin.The small tapered diamond #168 was finally used to develop and refine the retentive parallel grooves on both the proximal walls as well as the incisal groove. These three features run into each other to make a  "U sprue" type of reinforcement for the incisal whilst miminising the exposure of gold on the labial surface.



Chapter 13 - Rigid preparation
2 of 2Figure 13.6The casting made to restore the three quarter crown preparation shown in the previous slide, immediately after casting and before polishing.The proximal retentive grooves can be clearly seen as well as the incisal groove which  joins the two proximal grooves across the incisal.The limited incisal coverage is also clear as well as the champfer finish at the gingival.The remains of the casting sprue shows on the left.



Chapter 13 - Rigid preparation
3 of 4The completed gold inlays polished and ready to be cemented to place.Note the reasonably dominant proximal retentive grooves in both inlays. These are essential to prevent flexure of the inlay from crushing the luting cement and releasing the restoration.At the mesial end of the occlusal groove of the smaller inlay for the bicuspid the retentive "pin" is apparent although not very clearly.This is a valuable addition to the retention of such a  restoration.



Chapter 13 - Rigid preparation
1 of 4The working model for an MOD gold inlay in a lower first molar.Retention for an inlay, in particular, is directly proportional to the area of the vertical walls. Therefore the proximal box designs are based on developing the maximum area of  wall and keeping them vertical.Proximal grooves assist in enhancing the retention as well as countering the flexure which is inevitable in a restoration of such mesio-distal length.Note also the limited refined occlusal coverage of all cusps. There is a reverse bevel on each so that the occlusal load will tend to burnish the margins on to the tooth rather than allow penetration into the interface between inlay and tooth .



Chapter 13 - Rigid preparation
2 of 4The same preparations for gold inlays in a molar and a bicuspid viewed from the occlusal.The fine taper on the walls is apparent as well as the buccal and lingual grooves in each box.Note in the second bicuspid the retention has been enhanced by the addition of a "pin hole" at the mesial  extension of the occlusal groove. This is really not a pin hole but a groove developed using a #168 bur. Drop the bur in to the required depth keeping it parallel with the grooves in the proximal box. Then move it laterally - bucally or lingually - approximately 1 mm. to develop a "slot" rather than a "pin". It is easier to syringe the impression material into a slot than a pin without trapping an air bubble and retention is enhanced.



Chapter 13 - Rigid preparation
4 of 4The completed inlays have been luted into place.Note the protective design particularly in the molar inlay. The buccal working cusps are well covered with a substantial reverse bevel while the lingual cusps are relatively  lightly protected.The disto-buccal corner of the second bicuspid was subject to load from the opposing tooth and is therefore covered and protected. The remaining margins are bevelled but not protected.



Chapter 13 - Rigid preparation
Two gold inlays and a three quarter crown in one quadrant which are approximately twenty years old when photographed.Note the fine occlusal anatomy which can be developed with this material. It is possible to completely restore a broken down occlusion and reinstate a cuspid rise as well as develop ideal coronal anatomy .Gold must be regarded as the ideal material for restoration with the only limitation being aesthetics - and that is a matter of opinion.  



Chapter 13 - Rigid preparation
1 of 2The two upper central incisors are to be restored with full porcelain crowns.They are badly broken down in a relatively young patient as a result of abrasion, attrition and enamel chipping. Aesthetically no longer acceptable but reconstruction of  the crowns present a major aesthetic challenge.



Chapter 13 - Rigid preparation 
2 of 2The two upper central incisors shown in the previous slide have been completely prepared for porcelain crowns.The labial surface was prepared using a #290 diamond bur. A depth cut was made first in the centre of the labial surface and one side at a time was then cut back at that depth following the profile of the labial.A  #199 long fine tapered diamond bur was used to proceed through interproximally  to join the lingual shoulder.A pear shaped diamond #234 was used to reduce the incisal as well the lingual without removing the lingual shoulder which is important for retention.A #168 tapered diamond was used to prepare the shoulder all around the circumference and finally a #223 fine polishing diamond was used to polish the entire preparation.  



Chapter 13 - Rigid preparation
1 of 2Figure 13.2A quadrant of teeth prepared for full crowns in porcelain bonded to metal.Note the advantage to be derived from completely restoring the teeth with amalgam prior to beginning crown preparation. There is still a reasonable quantity of amalgam present on the completed preparations but it is well retained and in no risk of failure at this point. In addition, at the time of placing the amalgams, there was the opportunity available to reassess the state of the pulp and remaining dentine. Subsequently the gingival tissue improved as a result of developing good coronal contour so that impression taking was greatly simplified.    



Chapter 13 - Rigid preparation
2 of 2A hydrocolloid impression of the quadrant shown in the previous slide.Note the quality impression of the gingival crevice which was possible because the gingival tissue had been dealt with and upgraded at the time of replacing the old  amalgam restorations. 



Chapter 13 - Rigid preparation
1 of 4This series demonstrates the possibility of using a glass- ionomer as a foundation for a full crown. The term "core build-up" is used  loosely  in this relation but a GIC is not strong enough to build an entire core. However, it can be used to supplement natural tooth structure as long as there is sufficient still available.The upper right first bicuspid had been diagnosed with a split at the base of the buccal cusp. It was decided to replace the existing old amalgam with a resin modified GIC and then immediately carry out a crown preparation.



Chapter 13 - Rigid preparation
2 of 4The old amalgam has been removed from the upper first bicuspid shown in the previous slide.The intention is to replace the amalgam with a resin modified glass-ionomer and proceed directly to a full crown preparation.The cavity will be conditioned and a mylar strip placed as a matrix and lightly wedged for support.



Chapter 13 - Rigid preparation
3 of 4The upper first bicuspid shown in the previous slide.A short length of mylar strip has been placed and lightly supported with wooden wedges. There is no need to try to obtain spacing because a crown is to be prepared immediately.The cavity was conditioned with 10% polyacrylic acid for 10 seconds and resin modified glass-ionomer syringed into place. The glass-ionomer was light activated from several directions for at least 80 seconds before the matrix was removed. As the resin modified GIC is fast setting it was possible to move on immediately to prepare for the crown.



Chapter 13 - Rigid preparation
4 of 4The finished crown preparation for the upper first bicuspid shown in the previous slides.Note the split in the middle of the buccal cusp. The split fraction of the tooth is held in place with the adhesion from the glass-ionomer and the lingual cusp is still intact.The most important aspect of the preparation is that there is a cuff of normal tooth structure around the full circumference of the prepared crown at least  2-3mm. in height from the gingival margin of the crown. It is this natural tooth structure that will provide strength and retention for the crown rather than the glass-ionomer. The cement is merely making good the deficiencies in the remaining crown and simplifying the crown preparation and impression taking.



Chapter 15 - Aesthetics
1 of 2Figure 15.1There is a diastema between the upper anteriors for this patient and a degree of irregularity which she wants corrected. The logical treament plan involves porcelain laminate veneers and the challenge is to match the teeth exactly with the aesthetics.Skilled technical assistance is essential but an accurate method of relaying the information concerning colour distribution is also required.Photographs can be of assistance but the ability to draw up a proper colour chart depends upon a knowlege of colour itself.See page 318 for details.



Chapter 15 - Aesthetics
2 of 2Figure 15.2Porcelain laminate veneers have been constructed and placed on the two upper central incisors for the patient shown in the previous slide.Note the excellent rendition of both colour and form, the result of good collaboration between the dentist and  the technician.Luting material for such veneers is generally a resin cement because it will continue the translucency which is an essentail part of the restoration. Great care must be taken to prevent microleakage along the gingival margin if the margin is on dentine.



Chapter 15 - Aesthetics
Figure 15.3All the upper anterior teeth for this patient have been crowned using porcelain bonded to metal crowns.Note the excellent aesthetics with good colour match with the lower anteriors and the shape which blends well with the rest of the dentition.The emergence profile at  the gingival margin of the crowns is of great importance to maintain good gingival health.



Chapter 15 - Aesthetics
The standard colour wheel showing the distribution of colours in their correct order.The chart shows the primary colours  redyellow blueand the secondary colours - orange green violetIt also sets out the complimentary colours to each and this is significant in modifying a colour when constructing a crown. View this chart in relation to Figure 15.6 page 313 and the previous discussion on  the subject on page 311.



Chapter 18 - ART technique
2 of 2This is the follow up of the previous slide after the carious lesion has been sealed with a glass-ionomer.Immediately the infected dentine is removed and the affected dentine is protected from further bacterial invasion a healing process can commence within the remaining tooth structure, even though it is principally demineralised collagen tubule frameworks immediately adjacent. The dentine will be wet from the positive dentinal fluid flow so that an ion release can be expected from the glass ionomer. Both calcium and phosphate ions will be available, as well as the usual fluoride ion release which has been measured in the oral environment. In this case the fluoride will be taken up into the demineralised dentine and will act as a catalyst, as usual, in the uptake of the calcium and phosphate ions to remineralise the tubules.The inflammation in the pulp will be resolved in the absence of bacterial activity and the pulp will lay down secondary dentine, thus enhancing the healing process.Once the healing has stabilised the decision can be made as to the need to re-enter the lesion  or else leave  the glass- ionomer  undisturbed and reinforce it by lamination with a stronger material.If the cavity is relatively small and well protected by remaining natural tooth structure it may be sufficient to leave the glass-ionomer in place. On the other hand if the restoration is under heavy occlusal load, it may be desirable to either replace the glass-ionomer entirely or at least laminate it to reinforce it and  increase longevity.



Chapter 18 - ART technique
1 of 2Figure 18.1The concept of sealing a carious lesion and allowing it to heal is not new. Massler  proposed such a possibility in the middle 1960s and he used zinc oxide and eugenol as the sealant. This material  allowed the pulpal inflammation to settle but had no potential for promoting remineralisation of remaining tooth structure.In the presence of glass-ionomer as a sealant, with its ion exchange adhesion and fluoride release, the situation has moved on and it is now predictable that a sealed lesion will undergo a certain amount of remineralisation and heal at least to some degree.It is suggested in Chapter 1.2, page 5, that the dentine and the pulp are contiguous and in effect a single entity. Once a carious lesion has entered the dentine there will be a pulpal inflammation. As the denitne becomes more involved the problem becomes more difficult to arrest. However, removal of the infected dentine on the surface of the lesion and isolation from further bacterial invasion will allow the natural healing potential of the tissues to become dominant and remineralisation will occur  to some extent. The pulp will be protected against further insult and a definitive restoration can be placed.  



Chapter 18 - ART technique
1 of 8Figure 18.3The following series covers a simulated laboratory study of the so-called "ART technique". This was developed for the treatment of dental caries in disadvantaged communities where there are no modern dental facilities and the only alternative for active caries is extraction.Results over a short period of years suggests that the following technique will, at worst, delay the extraction for a  period or, at best, retain the tooth for many years.The principle of the technique is to identify a carious lesion, remove the infected surface layer of caries, and seal it with a strong, fast setting, glass- ionomer using the minimum of modern dental equipment. Results to date suggest that it is a technique which is worth pursuing.The extension of the technique into general practice is simple. It is just a matter of sealing the lesion for a brief period to allow it to heal as discussed in the previous two slides and then placing a definitive restoration with a proven longevity.Shown here is a tooth set up in a model with a moderate sized lesion which will be dealt with as if it is in the field with no sophisticated dental equipment.



Chapter 18 - ART technique
2 of 8The first stage of an ART restoration is to gain access to the lesion using a hatchet or chisel only on the grounds that there will be no rotary cutting instrument available. If such an instrument is available then, obviously, it should be used.Mostly, unsupported enamel  over the lesion will be readily broken down to gain access. It is important to maintain the hand instruments in good condition and chisels will need to be sharpened before each usage.  



Chapter 18 - ART technique
3 of 8Having obtained access it is now possible to remove most, or all, of the infected surface dentine lying immediately under.Use a small curette or spoon excavator and pay particular attention to cleaning the walls of the cavity . Do not clean the floor with any vigour at all because the affected dentine on the floor will be easily removed but it is meant to be retained. It is this demineralised dentine which is expected to remineralise and heal so it must stay there and not be sacrificed.This action is carried out without  local anaesthesia  because discomfort (pain) can be a good indicator of sound dentine. If the patient reacts to excavation then it is likely that sound dentine has been reached beyond the affected dentine. Do not proceed further in that particular area. Do not seek a patient response all over the cavity  because it means that too much has been removed.



Chapter 18 - ART technique
4 of 8Figure 18.3The cavity has now been cleaned as far as is necessary.Note that there is still softened affected dentine on the floor of the cavity but the walls are reasonably clean, although not necessarily hard.  However, the enamel  is quite clean and ready  for an  ion exchange adhesion with the glass- ionomer.It is interesting to note that there is probably a chemical union with the collagen of the demineralised affected dentine as well as with the enamel. The result is a complete seal against further bacterial activity leaving the potential  for healing of the demineralised dentine.



Chapter 19 - ART technique
5 of 8The cavity now needs to be sealed with a glass-ionomer.As usual it is necessary to condition the dentine and enamel to ensure a full ion exchange adhesion between the two. A  normal proprietory brand of glass ionomer conditioner can be used. However, the cement which is marketed  for the ART technique is supplied with additional liquid so that there is sufficient spare to be able to use it as the conditioner. NOTE that  it is a 45% polyacrylic acid and needs to be diluted prior to application to the tooth.Place an extra drop of the liquid on the mixing pad and, when required,  use a cotton pledget dipped in water and then dipped in the extra drop of liquid so that, in its diluted form, it will act as the conditioner. The liquid will be diluted by  the water on the pledget and the conditioning will take place within the normal 10 second application time.Wipe the pledget around the cavity and immediately select another very wet pledget of cotton and wash out the cavity.Finally use one or two dry pledgets of cotton to dry  the excess water from the cavity.



Chapter 18 - ART technique 
6 of 8As soon as the cavity is dry  isolate it and keep it dry while the cement is mixed. The technique is discussed in Chapter 8, page 125 and it is essential to use the strongest available glass-ionomer at the highest powder to liquid ratio possible.Mixing by hand is difficult and requires training to establish the correct powder content and final texture before placement.It is necessary to apply the cement positively into the cavity to ensure full adaptation to the cavity walls and floor. Probably the most effective matrix  available with which to apply pressure is a gloved finger. Fill the cavity carefully making sure to pack the cement under the enamel "roof". Lightly  vaseline  the tip of a gloved finger and apply this to the cement surface thus acting as a plunger and matrix  at the same time.Hold in place for approximately 1.5 to 2 minutes by which time the cement will be set sufficiently to roll the finger off sideways.Apply a light cover of proprietary varnish immediately to prevent any water contamination.



Chapter 18 - ART technique
7 of 8Figure 18.5If the correct amount of cement was placed in the cavity there will be only a little excess squeezed out beyond the finger matrix. Use a sharp instrument to remove this before it has a chance to set too hard.Maintain a light cover of varnish at this stage although the significanceof the varnish is reducing rapidly. This is a quick set cement and does not require protection for  long. However, it is a sensible precaution to keep the glass- ionomer protected from water uptake in the early stages of settingMake sure the occlusion is properly adjusted because a  restoration in supraocclusion is a great irritant to the patient.



Chapter 18 - ART technique
8 of 8Figure 18.6The tooth shown in the previous series has now been sectioned to assess the efficiency of the technique.Note that the cement is well adapted to both the enamel and the dentine. There is a trace of affected dentine remaining at the dentino- enamel  junction but this appears to have little or no clinical significance. The only remaining problem is to assess the potential longevity of such a restoration. Under field situations it may not be possible to do anything else. In normal clinical circumstances it is possible to re-open and explore the lesion if this seems desirable. Alternatively  it is possible to leave most of the cement in place and laminate over it with another stronger material with the intention of increasing longevity.



Chapter 18 - ART technique
1 of 3This series shows the ART technique applied in a clinical case. The patient presented in the High Caries Clinic with a series of fast moving carious lesions in need of urgent treatment.Immediate treatment, following counselling, was to manually debride all the open lesions, such as those shown in this slide, without using local anaesthesia, and seal them with a fast set high strength glass-ionomer.This line of treatment made the patient comfortable, arrested the carious activity and probably helped to modify the bacterial flora in the oral environment.  



Chapter 18 - ART technique
2 of 3After three months of continuing counselling and encouragement the patient's response was sufficiently positive to suggest it was time to place definitive final restorations to replace the temporary ones.This time under local anaesthesia the cavities were completely debrided and the walls were cleaned of all remaining demineralised dentine. The floor of the cavity proved to be relatively firm, although not really hard, and still moderately discoloured.Providing the periphery of the restoration was completely sealed against microleakage on sound tooth structure there was no need to remove the demineralised dentine on the floor because it is likely to continue to remineralise further.



Chapter 18 - ART technique
3 of 3The two cavities were restored using a Type II.1 restorative aesthetic glass- ionomer and they were photographed about three months later.It is apparent that the counselling has not been entirely successful because the patients hygiene is not up to standard. However, he is better off than he was in the first place and it is interesting to note the apparent lack of plaque on the glass-ionomer.The colour match is entirely satisfactory and there is unlikely to be any further caries in the immediate vicinity of these restorations.



Chapter 19 - Non-vital
1 of 3Figure 19.4The logical restoration for a non-vital anterior tooth is a porcelain crown supported by an intra-radicular post. However, there are problems posed in the long run for such restorations which should be taken into account when treatment planning initially.The aesthetic result will be satisfactory initially but as the patient's own teeth mature and change colour the crown will remain static. This means aesthetics may  not be permanent.Note also that porcelain does not wear at the same rate as natural tooth structure and therefore the crown is likely to become dominant over time.Finally, the crown is being supported within a  non-vital root and non-vital tooth structure tends to become brittle over time. There is therefore a moderate to high risk that the root will eventually split and need to be removed. The crown on the upper left central incisor is a case in point. The crown was placed approximately 12 years prior to the photograph and is now obviously too light in colour. Also, wear on the adjacent teeth has left it dominant and standing beyond the others, therefore subject to occlusal stress. For the result of this see the next slide.



Chapter 19 - Non-vital
2 of 3Figure 19.4The case shown in the previous slide. The patient presented with the crown out of the mouth and examination revealed the reason for the failure. The split in the root  is apparent and the loss of the crown is now irreversible.  The cause of the split is also apparent in the previous slide. Either wear or loss of posterior support has lead to the crown becoming dominant in the occlusion and a non-vital root is not able to undertake such a load.It is not possible to repair a split root with adhesives or placement of a collar around the top of the root and the only alternative is extraction.



Chapter 19 - Non-vital
3 of 3Figure 19.5Following extraction the tooth was re-assembled  to demonstrate the pattern of failure.Note the classic direction of the split which follows the normal stress pattern exerted upon a root containing a post. The split begins approximately one quarter of the way up the root from the tip of the post and goes up in a gentle curve to the gingival  margin.Placement of a collar around the lingual of the root face as part of the original crown design is a possible solution to prevent this pattern. However, it is generally difficult, for periodontal reasons in most cases, but should be utilised if there is room without penetrating too deeply into the lingual gingival crevice.  



Chapter 19 - Non-vital
1 of 4Figure 19.6The basic principles to be followed in the construction of a post crown are outlined in this series.Following endodontic treatment reduce the crown only as far as is essential to make room for the crown. Retain as much of the original coronal tooth structure as possible particularly around the cingulum so as to provide a supporting collar to resist splitting stresses.The dimensions of the  post hole will be dictated largely by the anatomy of the remaining root as well as the amount of reaming carried out to perform the root canal therapy. The post should be at least as long as the proposed crown and should be a good fit without applying stress to the root during cementation. This means, preferably, a parallel sided post, which is threaded and vented, cemented  in to a post hole which has been  reamed to a snug fit.



Chapter 19 - Non-vital
2 of 4Figure 19.7The crown and post immediately prior to cementation.The dimensions of the post are apparent  The length of the post itself from the tip of the post to the base of the cast core is a little longer than the crown. The post has parallel sides and is a snug fit in the posthole particularly in the apical one third. There is a venting groove along the side of the post to allow escape of excess cement. As the root canal has been tapered during root therapy the entry to the canal is wider than the top of the post. To compensate a gold cuff has been cast on to the post to ensure a snug fit at  the coronal end of the post hole as well.The core is shaped as for a classic crown preparation but is  reduced in all dimensions to allow greater bulk in the crown itself. 



Chapter 19 - Non-vital
3 of 4The post has been cemented into the root canal and the crown can now be luted as well.Note the classic crown preparation design for the cast core. Its shape and dimensions are dictated by the remaining tooth structure at the  gingival and it is slightly reduced relative to a normal vital crown. This allows more room for porcelain and is possible because there is not a pulp to be protected by minimal reduction.Some operators prefer to take the final impression for the crown at this stage rather than make the crown at the same time as the post. There are some advantages in this routine but a skilled technician should be able to vary the casting techniques to allow for a slightly over-sized crown with a snug fit.



Chapter 19 - Non-vital
4 of 4The crown has now been cemented to place as well and this photograph  was taken immediately after.Note the acceptable aesthetics as well as the fine emergence profile on the crown  which was designed to protect the gingival health.The problem now will be to monitor colour change in the patients teeth but even more important is to observe changes in occlusion which may arise due to wear or loss of posterior support.



Chapter 19 - Non-vital
This root was extracted because of a failed post crown.The split in the root was difficult to diagnose prior to exrtraction but is now quite apparent.The patient presented with the crown un-cemented. A spilt could not be detected so the occlusion was adjusted and the crown recemented. The patient was warned that further failure in the next 12 months would suggest a split even though not obvious.The crown was lost again twice within 18 months so the tooth was extracted.



Chapter 19 - Non-vital
One of the hazards of the construction of a post crown is the potential for a lateral perforation of the root.This tooth was lost because of failure to follow the root canal with great care during post hole preparation. It is essential to remove the gutta percha incrementally as the post hole is deepened and to observe well using fibre optic lighting and magnification to avoid deviation.It is occasionally possible to repair a perforation providing it is well beyond the epithelial attachment and can therefore be isolated surgically from the oral environment.



Chapter 19 - Non-vital
1 of 3Figure 19.8If there is no coronal tooth structure remaining above the gingival margin the only way to provide efficient  support for a crown is by  making a cast gold post and core. If there is more than one root canal it is probably wise to use all available canals to ensure distribution of load.This case shows an upper molar with three canals and the posts and core were constructed in  sections to overcome the problems posed by differing paths of insertion. In this slide the  buccal section of the post is in place and  the the lingual section is yet to be inserted.Note the interlocking device provided in the buccal section to ensure complete stability of the finished post and core assembly. 



Chapter 19 - Non-vital
2 of 3The lingual section has now been inserted and the interlock between the two parts is clearly defined.The advantage of this design is first the strength of the assembly and second it is almost impossible to remove the posts from the canals without destroying the tooth



Chapter 19 - Non-vital
3 of 3Figure 19.9The three parts of the post and core assembly shown in the previous slides along with the completed crown.Note that the buccal posts are both broad and not as long as the lingual post. They were designed around the available space at the top of the canals but the lingual canal was notably longer and bigger so a parallel sided pre-formed post was used for maximum strength.



Chapter 19 - Non-vital
1 of 5Figure 19.10This patient was involved in a motor vehicle accident and the two upper bicuspids were severely damaged. Following root canal therapy they were ready to be built up as cores for crowns.It is desirable to retain as much natural tooth structure as possible because this is where strength and retention are best obtained. If the entire crowns were lost then a cast post and core would be the method of choice but as there is still a considerable amount of dentine available then the core can be built in a simpler manner.



Chapter 19 - Non-vital
2 of 5The temporary restorations have been removed ready for preparation of the post holes.Note that there is still a considerable amount of the original crowns left on both teeth and this will be utilised for streng th and retention.Note also that the endodontic therapy has been carried out very conservatively with the two canals in each tooth opened no further than essential thus helping also to retain natural tooth structure.



Chapter 19 - Non-vital
3 of 5A pre-formed parallel sided post has been fitted to both of the canals in each tooth and the core has been built up straight away using a cermet glass- ionomer.A standard metal matrix was placed around the remaining tooth after an application of a seperating medium on the inside of the metal. The tooth structure was conditioned as usual, washed thoroughly and dried lightly.The cermet was mixed in a capsule and applied to the cavity in two increments. The first was tamped into place using a small dry plastic sponge to ensure adaptation to the tooth structure and the posts. The second increment was applied and tamped to place then sealed with a low viscosity resin enamel bond to prevent  the cement from dehydrating.After ten minutes the matrix was removed and the entire cement core was sealed with the resin because the second bicuspid was now to be dealt with in the same way, and the first would have cracked through dehydration if it had not been sealed.



Chapter 19 - Non-vital
4 of 5The second bicuspid has now been built up in the same way and the two teeth are ready for further preparation for full crowns.Note the amount of natural tooth structure remaining at the gingival of each tooth. It is this which will be relied upon for strength and retention for the crown  rather than the cermet. Although  several glass-ionomers have been proposed as a "core build-up material" it should only be used to make good minor deficiencies rather than a complete core. The tensile strength of these materials is not sufficient to withstand the stresses likely to be exerted on a full crown.  



Chapter 19 - Non-vital
5 of 5Figure 19.11The completed crown preparations following placement of gingival retraction cord ready for impression taking.Note the amount of natural tooth structure in the gingival one third of the preparations. There is sufficient dentine present to take the main load  and these can be considered adequate as cores.



Chapter 20 - Periodontics
Figure 20.6A diagrammatic representation of the gingival tissues and alveolar bone support in both health and disease.On the left side the tissues are healthy and the level of the epithelial attachment in relation to the cemento-enamel junction is important. The gingival crevice should be approximately 2mm. deep and the entire region should be free of inflammation.The right side of the diagram shows the tissues in an advanced stage of disease. The epithelial attachment is virtually destroyed, the pocket is now 4mm.deep and the alveolar bone has retreated for some distance thus reducing the support for the tooth.It is accepted that the only factor to stimulate such an inflammatory reaction is bacterial plaque. Therefore any  factor which will lead to plaque accumulation will predispose to periodontal disease.  



Chapter 20 - Periodontics
Figure 20.1The periodontal tissues in complete health.The patient is 32 years old and well aware of the significance of periodontal  health. The tissues are coral pink in colour, firm in texture and the gingival crevice is 2mm. deep.The only treatment offered is routine plaque removal with a soft brush and daily use of floss to maintain the interproximal surfaces.



Chapter 20 - Periodontics
Figure 20.3In contrast to the last slide this patient shows all the classic signs of marginal gingivitis which is generally regarded as a  fore- runner  to periodontitis.The inflammation is confined to the gingival margin and within the gingival crevice. The crevice is still only about 2mm. deep but the  tissues will bleed readily from the slightest damage. Plaque accumulation is obvious on the tooth surfaces, particularly interproximally. It is not so obvious on the soft tissue but is certainly present.  



Chapter 20 - Periodontics
An acute localised gingivitis surrounding a tooth which has been prepared for a full crown. The gingival tissue elsewhere was in good form but the temporary crown constructed at the time of preparation for the crown was very poorly contoured around the gingival areas. The result, over two weeks, was an acute inflammatory  response to the accumulated plaque.The crown was constructed with an acceptable emergence profile and shortly after placement the tissue returned to normal health. 



Chapter 20 - Periodontics
1 of 2Figure 20.17A  lower quadrant prepared for full crowns.The old amalgam restorations had been replaced a little earlier with well contoured restorations and full periodontal treatment carried out. With the periodontal tissues in good health it was relatively simple to make high quality preparations and develop excellent impressions of this quadrant.See next slide 



Chapter 20 - Periodontics
1 of 2Figure 20.13There are acrylic crowns on these lower anterior teeth and the excess resin cement used for luting is protruding around the interproximal margins. The gingival health is severely compromised and the gingival crevice is quite deep in several areas.It would be very difficult to redesign these crowns before the gingival health has been restored because it would be impossible to predict the final gingival architecture.Therefore the crowns were left in place and recontoured first before final preparations were undertaken.See next slide



Chapter 20 - Periodontics
2 of 2Figure 20.14The lower anterior teeth shown in the previous slide.The overhanging margins and over-contours have been removed and the patient instructed on oral hygiene procedures. The teeth can now be regarded as cleansible and the result is shown two weeks after the recontouring appointment.The change in the soft tissue anatomy is quite dramatic and it will be safe in the near future to make the preparations for new crowns.  



Chapter 20 - Periodontics
1 of 2Figure 20.4If plaque is left undisturbed for any length of time it will become mineralised to some extent and will then be regarded as calculus.Calculus will always be laden with bacteria and therefore is an irritant to gingival tissue. Inflammation will always be present and there remains a risk that this will progress to periodontal disease.Periodontal disease is generally regarded as being more complex than the simple initiation of gingivitis but gingival irritation is a predisposing factor at the very least.



Chapter 20 - Periodontics
2 of 2Figure 20.5The same patient as shown in the previous slide photographed one week later following a thorough prophylaxis.Note that the gingival inflammation has almost completely subsided and the gingival crevice is already healthy again.Continuing health will now depend upon continuing plaque control and that is largely in the hands of the patients.



Chapter 20 - Periodontics
2 of 2Figure 2 0.18A hydrocolloid impression taken of the quadrant prepared for full crowns shown in the previous slide.Note that, because of the excellent state of health of the gingival tissues, there was no problem obtaining a high quality clean impression.It is generally worthwhile paying careful attention to developing good gingival health prior to embarking on an extensive restorative plan. 



Chapter 20 - Periodontics
2 of 2Figure 20.2Another patient showing gingival tissue in excellent health. The difference from the previous slide is that this patient is 83 years old.  There are complications for this patient beyond age because she smokes heavily and has some of the usual complications which arise from this habit such as emphysema and arterio-sclerosis.She does take care of her teeth and her plaque control is excellent which tends to suggest that plaque control is of prime importance for gingival health. 



Chapter 20 - Periodontics
1 of 2Figure 20.21Plaque control is of great significance in the maintenance of gingival health.This means that all restorations must be designed to facilitate plaque removal.The amalgam restoration in this upper molar is very poorly contoured in relation to the marginal ridge and proximal surface. There is no overhang at the gingival so simple recontouring will make it easier for the patient to pass floss and get the most effect from a tooth brush in plaque removal.



Chapter 20 - Periodontics
2 of 2Figure 20.22The amalgam restoration shown in the previous slide has just been recontoured, particularly in the lingual embrasure. The contact area is now much narrower and slightly displaced to the labial as it is in nature.Note the mild gingival inflammation in the tissue immediately below the old contact area.Instrumentation for the recontouring involved the use of a reciprocating hand piece with a safe sided diamond  blade followed by a plastic polishing blade in the same hand piece. It is a simple procedure and can be carried out without local anaesthesia. 



Chapter 20 - Periodontics
1 of 3Figure 20.11A bitewing radiograph showing extensive amalgam restorations in two quadrants. It is intended to replace these with gold inlays.Note the overhangs on some of the amalgams with less than ideal proximal contour. Whilst the overhangs are not gross they are likely to stimulate a gingival inflammation.Note the mesial  restoration in the upper first molar in particular and see the next slides.



Chapter 20 - Periodontics
2 of 3Figure 20.11The cavities have been prepared under rubber dam for gold inlays in the upper quadrant. Immediately  the dam was removed the gingival tissue could be carefully reviewed.Note the granulation tissue on the crest of the interproximal papilla which is the direct result of the very minor overhang on the amalgam.See previous slide 



Chapter 20 - Periodontics
3 of 3Figure 20.12Following impression taking temporary restorations were fabricated for these cavities. Careful attention was paid to the contour of the temporaries, particularly in the interproximal regions, to ensure adequate plaque control for the next two weeks before insertion of the finished inlays.This slide shows the state of the gingival tissue in the same region at two weeks. Note the inflammation is almost completely resolved and the tissue can be regarded as healthy again. A subsequent radiograph showed a minor amount of alveolar bone loss  in this immediate region



Chapter 20 - Periodontics
Figure 20.9There has been discussion in the past on the potential for various restorative materials to irritate the gingival tissue and cause inflammation.This slide shows amalgam, gold, porcelain and gold foil in the one quadrant surrounded by entirely healthy tissue. It is suggested that no restorative material per. se. will cause problems. It is the emergence profile or the presence of uncleansible areas in relation to restorations which are the problem.



Chapter 20 - Periodontics
1 of 3Assessment of the health of the gingival tissues should be carried out using a fine periodontal probe. The apparent health on the external surface is of no consequence but the presence of ulceration and inflammation within the crevice is of considerable significance.The gingival crevice should be lightly expored with a fine periodontal probe and the gingival bleeding score noted.  Care must be taken because bleeding may be slightly delayed after probing so each quadrant should be immediately reviewed upon completion of exploration.  



Chapter 20 - Periodontics
2 of 3Figure 20.7The gingival tissue appears to be in good health for this patient when viewed externally and without probing. He has been under extensive periodontal treatment for some time but appearances can be very deceiving.See next slide



Chapter 20 - Periodontics
3 oif 3Figure 20.8A radiograph of the upper left lateral incisor which is shown in the previous slide. In spite of external appearances  the periodontal condition of that tooth is not good. There is a deep pocket on the mesial which extends almost to the apex and if the tooth is to be retained further treatment is required.External appearances can be very unreliable. 



Chapter 20 - Periodontics
1 of 2Figure 20.23This quadrant of amalgam restorations supports still further the proposition that restorative materials per.se. do not cause any inflammatory response in gingival tissues.The restorations have been in place for approximately two years when photographed and the gingival tissue remains in good health. Note the careful reproduction of correct anatomy and proximal contour particularly in the contact areas .See next slide



Chapter 20 - Periodontics
2 of 2Figure 20.10The same quadrant of amalgam restorations shown in the previous slide to emphasise the state of the gingival tissues. The restorations are slightly sub-gingival in the interproximal but still the tissue is free of inflammation.



Chapter 21 - Occlusion
Figure 21.1The diagram first proposed by Posselt  to explain the envelope of  movement of the mandible in relation to the maxilla viewed from both the lateral and the occlusal plane. The terminology used is not that necessarily in common use today  but it is all quite logical and emphasises the need for freedom of movement in all directions.Undue guidance or limitation of freedom may lead to parafunctional movements and these in turn may lead to overload on selected teeth or bizarre wear patterns.The diagram A shows the movement of the incisal edge of a lower anterior tooth in a saggital plane. The central curve represents the movement with the mandible beginning in the intercuspal position. The forword curve is the movement beginning from the most protruded position of the mandible.The diagram B shows the top of the previous diagram enlarged for simpler recognition of the movements.The diagram C represents the same movements in the horizontal plane.



Chapter 21 - Occlusion
Figure 21.5A diagrammatic representation of the result of loss of a single tooth and failure to replace it.The consequences can be extensive and, although the pattern will not necessarily be followed in all cases, the potential for development of  further problems cannot be ignored.An unopposed tooth is likely to erupt further in an apparent attempt to find an opponent. This is likely to occur in the first one year after extraction, particularly in the presence of periodontal disease, and will then cease.Over-eruption of any tooth may lead to the development of deflective inclines and subsequent changes to the envelope of movement.Modification to contacts throughout the arch may lead to food impaction, periodontal disturbances and the potential for the initiation of caries.



Chapter 21 - Occlusion
1 of 4Figure 21.8Posterior support is a very important consideration in the mainrtenance of a viable occlusion. View this slide in conjunction with the next slide.Whilst the normal dentition has 32 teeth a patient can function with many less than this. However, there must be a minimum below which there may be untoward consequences apart from masticatory  incompetence.The consequences can include loss of vertical dimension and undue stress on remaining teeth leading to possible depression of teeth into the alveolus as well as loss of periodontal support.Loss of vertical dimension can lead to loss of freedom of movement and the development of deflective inclines which in turn may cause bizarre wear patterns.See next slide



Chapter 21 - Occlusion
2 of 4Figure 21.8Determination of the minimum posterior support required to maintain stability in the average patient can be estimated in the following manner.Allocate a numeric value to each  posterior tooth as indicated.Assess only those teeth which are in normal apposition to each other. Do not count unopposed teeth nor anteriors because they cannot bear load.Providing the total number of load bearing teeth exceeds 8 units there is adequate posterior support to prevent untoward consequences.See next slides and Chapter 21.3, page 392 for full discussion.



Chapter 21 - Occlusion
3 of 4Figure 21.10Under normal circumstances the eight bicuspids are sufficient to maintain posterior support because each can be counted as one unit. However, this presupposes that the teeth are in normal occlusion.If the patient has an Angle Cl III occlusion or the teeth are malposed for any reason and do not articulate normally then the support may be inadequate.Generation of a minimum of posterior support could involve the construction of a simple three unit bridge in the two lower quadrants.Construction of a free end saddle partial denture will not be sufficient because a removable partial denture is not load bearing. 



Chapter 21 - Occlusion
4 of 4Figure 21.9In this instance there are eight units available on this side of the arch and this can be considered to be sufficient. Replacement of the two upper bicuspids becomes optional and at the patient's choice. The construction of a partial denture is strictly contraindicated because it will not bear load and will only complicate hygiene.There are infinite combinations available but the essential principle remains the presence of eight units of posterior support, either already available or able to be generated with fixed appliances.



Chapter 21 - Occlusion
1 of 2Figure 21.19These two slides demonstrate the problems which can arise from increasing intercuspation amongst the posterior teeth.The amalgam restoration in the lower second molar had worn away leaving the lingual cusps standing high. They are now working side interferences and very prone to fracture and, at the same time, may provide deflective inclines leading to parafunction.Study models are essential to identify such anomolies and eliminate them. See next slide for articulated models.



Chapter 21 - Occlusion
2 of 2Figure 21.20The two study models have now been articulated and it is apparent that the lingual cusps are very much at risk.Such a situation should be eliminated on a prophylactic basis because it will at least avoid loss of the lingual cusps on the lower molar and they are generally  non- functional cusps and of little significance.



Chapter 21 - Occlusion
1 of 2It is apparent from this lower model that the second and third molars appear to be over-erupted. If this is so there may be occlusal implications.The reason for the over eruption is likely  to be loss of their opponents but a further complication may arise from overcarving of the restorations in the vicinity. See next slide for the articulated models.



Chpater 21 - Occlusion
2 of 2The models have now been articulated and it is apparent that there is an occlusion problem. The lower molars have erupted to the stage where they must be interfering with the protrusive movements.The cause is not immediately apparent but it will be either loss of the opposing molars or over- carving of the restorations in either or both of the first molars. It may, of course, be a combination of the two. The important point is that this type of situation must be recognised and overcome to maintain freedom of movement in excursions. Study models provide a very valuable insght into the occlusion which is not otherwise available.  



Chapter 21 - Occlusion
2 of 6Figure 21.2The same models as shown on the previous slide. The models have been moved into right lateral excursion and it is apparent that the lingual cusp of the upper molar remains in contact with the buccal cusp of the lower molar thus maintaining a balancing side contact throughout this movement.The patient is riding out on the right canines and should have been free of a balancing side contact. The triangulation between the canines,  the posteriors and the working condyle  leads to the potential for heavy overload on the canines which may lead to heavy wear on the canines or the molars or both. 



Chapter 21 - Occlusion
3 of 6Figure 21.2The models have now been moved into a left lateral excursion and it is apparent that there remains a working side interference. The lingual cusp of the lower molar has already failed and this is not surprising in view of the load potential.This type of situation is undesirable and elimination of the deep  intercuspation would eliminate a lot of the problem. See following slides.



Chapter 21 - Occlusion
1 of 6Figure 21.2This patient presented with four posterior quadrants heavily restored with amalgam restorations. They had been heavily overcarved, presumably to make them look like  "natural" teeth with deep occlusal anatomy.Unfortunately the carving was very much over done and the result was a high degree of intercuspation between the two arches.Stone models were made, mounted on an articulator, and sectioned through the first molar region to show the extent or the problem. The models are in the intercuspal position in this slide.See the next slides



Chapter 21 - Occlusion
5 of 6Figure 21.2The models have been placed in a left laterlal excursion again and this time it is apparent that there is disclusion of the posteriors during this movement. There is no load at all being placed on the buccal cusps of the upper molars and the guidance is entirely on the anteriors again.



Chapter 21 - Occlusion
6 of 6Figure 21.2Finally the models have been moved into a right lateral excursion. There is now complete freedom between the posteriors in this movement and no stress is being placed on the lingual cusps of the upper molar.It is essential that deep intercuspation is avoided during extensive occlusal reconstruction, particularly when being carried out in one of the plastic restorative materials. Always study the anatomy of the opposing tooth and be prepared to modify it to allow for proper articualtion. 



Chapter 21 - Occlusion
4 of 6Figure 21.2The restorations shown in the previous slides have now been replaced.In the process the restorations were contoured to what was thought to be a  normal occlusal anatomy and the opposing working cusps were modified so that they also assumed a more normal anatomy.The result is a major reduction of the deep intercuspation and the development of a degree of freedom of movement as a result.See following slides.



Chapter 21 - Occlusion
1 of 2Figure 21.15The patient presented with concern about the amount of wear on the incisal edge of the upper left central incisor. This was apparently of recent origin and the request was to rebuild it to normal anatomy.It was decided that the cause should be assessed before rebuilding was contemplated.A careful assessment of the occlusion showed that there was a deflective incline developed between the upper right molars in relation to the lower second  molar which had tilted mesially to some extent. This lower molar was acting as a guiding contact in protrusive movements and encouraged  the patient in parafunctional movements particularly foreward and to the left on to the anteriors leading to this wear pattern.See next slide



Chapter 21 - Occlusion
2 of 2The same patient shown in the previous slide about 8 years after the first slide was taken.The treatment carried out included a series of inlays in the upper and lower molars on the right hand side designed to eliminate the guidance which had evolved over a short time period.Having overcome the problem and developed occlusal  freedom  nothing was done to the upper central incisor. The wear factor declined and the patient was content to leave well alone.



Chapter 21 - Occlusion
Figure 21.13A problem will often arise from the use of a variety of restorative materials in the same mouth.This was a problem patient in the first place because of a heavy wear factor accompanied by a degree of erosion.The gold restorations were relatively satisfactory because the wear factor of gold is similar to tooth structure and it is likely to burnish rather than wear opposing teeth away any  further.The problem arises when porcelain is mixed in with other materials. The wear factor with porcelain is notably greater than the other materials and a porcelain restoration may often be left standing out alone, unworn and generating some degree of occlusal discrepency.



Chapter 21- Occlusion
1 of 7A continuing problem with random restorative dentistry is a functionally opening contact. This is likely to arise through a discrepency in the occlusion and results in food impaction between teeth which can be a major annoyance for a patient.The problem in the past has been called a "plunger cusp" but it is far more than that. The diagram shown explains the functional  aspect of the problem and shows that it relates to occlusion rather than a single cusp.A deflective incline may develop as a result of wear or over carving a restoration. The incline is often  remote from the actual area of food impaction making it harder to detect. For example in this diagram the initial contact is on the mesial facing incline of the lower second molar with the distal facing incline of the distal cusp of the upper molar.  It bears no relation to the mesial cusp of the upper second molar which may appear to be the culprit.See next slides.



Chapter 21 - Occlusion
2 of 7This is an extreme example of a functionally opening contact and the cause is obvious. The patient complained of routine food impaction between the upper molars and it was not difficult to decide that, if the patient went into a retruded contact position, the upper second molar would be displaced distally and the contact with the first molar opened sufficiently to admit fibrous food debris.See next slide.



Chapter 21 - Occlusion
3 of 7The models of the previous patient have now been placed in a normal intercuspal position. It would be easy to suggest that the lower molar was acting as a "plunger" but the functional aspect should not be over looked.As is often the case the amalgam restorations have been either worn or carved to allow deeper intercuspation than necessary and that has exacerbated an existing problem.



Chapter 21 - Occlusion
4 of 7The models shown in the previous slide demonstrating  a functionally opening contact. Again it would be an over simplification to call the situation a "plunger cusp" because the cause is not static but functional.The mesial facing cuspal inclines of the upper second  molar engage the distal facing cuspal inclines of the lower molar as the patient moves into a centric relation position. This leads to distal movement of the upper molar and entrapment of food debris. 



Chapter 21 - Occlusion
5 of 7The models for another patient   placed in the centric relation position. This position is achieved particularly during swallowing and this is the point at which fibrous debris is likely to be trapped. As the patient opens again the two molars move back together and the debris becomes more difficult to remove.See next slide



Chapter 21 - Occlusion
6 of 7A reverse situation to that described in the previous slides. This time the problem is in the lower arch and is the result of carving a new  restoration to accomodate an existing anomoly.The amalgam restoration in the lower second molar has recently been replaced twice because it became a site for food impaction.The factor which was overlooked was the stress placed on the lower molar by the lingual cusp of the upper molar during closure. The lower molar was forced distally during closure and function and food impaction was inevitable. 



Chapter 21 - Occlusion
7 of 7The amalgam restorations in both upper and lower molars have been replaced and redesigned for the patient shown in the previous slide.Note now the improved occlusal curve between the arches. It is now virtually impossible for the upper molar to force the lower molar distally during function and the food impaction problem has been overcome.



Chapter 21 - Occlusion
1 of 2Figure 21.6The distance between cause and effect from problems within the occlusion can sometimes be quite remote. This patient became aware of a degree of lengthening of the upper right central incisor. Originally the same length as the adjacent central it began to appear a little longer.Observation of the occlusion showed that the contra-lateral first molar had over erupted some distance because the lower molar had been extracted and it was unopposed. The upper molar then became a deflective incline as the patient attempted a protrusive movement and the mandiblewas guided forward and to the right. This disturbance altered the occlusal balance and encouraged the right central to wander.This combination of events was recognised many years ago and has the name "Thielmann's diagonal law".  



Chapter 21 - Occlusion
2 of 2Figure 21 .7A case not unlike the previous one where the upper molar has over erupted following loss of its opponent and this has been complicated by the mesial tilt on the adjacent lower second molar.The result is a considerable disturbance of the movements of the mandible during both protrusion and right lateral excursions. The potential is great for the development of bizarre wear patterns and other compensatory changes. 



Chapter 21 - Occlusion
1 of 2This set of articulated models should be viewed in conjunction with the next slide which shows the patient's left sideNote first the lack of posterior support  If the two sides are examined and the units of posterior support assessed  (see Slides #565 to 568) it will be seen that there are only  6 units available - two molars on the right side =  4  unitstwo bicuspids on the left      =  2 unitsThis suggests that there has been loss of vertical dimension but no over eruption on the left. It is quite possible that the two molars on the right side have been depressed through overload and the lingual cusp of the first bicuspid on the left side has been recently lost - probably also because of overload.See next slide



Chapter 21 - Occlusion
2 of 2This is the left side of the same patient shown in the previous slide.Again note the lack of posterior support with the bicuspids only in occlusion and the lingual cusp of the upper first bicuspid has recently failed from overload.The patient's immediate problem is loss of the crown from the non-vital upper canine. The cause is likely to be stress from the locked mandible which is forced forward by the by-pass contact on this side  between the upper second molar and the lower first molar. Repair of the canine would remain in jeopardy as long as the posterior support is not rebuilt and the by-pass situation of the two molars remains. Also, in spite of appearances, it is unlikely that the molars on this side have over erupted. It is far more likely that vertical dimension has been lost and the molars on the right side are depressed into the alveolus.



Chapter 21 - Occlusion
1 of 2This pateint presented with a request that the space between the upper left lateral and central  incisors be filled in because it was opening wider - see next slide.An examination of the occlusion showed a severely locked occlusion in relation to the upper and lower molars on the left side which had produced a deflective incline which in turn placed stress on the upper anteriors.The original cause seemed to be the amalgam restorations in the molars had been either worn or carved to the extent that there was a deep intercuspation between the arches and the palatal cusp of the upper molar was forcing the mandible foreward in the movement between retruded contact and intercuspal positions.



Chapter 21 - Occlusion
2 of 2The same patient as shown in the previous slide. There is a space between the upper central and lateral incisor and this is the problem for which the patient presented.However, closure of the space would not have been wise without determining the actual cause. It is likely the space would have continued to open unless the cause was removed.See previous slide for the cause.



Chapter 21 - Occlusion
4 of 4Figure 21.18This is the lower molar shown in the previous slides. Although the occlusal problem with deep intercuspation was corrected the lingual cusp failed shortly thereafter.Note the very heavy wear facet in the middle of the amalgam restoration where the opposing palatal cusp occluded. Although the original restoration was not very extensive the load on the mesio-lingual cusp was obviously excessive.Neither modification to cavity design nor adhesive bonding would be strong enough to prevent this type of failure. It is essential to keep observing occlusal relationships between the arches. 



Chapter 21 - Occlusion
3 of 4The models shown in the previous slides  have now been placed in a left lateral excursion. Note the working side contact between the lingual cusps of the lower molar and the lingual surface of the palatal cusp of the upper molar.Very careful observation of the upper molar reveals a small wear facet on the upper molar which should have been sighted and recognised for its significance earlier.



Chapter 21 - Occlusion
2 of 4The same models shown in the previous slides this time placed in a right lateral excursion.Note that there is still a contact between the molars which will allow the patient to exert considerable load on these teeth and the TMJ because of the triangulation between the right canine, the posteriors and the TMJ. This is undesirable and to be avoided if possible.



Chapter 21 - Occlusion
1 of 4Figure 21.18Stone models cut transversely through the first molar region for this patient. He had problems at this time with a split cusp on the lower molar and the case was investigated to assess the potential for an occlusal discrepency  making a contribution.It was apparent that there was a deep intercuspation between the molars with both a balancing side and a working side contact during excursions. These are demonstrated in the next slides.One of the major contributions to the deep intercuspation arose from heavy wear on the amalgam restorations in the two molars. 



Chapter 21 - Occlusion
1 of 4Figure 21.12The clinical problem posed by this patient was difficulty of retaining a composite resin in the upper left central incisor. It had been replaced several times but the cause of the loss apparently not appreciated.Loss of the anteriors in the upper right segment made observation easier. It was apparent that, when the patient assumed an intercuspal position, the mandible was locked between the upper anteriors and the mesial incline of the upper right first bicuspid. There was deep intercuspation with the opposing lower canine which shows clearly here.  See next slide for the position of the anteriors. 



Chapter 21 - Occlusion
2 of 4Figure 21.11This slide should be viewed in conjunction with the previous slide which shows the relationship of the lower canine and the upper first bicuspid in the intercuspal position.This slide shows that, at the same time, the lower anteriors are locked into the lingual of the upper amteriors and it is reasonable to assume there can be considerable pressure exerted between the two arches. It would seem to be the extra load on the composite resin which released it from the cavity in the upper central incisor.See next slides for the deflective incline effect.



Chapter 21 - Occlusion
3 of 4Figure 21.11The patient is now in the retruded contact position and this shows clearly the heavy wear facet which has developed on the mesial facing incline of the large amalgam restoration in the upper first bicuspid.It is likely that this restoration was carved to allow freedom for the lower canine which appears to be over erupted and provides the lock between the two arches.Elimination of the interlock would involved the reduction of the distal incline of the lower canine with recontour of the amalgam in the upper bicuspid to produce stability in both intercuspal and retruded contact positions.See next slide



Chapter 21 - Occlusion
4 of 4Figure 21.11With the patient in the retruded contact  position the anteriors are well separated. If it were  made possible, by  redesign of the restorations as suggested in the previous slide,  for the patient to achieve an intercuspal position with the mandible in this same relationship to the maxilla the undue pressure on the anteriors would be eliminated.It is desirable to observe the significance of the occlusion and deflective inclines during all restorative procedures. 



Chapter 21 - Occlusion
Figure 21.17The upper right second bicuspid  has split mesio-distally even though the tooth is completely unrestored and virgin.The patient had a heavy occlusion and had previously suffered a number of split cusps in relation to restorations. He was a  very tense person and tended to clench and grind his teeth and this demon- strates the amount of load that can be exerted on teeth. It really can be extreme and the need for high quality restorations at all times is emphasised. 



Chapter 21 - Occlusion
Figure 21.16There has been a considerable amount of wear on all teeth for this patient and it is necessary to examine the occlusion for any discrepencies which may be contributing to it . There is not necessarily an occlusal component but in many cases there will be deflective inclines, loss of posterior support or similar problems.Note the enamel flaking  combined with attrition as discussed in Chapter 4.2, page 45.



Chapter 22 - Failures
1 of 2Figure 22 .3Bulk failure of tooth structure is not uncommon and is often related to occlusion as discussed in Chapter 21.The restorative material is sufficiently strong and so is tooth structure. But if the tooth structure is cut in half and then subjected to high lateral stresses it is likely to fail.Adhesive bonding agents are not likely to be strong enough over the long term to withstand these stresses.



Chapter 22 - Failures
2 of 2Figure 22.4Following removal of a large amalgam restoration the beginnings of a major failure of remaining tooth structure becomes apparent. It is desirable to locate the original split at the base of a cusp before total failure occurs because it may be possible to repair the tooth and reinforce it . See Chapter 7.3  page 100  for cavity design modifications. 



Chapter 22 - Failures
1 of 2Bulk failure of tooth structure is often related to cavity design.As discussed in Chapter 2, page 26 a carious lesion will penetrate twice as deep as its lateral spread. This suggests that there is no need for a  restoration to occupy  a large expanse of the occlusal surfaceRestorations such as those shown here are destined to fail through bulk failure of tooth structure . They are relatively  shallow but leave the cusps expose to occlusal load.  See next slide for the result.



Chapter 22 - Failures
2 of 2The same quadrant as shown  in the previous slide photo- graphed approximately  three years later.The inevitable failures have occurred  with two cusps already lost and others yet to follow.Note at the same time the marginal ditching around the amalgam restorations. This type of failure is discussed in Chapter 10.4, page 189  and is of little significance even though it looks unsatisfactory. However, it rarely leads to recurrent caries.



Chapter 22 - Failures
1 of 2An example of failure of amalgam probably through poor handling techniques.There is marginal ditching around all restorations but this is of little consequence. Such ditches rarely become carious and are not sufficient justification for replacement of the restoration.However, the distal groove of the first molar shows signs of disintegration of the amalgam  and it is also apparent that the remaining cusps require protection before they split at the base. On these grounds the quadrant was restored again.



Chapter 22 - Failures
2 of 2Another quadrant of amalgam restorations showing marginal ditching around all of them. This is almost certainly the result of very poor placement techniques and this type of failure is discussed in detail in Chapter 10.4, page 189.The quadrant was restored again, not because of the ditching, but to preserve and protect the remaining cusps which were at serious risk of failure.



Chapter 22 - Failures
1 of 2One of the major weaknesses of a gold inlay is that it relies upon the strength of the remaining tooth structure to retain it in the tooth.The inlay shown in this and the next slide was an MOD inlay with full cusp cover which had been in the mouth for 30 years. Whilst the longevity was satisfactory  it was still the weakest link which ultimately showed up. The buccal cusp failed in the most common area- that is at the base of the cusp.It should be noted that full cusp cover in an "onlay " design will not prevent this type of  failure. See Chapter 7.2, page 100.



Chapter 22 - Failures
2 of 2The same gold inlay as shown in the previous slide.Note the region of failure at the base of the buccal cusp. This is the most common type of failure amongst posterior teeth.Note also the complete cusp cover provided by  the design of this inlay. As discussed in Chapter 13, page 273 the act of covering a cusp does not distribute the load sufficiently to always prevent the loss of a cusp. 



Chapter 22 - Failures
1 of 2Figure 22.1Microleakage is one of the greatest hazards for any  restoration because it represents ingress of bacteria and a resumption of active caries.Composite resin is rather subject to microleakage because of the difficulty of obtaining a long term positive seal between composite resin and dentine. The union with sound enamel is excellent but with dentine is subject to hydraulytic breakdown. This slide and the next show the result of microleakage with a poorly placed composite resin. This shows the external appearance of the restoration following extraction.See  next slide.



Chapter 22 - Failures
2 of 2Figure 22.2A cross section of the tooth and restoration shown in the previous slide after extraction.Note the open margin at the floor of the proximal box with obvious microleakage. The lining under the restoration is a calcium hydroxide which is now breaking down and disintegrating  in the presence of water. There is a small area of recurrent caries in the dentine at the margin which will progress rapidly at this stage.



Chapter 22 - Failures
1 of 3 Figure 22.7The early composite resins had a limited life potential because they lacked wear resistance and they tended to lose colour match.This incisal restoration is typical of the type and has both worn and changed colour. The wear factor has been improved with the advent of the hybrid type composite fillers and the colour change has been modified with the development of light activation of the setting reaction.Note with this restoration the presence of a small degree of microleakage at the gingival margin which is also typical of composite resins.



Chapter 22 - Failures
2 of 3Figure 22.8Two small lesions restored with composite resin at about ten years after placement.Note the colour change and the evidence of microleakage around the margins particularly at the gingival .Restorations of this size are best restored with glass- ionomer alone because they are colour stable and quite strong enough to withstand the stress to which these are likely to be subject.



Chapter 22 - Failures
3 of 3Figure 22.8The labial view of the same restorations shown in the previous slide. Note the colour change and the microleakage neither of which is acceptable. Unfortunately replacement almost certainly means further loss of tooth structure so it is desirable to select the material with the greatest longevity at all times.



Chapter 22 - Failures
1 of 4Figure 11.9Bulk failure of amalgam is not so common and is generally associated with poor cavity design or else poor amalgam placement technique. It is not always easy  to differentiate the two.The type of problem shown here is often attributed to poor design at the isthmus. However, this is unlikely and is far more often caused by poor design of the proximal box. Each section of any amalgam restoration should be individually self retentive or there is likely to be such a failure.See next slide. 



Chapter 22 - Failures
2 of 4Figure 22.10A slightly different view of the restoration shown in the previous slide. The broken amalgam has been removed and the anatomy of the proximal box is now apparent.Note the saucer shape of the box with no flat floor or retentive proximal grooves. The amalgam was, in effect, cantilevered out into the box without any support and was therefore destined to fail.



Chapter 22 - Failures
3 of 4Figure 22.5As amalgam is inherently brittle it requires support from remaining tooth structure and should never be used in thin section.This slide shows the typical failure of amalgam arising from poor cavity design where the proximal boxes are widely flared leaving a thin triangular wedge of the material unsupported by the tooth  and therefore subject to fracture.Both the mesial and distal proximal boxes have failed in the first molar from the same cause.The only treatment is to redesign the cavity and in so doing sacrifice further tooth structure. 



Chapter 22 - Failures
4 of 4A further example similar to the one shown in the previous slide.The proximal box at the distal of the second bicuspid has been flared too widely  and the amalgam was left as a narrow wedge completely unsupported by tooth structure. It therefore failed and replacement will neccessitate further loss of natural tooth structure.The same basic principles apply to all of the plastic restorative materials. The cavities should be kept as small as possible and the materials should not be used in thin section, particularly where they will be under occlusal load. 




