Planning and I:'Iaking
Crowns and Bridges

Second Edition

- | Bernard GN Smith

MARTIN DUNITZ




Clinical Techniques in
Dentistry

Planning and
making crowns
and bridges

Bernard G N Smith

PhD, BDS, M5c{Mich), FDSRCS

Reader in Conservative Dentistry
The United Medical and Dental Schools, Guy's Hospital

MARTIN DUNITZ



Clinical Techniques in Dentistry

Planning and making
crowns and bridges



€ Bernard G. M. Smith 1984, 1990
First published in the United Kingdom in 1986 by Martin Dunitz Ltd, Londaon

Reprinted 1987

. Second edition 1990

All rights reserved, Mo part of thes publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, without the prior permession of
the publisher.

British Library Cataloguing in Publication Data
Smith, B G. N

Planning and making crowns and bridges
(Dentistry in practice)

I. Crowns (Dentistry) 2. Bridges (Dentistry)

I Tithe — new ed Il Series

61T &%) REAES

ISBM 1-85317-014-3

Originated, printed and bound by Toppan Printing Company (5) Pre Ltd, Singapore



Prefoce

will find fault with some of the illustrations and
because some illustrate the work of a team rather
than an individual, no acknowledgment is given for
individual illustrations. | am, however, extremely
grateful to all those who have allowed me to
photograph their work and in particular to those
names appear in the

Also omitted are text references. In a book of
this size, which is not intended to be a reference
book, it is not possible to be comprehensive, while
it is impolite to use phrases such as ‘there is
evidence that ... ' without making proper refer-
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ence to the source of the evidence. Ilsolated
references in these cases could well lead the
enthusiastic student into an unbalanced reading
programme. There is also no bibliography of the
major reference texts on crown and bridge work,
as a more up-to-date source for this will be the
catalogue in your local dental library. The further
reading suggested at the end of the book is a
personal selection from the literature which con-
tains evidence to support at least some of the
opinions expressed, and which will guide the
reader deeper into the subject.

BGNS
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Preface

The aim of this book is to answer at least as many
of the questions beginning with ‘why’ as those that
begin with ‘how’. A textbook is not the ideal
medium for teaching practical, clinical or technical
procedures. These are best learnt at the chairside
and in the laboratory. However, the mass of
material which must be learnt, usually in a res-
tricted timetable, in the clinic and laboratory means
that there is often insufficient time to answer the
questions, "Why am | doing this!" or, "When should
| not do this” or even. "What on earth can | do
here?

The book is meant for clinicians, both under-
graduate and postgraduate, and so although the
emphasis is on treatment planning, crown and
bridge design and the related theory, clinical
techniques are also described in some detail
Laboratory technique is, though, almost completely
omitted, both to keep the book to manageable
proportions and because most clinicians no longer
undertake this themselves. It is nevertheless abun-
dantly clear that a good standard of laboratory
work is as important as the other phases in the
construction of crowns and bridges. The process
may be divided into three stages

Initial decision making and mouth preparation
Clinical procedures
Technical procedures.

The purpose of this book is to help quite a lot with
the first stage, rather less with the second (a book
cannot replace clinical experience) and hardly at all
with the third.

The intention is o help solve real clinical
problems. The student sitting in a technique
laboratory faced with an arch of intact perfectly
formed natural or artificial teeth planning to
undertake ‘ideal’ crown preparations will find little
help here. It may be good initial teaching to cut
‘classic’ preparationz, but this is only part of the
training towards solving the real problems of real
patients in the real world. The opinions expressed
in a textbook can only go a little way further
towards solving these problems. Undergraduate
and postgraduate students need also to take

advantage of their own and others’ clinical experi-
ence and learn by thinking about their clinical
problems and talking about them with others.
Making the right decision is as important as
executing the treatment well.

There is no reference to ‘case selection’ or
‘patient selection’ for the techniques described.
That is not the way things are in practice. There it
is necessary to select the appropriate technigue for
the patient in front of you rather than select the
patient for the technique. Things are different in
dental schools. It often happens that in order to
provide a balanced range of experience for under-
graduate students in a limited period of ume,
patients are selected to go on to particular waiting
lists to provide a flow of “clinical material’ for the
students’ needs. This may be necessary but the
attitudes it sometimes develops are unfortunate.
The essential feature of any profession is that it
attempts to solve the problems of its clients before
concerning itself with its own welfare.

Because this is the approach, dlinical photographs
or at least photographs of extracted teeth or casts.
are used to illustrate the text in preference to line
drawings. except where a photograph is impracti-
cal. Photographs are used even when the work
shown is not "perfect’. No apology is made for this.
In reality, although we should strive for perfection
(if we know what perfection is in a given case, and
we often do not), we will frequently not achieve
it. It is more realistic to talk about levels of
acceptability. This is not to advocate unnecessary
compromise, but to recognize that in many situa-
tions a compromise (from knowledge, not ignor-
ance) is necessary. After all, the ideal would be to
prevent caries, trauma and congenital deformity so
that crowns and bridges were not necessary in the
first place. Once they are needed there is already
a situation that is less than perfect.

Some of the work photographed is mine, some
is undergraduate and postgraduate student work
with a greater or lesser amount of help by
teachers, some of the technical work is carried out
by the clinicians themselves but most by technicians
or student technicians, and some illustrations have
been kindly lent by colleagues. In view of the
likelihood, and indeed the intention that readers



Preface to the
second edition

This is a fast developing field and so a number of
substantial revisions to the text have been neces-
sary in the three years since the first edition was
published. More than fifty new colour illustrations
and some black and white illustrations have also
been added.

Among the topics where greater emphasis has
been needed are composite and porcelain veneers,
castable ceramics and other developments in por-
celain, adhesive cements and the evolving techni-
ques by which materials are combined to produce
an adhesive intra-coronal restoration to reinforce
cusps. This includes the ‘layered’ restoration of
glass ionomer cement and composite, sometimes
together with a porcelain inlay. The parallel-sided
stainless steel post with composite core is now
given great prominence, in preference to the
traditional cast post and core systems Finally,
amongst the new material there is an expanded
section on minimal preparation bridges. This title
is new to this edition. In the first edition the
generic term for Rochette, Maryland and similar
designs of bridge was ‘non-preparation bridge’. The
reason for selecting this title was that it empha-
sized the conservative nature of these bridges
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rather than the method or material by which they
are attached to the abutment teeth. However, in
many cases some tooth preparation is necessary,
and so the general name for this group of
restorations has been changed to ‘minimal-

A number of teachers have been kind enough to
say that they find the chapter on occlusion useful
as a simple, short introduction to the subject,
irrespective of its reference to crowns and bridges.
For this reason it has been expanded somewhat to
include rather more on the relationship between
occlusal interferences and mandibular dysfunction.
Although straying somewhat from the original
purpose of the book, this makes the chapter rather
more selfcontained as an essay on the restorative
dentist’s view of functional occlusion.

The Palmer tooth notation system was used in
the first edition. The use of this system is now
declining and there is no universally accepted
alternative worldwide. Tooth notation has there-
fore been dropped and replaced by the full
description of the wooth or teeth, except, in the
interests of brevity, for the table on page 192

B.GNS.



Acknowledgments

Many people have contributed to this book in
direct and indirect ways. An early version was
typed by Miss Carole Symondson and construc-
tively criticized by Professor H. Allred. Dr | N.
Besford, Mr E. Nicholls and Professor G.L. Slack.
The more recent drafis have been typed by Miss
G. Bussey, who learnt the art and craft of word
processing specifically for the purpose. | very much
appreciate her skill, efficiency and good nature. |
am also grateful for advice on these later drafts to
Professor A.G. Alexander, Dr EAM. Kidd, Mr
D.M. Lundie, Mr B.]. Parkins, Professor C.E. Renson
and Professor A H.R. Rowe.

The UK publishers, Martin Dunitz Ltd, have been
most helpful, and in particular Mary Banks has been
the source of much welcome editorial advice.

The following have lent photographs, but for

reasons explained in the Preface, specific credit is
not given to each one. | am, however, extremely
grateful to them for their generosity: Micholas
Capp: John Cardwell; George Kantorowicz: Ber-
nard Kieser; Orthomax Ltd, Bradford; David Parr;
lan Potter; John Richards: John Walter: Katherine
Warren.

Other help with illustrations has been given by:
Osama Ara; Dennis Bailey; Peter Chittenden;
Cottrell & Co., London; Usha Desai; Terence
Freeman; June Hodgkin; Ruth Lewis Andrew
McCullock; Oradent Lrvd, Windsor; Peter Rhind;
Nicholas Taylor; Leslie Willcox.

Permission vo reproduce Figure 43, which first
appeared in Restorative Dentistry, has been kindly
given by A.E. Morgan Publications Ltd.



Part | Crowns




i Indications and
contraindications
for crowns

Before the acid etch retention system, composite
resin restorative materials and efficient, simple pin
retention systems were developed, crowns were
the only way of restoring many teeth which can
now be restored by these other means. At the
same time more patients are keeping more of their
teeth for longer and are expecting faulty teeth to
be repaired rather than extracted. Therefore,
although there are fewer indications for crowning
teeth than there were, more teeth are actually
being crowned than ever before. About two
million crowns per year are now made in the UK
Mational Health Service. This figure has more than
doubled in the last decade. Similar increases have
occurred in most Western countries.

When the only choice for a tooth was a crown
or extraction, the decision was relatively simple.
Mow, with more options it is more difficult. This
chapter discusses the current indications for
crowns and their alternatives, and guides the
reader towards a decision. However, clinical deci-
sion making is the very substance of the dentist’s
work and cannot be done by textbook instructions:
do not expect a set of clear rules to follow. Each
set of clinical judgements and decisions must be
unique, taken in the context of the patient's
circumstances.

General indications for extra-coronal
restorations

Crowns versus fillings

Most dental restorations are provided as treatment
for dental caries. Once the initial lesion has
penetrated the enamel, the caries spreads along the
amelo-dentinal junction and balloons out in dentine
towards the pulp. The growth of the carious lesion

is much faster in dentine than it is in enamel, so the
enamel becomes undermined and then suddenly
collapses into the cavity. Because of this, our
forefathers thought that caries started inside the
tooth and worked its way to the surface. Today,
many carious lesions are detected and treated ar
an early stage while the enamel is still largely intact.
Indeed, even more lesions are prevented from
occurring at all.

Since caries produces most of its damage inside
the tooth rather than on the surface, the com-
monest type of restoration is intra-coronal. Often,
sound enamel has to be cut away to give access to
the caries. Only very rarely is the surface of a tooth
extensively destroyed by caries leaving a base of
sound dentine and it is therefore most unusual in
the treatment of primary caries for an extra-
coromal restoration (a crown) to be made on a
preparation consisting of intact dentine. When
secondary caries develops around existing fillings,
intra-coronal restorations are still more conserva-
tive and more closely relate to the pattern of
development of caries than crowns and are there-
fore preferred whenever possible. Indeed, a high
caries rate is a contraindication to crowns. In these
cases the caries should be removed, the tooth
stabilized and a preventive regime instituted before
crowns are made.

With larger lesions and particularly when cusps
are lost, the decision between filling and crowning
a tooth becomes more difficult (see pages 17-20)

General indications for crowns

Having established that primary caries is not a
common or desirable reason for making crowns,
the following are the main indications for extra-
coronal restorations:
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Badly broken down teeth

Usually these teeth will have been restored
previously and may have suffered secondary caries
or parts of the tooth or restoration may have
broken ofi. Before crowns can be made the lost
dentine will usually need to be replaced by a
suitable core of restorative material (see Figure
la).

Primary trauma

An otherwise intact tooth may have a large
fragment broken off without damaging the pulp and
leaving sufficient dentine to support a crown (see
Figure |b).

Figure |

General indications for crowns.

a This mouth has been well treated in the past but the
restorations are now failing. In particular the lateral

incisor has lost two fillings, the pulp has died and the
tooth is discoloured. It now needs a crown (see Figure

12, page 25)

b Trauma: the result of a blow from a hockey stick. Two
incisors have been lost and the upper right central incisor
is fractured exposing the pulp, the fracture line extend-
ing subgingivally on the palatal side. The lateral incisor is
fractured involving enamel and dentine only. The pulp
retained its vitality. Akthough it could be restored in
other ways, a crown would be the most satisfactory
solution as it would then match the other anterior
restorations. If the central incisor is to be retained it will
need to be crowned, probably as a bridge abutment (see
later).

¢ Gross tooth wear arising from a combination of
erosion and attrition. This has passed the point where
the patient can accept the appearance, and crowns are
necessary.

Tooth wear

The processes of erosion (damage from acid other
than that produced by bacteria), attrition (mechani-
cal wear of one tooth against another) and abrasion
(mechanical wear by extraneous agents) occur in
all patients. What is remarkable is that teeth, which
have little capacity for regeneration and which are
in constant use, do not wear out long before the
patient dies. Although tooth wear is normal, if it is
excessive or occurs early in life, crowns or other
restorations may be needed (see Figure Ic).

The lifelong management of excessive tooth
wear is a topic of increasing interest as patients
keep their teeth longer. In general the approach
should be:
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@ Early diagnosis and prevention

@ Monitoring any further progression until the
patient complains of the appearance, sensitivity
{which does not respond to other treatment),
function is affected, or the wear reaches a point
where restorations will become technically diffi-
cult

@ Ar this point provide minimal restorations

@ If the problem continues, provide crowns.

Hypoplastic conditions

These may be subdivided into hereditary and
acquired defects. Examples of the former are

d Dentinogenesis imperfecta in a teenage patient. The
incisor teeth have been protected with acid etch-
retained composite from shortly after their eruption and
the first molar teeth have been protected with stainless
steel crowns. It is now time 1o make permanent crowns
for all the remaining teeth.

e Peg-shaped upper lateral incisors.

f Typical distribution of enamel hypoplasia, in this case
due to typhoid in the patient’s early childhood.

amelogenesis imperfecta, dentinogenesis imper-
fecta (see Figure |d) and hypodontia (for example,
peg-shaped upper lateral incisors — see Figure le).
Examples of acquired defects are fluorosis, tetra-
cycline stain and enamel hypoplasia resulting from
a major metabolic disturbance (usually a childhood
iliness) at the age when the enamel was developing
(see Figure If).

To alter the shape or size or inclination of
teeth

Major changes in the position of teeth can be made
only by orthodontic treatment. though minor
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changes in appearance can be achieved by crowns.
Teeth can be made larger but not usually smaller.
For example, a diastema berween teeth which the
patient finds unatrtractive can be closed by means
of oversized crowns (see Figure 2).

To alter the occlusion

Crowns may be used to alter the angulation or
occlusal relationships of anterior and posterior
teeth as part of an occlusal reconstruction either
to solve an occlusal problem or to improve
function (see Chapter 4).

As part of another restoration

Crowns are made to support bridges and as
components of fixed splints. They are also made to
alter the alignment of teeth to produce guide
planes for partial dentures or to carry precision
attachments for precision attachment retained
partial dentures (see Parts |l and Ill).

Figure 1
Changing the shape and size of teeth.

‘@ A large midline diastema which the patient found

aesthetically unacceptable.

b The same patient after the central incisors have been
moved closer together orthodontically and all four
incisors crowned. The patient must be warned of any
compromise in the appearance which is anticipated, in
this case the triangular space which remains at the
midline. It is possible to increase the width of the incisal
edges to fill the space but the width of the crowns at
the neck is determined by the width of the roots so that
only minimal enlargement is possible without creating
uncleansable overhanging crown margins.

Combined indications

More than one of these indications may be present
so that, for example, a broken down posterior
wooth which is over-erupted and tilted may be
crowned as a repair and at the same time to alter
its occlusal relationships and its inclination, provid-
ing a guide plane and rest seat for a partial denture.

Multiple crowns

With some of these indications, notably tooth wear
and hypoplastic conditions, many or all of the teeth
may need to be crowned.

Appearance

One of the principal reasons for patients seeking
dental treatment is to maintain or improve their
appearance. Relative prosperity, changing social
attitudes and the success of modern dental mate-
rials mean that expectations of good dental appear-
ance are rising. Fewer teeth are being extracted
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Figure 3

and when they are, it is at a later age It is much
less common now to see a mouth such as is shown
in Figure 3 than it was in the mid |960s when this
photograph was taken.

As standards of appearance and expectations
rise, some dental defects, or types of restoration,
which at one time would have been tolerated, are
no longer acceptable to patients.

An attractive appearance spoiled by unsightly teeth

Figure 4
The appearance of composite restorations.

a The central incisors fractured in a riding accident eight
years previously. The initial composite restorations were
placed by the patient’s mother, a general dentist. They
were subsequently replaced, once by a specialist practi-
tioner and once at a dentl school The composites
shown had been in place for three years and the patient
was now twenty-one years old. She refused to consider
further attempts at composite restorations and crowns
werg made.

b Composite restorations to erosion lesions at the necks
of the upper right central and lateral incisors, the canine
and first premolar. These have been present for eighteen
months and are maintaining their appearance

Composite and glass ionomer restorations,
which have improved considerably, still tend, after
a few years in the mouth, to wear or stain, or the
margins begin to look unattractive (see Figure 4).
In some of these cases even though the fillings are
more or less satisfactory, the patient may be
justified in demanding crowns for the sake of

appearance.
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In several of the general indications listed above,
for example, tetracycline stain and mid-line diaste-
mas, the only reason for considering crowns is to
change the patient’s appearance. In others, for
there may be other problems such as sensitive
exposed dentine or functional difficulty as well as
the need to restore appearance.

Appearance is important to the patient and must
therefore be important to the dentist. After the
reliefl and prevention of pain and infection it is
probably the next most important reason for
providing dental treatment.

Function

With modern cooked diets it is possible to
masticate — and speak — without any teeth, or with
complete dentures, but most patients (and prob-
ably all dentists) would not want to. As with
appearance this is again a question of the quality of
life. An occluding set of natural, or second best,
restored teeth is better at coping with a full varied
range of diet than dentures.

Restoring function is part of the reason for
several of the general indications above such as the
restoration of badly broken down teeth, tooth
wear, and providing support for bridges or partial
dentures.

Mechanical problems

Sometimes, although it would be possible to
restore a tooth by means of an intra-coronal
restoration, the pattern of damage to the tooth
gives rise to anxieties about the retention of the
restoration, the strength of the remaining tooth
tissue, or the strength of the restorative material.
Fillings fail because they fall outr, because of
secondary caries, or because part of the tooth or
part of the restoration fractures. These failures are
upsetting to the patient and embarrassing to the
dentist and it is therefore tempting to prescribe
crowns when there is even a faint possibility that
one of these problems will arise.

However crowns can also fail. If a filling fails, it
is often possible to make a more extensive
restoration or a crown. If a crown fails, a further
crown may not be possible and extraction may be
all chat is lefc

In deciding berween a crown and a filling there
are two considerations to be weighed up. First,
how real is the risk of mechanical failure of the
filling or surrounding tooth and what can be done
to minimize this risk! Second., how much more
destruction of sound tooth tissue is necessary to
make a crown!

In general, it is better to take the more
conservative approach first even if this involves
some risk of the restoration failing. The alternative
is to provide far more crowns than are strictly
necessary and perhaps give rise to even greater
problems for the patient later on.

Indications for anterior crowns

Caries and trauma

All the general indications listed above may apply
to anterior crowns. Before the days of acid-etch
retained composite restorations or glass ionomer
cements, anterior crowns were indicated much
more frequently for the restoration of carious or
fractured incisors. Today many of these teeth can
be restored without crowns; these are often not
needed until the pulp is involved (see Figures |a, b).

Non-vital teeth

When a pulp becomes necrotic the tooth often
discolours due to the haemoglobin breakdown
products. This discoloration may be such that it can
only satisfactorily be obscured by a crown (see
Figure 5).

Tooth wear

The ideal approach to problems of tooth wear is
to prevent the condition getting worse by identify-
ing the cause and eliminating it as early as possible.
Crowns should be made only when the cause of
the tooth wear cannot be identified or cannot be
eliminated, and the damage is serious. Sometimes
the rate of tooth wear slows down or stops with
no obvious explanation and the teeth remain stable
for some years. Crowns are not a good preventive
measure except as a last resort.
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Hypoplastic conditions

In many of the hypoplastic conditions the patient
{or parents) will seek treatment at an early age.
often as soon as the permanent teeth erupt, and
the treatment may be carried out in conjunction
with orthodontic treatment. In some of these cases
large numbers of teeth are affected and so the
decision whether to crown them, offer some
alternative form of treatment, or simply leave the
condition alone, is a fairly momentous one. Figure
6 shows several cases of tetracycline staining
affecting many teeth. Differences in the lip mor-
phology, the depth and uniformity of the colour
and the patient's age and general attitude will all
influence the decision. In the last case illustrated,
sixteen crowns have been provided to disguise the
colour in all the visible teeth. This is a considerable
undertaking and should not be embarked upon
lightly by either patient or dentist. In particular
with young patients, the lifelong maintenance
implications must be fully understood. It should be
explained that crowns are unlikely to last the
whole of a natural lifetime and replacements will
be costly if they are possible at all. However, if
after proper consideration crowns are made, they
can dramatically improve the patient’s appearance
in a way which is impossible by any other form of
treatment.

Figure §

The central incisor has a necrotic pulp and s grossly
discoloured. This degree of discoloration could not be
resolved by bleaching or veneering the tooth. The
periodontal condition must be improved before a crown
can be successfully made.

To alter the shape, size or inclination
of teeth

Again, treatment is frequently sought at an early
age and is likely to be combined with orthodontic
treatment (see Figure 2).

As part of other restorations

Anterior crowns are often made as components of
anterior bridges and splints. They are less often
needed to support partial dentures. Bridges and
splints are dealt with in Parts Il and L

What are the alternatives to anterior
crowns!

Bleaching

Some teeth discoloured by a necrotic pulp can be
bleached with hydrogen peroxide or other oxidiz-
ing agents (see Figure 7ab).
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Restorations in composite materials
or glass ionomer cements

The appearance of modern aesthetic restorative
materials can be excellent (see Figure 4b).
Although they sometimes deteriorate to give the
sort of appearance also shown in Figure 4a. it is of
course possible to replace them, usually without
destroying very much more tooth tissue. It can be
argued that with the rapid development of anterior
restorative materials, it may be preferable to
replace composite restorations until such time as a
more durable material is available rather than make
crowns. The problem is that many of these patients

Figure &
Tetracycline stain
o Mild, uniform staining. It is unlikely that treatment will

be necessary other than to replace the missing lateral
T

b Tetracycline staining with severe banding. The extent
of treatment depends on the lip line. In this case the
lower lip covered the gingival half of the lower incisors
and therefore treatment for the lower teeth was not
necessary.

¢ Darker but more uniform tetracycline staining. In this
case a vital bleaching technique was used.

are young, attractive and more concerned with
their appearance now than about long-term mainte-
nance problems with crowns.

It is clear that no absolute rules can be given on
whether crowns or fillings are indicated other than
to say that in general the more conservative
procedures are to be preferred.

Gold or porcelain inlays

Before the advent of acid-etch retained composite
materials, the conventional way to restore a
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fractured incisal edge was by means of a Class IV
gold inlay with or without a facing (see Figure 7¢).
The alternative, if the appearance of gold or the
facing material was not acceptable, was to make a
crown. Today acid-etch retained composite restor-
ations have almost completely replaced Class IV
gold inlays.

Similarly, porcelain inlays for Class V lesions have
also almost completely disappeared. This is not
because they were unsatisfactory in appearance but
because laboratory costs and the time involved was
much greater than for composite or glass ionomer
restorations. There are however times when a
really durable restoration which will not wear or

d Extreme tetracycline staining with banding.

e Darkly stained teeth with four teeth prepared for
crowns.

f Sixteen crowns made for the patient shown in 6e. The
shade is too uniform and light. but this was at the
insistence of the patient. who has remained happy with
the appearance for several years.

discolour or alter its surface texture may be an
advantage (see Figure 7d).

Veneer restorations

The earliest veneer restorations were made from
polyacrylic and were preformed. They provided a
reasonably satisfactory and less destructive solution
o many of the problems described earlier, in
particular where multiple restorations of intact
teeth were needed, for example in cases of
tetracycline stain. These polyacrylic veneers are
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a A discoloured, non-vital lower central incisor.

¢ A Class IV gold infay with tooth-coloured facing. This
is wearing and the restoration is unsightly, but it was
phudnwr:rsbefmtmsmauhbhud
has given satisfactory service. The other central incisor
has a mC.

d Porcelain inlays restoring the four upper teeth on the
lef Similar restorations are to be made for the right
side. Crowns would be extremely difficult in this case;
consider, for example, the shape of the preparation for
the upper right lateral incisor. Composite or glass
ionomer cement restorations could be made but would
need constant maintenance and probably periodical
replacement. Porcelain inlays are likely to be more
durable.
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now seldom made because they have been replaced
by better materials. However many patients still
have them in place and they need to be recognized,
and, if satisfactory, maintained (see Figure Bab).

There is now a choice between two materials
for veneer restorations: composite and porcelain.
Both systems can be used after simply acid-etching
the enamel, or some preparation of the enamel
may be first carried out. It is easier to produce a
feather edge at the gingival margin of an unpre-

twooth with composite than it is with
porcelain and this is regarded as one of the
advantages of composite over porcelain if a rela-
tively non-interventional approach is preferred.
The other advantages of composite are that the
veneers are simple and quick to apply at the
chairside and require no laboratory procedures.
They are therefore much less expensive. They can
also be repaired and adapted. On the other hand
ite materials sometimes discolour and wear

and it is difficult 1o produce a graduated colour
along the length of the tooth or to mask a deeply
discoloured underlying tooth (see Figure Bc.d).

Porcelain veneers have become very popular in
recent years and have been successful in solving
some problems. However they are nearly as
expensive as crowns and although less enamel
needs to be removed than for a crown, the fit at
the gingival margin is often less satisfactory than
with a crown and there is anxiety about the
difficulty of cleaning adequately the awkward
junction between the porcelain and enamel at the
approximal surface (see Figure 8g, m and n).

Some satisfactory five-year studies of porcelain
veneers have now been reported and it may well
be that the porcelain veneer will be increasingly
used instead of crowns.

Indications for posterior crowns

Restoration of badly broken down
teeth

The most commeon indication for a posterior crown
is a badly broken down tooth usually resulting from
repeated restorations, each of which fails in twrn
until finally a cusp or larger part of the tooth
fractures off. In almost all cases it is necessary to
build up a core of amalgam or other material,
usually retained by pins, before the crown is made.
Two such teeth are shown in Figure 9.

Restoration of root-filled teeth

There is a strong clinical impression and some
scientific evidence that root-filled teeth are more
likely to fracture than teeth with vital pulps. It
follows that some thin and undermined cusps of
root-filled teeth need to be protected or removed
where similar cusps in vital teeth would be left
Together with the original damage which necessi-
tated the root filling and the access cavity, this
means that many, but by no means all, root-filled
posterior teeth are crowned. The fact that a
posterior tooth is root filled is not in itself sufficient
justification for a crown.

As part of another restoration

In Parts Il and Ml partial and complete crowns are
discussed as retainers for bridges and fixed splints.
In addition they may be indicated in conjunction
with conventional or precision attachment retained
partial dentures.

What are the alternatives to
posterior crowns?

Gold inlays

Figure 10 shows a gold inlay which has been
present for many years. It would clearly have been
wrong to have destroyed yet more of this tooth in
order to make a crown.

Pin-retained amalgam restorations

Figure |0 also shows an excellent amalgam restora-
tion which has also been present for many years. A
crack is visible on the mesial palatal aspect of this
wooth, this has also been present for some years.
The tooth is symptomless and remains vital. It could
be argued that all teeth with large lesions, such as
this one, should be crowned in order to prevent
such cracks occurring. However, it is impossible to
predict which teeth will crack and what the effects
will be. It is therefore not justified wo crown all
teeth with large cavities just as a preventive
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Figure 8
Veneer restorations

a These polyacrylic facings have been present for nearly
ten years and have been reasonably satisfactory, although

individual facings have had to be replaced a number of
times and the patient has never been entirely happy with

the appearance.

b The same patient as Ba showing the considerable
increase in thickness of the incisal edges.

¢ Polyacrylic veneers which are failing after several years
in the mouth. The margins are staining and chipping.

d Broken and eroded incisor teeth.

e The same patient as Bd with composite veneers three
years after being placed.
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f Eroded upper central incisors.

g The same patient as Bf with two porcelan veneers in
place.

h The same patient as shown in Bc with the polyacrylic
veneers removed and the teeth reprepared.

i An incisal view of the prepared teeth.

j Porcelain veneers on the model for the patient shown
in Bh and Bi.
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k The etched fit surface of the porcelain veneers.

| The teeth have been isolated with acetate strip and are
about to be etched with phosphoric acid gel

m An incisal view of the porcehin veneers in place. In
this case it was necessary to carry the porcelain over the
edge should be avoided as this probably produces a
SLroNger restoration.

n The completed porcelain veneers.
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Figure 9

Badly broken down teeth o be
restored. Left the wooth on pre-
sentation. Right after removing
old restorations, caries and
o i = i
at this stage can a final decision
be made on the most suitable
restoration. These teeth would
be treated with:

@ a pin retained amalgam restor-
ation;

b a gold inlay with cuspal protec-
tion or a glhss onomer/
composite layered restoration to
strengthen the cusps;

€ apin or post-retained core and
partial crowr;

d a pin or post-retained core and
complete crown
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measure. To do so is overtreatment and is not cost
effective. It is better to apply a general policy of
minimum intervention with prophylactic restora-
tions only when there is a clear risk of failure.
When occasional failures, such as broken cusps, do
occur these problems can usually be solved without
the need for extraction.

Tooth-coloured posterior restorations

Glass ionomer cement materials have been used to
restore large lesions in posterior teeth. For a
variety of reasons including wear, marginal break-
down, leakage and difficulty in condensation and
contouring, these restorations have so far had a
poor success rate. However, some of the compo-
site materials, specifically for posterior teeth, show
considerable promise. Studies of the five-year
success rate of these materials are now available
and the results are mixed. Some show very
satisfactory results in comparison to amalgam
controls while others are less optimistic. There is
good evidence that the layered restoration (a core
of glass ionomer cement replacing the dentine,
with an occlusal surface veneered with a posterior
composite) is successful in binding weakened cusps
together and producing a stronger tooth than one
restored with amalgam alene. This restoration is
therefore being used increasingly instead of the
oD gold inlay with cuspal coverage. It is, however,
not a substitute for a crown and it is used when
there is a large MOD cavity where a crown
preparation would simply remove all the remaining
tooth tissue.

In an attempt to increase wear resistance and to
minimize the effects of polymerization contraction,

Figure 10

Amalgam and gold restorations. The inlay in the second
molar has been present for twenty years and the
amalgam in the first molar, which has just been
repolished, for fifteen years. The amalgam restorations
in the premolar teeth are more recent. and less

systems have been developed to process compo-
site inlays outside the mouth by a combination of
heat, pressure and light. One system consists of
preparing a non-undercut inlay cavity, lubricating it
and filling it with a light cured composite material.
This is cured and then removed from the mouth
and further processed by heat and light in a piece
of equipment in the surgery. It is then cemented
with more composite resin. In other cases an
impression is taken of the prepared tooth and the
compaosite inlay (or onlay) made in the laboratory.

Ceramic inlays

Posterior ceramic inlays have many of the advanta-
ges of posterior composite restorations in that,
because they are bonded by the acid-etched
system, they strengthen weakened cusps, and they
are tooth coloured. However, the porcelin occlu-
sal surface is more wear resistant than composite
and there is, of course, no polymerization contrac-
tion. As with composite inlays there are two
systems: one that includes a laboratory stage and
one that does not. With laboratory made ceramic
inlays, an impression of the prepared tooth is sent
to the laboratory and a porcelain inlay is made by
condensing porcelain into a refractory die of the
wooth,

The chairside system consists of milling a porce-
lain inlay from a design produced in a computer
from a three-dimensional video image of the
prepared tooth. Maturally this requires a very
complex, sophisticated and expensive piece of
equipment (see Figure |1). It is too soon to say
whether this approach to dental restorations (cad/
cam or computer aided design/computer aided
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Figure 11

a A laboratory-made ceramic inlay. The inlay is returned
from the laboratory with a contoured occhusal surface
and occlusal staining. It should only require cementation

b The Cerec machine. The minature video camera is on
the left, the computer and monitor in the centre and the
three-dimensional milling machine on the right

¢ A failed composite restoration in the first premolar
tooth is to be replaced by a ceramic infay.

d The completed ceramic inlay milled at the chairside in
the Cerec machine. The machine produces a good fit and
contact points which only require minor adjustment and
polishing. However, the occlusal surface is not finished
and needs to be adjusted and polished in the mouth after
cementation. The main advantage of the system is that
the whole procedure s carried out in one visit at the
chairside and there are no laboratory stages
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manufacture) will be revolutionary or will stay on
the fringes of dental treatment.

Choosing the right posterior
restoration

In some of the teeth shown in Figure 9 the failure
is due to the restoration fracturing or becoming
lost and in others it is the tooth itself which has
failed. In some the problem is secondary caries. In
all these cases decisions must be made between
restoring or extracting the tooth. and if it is to be
restored, whether the pulp is healthy or whether
endodontic treatment is necessary. Leaving these
considerations to be discussed in Chapter 3, and
assuming that all these teeth will be restored, the
next decision is whether the appropriate restora-
tion is:

® An amalgam, composite or glass ionomer
cement

@ A layered restoration of glass ionomer and
composite

® An amalgam with additional retention (for
example, pins)

@ A ceramic inlay

® A gold inlay

@ A gold inlay with occlusal protection (an onlay)

® A partial crown

@ A complete crown

@ A core of material to replace the missing dentine
followed by a partial crown

® A core and complete crown.

A further decision that must be made is whether,
if 2 complete crown is to be used, it should be an
all-metal or a metal-ceramic crown, or even in
some cases an all-porcelain crown (see Chapter 2
for a description of these different types of crown).

These decisions cannot be made without further
information and some of this will be gathered from
the history, examination of the rest of the mouth,
radiographs, and so on (again, these matters will be
discussed in Chapter 3). However, even with all

this information it is usually also necessary to
remove the existing restorations and caries before
a final decision can be made; Figure 9 shows the
same teeth before and after the caries and old
restorations are removed.

® Appearance

® Problems of retention

® Problems of the strength of the remaining tooth
tissue and the restorative material.

As far as appearance is concerned, if the surface of
the tooth to be restored is visible during common
movements of the mouth, and if the patient is
concerned about appearance, a ceramic inlay,
composite restoration or crown will usually be
indicated for large restorations.

When the problem is simply one of retention,
an amalgam restoration with additional retentive
features is usually chosen (see Figure %a).

When the remaining tooth tissue is weak, a
layered restoration, a ceramic inlay or a cuspal
coverage gold inlay will be the choice (see Figure
9b).

A core and partial crown is a very satisfactory
restoration where a tooth previously restored
with an MOD amalgam loses its lingual or palatal
cusp. The partial crown protects the remaining
buccal cusp against occlusal forces, and this cusp can
still provide valuable retention. often in conjunc-
tion with pins, for the core, as well as having an
acceptable appearance. If a complete crown is
made, particularly with a facing, then the whole, or
the majority of the buccal cusp will be cut off in
the preparation of the tooth, and the core will
need much more substantial auxiliary retention
{see Figure 9c).

A core and complete crown is the last resort.
Figure 9d shows a case where there is no choice
but to provide a core and complete crown.

These examples illustrate the imporance of
considering all the alternatives in each case. The
tempu:ionmbnknﬂ'mcmnllynmemnd\md
immediately decide upon a crown without proper
investigation and consideration must be avoided.
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Practical points
@ Primary caries is usually best treated by intra-
coronal rather than extra-coronal restorations.

® Crowns are made to improve appearance and
function (often in that order).

@ Alternatives to crowns should always be consi-
dered and are often used in preference, where
practicable.

21
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Types of crown

This chapter gives a general description of the
various crown types together with their main
advantages and disadvantages in relation to:

@ Physical properties

® Clinical considerations
® Appearance

® Cost

Crowns are described under
headings:

the following

® Anterior complete crowns for vital teeth
® Anterior crowns for root-filled teeth

@ Anterior partial crowns

® Posterior complete crowns

@ Posterior partial crowns.

Anterior complete crowns for vital
teeth

In the anterior part of the mouth appearance is of
overriding importance and so the only types of
crown to be considered are those with a tooth
coloured buccal surface. TheSe fall into three

groups

Porcehin jacket crowns
Metal-ceramic crowns
Orther types of crown

Porcelain jacket crowns (PjCs)
(see Figures |12a, b and c)

This is the oldest type of tooth-coloured crown
and has now been in use for the best part of a
century. It consists of a more or less even layer of
porcelain usually between | and 21mm thick
covering the entire tooth. Figures 122, b and ¢
show a selection of traditional feldspathic porcelain
jacket crowns in place.

The traditional feldspathic PiC is made by adapt-
ing a very thin platinum foil to a die made from an
impression of the prepared tooth. Porcelain pow-
der, mixed with water or a special fluid, is built
onto the platinum foil and fired in the furnace.
Almast all PICs made in this way are now strengthe-
ned by having alumina incorporated into the
porcelain powder. A core of high alumina porcelain
is fired onto the platinum foil. This high alumina
core is opaque and needs to be covered by more
translucent porcelain which contains less alumina.

Conventional dental porcelain is physically more
like glass than the porcelain used for domestic
purposes. It is relatively brittle and before a FIC is
cemented it can be broken fairly easily. However
once it is cemented and supported by the dentine
of the tooth the force required to fracture it is of
the same order of magnitude as the force required
to fracture the enamel of a natural tooth. In recent
years there have been two developments in
porcelain jacket crowns. The first is castable
ceramic systems and the second is the introduction
of different types of porcelain which are fired
directly onto a die made from refractory material.

In the most widely available cast ceramic system
a wax pattern of the crown is made on a
conventional die, invested and cast in a glass/
ceramic material. The casting is then placed in a
ceramming oven for several hours, during which it
goes through a crystllization conversion and
becomes much stronger. At this stage the casting
has a cloudy-clear appearance (similar to frosted
glass). It is therefore stained and characterized
using conventional feldspathic porcelains in a por-
celain furnace. Although the commercially available
system was developed by the same company that
developed domestic Pyrex glassware, the manufac-
turers state that the material is not the same as
Pyrex. A number of other castable ceramic systems
have been marketed or are being developed.

An alternative approach is to fire an extra strong
core of ceramic material to a refractory die and
then add further layers of conventional feldspathic
porcelain. Once finished the refractory die is
sandblasted away leaving a fitting surface which is
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slightly rough, aiding retention. Both these systems
can also be used to make porcelain veneers.

Figure 12d shows a cast ceramic crown and
Figure |12e shows crowns made by the strengthe-
ned porcelain, refractory die system.

Advantages
The advantages of porcelain jacket crowns are:

Appearance Because of their translucency and
the range of techniques and shades available, PiCs
are better able to duplicate the appearance of a
natural tooth than any other type of crown.

Brittleness The relative brittleness of a conven-
vonal MC can be regarded as an advantage,
particularly if the tooth being crowned was origi-
nally fractured in an accident. Should such an
accident recur (which s not at all uncommon
amongst sports players, cyclists, children with Class
Il Division | incisor relationships, and others), the
PiC is likely to fracture rather than the root of the
tooth. This is still true, but to a lesser extent, with
the newer types of Fic. With metal-ceramic crowns
which are stronger than the remaining tooth tissue
more serious damage such as root fracture is likely
to result from a further accident. Where possible,
the weakest link in the chain should be the least
important. The principle is similar to the collapsible
steering column in cars or the fuse in an electric
circuit.

Stability Porcelain is dimensionally and colour
stable and is insoluble in oral fluids.

Cost The PAC is usually the least expensive
anterior crown to produce in the laboratory.

LS
Plaque Porcelain tends to resist plaque accumu-
lation.

Disadvantages
The disadvantages of PICs are:

Marginal fit Conventional porcelain jacker
crowns made on a platinum foil matrix which is
removed prior to cementation often have a less
satisfactory marginal fit than cast metal restora-
tions. However, the marginal fit of the newer types
is comparable to cast-metal restorations.

Brittleness Although the brittleness of porce-
lain crowns was described earlier as an advantage
in some situations, in others it is a disadvantage. In
some patients where the crown supports a partial
denture or where the occlusal forces are excessive,
porcelain crowns may fracture repeatedly.

Removal of tooth tissue To overcome the
problem of the brittleness of porcelain, and to give
the crown a natural appearance, there must be an
adequate thickness of material and so it is necessary
to reduce the tooth fairly extensively, weakening
it and threatening the pulp. This is especially true
with small teeth, for example lower incisors.

Metal-ceramic crowns (see Figure |2f)

Dental porcelain can be bonded to a variety of
metal alloys. The process is similar to the glazing
of domestic cast iron and steel baths and basins.
The alloys used in dentistry fall into three groups:

@ Precious metal alloys containing a high propor-
tion of platinum and gold

@ Semi-precious alloys containing a high propor-
tion of palladium, sometimes with silver as well

@ Base metal alloys containing a high proportion of
nickel and chromium.

There is a large difference in cost between these
alloys but they all share the properties of a high
melting temperature so that porcelain can be
bonded to the surface by being fired without the
metal being melted, properties which permit the
bonding of porcelain without affecting its colour
and properties allowing it to be cast, soldered and
polished in the dental laboratory.

The first of these alloys to be developed were
the high-percentage precious metal alloys and
these are still commonly used. However, their high
cost has encouraged the development of the
others, although these do not yet have quite the
convenient handling properties or the precision of
the high-percentage precious metal alloys.

The preparation for an anterior metal-ceramic
crown differs from that for a FIC in two ways; first
rather more tooth tissue needs to be removed
from the buccal surface to allow for the thickness
of the metal as well as porcelain, and second rather
less usually needs to be removed from the palatal
or lingual surface as only metal will cover at least
part of this surface.

3
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Advantages

The main advantages of metal-ceramic anterior
Crowns are:

Strength The metal-ceramic crown is a very
strong restoration which resists occlusal and other
forces well.

Minimum palatal reduction Some teeth, parti-
cularly those severely worn by erosion and attri-
tion which have then over-erupted back into
occlusion, may not be sufficiently bulky for a

Figure 12

a Conventional porcelain jacket crowns on all four
upper incisors. This is the patient shown in Figure 57.

b A single anterior mC. The upper left central incisor is
the crown, the other teeth are natural

¢ Both upper central incisors are PCs with supragingival
margins. Despite this there is some gingival inflammation.
They have been present for about five years.

porcelain jacket crown preparation with adequate
palatal reduction, whereas a metal-ceramic crown
preparation may be possible. Figure |3 illustrates
this problem in comparison with a normal incisor
tooth.

Adaptability The metal-ceramic crown can be
adapted to any shape of tooth preparation whereas
the process involved in making PCs requires a
smooth and uniform preparation. Additional reten-
tion can be gained in difficult preparations by the
use of pins or grooves, which are not possible with
PICS.
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Can be soldered
ceramic crowns can be attached to other crowns
or artificial teeth by soldering or casting them
wogether. This cannot be done with FiCs.

For bridges or splints, metal-

Disadvantages

The disadvantages of metal-ceramic crowns are:

Strength An accidental blow may result in the
tooth preparation or root fracturing because the
crown is stronger than the natural tissues.

d A cast ceramic crown (Dicor) on the upper right central
incisor.

e Strengthened porcelain crowns (Hi-Ceram) on both
central incisor teeth

[ A metal-ceramic crown on the upper laveral incisor.
This is the patient shown in Figure la.

Appearance Because of the metal framework it
is often more difficult to match the natural
appearance of a tooth than with a piC, particularly
at the cervical margin.

Destruction of tooth tissue The metal-
ceramic crown requires more tooth reduction
buccally than the PC and so is more likely to
endanger the pulp. If this tooth reduction is not
sufficient — as is often the case — the eventual

crown either has a poor, opaque appearance or it
is too bulky.
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Cost Even if the relatively inexpensive base
metal alloys are used, the laboratory time taken to
construct a metal-ceramic crown is more than for
a Pic and therefore the overall cost is usually
greater. When the precious metal alloys are used,
the cost is naturally greater still

Other types of anterior complete
crowns

Although the majority of anterior crowns fall into
one of the two previous groups a number of other
alternatives exist

® Platinum-bonded porcelain crowns (Mclean-
Sced crowns)

® Cast-metal crowns with cemented porcelain
facings

® Cast-metal crowns with acrylic facings

@ Cast or electro-deposited crowns with compo-
site facings

® Acrylic-jacket crowns.

The platinum-bonded crown is very like a
conventional PIC except that two layers of platinum
are laid down, the outer one having a thin electro-
deposited coating of tin. The porcelain bonds to
this tin layer and the outer platinum foil is left in
place when the crown is completed, only the inner
foil being removed. The effect of bonding porcelain
permanently to a metal base, however thin this
base is, is to prevent crack propagation from the

Figure 13

Sections through three sets of casts of patients in
intercuspal paosition showing the profile of crown
preparations.

a This is a Class || Division 1 incisor relationship with
deep overbite and minimal overjet. It often appears,
when looking at these patients from in front, that there
will be insufficient clearance for porcelain jacket crown
preparations. In fact. the bucco-lingual thickness of the
teeth is often normal and conventional preparations are
possible

b Gross erosion of the palatal surfaces of the upper
incisor teeth due to recurrent vomiting. If crowns are to
be made. there will not be room to provide a palatal
porcehain surface without the occlusal vertical dimension
being increased. However a metal-ceramic crown prepa-
ration is possible. Because the diagnosis is erosion
(chemical damage) rather than attrition (physical dam-
age) the additional strength of the metal is not particu-
larly important.

¢ Arrition has worn the lower incisors Lo approxi-
mately one half their original length. A conventignal
crown preparation would not be possible but a one piece
metal-ceramic post retained crown is. The dotted line
shows the metal-porcelain junction
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inner surface of the porcelain. This results in a
stronger crown. Although the platinum-bonded
crowns are undoubtedly stronger than conventio-
nal PCs they are not as strong as metal-ceramic
crowns and probably no stronger than the newer
types of PIC. They are therefore lictle used these
days, although many patients still have them in their
mouths.

A number of techniques exist for making
crowns with cemented-porcelain facings but since
the introduction of the metal-ceramic crown these
are now obsolete. However, a number of patients
still have these crowns and so the clinician needs
to be able to recognize them (see Chapter |3).

The acrylic-faced gold crown was popular for
a time before the general introduction of mertal-
ceramic crowns. It is still sometimes made as it can
be more economical than the metal-ceramic
crown, although there seems little reason why this
should be since the time taken to produce it is
rather similar.

There are a number of improved plastics used
for facing crowns, mostly of the thermo-setting
rather than the thermo-plastic type. These give an
impression of hardness when scratched with the
probe but still do not have the durability of
porcelain. The simple laboratory-processed acrylic
facing rapidly deteriorates in the mouth by being
worn away, discolouring and leaking at the margins.

Composite faced crowns have been introduced
recently. The laboratory grade composite is cured
by an intense light in a special light box, sometimes
with the addition of heat or pressure. The metal
framework needs to be mechanically retentive for
the facing and is usually cast, although an electro-
deposition technique is being "E‘fd'

Acrylicsjacket crowns discolour and wear
rapidly. Because acrylic has a high co-efficient of
thermal expansion, the constant fluctuations in
temperature in the mouth produce rapid break-
down of the margins of these crowns and they soon
leak, often with secondary caries formation.
However, laboratory-processed acrylic-jacket
crowns are useful as provisional crowns, as they are
more permanent than the usual simple temporary
crowns and less costly than porcelain or metal-
ceramic crowns. They are used when other forms
of reatment, for example, periodontal or ortho-
dontic treatment, are necessary before the final
crowns can be constructed (see Chapter 6).

Anterior crowns for root-filled teeth

Often the endodontic access cavity together with
the crown preparation will leave insufficient
dentine to support a crown. In this case retention
is gained by means of a post fitted into the enlarged
root canal. These posts are used only for retention
and the idea that they add strength to the tooth
has now been discounted. For this reason if it is
possible to obtain retention for the crown without
using a post this is nowadays regarded as prefer-
able, even though there is some evidence that the
dentine of root-filled teeth is more brittle than that
of natural teeth. Figure |4a shows examples of
teeth which would be restored by means of a
simple composite restoration, a glass ionomer
cement or composite core and crown or a post-
retained crown. There are four groups of crowns
for root-filled anterior teeth:

® Glass ionomer cement or composite core and
crown

@ Post and core and separate crown

@ One-piece post crown

® Other types.

Glass ionomer cement or composite
core and crown

When sufficient dentine remains, the endodontic
access cavity can be filled and missing dentine
replaced with glass ionomer cement which bonds
directly to dentine. Alternatively, dentine bonding
agents may be used wo adhere composite to the
dentine, or the dentine may be etched (as there is
no longer a pulp) and retention achieved by
micromechanical interlocking of the composite
bonding layer into the dentinal wbules.

Glass ionomer cement has the advantage that it
does not contract on setting and it also releases
fluoride so that should the crown margin leak,
there is less risk of secondary caries developing.
Composite is stronger and is rather easier to
prepare as it cuts with a similar ‘feel’ to dentine
(see Figures |4b-f).

Post and cores and separate crowns

The crown will be either a MC or metal-ceramic
crown as described previously. Posts and cores may

7
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Figure 14

a If these three teeth had not been extracted, they
would have had to be root-filled. The caries and old
restorations have been removed The left hand tooth
could be restored by a simple composite restoration, the
centre tooth has sufficient dentine remaining for a glass
ionomer cement or compaosite core followed by a crown
to be satisfactory, but the right hand tooth does not have
sufficient dentine and retention by means of a post
cemented into the root canal is necessary.

b Both central incisors are fractured and have been
root-filled.

¢ An incisal view of the teeth shown in |4b with the
restorations removed from the access cavities.

d The access cavities restored with glass ionomer
cement.

e and [ The teeth prepared for Fcs. The completed
crowns are shown in Figure |le.
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either be made in the laboratory or purchased
ready-made. The former have the advantage of
adaptability and can be used in very tapered root
canals that have suffered caries in the coronal part
of the root canal, in root canals with an oval cross
section, and in two rooted teeth where the roots
are parallel.

The ready-made posts or posts with attached
cores have the advantage of normally being fitted
at the same time as the tooth is prepared, thus
avoiding the need for a temporary post crown.
They are usually stronger and may be much more
retentive than the laboratory-made posts and
cores. However, they are made of base metals and
there is a risk of corrosion with discoloration of

Figure 15
Post shapes.

a Cast gold post and core (tapered smooth shape)

b A selection of preformed post shapes
From the left

three tapered smooth;
two tapered serrated;
two parallel smooth;
two paraliel serrated;
one tapered threaded,
one parallel threaded

The plastic posts are all burn-out and may be used as part
of the pattern. The three tapered smooth posts, left, may
also be used for the impression but not of course
serrated posts. as they cannot be remaoved from the die
Two of the posts have heads which may be shaped to
form the core

the root. Laboratory charges are lower when
preformed posts are used, although any savings may
be outweighed by the extra clinical time taken to
fit some of them

Post shapes
There are four shapes of post (see Figure 15):

® Tapered-smooth (or serrated)
® Parallel-smooth (or serrated)
® Tapered-threaded

® Parallel-threaded
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Comparison of post shapes
Tapered-smooth (or serrated)

® Usually laboratory made in cast gold or other
alloy

@ Least retentive design, but if long enough and a
good fit, the retention is sufficient in most
clinical circumstances (serrations increase reten-
tion)

® Easy to prepare and easy to follow the root canal

@ Similar o the shape of the root and therefore
less likely to perforate through to the periodon-
tal membrane

@ Adaptable technique and therefore can be used
with oval, irregular-shaped or multiple-root
canals

@ A diaphragm may be added to cover the root
face and extended as a bevel around the margin.
This reduces the risk of root fracture and may
also replace areas of dentine lost through caries
or trauma

@ Cast posts are not as strong as wrought posts.

Parallel-smooth (or serrated)

@ Either preformed in base metal to which a
composite core is added, or made with a
preformed element such as a plastic post, which
is incorporated into a pattern for a cast post and
core

® Can be preformed with a core and the post
shortened from the apex (see Figure 16)

@ More retentive than tapered-smooth posts and
serrations further increase retention.

Figure 16

Shortening a prefabricated parallel post and core does
not alter the diameter of the post. However, shortening
a one piece tapered post and core does. For this reason,
if prefabricated tapered posts are used, the core is added
at the correct level after the post hole has been
prepared.

Tapered-threaded

® Must be preformed and are made of base metal

® Curts its own thread as it is inserted (like a wood
screw) and therefore introduces considerable
stresses into the dentine

@ Roots liable to split either as the post is being
inserted or subsequently

@ Because of the difficulty of inserting without
root fractures, retention is unreliable

® Not recommended as the sole means of reten-
tion for a single-rooted post crown.

Parallel-threaded

® Must be preformed and made of base metal
A thread is cut into the walls of the prepared

root canal with an engineer’s tap. The post is
then cemented and screwed in with minimal
force (like assembling a nut and bolt) so that
stresses are not introduced into the dentine.

@ The post can be shortened

@ The most retentive post design

@ Post and core are made of different materials.
The post may be fitted alone and the core added
in composite (see Figure 20, centre) or a post
with 2 metal core already attached is fitted and
the core prepared (see Figure |5b, right).

Many successful posts of the tapered-smooth,
parallel-smooth and parallel-threaded types have
been made and although each dentist has his own
preference, and certain sets of clinical circumst-
ances dictate that one type or another is prefer-
able, there is no one type that is unformly superior
to the others.
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One-piece post crown

In some cases, for example, with very short clinical
crowns or with lower incisors, there is insufficient
space within the crown of the tooth to make both
a retentive core and a separate crown. Then, a
crown made of metal-ceramic material with the
post cast as part of the crown is often the solution
(see Figure 13c).

Other types of crown for root-filled
teeth

Occasionally the root canal is obliterated by a
fractured post which cannot be dislodged, or the
root canal is completely closed with secondary
dentine. A crown can still be made by building up
a core, usually in composite retained by pins (see
Figure 49, page 87); alternatively a metal-ceramic
crown retained by pins cast together with the base
of the crown can be used.

Neither of these two techniques is likely to be
as retentive as a post crown and particular
attention must be paid to avoiding excessive
occlusal forces.

Anterior partial crowns

Before the days of metal-ceramic crowns when
there was no satisfactory facing marerial for a meral
crown, partial crowns of one sort or another were
commonly used to restore individual teeth and as
retainers for bridges and splints. Today, with acid-
etch retained composite restorations and with
metal-ceramic crowns, partial anterior crowns are
less common. However, there are occasions when
there are advantages in maintaining the natural
buccal surface and where it would be difficult to
prepare the tooth for a full crown. Figure 140, page
118 shows such a case.

The partial crown has the advantages of being
less destructive of tooth tissue and in some cases
being easier to keep clear of gingival margins than
full crowns.

In addition, when pins are used for retention,
there is more flexibility over the path of insertion.
Divergent teeth can be prepared to receive partial
crowns in a common path of insertion for bridges
or splints when this would be difficult with full
crown preparations (see examples in Parts Il and
).

The disadvantages of partial crowns include the
display of gold on the incisal edge which is usually
necessary, the loss of incisal translucency with the
dark colour of the metal showing through and the
fact that when pins are used, particularly when the
path of insertion of the preparation is not in the
long axis of the tooth, great care needs to be taken
to avoid damage to the pulp.

‘Three-quarter’ crowns

The traditional type of anterior partial crown is the
three-quarter crown, which covers the palatal or
lingual surface of the tooth together with the
mesial and distal surfaces, leaving the buccal surface
exposed. Three-quarter crown is therefore a
reasonable name for this restoration. It is less
appropriate for the many variations of partial
anterior crown which cover less than three of the
tooth's four surfaces. The crowns shown in Figure
140, cover much less than three-quarters of the
surface of each tooth. A common type of restora-
tion is shown in Figure 17a It is retained by a
combination of two pins and a groove and covers
the palatal and one approximal surface of the tooth.
The other surface, usually the mesial, s left
uncovered for aesthetic reasons. The gold on the
covered approximal surface can be soldered two
other crowns or artificial teeth to produce splints
or bridges.

It is possible to make conventional upper partial
veneer crowns covering only the palatal surface of
the tooth. These are made to alter the palatl
contour as part of an occlusal adjustment and are
retained by pins. Figure | 7b shows an example used
as a bridge rewiner. f three-quarter crown is a
good term for the first type of crown described,
‘one-quarter crown' would be eligible as a name
for these. Since this, and other names describing
the preparation of the tooth covéred are not used,
‘partial crown' is a better term for the whole range
of extra-coronal restorations that do not cover the
complete wooth surface.

Posterior complete crowns

Cast gold (or other alloy) crowns

Although traditionally a gold alloy is used for
complete metal posterior crowns, the cost of gold

£
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and the considerable improvements that have been
made in the alternative alloys have resulted in a
rapid increase in the number of crowns made with
non-precious metals. For convenience, however,
the term gold will be used to include other types
of metal.

Gold crowns are used when either the patient
does not mind the appearance of gold or when the
tooth does not show during normal movements of
the patient’s mouth. When a complete crown is
necessary it is the restoration of choice since it
requires the minimum reduction of tooth tissue,
the margins are uncomplicated by the presence of
facing marterial, the occlusal surface is readily
adjusted and polished and the time taken to
produce the restoration in the laboratory is less
than other types of crown so the cost is less. It is
the most convenient restoration for providing rest
seats, guide planes, reciprocal ledges and undercurs
in conjunction with partial dentures.

It can be soldered to other structures to make
bridges and splints and solder can be added to it to

Figure 17

a The upper canines have been prepared for partial
crowns with the distal surfaces left unprepared. There
are distal and palatal parallel-sided pinholes. The distal
pinhole is connected by a ledge to a mesial groove. The
lateral incisor has two grooves and one pinhole.

b Small partial crowns retained by very long pins and
covering much less than three-quarters of the tooth’s
surface (this bridge design, although it has been satisfac-
tory in this case for more than eleven years, i not
recommended because of the difficulty in cleaning under
the bar — see Part 2)

reshape its surface. The only significant disadvan-
tage of the cast gold posterior crown is its
appearance (see Figure |8).

Metal-ceramic crowns

The principal advantage of metal-ceramic crowns
over gold crowns is their appearance (see Figure
18). Porcelain can be used on the mast commonly
seen buccal and occlusal surfaces. It is often more
important to produce a tooth-coloured occlusal
surface than a buccal surface with lower teeth, but
usually only the buccal surface shows with upper
teeth. The mesial, distal, palatal or lingual surfaces
may also be covered with porcelain.

The disadvantages of the metal-ceramic crown
for posterior teeth are that more tooth tssue
needs to be removed in order to allow for the
thickness of porcelain, and when this is on the
occlusal surface of a wooth with a short clinical
crown, there may be difficulty with retention
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because of the reduced length of the preparation.
When this is the case, additional retention by
means of pins or grooves is necessary

With an amalgam core retained by pins, a
preparation for a metal-ceramic crown is more
likely to give rise to trouble than one for a gold
crown because the greater reduction of the core
material may expose the pins and thus jeopardize
the retention of the core (see pages 34-6).

Figure |8

a and b Gold crowns on the first molar teeth which,
with this patient’s lip morphology. were aesthetically
acceptable. There are metal-ceramic crowns on the
upper canine and premolar teeth and MCs on the upper
incisor teeth

¢ A partial crown (three-quarter crown). The tooth is vital the grey
colour comes from the amalgam core. A composite core would have
been better.

Ceramic crowns

Occasionally it is reasonable to use a porcelain
jacket crown on a posterior tooth, for example, in
conjunction with a post and core on a single-rooted
premolar tooth. Care needs to be taken in
assessing the occlusion but if this is favourable a
castable or high strength ceramic crown often has
a better appearance than a metal-ceramic crown.
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Posterior partial crowns
‘Three-quarter’ crowns

“Three-quarter’ posterior crowns actually cover
four-fifths of the tooth’s surface — mesial, distal,
occlusal, lingual or palatal.

They are retained by grooves on the mesial,
distal and occlusal surfaces which effectively per-
form the same function as the buccal surface of a
complete crown (see Chapter 5). They are always
made of cast gold (or other alloy) and are used
when the buccal surface of a tooth is intact and
reducing it as part of a complete crown prepara-
tion would either produce an unsightly and
unnecessary display of gold or where reducing the
buccal cusp would weaken it, reducing the strength
of the preparation. An example of a tooth where
a three-quarter crown is needed is shown in Figure
9¢ (page 17). A clinical example is shown in Figure
18c

The advantages of posterior ‘three-quarter’
crowns are that they are more conservative of
tooth tissue than complete crowns, and the margin
of the crown does not approach the gingival margin
buccally. It is still possible to test the vitality of the
tooth via the buccal surface and the appearance is
preferable to a complete gold crown, without
there being the need for the extra wooth destruc-
tion.

Some operators find the preparation difficult but
they would do well to learn the skills involved as
the ‘three-quarter’ crown is still a useful part of the
dentist’s repertoire.

Other types of posterior partial
crowns

As with anterior partial crowns there is a variety
of alternative posterior crowns. The ‘seven-
eighths’ crown covers all but the mesial buccal cusp
of an upper molar tooth, the ‘hall’ crown covers
the mesial half and occlusal surface of a lower
posterior tooth where the distal wall is very short,
and other variations leaving various odd bits of the
tooth surface exposed are also made. Principles
governing the design of all these partial restora-
tions are the same and are covered in Chapter 5.
It is for the dentist to use these principles to plan
the detailed design of each restoration to solve its
particular problems. |t is not good practice to

follow classic cookery book type preparation
designs, none of which may be suitable.

A further variation of the posterior partial
crown is the occlusal onlay, made to alter the shape
of the occlusal surface or the occlusal vertical
dimension but without necessarily covering any of
the axial walls. It is retained by pins or other intra-
coronal features and sometimes whole quadrants of
oppaosing teeth are restored by these means.

Cores for posterior crowns

Badly broken down posterior teeth are rebuilt to
the general shape of the tooth using amalgam,
compaosite, glass ionomer cement or cast metal
before preparing them for crowns. These cores are
usually retained by pins or posts.

Cores of amalgam, glass ionomer
cement or composite

The commonest type of posterior core is made of
amalgam retained either by pins or by posts in the
root canal. The pins are usually threaded self-
tapping pins screwed into dentine. Other types of
pin. for example, friction-retained or cemented
pins, may be used but these are less retentive.

It is important to choose the correct number of
pins and to site them properly. In deciding the
number and location of pins, the final design of the
preparation must be anticipated. For example, pins
should not be placed in the middle of the mesial or
distal surfaces of a core when the tooth is going to
be restored by means of a partial crown. if they
are, the grooves in the mesial and distal surfaces of
the preparation may expose the pins (see Figure
19a). If a substantial cusp remains, the pins should
be set at an angle relative to the inner surface of
this cusp so that there is a retentive undercut
berween the pins and the cusp.

When the final restoration is to be a metal
ceramic crown, the pins must be kept well clear of
the buccal shoulder area so that they are not
exposed during the preparation of the tooth. Ako
when a metal-ceramic crown is planned, any
remaining buccal cusp will usually be severely
weakened by the preparation and cannot be relied
upon to rewain the core. Sufficient pins must
therefore be placed to retain the core without this
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a The amalgam core for the partial crown shown in
Figure 18c. Pins must be sited with a view to the eventual
preparation design; in this case avoiding the mesial and
distal surfaces, where grooves are to be prepared. The
altermative, of a complete crown, would have relied
entirely on pin retention, the remaining cusp having been
removed during preparation. Elective endodontic ther-
apy and a post-retained crown would have been less
conservative

¢ The composite core in place, having been built up in
several increments of light-cured posterior compaosite

Figure 19

Cores for posterior crowns

b Tooth prepared with pins for a pin-retained composite
core. The enamel margin is being etched with gel taking
care to avoid the gel making contact with the dentine
Once the gel is washed off, the deep part of the cavity
will be lined

d An amalgam core retained by a copper ring. The
patient was unable to return for the crown preparation
until eight months after the core was placed. There is
some gingival inflammation distally but apart from this
the gingival irritation has been minimal

35
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cusp and it is sometimes good practice to remove
the cusp completely before the core is placed (see
Figure 19b and c).

A conventional amalgam matrix may be used o
retain the amalgam while it is being condensed, but
when considerable tooth tssue loss has occurred
it is often better to use a copper or orthodontic
band which can be left in situ until the crown
preparation is started. This supports the amalgam
while it is setting and reduces the risk of the
amalgam core fracturing before preparation (see
Figure 19d).

Composite cores can be used in the same way
as amalgam cores and they have the advantage that
they can be prepared at the same visit as they are
inserted. They should be built up in increments,
light-curing each increment to reduce the effects
of polymerization contraction. Despite this precau-
tion there is some concern about the risks of
microleakage between the composite core and the
dentine surface. In some cases pin retention is not
necessary. Glass ionomer cement may be used as a
core material provided there s sufficient dentine
to retain it Pin retention is not usually used. It does
not contract on setting and so has an advantage
over composite, although it is less strong

Cermets (glss lonomer cements containing
metal powder sintered into the glass) are some-
times used as core materials. They have the
advantages of glass ionomer cement and they are

Trpes of cromn

Figure 20

Three threaded posts used 1o retain composite of
amalgam cores on anterior or posterior teeth. Left has a
split post which collapses towards itself as it is inserted
5o that excess force is not applied to the walls of the
root canal Centre, 3 thread s cut into the walls of the
posthole first and the post is then screwed in with light
pressure, together with cement. Right has a very fine
thread which cuts into the walls of the posthole without
causing undue strain

Smooth or serrated, parallel or tapered posts may also
be used o retain composite or amalgam cores. and some
of these are shown in Figure |15b, page 29

easier o distinguish from enamel and dentine while
preparing the tooth, and they are radio-opaque.
However, their retention to dentine seems to be
less than with glass ionomer cement.

Posts may be used to retain amalgam or
composite cores and a number of posts specifically
designed for this purpose are available. These are
usually threaded posts, tapered or parallel-sided,
and either self-tapping or requiring a thread to be
cut in the root canal walls. They are very retentive
and provided they can be inserted without putting
undue strain on the root of the tooth they provide
an excellent way of retaining a core, particularly
for premolar teeth where often insufficient dentine
remains to place pins between the root canal and
the crown preparation. Figure 20 shows a selection
of posts used to retain cores

Cast posterior cores

With currently available posts and pins used to
retain amalgam and composite posterior cores,
there is less need for cast metal posts and cores in
multi-rooted posterior teeth than at one time
However, cast posts and cores are stll useful for
single rooted premolars, and two-part posts and
cores are occasionally used for posterior teeth
with divergent roots.
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Practical Points

@ Porcelain jacket crowns are preferred for anter-
ior teeth when possible,

@ Mertal-ceramic crowns are stronger but may not
give such a good cosmetic result, may be more
expensive, and require more labial tooth reduc-
tion.

® Root-filled anterior teeth may need post-

retained cores, and root-filled posterior teeth
need pin or post retained cores.

@ Partial crowns are less destructive of tooth
tissue but often show gold.

@ Partial crown designs vary considerably but are
all based on a common set of principles.

® When making pin-retained cores, the number
and siting of the pins must be planned with the
final crown preparation in mind.

7



3 Designing crown
preparations

Teeth vary so much in their general shape and in
the effects upon them of caries, trauma, tooth wear
and previous restorations that it is less helpful o
describe classical ‘ideal’ preparation designs than
the principles determining the design, then showing
how these should be applied.

The principles of crown preparation
design

The following factors need to be considered:

® Materials

® Function

@ Appearance

® Adjacent teeth

® Periodontal tissues
& Pulp.

Related to materials

Gold

Dental casting gold is strong in thin sections and
can be used to overlay and protect weakened cusps
against the occlusal forces. It is, however, ductile
and can be distorted if it is oo thin or if it is
subjected to excessive forces. Normally no gold
surface should be less than 0.5mm thick and
occlusal surfaces should be more. This usually
means that an equivalent amount of tooth tssue has
o be removed. When distorting forces are antici-
pated, the design can be modified either by
reducing the tooth more, and producing a thicker
gold layer, or by introducing grooves or boxes into
the preparation to stiffen the gold by producing
ridges on the fit surface. The ductility of gold allows
finely bevelled margins to be burnished against the

e

tooth surface. This means that the tooth prepara-
tion for gold is usually finished with an oblique
cavosurface angle (see Figure 21).

Other cast metals

Some of the alternatives to cast gold that are
increasingly being used in dentistry, particularly the
nickel-chromium based alloys, are less prone to
distort than conventional dental casting golds. It is
therefore possible to remove rather less tooth
tissue in preparing teeth for these materials.
However, because of their greater stiffness and
reduced ductility it is not possible to burnish the
margins of these materials.

Porcelain
Porcelain is brittle when subjected to impact forces
and must be in sufficiently thick sections to
withstand normal occlusal and other forces. When
a high alumina core is used to strengthen the
restoration this is opaque, and so it is necessary t
provide a sufficient thickness of more translucent
porcelain on the buccal surface of the crown to
simulate the appearance of a natwral tooth. I
follows that the minimum reduction for a porcelain
jacket crown (PiC), made by any of the techniques,
is much greater than for a metal crown. A thickness
of 1.5-2mm of porcelain is ideal, particularly on
the buccal side. However, with vital teeth this can
only seldom be achieved and the minimum is | mm
of porcelain. This is acceptable only on the lingual
{occluding) surfaces of upper incisor crowns where
the occlusal forces are minimal. With normal
occlusal forces this thickness is inadequate and
either the preparation should be deepened or a
metal-ceramic crown used.

The edge strength of porcelain is low and
therefore the compromise at the cavosurface angle
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between brittle enamel and brittle porcelain is a
90-degree butt joint (see Figure 21d).

Metal-ceramic materials
Even greater reduction of tooth tissue is necessary
for metal-ceramic crowns on the visible surfaces
because the metal layer will need to be covered by
an opaque layer of porcelain, and this in turn will
need to be covered by translucent porcelain. A
thickness of 2mm is ideal but in many situations,
for example, lower incisor crowns, this is impossi-
ble because of the smaliness of the tooth. Where
part of the crown is all metal, for example. on the
lingual side, the preparation is as it would be for a
metal crown.

The margin of the crown may be constructed in
porcelain or metal, or the two marterials may join

at the periphery. The cavosurface angle will depend
upon this decision (see Figure 2ld.e).

Related to function

Occlusion

The occlusal relationships of the tooth to be
crowned will influence the design of the prepara-
tion. Those areas of the crown subjected to heavy
occlusal loading in the intercuspal position (see
Chapter 4) or in one of the excursions of the
mandible should be sufficienty thick to withstand
these forces without distortion if the crown is
metal, and without fracture if the crown is
porcelain or metal-ceramic. This means that in an

Figure 11
Margin configurations for crown preparations.

a A knife-edge margin with a cavosurface angle
approaching 180 degrees.

b A champher margin with a cavosurface angle of 130-
160 degrees.

¢ A finishing line with minimal tooth reduction but with
a sharp step, prepared with a square-ended instrument
producing a cavosurface angle of approximately %0
degrees.

d A full shoulder with a 90-degree cavosurface angle.
When used for a metal-ceramic crown, the metal is
either brought to the margin or finished short, leaving a
porcelain margin.

e A full shoulder with bevelled margin.

Angles Class | occlusion there should be adequate
reduction of the occlusal surfaces of the posterior
teeth, the palatal surfaces of upper incisor teeth
and the incisal edges of lower incisal teeth. Other
surfaces will be involved in different occlusal
relationships.

When there is posterior group function, that is,
several pairs of posterior teeth slide against each
other as the jaw moves to the working side (see
Chapter 4) the result of applying this principle is
that the cusps which function against each other in



this way should be reduced more than other parts
of the preparation. This is often referred to as
‘bevelling the functional cusp’. Before this is done
the actual relationships of the cusps in question
should be studied during the full range of move-
ments. In the majority of patients the posterior
teeth are discluded in lateral excursion by the
canine teeth. These ‘functional’ cusps therefore
only function in the intercuspal position and are less
vulnerable to wear and to lateral forces. There is
therefore less need to bevel them excessively.

In some cases the crown is being made to alter
the occlusal relationship and it may be necessary to
reduce the occlusal surface more than usual if the
tooth is over-erupted, or less than usual if the
intentien is to increase the occlusal vertical dimen-
S1on.

Future wear

All restorative materials wear in use and the rate
is determined by the occlusion, the diet and
parafunctional (bruxing) habits. Where the tooth
surface is intact before crown preparation is
started, careful note should be made of any wear
facets and these areas of the tooth surface should
be prepared sufficiently to allow for an adequate
thickness of crown material so that future wear will
not produce a perforation of the crown.

Dessgnmng crown prepargtions

Figure 12
Inadequate reduction of the buccal incisal area of the

preparation so that the core shows through the mc on
the upper right central incisor

Related to appearance

Buccal, incisal and proximal reduction

Adequate reduction of the tooth surface must be
carried out on those surfaces where the appear-
ance of the crown will be important. Insufficient
buccal or incisal reduction for PiCs results in the
core material showing through (see Figure 21) or
the crown being too prominent. Proximal reduc-
tion is important to achieve translucency at the
mesial and distal surfaces of the crown. Further
back in the mouth it is more important to reduce
the preparation mesio-buccally than disto-buccally
as this is the more important surface aesthetically.
The mesial finishing line for partial crowns will
determine the amount of gold that shows.

Occlusal reduction of posterior teeth

In most patients the occlusal surfaces of the lower
premolar and molar teeth are more visible than the
buccal surfaces in normal speech and laughter. If
metal-ceramic crowns are made for lower post-
erior teeth, it is usually necessary to reduce the
occlusal surface sufficiently for porcelain to be
carried over it.

In the upper jaw the occlusal surfaces are far less
visible, the buccal surfaces being more important
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aesthetically. It follows that it may be necessary
only to reduce the occlusal surfaces of upper
posterior teeth sufficiently for a thickness of metal.

Crown margins

The position of the crown margin in relation to the
gingival margin affects the appearance. Sub-gingival
margins may have a better appearance initially but
will often produce a degree of gingival inflamma-
tion which, apart from possibly leading to more
serious periodontal disease, is itself unattractive.
Crown margins at the gingival margin or slightly
supragingival need not be obvious and will be less
likely to produce gingival inflammation (see Figures
18a and 23). It is also easier to take impressions of
supragingival margins, to assess the fit and two
maintain them. The intention to make visible
margins supragingival should be discussed with the
patient, explaining the reasons, before the teeth
are prepared.

Related to adjacent teeth

Clearance to avoid damage to adjacent
teeth

If only one tooth is being prepared for a crown it
is clearly important to avoid damage to the

Figure 13
Crown margins.
a Six crowns made in | 969 with subgingival margins.

b The same crowns, except for the central incisors
which have been replaced, photographed in 1978. There
has been extensive periodontal disease and surgery
throughout the mouth. The crowns were replaced with
slightly supragingival margins, and the gingival tissues
have remained stable.

adjacent teeth. This is much easier said than done
and a number of studies have shown that slight
damage to adjacent teeth during crown prepara-
tion is extremely common. When the approximal
surfaces of teeth are prepared with burs rather
than discs, the tooth surface must be reduced
sufficiently to allow the full thickness of the bur to
pass across the contact area within the contour of
the tooth being prepared, leaving a tiny fragment
of enamel or amalgam core in contact with the
adjacent tooth. This falls away once the bur
emerges at the other side of the tooth. This means
that extensive reduction is often inevitable at the
approximal surface (see Figures 30 and 57, pages
50 and 102).

Path of insertion

‘When teeth are unevenly aligned, although a crown
preparation can be made and an impression taken,
the finished crown sometimes cannot be seated
because the overlapping adjacent teeth prevent its
insertion. The solution is either to reshape the
adjacent teeth or to design the preparation at an
angle that permits the insertion of the crown.

Technical considerations
Proximal reduction should preferably be continued
to allow clearance between the gingival margins
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and the adjacent tooth sufficient for a fine saw
blade to be passed between the dies, so that they
may be separated in the laboratory. This also
facilitates cleaning the margins once the crown is
fitted (see Figure 32k, page 54). With convergent
roots of adjacent reeth this may not be possible.

Related to periodontal tissues

The importance of supra or sub-gingival crown
margins to periodontal health has already been
discussed. The shape of the crown margin (the
cavosurface angle) should be designed so that the
crown surface can conveniently be made in line
with the tooth surface. Insufficient reduction at the
margin can result in an overbuilt crown which in
turn produces a plaque retention area at the
margin (see Figure 2la).

It is not always possible to keep crown margins
supragingival at the proximal surface. Where the
gingival tissues are normal and healthy when crown
preparation starts, the interdental papilla fills the
space beneath the contact point. Therefore if the
crown margin is to include the contact point it will
usually be necessary to make the crown margin
subgingival or to remove healthy gingival tissue
surgically.

When the gingival tissues are inflamed, as they
often are around teeth to be crowned, because of
plague retention around existing unsatisfactory
restorations, it may be necessary to modify the
restoration and encourage better cleaning. or to
make a well fitting provisional crown, provide
peridontal treatment and then adjust the margins
of the preparation.

Related to the pulp

When a vital pulp is to be retained within the
crown preparation, a minimal thickness of dentine
must be preserved to protect it. The thickness of
this layer will depend upon the age of the patient,
the condition of the dentine (i.e.. the amount of
peritubular and secondary dentine) and the type of
preparation. Only an approximate estimate can be
made of the size of the pulp in a given case, even
with good radiographs. So, confusingly, the design
of the crown preparation is partly determined by
the need to preserve the pulp undamaged without

really knowing in detail where it is within the
woth.

This need to protect the pulp often conflicts
with the need for an adequarte thickness of crown
material, particularly in extreme cases such as
metal-ceramic crown preparations on lower incisor
teeth. Here the ideal thickness of crown material
commonly has to be compromised in favour of the
need to protect the pulp.

A good way to gain experience that should help
avoid too many dead pulps or failed crowns is to
make preparations on a variety of extracted teeth
and then section them to see how much dentine is
in fact remaining.

Retention

There are two principal systems used to retain
restorations in crown and bridge work. The
conventional method, which has been used for
many years, involves preparing the tooth to a
retentive shape and then cementing the crown or
bridge retainer with a luting cement, which is not
usually chemically adhesive to either the tooth
surface or the fit surface of the crown. The crown
is retained by a combination of the design features
to be discussed shortly.

The second system is to use an adhesive luting
cement which bonds either chemically or micro-
mechanically to both the wooth surface and the
restoration. Restorations cemented in this way
therefore do not need to be made in the conven-
tional manner. Examples of these restorations are
porcelin veneers (see Figure B, pages 15-16) and
minimal preparation bridges and splints (see page
156). At present there are three such adhesive
luting cements:

® Composite luting cement consisting of a lightly
filled resin which retains restorations by physi-
cally locking into micromechanical retentive
features on both the tooth surface (etched
enamel) and the restoration

® Glass ionomer luting cements which adhere
chemically to both emamel and dentine and
which will adhere to tin plated metal surfaces
but not cast-metal surfaces or other restorative
materials

@ Chemically adhesive resin based cements, which
adhere to a freshly sandblasted cast-metal sur-



face and which lock micromechanically into an
etched enamel surface.

These adhesive cements have produced signifi-
cant changes in the practice of crown and bridge
work in recent years but have not replaced
conventional techniques in the majority of cases.
This is because with all these adhesive materials
there must be sufficient sound enamel or dentine
left for the cement to adhere to. In many of the
situations described so far, this is not so. and in
others there is a need to remove substantial
amounts of tooth tissue in order to replace it with
crown material for aesthetic reasons.

These adhesive systems are still developing and
it is likely that they will have an influence over the
principles of retention used in conventional crown
and bridge work. Glass ionomer luting cements are
already commonly used with conventional crowns
and bridges and time will tell whether this will
allow moedifications of the conventional preparation
designs. In the meantime it is wise to continue 1o
apply the general principles of retention which
have been shown to be effective over many years.
The following paragraphs all relate to conventional
crowns and bridges rather than those retained by
adhesive cements.

Figure 14

An occlusal force, a, will not dislodge a crown, however
unretentive the preparation. A force directed at an
inclined cusp plane, b, occurring in lteral excursions of
the mandible will. though, have a dislodging effect if the
crown preparation is unretentive. Loss of retention s
unlikely to occur as a result of a single contact of this
sort. It is more likely to result from small repeated forces
in alternate directions, b and ¢

Retention against vertical loss

A crown is inserted from an occlusal or incisal
direction and can be lost in the reverse direction.
Forces unseating crowns in this direction fall into
three categories. First, a direct pull on the crown
such as exerted by biting into a sticky toffee and
the @w then being opened sharply. Other direct
unseating forces are the removal of partial dentures
and leverage in some bridge designs. Second, forces
arising as a component of lateral force against an
inclined plane (see Figure 24), and third, forces
exerted by the dentist in a deliberate attempt to
remove the crown. Apart from the force exerted
by the dentist. these vertical unseating forces are
less than the forces applied in normal function,
which are in directions that seat the crown on to
the preparation.

The path of insertion may be inclined away from
the long axis if an anterior crown is being
constructed to give the appearance of proclination
or retroclination, or if a large amount of tooth
tissue has been lost on one or other side of the
tooth due to caries or trauma so that inclining the
path of insertion would allow more of the remain-
ing tooth tissue to be preserved.
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SEPARATION
POSSIBLE

CROWN

100um

Interlocking minor undercuts

Figure 25 shows a section through a dentine/
cement/crown interface. The surface irregularities
of the dentine are typical of those produced by fine
abrasive stones, tungsten carbide burs or plane-cut
steel burs. The irregularities of the cast-metal
surface are typical of a surface that has been
cleaned by light sandblasting. Even without an
adhesive cement, it would not be possible to
detach the crown from the tooth by sliding it away
parallel to the tooth surface or at an angle from
the tooth surface, until an angle of more than 30
degrees were reached, without crushing and shear-
ing the cement within the minor undercuts on the
two surfaces.

Figure 15

A section through a typical dentine/cement/crown inter-
face showing the irregularity of the two surfaces and the
angle at which separation must occur unless the cement
is to be crushed.

Taper of the preparation

Depending upon the size of these minor undercuts
and the compressive strength of the cement used,
the taper of the preparation (the angle between
opposing walls) and its length determine the
degree of retention against axial unseating forces.
A parallel preparation is impractical as cement
cannot be extruded from the crown during cemen-
tation leaving an excessive thickness of cement
occlusally and at the margin. Once the taper of the
preparation exceeds 30 degrees or so, failure

loss of retention becomes common. Under
‘ideal’, artificial, laboratory conditions a taper of 7
degrees has been shown to be the optimum with
minimum cement film thickness and maximum



retention. However, in the mouth it is impossible
to achieve consistently a uniform 7-degree taper
without producing some undercut preparations
and damaging many adjacent teeth. The human eye
cannot, in the clinical situation, detect the differ-
ence between a parallel preparation and one of |10
degrees or so. Several studies have shown that the
average taper for posterior crown preparations
that have been clinically successful in a large
number of cases is approximately 20 degrees (see
Figure 26)

Most clinicians do not have a protractor amongst
their instruments and so rather than aiming to
achieve a taper of 'x’ degrees — which cannot be
conveniently measured and which will vary around

Figure 16

Bucco-lingual sections through crown preparations on

three premolar teeth. The waper of the preparations s

shown. The 75-degree and |2-degree preparations
would be sufficiently retentive in virtually any clinical
situation. The 13-degree preparation would probably be
satisfactory in most clinical situations unless subjected to
axial withdrawing forces. MNote that in
bath

5 hardly reduced at all towards the occlusal

undue lkateral or

the 7 5-degree preparation buccal and hngual

enamel
surface. This is also true of the |2-degree

preparation

This could result in an bulbous crown in this

region

overbuilt
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the tooth

the object should be to produce a
preparation that is as conservative of tooth tissue
as possible (including adjacent teeth), but where an
absence of undercut can clearly be seen. In most
cases this will produce an acceptable rtaper of
between |0 and 20 degrees

Length of the preparation

The greater the length of the preparation the more
retentive the crown will be. The minimum accept-
able length will depend upon other circumstances,
including the nature of the occlusal forces, the
number of other teeth and whether the crown will
be subjected to withdrawing forces from a partial
denture or bridge

The relationship between length and taper is
important. The shorter the clinical crown the more
parallel should be the taper attempted. When the
clinical crown is assessed as being too short for
adequate retention it must be built up with a core
(if there is sufficient occlusal clearance), or a
surgical crown lengthening procedure may be
carried out (ie., removing gingival tissue and
sometimes alveolar bone), or additional retention
may be achieved by means of pins or grooves

Figure 17

Sections through several teeth showing the difficulty of
preparing opposing walls nearly parallel

Retention against other displacing
forces

Provided the taper of a complete crown prepara-
tion is uniform between all the opposing surfaces,
the only way the crown can be lost is along the
path of insertion. However, some crowns cannot
be made with uniform taper. Incisor teeth, for
example, can be prepared with a small angle of
taper between the mesial and distal surfaces but it
is impossible to produce a narrow angle of taper
bucco-lingually (see Figure 27); similarly with some
molar teeth (see Figure 17). Partial crowns must
also be designed to prevent loss in directions other
than axial (see page 56)
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In all these cases it is helpful to envisage the
crown as potentially being dislodged from the
preparation in one of five directions

Occlusally
Buccally
Lingually
Mesially
Distally

or at any angle between these directions. The
preparation needs features that prevent loss in all
these directions. These features also need to be
distributed around the preparation so that the

Figure 18

A complete crown preparation which s inevitably
overtapered mesio-distally because of the relationship
with the adjacent teeth. This owvertaper has been
compensated by buccal and lingual grooves

complex (and not fully understood) forces applied
to the crown do not dislodge it All crown
materials, and certainly dentine, have a degree of
flexibility and unless the crown preparauon has
these retentive features, this flexibility may even-
tually lead to a breakdown in the cement lute,
leakage and either caries or loss of retention

These additional retentive features are usually
either grooves or pinholes. Both have the potential
not only to resist loss of the crown in a direction
other than the long axis, but also to reduce the
angle of the path of insertion. For example, a
CrowTm Pf'eparalfﬂn wH!.h 4n excessive -"I'IE'SID-dIS[;I_i
taper may be improved with buccal and lingual
grooves (see Figure 28)
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Avoiding failure from other causes

Fracture or distortion of tooth tissue

The remaining tooth tissue, once the crown
preparation is completed, must be sufficiently
robust to withstand not only the forces subjected
to it when the crown is completed and cemented,
but the forces that it will encounter during
impression taking, while a temporary crown is in
place, and during try-in and cementation of the final
crown. This may be a problem with partial crowns
and in preparations for anterior post crowns where
a rim of tooth tissue is left around the post hole.

Figure 19

Rigidity in partil crowns.

a The fit surface of a premolar partial crown showing
the ridge of metal running across the occhusal surfaces.
The partial crown for the canine is retained by three pins
rather than grooves. This is reasonably rigid except for
the proximal surfaces, which would have been stiffer if
grooves had been used instead of pins.

b The fit surface of an anterior partial crown showing
mesial and cingulum pins and a distal groove. Only the
palatal and distal surfaces of the tooth are prepared.
Mote the ridge of metal running round the periphery of
the restoration and stiffening it

Fracture of porcelain jacket crowns

Stresses are developed within PiCs as a result of
contraction on cooling after the firing cycle. These
stresses produce minute cracks, some of which
originate at the fit surface and propagate to
produce failure if the crown is subjected to
sufficient force. These stresses are concentrated
around sharp internal angles of the fit surface, so
the external angles of PjC preparations should be
rounded to reduce them (see Chapter 6).
Rounded angles have other advantages: it is
easier to lay down a platinum foil matrix without
tearing it, sharp corners on a refractory die might
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be damaged and during cementation the flow is
improved. producing a thinner film of cement.

Distortion of metal

A common cause of failure of anterior partial
crowns is leakage producing discoloration and
caries behind the incisal tip, and caries starting at
the approximal gingival margin. Both types of
failure result from inadequate attention to the need
to stiffen the casting against distorting forces. The
internal mesial and distal ridges of a classical partial
crown provide both stiffening and retention. The
internal occlusal ridge, which should connect the
other two ridges produces a stifl U-shaped bar (see
Figure 29a). In less classic preparations the principle
should be for a ridge of metal to run all the way
round the periphery of the preparation to prevent
distortion (see Figure 29b).

Casting difficulties

The external angles of crown preparations for
metal castings should also be rounded to prevent
one of the faults that may occur in the following
chain of events:

® Stone die material may not flow into the
impression adequately, trapping air bubbles in
the sharp angles of the impression

® The sharp edges may be damaged at the wax-up
stage

@ Investment material may not flow adequately
into the wax pattern to produce rounded
internal angles on the casting, preventing the
casting from seating fully

@It may be difficult to remove entirely the
investment material from sharp internal angles
without damaging the casting

® Cement will flow less readily around sharp
angles, increasing the likelihood of an unneces-
sarily thick cement layer at the margins.

Designing specific crown
preparations
The principles outlined above are common to all

preparations. Some are more important than
others, however, with different types of crown.

Posterior complete crown
preparations

All-metal crowns

Whether the preparation is on a natural tooth or
an artificial core, application of the principles will
usually result in preparations as shown in Figure 30.

Variations include additional axial grooves or
pinholes to limit the path of insertion when a pair
of opposing walls are more tapered than is
desirable.

Metal-ceramic crowns

Posterior metal-ceramic crown preparations will
usually have an all-metal lingual surface, a porcelain
buccal surface and may have a porcelain occlusal
surface. The decision where to finish the porcelain
will influence the preparation. The margin may well
be a bevelled shoulder to allow a small line of metal
to show, simplifying the finishing of the crown
margin (see Figure [Ba and 113). In the posterior
part of the mouth this appearance is usually
acceptable. Figure 31 shows typical posterior
metal-ceramic preparations.

Anterior crown preparations: crowns
for vital teeth

Porcelain jacket crowns (Pjcs)

A series of PIC preparations is shown in Figures 32,
page 53 and 57, page 102, demonstrating the
application of the principles in a variety of cases,
including lower incisor teeth. In all but Figures 32d
and g. the crowns will be retentive and there is
sufficient tooth reduction to enable a crown to be
made of adequate thickness for swrength and
appearance.

Metal-ceramic crowns

Figure 32 also shows preparations for metal-
ceramic crowns. Compared with PIC preparations,
the buccal reduction is greater and lingual reduc-
tion less where possible.
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Figure 30

Full gold crown preparation on a molar tooth with an
amalgam core

a Preoperative

b Mesial and distal preparation with a thin diamond
instrument with pointed tip to produce a champher
finishing line

¢ The axial preparation has been carried round the
buccal and hingual surfaces and grooves are now being
placed in the occlusal surface to ensure uniform reduc-
tion

d Reduction of the occlusal surface

e The preparation finished with plain-cut tungsten
carbide burs
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f A mesio-distal section of a cast of the finished
preparation with the diamond and tungsten carbide burs
used to prepare the tooth. The relationship between
these burs and the adjacent teeth can be seen and it is
clear that this is the minimum achievable taper avoiding
damage to the adjacent teeth and an excessive shoulder
preparation mesially and distally. The mesio-distal taper
is |14 degrees

g Occlusal view of typical complete gold crown prepara-
tion on an upper first molar tooth with an amalgam core

h Impression of the preparation in g showing the
champher finishing line.
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Figure 311
Posterior metal-ceramic crown preparations.

a A tooth prepared as a bridge abutment. Only a small
amalgam restoration was present. The buccal margin is a
bevelled shoulder, the palatal margin a champher finishing
line and the entire margin is supragingival

b and ¢ A typical metal-ceramic crown preparation on a
root filled tooth with a post retained amalgam core.
Mote the amount of occlusal clearance. The axial wall has
been finished smooth but the occlusal surface has not
This is of little significance except that the mesial and
distial corners of the occlusal surface should have been
rounded.



o Sufficient sound dentine remains for conventional mC
preparations. These preparations were made for an all
porcelain bridge before the days of minimal preparation
bridges.

b and ¢ The ocbjective is to reduce the size of the upper
central incisors. Preparations in ¢ are as extensive as
possible, allowing mcs to be constructed that are
nmarrower and less prominent than the natural teeth,
except at the neck.

d An inadequate mC preparation. The previous crown
had broken. The angles of the preparation are too sharp
and there is insufficient reduction for an adequate
thickness of porcelain for strength and appearance

¢ The preparation shown in 32d modified for a cast-
ceramic (Dicor) crown. Mote the rounded external and
internal angles and the greater reduction.
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f Metal-ceramic crown preparations to retain a bridge
on the lower incisor and lower canine teeth.

g Totally inadequate preparations on a number of upper
anterior teeth. The preparations are over tapered, all
except the central incisors are far too short and the
surfaces are too rough. All these restorations failed with
disastrous consequences.

h Metal-ceramic crown preparations on badly worn
incisors that have been built up with composite cores
{the same patient as Figure 49, page 87). The temporary
compaosite restorations shown in Figure 49 are retained
by acid etching 1o the enamel. These were replaced by
pin-retained permanent cores, as the crown preparations
removed all the enamel.

i j and k mC preparation on an incompletely erupted
tilted upper canine tooth in a patient with a repaired
cleft palate. The final crown will have a very different
alignment and appearance to the unprepared tooth
There has been almost no enamel removed from the
incisal edge and the adjacent buccal surface. A trial
preparation on a study cast is essential with this type of
problem (see later).
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Figure 13
Posts and cores.

a A preformed stainless steel post has been cemented,
preserving as much dentine as possible. The tooth was
root-filled at age 9. before the apex was closed, so that
a large access cavity was necessary. Only a thin shell of
dentine therefore remains and this needs to be rein-
forced by a post

b A cast post and core with a substantial amount of
dentine remaining as part of the preparation

¢ A cast post and core with no coronal dentine
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Post-retained crowns

The shapes of post holes were described in
Chapter 2. The margin of the crown preparation
will be similar to that for a vital crown of the same
material, the difference being that in the case of a
post crown there is no pulp to protect and
therefore the shoulders can be wider and the core
thinner than for an equivalent vital vooth prepara-
tion. This is possible not only because of the
absence of a pulp but because the core material is
often metal and therefore stronger than dentine.
Besides, a laboratory-produced core can be made
more parallel-sided and retentive than a clinical
preparation.

The dentine remaining between the post hole
and the shoulder, or other margin, may be retained
or removed, depending upon its thickness. With a
preformed post and composite core, virtually all
the dentine can be saved (see Figure 33a). The
advantage in retaining a collar of dentine around
the post hole when a cast post and core is to be
made is to guide the technician in the dimensions
of the core required. The rim of dentine also
slightly lengthens the post and improves the
retention of the whole restoration (see Figure
33b).

Figure 34

A posterior partial crown preparation in an upper first
molar tooth. Mesial and distal boxes have been prepared
rather than grooves as there was a previous HOD
amalgam. The occhusal groove has been prepared
through the remaining amalgam. The stained dentine is
firm and further removal is unnecessary. The tooth has
been prepared as an abutment tooth for a bridge.

Partial crown preparations: posterior
teeth

A typical posterior partial crown is much like a
complete gold crown except that the buccal wall
of the tooth is left unprepared. This means that the
crown can be inserted or lost not only from the
occlusal direction but also lingually. A posterior
partial crown must therefore incorporate features
which will prevent lingual loss, usually mesial and
distal grooves connected by an occlusal groove, the
important area being the lingual wall of the groove
(see Figure 1%9a, page 35 and Figure 34). With
other types of posterior partial crowns similar
grooves or pins are used.

Anterior teeth

Both the design and the preparation of teeth for
anterior partial crowns are difficult. Retention is
achieved by at least three pinholes or grooves, one
each mesially, distally and in the cingulum. The
surfaces prepared will depend upon the type of
partial crown, which in turn will depend upon its
purpose, the occlusion and the importance of
appearance.

Practical Points

® There is no ideal crown preparation.

® Preparation and design should follow general
principles suitably adapted to the particular case.

® Adequate reduction is necessary where appear-
ance is important.

® Retention still depends in many cases on conven-
tional methods.

® Remaining tooth tissue and adjacent teeth must
be preserved.




Occlusal

considerations

There are excellent textbooks on occlusion and
the reader who has studied these will be forgiven
yet conversant with the principles of occlusion, this
short explanation together with the practical
techniques for recording and reproducing occlusal
relationships is intended as an introduction to the
subject. It will be sufficient for making crowns and
bridges for patients with no functional disturbances
or pathological changes in the temporomandibular
joint or the oro-facial musculature and no major
occlusal abnormalities, i.e.. most patients. For more
difficult occlusal problems the reader is referred to
the comprehensive texts.

in recent years there has been considerable
interest in normal and abnormal occlusions and in
the effects of abnormality. There is a rapidly
expanding literature, both research based and
empirical. An unfortunate side effect of this enthu-
siasm is that the whole subject seems to be
confused in some dentists’ minds with the use of
complex articulators, recording devices and expen-
sive full mouth ‘rehabilitations’. The all or nothing
law seems to apply, with some dentists apparently
blaming most of the human race’s ills, and all of its
dental ones, on the odd aberrant cusp, while some
others remain unconvinced, throwing the baby out
with the bath water — paying little or no attention
to occlusal relationships other than when a filling
or crown is ‘high in the bite’,

An understanding of a few simple principles of
occlusion related to natural teeth and in particular
how to examine occlusions encourages a middle
course between these extremes and will be of
great value in preventing some of the failures that
occur with restorations that replace occlusal surfa-
ces.

Elaborate equipment is unnecessary for the
application of these principles to the restoration of
small groups of teeth: equipment should be seen
simply as a means to an end. In fact, the principles
determining the design of articulators and record-
ing devices are fairly simple, but their conversion

into three dimensional reality produces the com-
plexity of the equipment.

A functional approach to occlusion

The most useful way for a restorative dentist to
look at occlusion is from the functional point of
view; the morphological details of the occlusion are
less important. The fact that an occlusion is Angles
Class |, Il or Il is less important than the way the
teeth move across each other in the various
movements of the mandible. For example, in lateral
excursions in some patients, the canines are the
only teeth in occlusion, and in others several of the
teeth are in occlusion (see Figure 35).

that erowns, bridges or any restorations involving
the occlusal surface will often affect the way the
occlusion functions. This effect should be deliber-
ately planned rather than be allowed to influence
the occlusal movements by accident.

The functional compared with the
orthodontic approach

Orthodontic treatment s amed primarily at
improving the patient’s appearance and producing
a stable posterior occlusion in a single static
position. Some forms of orthodontic treatment go
further and establish deliberate patterns of contact
between the teeth in various movements of the
mandible.

Most orthodontic treatment is carried out on
young people who have not yet developed rigid
patterns of involuntary neuromuscular control of
their mandibular movements. They are therefore
capable of adaptation to fairly drastic changes in
their occlusal refationships in a way that some older
patients find difficult.
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Figure 35
Lateral guidance

g Canine guidance in lateral excursion with the post-
erior and incisor teeth completely discluding. Contact in
this position s someumes shared between the canine,
lateral and central incisor teeth

b and ¢ Group function. The patient is shown, b, in
intercuspal position and when she moves to the working
side, ¢, contact is shared between the posterior teeth
The lateral and central incisors dischude
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From the functional point of view there should
be no difference in the objectives of the orthodon-
tist and restorative dentist, only different means of
achieving them,

Fixed compared with removable
prosthetic approaches

The main purpose of designing the occlusion for
complete dentures is to produce stability of the
denture bases. This is an entirely different concept
from the restoration of natural teeth with intact
roots and periodontal membranes. Occlusal con-
siderations for partial dentures fall somewhere
berween these two positions. In complete denture
construction consideration of where the occlusal
surfaces of the artificial teeth should be in relation
to the ridge, the presence of balancing contacts on
the non-working side, and the angulation of cusps
or absence of cusps altogether, are important
Mone of these applies in the same way o the
construction of fixed restorations.

The methods of recording and reproducing
mandibular movement are similar whether fixed or
removable appliances are being made. However,
the principles governing the design of the occlusal
relationships, although similar in some respects, are
different in others.

Mandibular movements and
definition of terms

The movements which the mandible can make and
the names of the important positions within this
range of movements are shown in Figure 36.

Inter-cuspal position (icp)

This is the position of maximum contact and
maximum intercuspation berween the teeth. It is
therefore the most cranial position that the
mandible can reach. The term ‘centric occlusion’
has been used to describe this position, but this is
confused with ‘centric relation’ (see below) and
may also imply centricity of the condyles in their
fossae, centricity of the midline of the mandible

with the midline of the face, or centricity of the
cusps within the fossae of the opposing teeth, none
of which may be the case. The term ‘centric
occlusion’ is therefore better not used.

Retruded contact position (rRce)

This is the most retruded position of the mandible
with the teeth together. It is a clinically reproduci-
ble position in the normal conscious patient
Patients with conditioned patterns of muscle activ-
ity may not be able to manipulate the jaw into it,
even with assistance by the dentist. In less than 10
per cent of the dentate population the rcr
coincides with iCP. In the remainder ACP is up to
1mm or more posterior to ICP. The term ‘centric
relation’ has been used to describe this position but
it has the same disadvantages as the term ‘centric
occlusion’ and will not be used.

Mandibular movements

Those patients who have a discrepancy between
RCP and iCP usually close straight into icP from the
postural or rest position. However, contact occurs
in the range between iCP and RCP during empty
swallowing (particularly nocturnal swallowing),
during the mastication of a tough bolus and during
parafunctional activity. Thus the mandible can slide
from iCP in four main directions with the teeth in
contact, or in an infinite number of directions at
angles between these main pathways. The four
EXCUrsions are:

® Retrusive

® Protrusive
® Left lateral
® Righe lateral.

Retrusive movements

Movements between ICP and RCP are usually guided
by a limited number of pairs of cusps of posterior
teeth. Figures 37a, b and ¢ illustrate the occlusal
contacts produced in RCP and other excursions in
a typical natural dentition. The angle of the slide
berween rRCP and icP, its length and the individual
pairs of teeth which produce it are important and
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Figure 36
Border movements of the mandible.

a The maximum possible movement of the tip of a lower
central incisor. The teeth are in occlusion from RCP to
the fully protruded position (P). In opening from rcP to
X the mandible rotates in a pure arc of a circle around
an axis (the verminal hinge axis, THa), which passes
through the condyles. X is the maximum opening that
can be made without the condyles moving forwards and
O is the maximum opening with the condyles fully
protruded.

b The view from above showing rcP and P, The
movements are not pure arcs of circles because when
the mandible moves to the side the condyle on the
working side shifts laterally (Bennett movement) and the
condyle on the non-working side moves forwards and
medially (Bennett angle).

¢ The border movements viewed from in front. The
movement from iCP to the cusp-to-cusp contact (C) is
guided either by canines, all the anterior teeth or a group
of posterior teeth (see Figure 35). From C to the
maximum lateral position, L, the guidance is irregular and
usually controlled by the anterior teeth or teeth on the
non-working side. This is a non-functional range not
usually involved in parafunctional activity and is therefore
of little importance.

should be examined. Of even greater importance
is any unevenness of the movement producing
bulges or lumps in the path of movement. These
disturbances to the smooth movement of the
mandible are one form of occlusal interference (see

page 63).

Protrusive excursion

In forward movement of the mandible with the
teeth together it is usually the incisor teeth that
guide the movement. This will not be the case in
anterior open bites or in Class lll incisor relation-
ships.

d Changes in the lateral guidance will either expand the
original border movements, Y, or encroach upon it, Z
Both changes constitute occlusal interferences. The
change, Y, would result, for example, from the fracture
or extraction of a canine wooth which previously
governed lateral guidance. The change Z. might result
from overbuilding the cusps of a posterior crown in a
group function occlusion or from the development of
non-working side contacts.

e This occlusal interference. an irregularity developing in
the smooth movemment from icP to ACP may also result
from crowns. An example of extraction and owver-
eruption causing this change is shown in Figure 38

f An expansion of the border movement is often an
objective of occlusal adjustment in the range from icP to
#cr. For example, if the original movement was from ic»
to kcrl, with large vertical and horizontal components
to the movement, an adjustment could be carried out to
produce a ‘long centric’, so that the movement was flat
from P to kP2 This would not change the horizontal
component of the movement but would reduce the
vertical component to zero. The alternative of making
icP and RCP coincident (RcP3) usually involves multiple
crowns or other restorations as well as occlusal adjust-
ment. This is because either the border movement space
needs to be encroached upon (the dotted line) or a
substantial amount of tooth tissue must be removed.

The angle and length of the movement will be
determined by the incisor relationship so that, for
example, in a Class |l Division |l incisor relationship
with an increased overbite and reduced overjet,
the movement of the mandible has to be almost
vertically downwards before it can move forwards.
Anterior guidance is important when making
anterior crowns or bridges. Sometimes, when the
teeth are a normal shape, it is helpful to reproduce
the patient’s existing guidance as accurately as
possible, on other occasions, for example, with
worn teeth, it is unnecessary or undesirable wo do
so, and in fact the purpose of the treatment may
be partly to alter the incisor guidance.



Figure 37
Occhusal contacts

a Perforations in a 0.5mm thick sheet of soft wax

produced by the patient closing in icp

b The same patient contacting in acr. There are of
course fewer contacts, but they are evenly distributed
both anterior-posteriorly and between left and right

¢ The same patient making contact in right lateral
excursion, mainly on the canine teeth, although a contact

s also present posterworly
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Left and right lateral excursions

In lateral excursions the side that the mandible is
moving to is known as the working side and the
opposite side the non-working side. The term
*balancing side’ has been used to refer to the non-
working side but as it implies a balanced occlusion,
balancing or stabilizing a complete denture base, it
should not be used in reference to natural teeth.
The contacts on the working side are either
between the canine teeth only (canine-guided
occlusion — see Figure 35a) or between groups of
teeth on the working side (group function — see
Figure 35b, ¢). Occasionally, individual pairs of
posterior teeth will guide the occlusion in lateral
excursion but this is not regarded as ideal.
Contact on the non-working side in lateral
excursions should not normally occur. It does

d A different patient making a right lateral excursion
The left (non-working) side is shown and there is contact
between the lower second molar and the first upper
molar. This is a non-working side occhusal interference.

¢ A wax occhusal record of the same patient in the same right lateral
excusion showing this interference to be the only contact at this point.

sometimes after extractions and over-eruption and
occasionally following orthodontic treatment, par-
ticularly when this treatment has been carried out
with removable appliances that have allowed the
posterior teeth to tilt (see Figure 37d. e). Contact
may also occur in cases of posterior crossbite
where the lower teeth are placed buccally to the
upper teeth.

Occlusal interferences and occlusal
harmony

An occlusal interference may be defined either
as a contact berween teeth in one of the excursions
of the mandible so that the free sliding movement
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INTERFERE NCE'

of the mandible is interrupted or uneven, or the
guidance of the mandible being carried on teeth
which are unsuitable for the purpose. In many cases
occlusal interferences develop some time after the
eruption of the permanent dentition and are the
result of dental treatment.

Figure 38 illustrates an alteration to the move-
ment between ICP and RCP resulting from the over-
eruption of a tooth. This constitutes an occlusal
interference in this excursion. Figure 37d. e
illustrates an interference in lateral excursion.

These interferences are often difficult to detect
because the sensory mechanism within the
periodontal membranes of the teeth involved
detects the interference and triggers a conditioned
pattern of mandibular movement to avoid it. This
accounts for the difficulty many patients have in
permitting their mandible to be manceuvred into
the mcP and also the difficulty they have in
voluntarily making lateral excursions with the teeth
together.

An interference in the intercuspal position
resulting from a “high’ restoration involving the
occlusal surface will be readily detected by the
patient, who will usually comment on an occlusal
change as soon as the restoration is inserted. These
instant, entirely artificial interferences are
obviously easier vo deal with than occlusal interfer-
ences in the various excursions of the mandible —
which may be artificial but can also develop slowly
and naturally following extractions, tooth move-
ments, occlusal wear and over-gruption.

Figure 38

Since the lower third molar has been extracted the
upper third molar has over-erupted, changing the ace,
Previously the mandible could slide smoothly back from
ICF to RCP but it now has to make a detour to the new
RCF to circumnavigate the mesial surface of the upper
third molar. This is an occhusal interference. This patient
presented with pain diagnosed as mandibular dysfunction
syndrome, which disappeared once the upper third molar
had been extracted Caries. although present in the
mesial surface of the upper third molar well below the
original contact point. was not the cause of the pain.

Interferences should be suspected if the patient
has difficulty in making voluntary protrusive and
lateral excursions with the teeth in contact or
there is difficulty in manoceuvering the mandible
into a reproducible RCP, Interferences can also be
detected by the dentist resting a finger gently
under the patient’s chin while the various excur-
sions are performed. Irregular movements, which
the finger will feel, indicate interferences that need
fuller investigation. Interferences may also be
detected by listening to the sounds of tooth
contact with stethoscopes. This technique known
as gnathosonic examination, is described fully in
specialist textbooks.

Occlusal harmony - the absence of occlusal
interferences — allows comprehensive movements
of the mandible in all excursions with the teeth
together without strain or discomfort, the move-
ments not causing harmful effects to the teeth (for
example, tooth mobility, fractured cusps or exces-
sive wear). A harmoniously functioning occlusion
will usually also involve fairly shallow angles of
movement in the guidance from icP in all four
directions. Patients who do not have free sliding
movements may not have symptoms. They have
adapted to their occlusal interferences. However,
if the occlusion is altered to produce new and
different occlusal interferences (for example, by
unsatisfactory crowns or bridges) the patient’s
neuromuscular mechanism may well experience
difficulty in adapting to these, resulting in damage
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to the restorations or teeth, or a dysfunctional
disorder leading to temporo-mandibular joint pain,
muscle pain and spasm, or postural and functional
problems. These disorders arising from occlusal
disharmony are also fully described in specialist
textbooks.

Premature contact

The term ‘premature contact’ should not be used
in relation to the natural dentition. With complete
dentures there is no natural iCP, and iCP and RCP
are made to coincide, i.e. the artifical teeth
interdigitate on the retruded path of closure.
When, as a result of inaccurate occlusal records,
they do not, the patient may close on the retruded
path of closure and then either slide into maximum
intercuspation or alternatively the dentures may
move. This is known as a premature contact and is
clearly unsatisfactory. The artificial teeth do not
have a periodontal proprioceptive system and so
the position of an artificial ICP cannot readily be
detected. With a natural dentition the icP is well
recognized by the neuromuscular mechanism and
the mandible closes directly into ICP in the great
majority of involuntary closing movements. It may
not do so in the artificial environment of the dental
chair when the mandible is brought under volun-
tary rather than involuntary control. In these
circumstances, even if the first contact appears to
be a premature contact. this should not be assumed
to be the normal pattern of closure, but only the
result of the patient concentrating on a movement
which is usually entire automatic.

For these reasons the term occlusal interference
as defined and described above is preferred to the
term premature contact.

Occlusal stability

A stable occlusion is one in which over-eruption,
glting and drifting of teeth cannot occur and
therefore cause new occlusal interferences. For an
occlusion to be stable, there must also be sufficient
posterior contacts to prevent a general collapse of
the posterior occlusion resulting in a loss of
occlusal vertical dimension. Figure 39 shows a
disordered but stable occlusion, a disordered and
unstable occlusion, and an occlusion that has lost

posterior support to the point where collapse and
loss of occlusal vertical dimension has occurred.

In a stable occlusion all the teeth should have
occlusal contact with either another tooth or a
prosthesis (occlusal stops). Mesial drifting should be
prevented by the presence of contact points, either
with other teeth or a prosthesis, or by adequate
cuspal locking with the opposing teeth in intercus-

Mot all partially edentulous occlusions are unst-
able. For example, if all the molar teeth are
extracted, the remaining teeth may still be in stable
occlusion. Therefore extracted teeth are not
always replaced (see Chapter 7). In any case. a
degree of instability is sometimes acceptable.

Occlusal vertical dimension (ovD)

The occlusal vertical dimension is the relationship
between the mandible and the maxilla with the
teeth in ICP, that is, the face height with the teeth
in occlusion. It is usual to measure the difference
between rest position and icP (the freeway space)
to give an indication as to whether the oOvD is
within the normal range. However, rest position is
difficult to measure with any precision, particularly
in dentate patients, and the normal freeway space
may be 2 to 5mm or more. OvD is therefore
judged as much as it is measured by the patient’s
general facial appearance with his teeth together
and apart. In most cases requiring crowns or
bridges the ovD is satisfactory. In some it has been
reduced by the extraction of teeth, by tilting,
drifting and collapse of the posterior occlusion or
by rapid wear of the teeth (see Figures 39¢, d and
4%a). In these it is necessary to restore the original
occlusal level for both aesthetic and technical
reasons. In other cases gradual wear of the
dentition has resulted in very short teeth so that
making aesthetic and retentive crowns is a prob-
lem, yet there is no loss of facial height because the
tooth wear has been compensated by over-
eruption. In these cases a decision must be made
berween:

@ Artificially increasing the ovD

® Accepting that the crowns will have a short
appearance

® Artificially lengthening the clinical crowns by

gingival surgery and sometimes alveolar surgery
® A combination of these approaches.

65
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Figure 39
Occlusal stability.

a A disordered but stable occlusion. Several teeth are
missing and there have been a number of tooth
movements. some producing aesthetic problems and
potential occlusal interferences. However the occlusion
is now stable and study casts taken five years before this
photograph show that no change has occurred in that
period. There are no symptoms of mandibular dysfunc-
tion and no other complaints by the patient, even of the
appearance of the missing upper teeth. Treatment of this
occlusion is therefore not justified.

b There have been recent extractions in the upper arch
and undesirable tooth movements. including over-
eruption of the lower teeth, can be anticipated.

¢ oand d A ‘collapsed bite’ with loss of a number of
posterior teeth, periodontal dsease, drifting upper
iNCisOrs, an increase o overbite and a reduction n
occlusal vertical dimension
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When a change in OvD is planned, whether it is to
restore lost facial height or not, it is necessary to
assess the tolerance of the patient’s neuromuscular
mechanism to the change. A removable acrylic
plate covering all the occlusal surfaces of one arch
and increasing the ovD by at least the same amount
as is proposed for the final restorations may be
fitted. Alternatively the teeth may be temporarily
built up using acid-etch composite restorations.
when sufficient enamel remains, amalgams or
temporary crowns. The temporary adjustment to
the ovD should be left for at least six weeks and
preferably three months or more to ensure that
problems do not arise with the neuromuscular
mechanism or the teeth before the change is made
permanent (see Figure 49, page B7).

Mandibular dysfunction

Many terms are used to describe this condition, for
example, temporomandibular joint dysfunction,
myofascial pain  dysfunction syndrome, muscle
hyperactivity disorder. This illustrates the fact that
the condition is poorly understood and that there
are many suggested explanations of the condition.
Some explanations blame the joint itself for the
symptoms, some the muscles of mastication and
their control systems, some the occlusion which in
twrn affects the control system, and again in twrn
the muscles and the joints, and some clinicians
believe that the symptoms arise entirely from
psychological stress and anxiety.

The least pejorative term is therefore ‘mandibu-
lar dysfunction’, which is simply used to label a
common combination of symptoms often including
tenderness, pain and tension in the muscles of
mastication and pain, chicking and limitation of
movements of the temporomandibular joints.

In many cases the symptoms resolve sponta-
neously with or without treatment. The incidence
is higher in young adult dentate female patients
than in other groups. These two facts suggest that
the condition is more commonly of functional and
psychogenic origin than it is to do with irreversible
physical changes in the joints themselves. Although
changes do occur in the joints and these can be
demonstrated by conventional radiography or by
special, and sometimes invasive, techniques such as
arthrography in which radio-opaque material s
injected into the joint space, these changes have

not convincingly been shown to relate directly to
the pattern of symproms described above.

It is therefore wiser to take a conservauve
approach to the management of mandibular dys-
function and assume that, in the absence of firm
evidence to the contrary, most cases of mandibular
dysfunction are functional rather than organic in
nature.

An attractive hypothesis which has been effec-
tively used in the resolution of symptoms in many
patients is that occlusal interferences (described on
page 63) produce conditioned patterns of muscle
activity which avoid these interferences. This
increases the basic level of muscle activity which,
when it is further increased by anxiery or stress,
brings the level of muscle tension above a threshold
and symptoms develop. Therefore treatment
aimed at removing the occlusal interferences is
aimed at the cause of the problem rather than the
symptoms. Similarly treatment aimed at reducing
anxiety and stress is also aimed at the cause, but
this should be limited to sympathy and explanation
of cause together with a caring approach to
treatment rather than, in the hands of the general
dental practitioner, the use of drugs.

Occlusal interferences are not always easy to
detect clinically because of the set of conditioned
reflexes which avoid contact on the occlusal
interference. A simple way to detect whether
alteration of the occlusion is likely vo reduce the
symptoms of mandibular dysfunction is to provide
a hard acrylic biteplane covering all the surfaces of
one (usually the upper) jaw. f the symptoms
improve after a few weeks of wearing the appliance
at nights (or all day if it is tolerated) then this is a
chear indication that the occlusion has something to
do with the symptoms and justifies the expenditure
of further time and effort on identifying and dealing
with the occlusal imterferences.

The acrylic biteplane should be used in this
diagnostic way rather than as a long term treat-
ment of the condition. However, some patients,
despite advice given to them, continue to wear the
plate because it has reduced their symptoms and
so for this reason plates making contact with only
a limited number of anterior or posterior teeth
should not be used. i they are, they will act as
orthodontic appliances and produce depression or
overeruption of teeth.

The treatment of occlusal interferences in the
management of mandibular dysfunction is usually
fairly simple once the interference has been
identified. It usually involves occlusal adjustment by

&7
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grinding selected parts of the occlusal surfaces. This
is not the same as occlusal 'equilibration’ which
suggests recontouring the entire occlusion to fit
some preconceived, idealized concept of what the
occlusion should be. Similarly the treatment of
mandibular dysfunction only very seldom indeed
justifies the construction of multiple crowns or
bridges. Crowns and bridges may be necessary for
other reasons and if the patient has mandibular
dysfunction this will complicate the treatment and
definitive restorations should not be provided until
the symptoms have resolved.

The detailed management of mandibular dysfunc-
uon is beyond the scope of this book and the
remainder of this chapter deals with practical
aspects of dealing with the occlusion in a patient
without symptoms of mandibular dysfunction.

Examination and analysis of the
occlusion

In most cases it is sufficient to examine the
occlusion clinically, but in more extensive occlusal
reconstructions or where there are conditioned
patterns of movement preventing clinical examina-
tion, study casts should be articulated. Provided the
clinician understands what he is looking for, there
is no need to articulate study casts for the majority
of crowns and bridges.

Clinical examination of the occlusion
The following points should be noted:

® Any complaints the patient may have of
temporo-mandibular joint pain, muscle spasm or
unexplained chronic dental pain

® The ease or difficulty with which the various
excursions can be made volunwrily by the
patient

® Any occlusal interferences and whether the
proposed restorations will influence these

® Mobility of teeth during excursions of the
mandible with the teeth in contact

@ The presence, angle and smoothness of any slide
from RCP to ICP

® The type of lateral guidance and particularly the
degree of contact in lateral excursion of any

teeth that are to be restored, or the likely
degree of contact for any teeth to be replaced

@ The presence of any contact on the non-working
side

@ The location, extent and cause of any faceting of
the teeth to be restored

® The degree of stability of the occlusion and
whether the proposed restorations will influ-
ence stability

® Over-erupted and tilted teeth, particularly
they are the teeth to be restored or if they
oppose the teeth 1o be restored.

Clinical aids

Articulating paper

Flexible articulating paper of different colours may
be used to mark occlusal contacts in different
excursions. For example, ICP may be recorded in
one colour and ACP in a second (see Figure 40).
Articulating paper is rather difficult to use, having
a tendency to mark the tips of cusps whether they
are in occlusion or not, and often it does not
register contacts on polished gold and glazed
porcelain.

Wax

Thin, fairly soft wax with an adhesive on one side
is marketed as a material for registering occlusal
contacts. This is useful but rather expensive. An
alternative is to use 0.5-mm-thick, dark-coloured
sheet wax. Occlusal registrations in this material
are shown in Figure 37. It has the advantage that
it can be removed from the teeth and placed over
the study casts for the occlusal contacts to be
studied more closely. It can also be used in full arch-
sized pieces. Areas of contact in the mouth may be
marked through the perforations with a chinagraph
pencil.

Plastic strips

Plastic strips may be used to test whether teeth
are making contact in various excursions. The
thinnest of these materials (shimstock) is opaque
and silver-coloured and is only B um thick. The strip
is placed between opposing teeth and pulled aside
once occlusal contact has been made. Often two
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pieces are used on opposite sides of the jaw 1o test
the symmetry of the occlusion, or between the
crowned tooth and its opponent, and the adpacent
tooth and its opponent to test that the crown is in
contact but i not "high

Less accurate (40 pm thick) but more manage-
able mylar martrix strip, used for composite resins,
is an acceptable alternative.

The thicker celluloid strips that tear when used
in this way are too crude and inaccurate for this

purpose.

Study casts

Unarticulated study casts are useful for assessing
the stability of the occlusion in ice and for
examining wear facets which are often easier to see
on the cast than in the mouth. They are of little
value in assessing contacts in the excursions of the
mandible.

Figure 40

a and b Occlusal contacts marked in two different
colours of articulating paper. The black marks on the
marginal ridges of the upper premolars, o, and on the
buccal cusp of the lower first premolar, b, were made
with the patient in icF. Movement to RCF produced the
contacts marked in red

Articulated study casts

When sufficient information cannot be obtained by
clinical examination or examination of hand-held
study casts, it is unlikely that study casts mounted
on a simple hinge articulator will give adequate
additional information; a semi-adjustable or fully
adjustable articulator is necessary.

Figure 41 shows a set of study casts being
mounted on a semi-adjustable articulator. For
registration of the occlusion the following are
required:

® A facebow record: set to an average rerminal
hinge axis |0 mm in front of the superior border
of the tragus of the ear on a line to the ala of
the nose

@® A record of RCP in one of the materials
described more fully in Chapter &

@ Protrusive excursion record usually in wax, but
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Figure 4|
Articulating casts on a semi-adjustable articulator

a The face bow in position and the upper cast seated in
the wax impression of the upper teeth. This cast has
been prepared with removable dies and the blobs of red
wax cover the ends of dowel pins. The cast has also been
notched so that it can be removed from its mounting and
relocated (a split cast). The facebow records the
relationship of the upper teeth with the THa, or an
APProximation o it

b Quick set. low expansion impression plaster being
used to mount the upper cast. When the upper arm is

swung into position the bite fork of the facebow and
upper cast are supported with the other hand.

¢ The lower model is seated into the RCP record, in this
case silicone, and plaster applied to the lower mounting
plate.
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d The casts are swung over with the upper member and
held in place with the fingers until the plaster sets.
Alternatives are to attach the casts together with elastic
bands or wax.

¢ The mounted casts showing the upper cast removed
from its base.

f The casts in ecP. The condylar guidance is now adjusted
using protrusive or lateral excursion interocclusal
records. The record is placed between the teeth and the
condylar guidance angle adjusted until the casts are fully
seated in the record.

Ti
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sometimes in one of the other materials descri-
bed in Chapter 6, or

@ Lateral excursion records taken in wax or one
of the other materials.

The semi-adjustable articulator has a number of
limitations and produces only an approximation to
the tooth movements in the mouth. For the normal
purposes of analysis it is quite sufficient.

Occlusal adjustments prior to tooth
preparation

Once the occlusion has been assessed, adjustment
prior to tooth preparation must be considered.
This will be necessary in cases where the teeth
opposing a proposed bridge have over-erupted or
where the occlusal plane is going to be altered by
means of crowns. Sometimes the incisal plane of
lower incisors is adjusted and levelled out before

Occlusal adjustment is also indicated in many
cases of mandibular dysfunction (see page 67).

There is no justification for prophylactic adjust-
ments unless there is evidence of damage or
pathology arising from the occlusion; our level of
understanding of occlusal problems is not yet
sufficient to warrant arbitrary prophylactic altera-
tions in an established, comfortable, functioning
occlusion.

Occlusal objectives in making crowns
and bridges

There are two main objectives:

® To leave the occlusion with no additional
occlusal interferences
@ To leave the occlusion stable.

In addition, there may be secondary objectives, for
example:

® To distribute the guidance in one of the
excursions more evenly between a number of
teeth, for example, by modifying the anterior
guidance so that a number of anterior teeth
share the occlusal forces in protrusive excursion.

® When a canine tooth that previously guided the
occlusion is extracted, lateral forces should be
distributed as evenly and as widely as possible
between the remaining posterior teeth.
These latter objectives may be described as
occlusal engineering, planned to produce occlusal
relationships that achieve the first two major
objectives of occlusal harmony and occlusal stabil-
ity.
Most crowns and small bridges are made in
mouths with an established 1cP and RcP. These
should be left unaltered by the restorations unless:

@ S50 many of the occluding surfaces are being
restored that iCP will inevitably be altered

@ icP is unsatisfactory for some reason

@ OvD is being altered, or

@ There are symptoms of mandibular dysfunction.

In all these cases the occlusion is usually restored
with iCP made to coincide with Rce. This is mostly
for practical reasons and does not imply that RCP is
preferable to an established, comfortable, functio-
nal ice.

Clinical and laboratory management
of the occlusion

Avoiding loss of occlusal relationships

When sufficient occluding teeth will remain to
register the icP and other occlusal relationships
after tooth preparation, there is no need to take
any precautions to record the occlusal relationships
beforehand. However, when the occlusal surfaces
are being removed from a number of teeth, or
when one or more of these teeth are crucial to the
guidance of mandibular movements, the occlusal
relationships should be registered before the tooth
preparations are begun.

When large numbers of posterior teeth are
being prepared or when several teeth are missing
there is a risk of losing any record of the original
ovD. A pair of opposing teeth on either side may
be left unprepared, the remaining teeth prepared
and then the opposing teeth adjusted so that ice is
the same as ACP. Impressions and occlusal records
are taken with these teeth smbilizing the aws
during the occlusal registration. They are then
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prepared and further impressions taken. Alterna-
tively, one pair of opposing crowns can be made
for each side of the arch before the other teeth
are prepared and these pairs of crowns serve the
same purpose

Maintaining occlusal relationships
with temporary restorations

Prepared teeth and their opponents will over-
erupt unless occlusion is re-established by means of
adequate temporary restorations; and the pre-
pared tooth and the teeth either side of it can drift
together unless contact points are maintained in
this way. The longer the period between the
impression and fitting of the restoration, the more
important are temporary restorations. They are
probably also more important in younger patients
where tooth movement may occur more quickly.
For this reason individually made temporary res-
torations in plastic are preferred to preformed
types unless the preformed temporary restoration
happens to be an excellent fit at the contact points
and in the occlusion.

Figure 42

A simple articulator which is adequate for many single
crowrns and small bridges.

Recording and occlusion

A decision must be made on the type of articulator
to use for the working casts. Once this is done the
appropriate occlusal records will be obvious. The
choice is as follows:

Hand-held models

Unless enormous care is taken these are not
satisfactory. The most common problem is that
restorations are made high and are not detected
because it is very difficult to see the tiny spaces
berween pairs of opposing teeth adjacent to the
restoration. It is possible to check whether these
teeth are in occlusion in intercuspal position using
shimstock or other material but this can be difficult
and time consuming — it is quicker to mount the
models on an articulator in the first place, when a
high restoration is easier to see.

Simple-hinge articulator (see Figure 42)

This is adequate when there are sufficient unpre-
pared intercuspating teeth and the restoration is to
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be made occluding in 1cP and adjusted at the
chairside. For example, in a straightforward single
upper anterior crown, the palatal surface can be
contoured to match the adjacent palatal surfaces so
that the incisal guidance will need very little
adjustment. Similarly for a single posterior crown
when the occlusion is canine guided it is necessary
only to reproduce contact in ICP. The crown will
disocclude in lateral excursions and adjustment at
the chairside for protrusive and retrusive move-
ments will be straightforward.

The advantage of a hinge articulator over hand-
held models is if the restoration is made high, all
the other teeth will be out of occlusion, and this
effect can be magnified by arranging the casts so
that the restoration is nearest to the hinge.

There is often no need for any occlusal record.
It is usually possible to place the models together
entirely satisfactorily by hand in icr. When there
may be some doubt about ICP an occlusal record is
made in wax or one of the other materials
discussed in Chapter 6.

Semi-adjustable articulator (see Figure 41)
These have the following features:

® The maxillary cast is related to an arbitrary axis
through the condyles

@ Condylar guidance is variable but only in straight
lines

® Some adjustment of incisal guidance is usually
possible.

When occlusal relationships are important in posi-
tions other than ICP a semi-adjustable articulator
may be used. The maxillary cast is mounted using
the facebow, and the mandibular cast is related o
it by hand in iCP, by an iCP record, or by a record
in the RCP, whichever is appropriate. The articula-
tor is then adjusted using intra-occlusal records
taken in either protrusive or lateral excursions.
The records taken will be selected according to the
circumstances. For example, if crowns on the right
side are being made in a case with group function
but where there is no risk of non-working side
contacts occurring in left lateral excursion, only a
record of right lateral excursion is necessary.

With this arrangement a good approximation to
group function should be possible with only minor
adjustment being necessary at the chairside because
of the compromises inherent with semi-adjustable
articulators.

Fully adjustable articulator

A, full description of the use of these articulators is
beyond the scope of this book. Suffice it to say that
they are used when more accurate and comprehen-
sive records of mandibular movements are
required. The records used to mount casts on them
are the facebow set to a terminal hinge axis
determined specifically for the patient, a record of
mandibular movement recorded by mechanical or
electronic devices (pantographs) and usually several
records of RCP that are checked against each other
to ensure that the recorded position is reproduci-
ble (see Figure 43).

Fully adjustable articulators vary but they usually
have some if not all of the following features:

® The condyles are on the lower member of the
articulator and the condylar guidance element
on the upper member (as in the patient),
articulators with this arrangement are known as
arcon articulators

@ The inter-condylar distance is infinitely variable

® Immediate side shift (Bennett movement) and
progressive side shift (Bennett angle) are adjust-
able

@ Fischer angle (the angle of the superior wall of
the glenoid fossa to the horizontal lateral plane)
is adjustable

® The superior wall of the glenoid fossa (the
anterior-posterior condylar guidance) is fully
adjustable and in some cases can be contoured
to a curved pathway using individually made
inserts

@ Individually contoured anterior guidance tables
can also be made.

These adjustments all allow for fine tuning of the
articulator so that movements of the casts in it
more closely represent the physiological move-
ments of the patient

Even when this costly and time consuming
equipment is used by experienced operators there
is always a need for some occlusal adjustment at
the chairside.

Laboratory stages

Trimming the casts

One of the commonest causes of restorations
being high when tried in the mouth is distortion of
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Figure 43

a An electronic mandibular movement recording device. The upper and
lower members are attached to acrylic clutches firmly seated on the
teeth. Movements of the mandible are recorded by the sensors sited
over the condyles and the information passed to a control box (not
shown) which produces a print-out of information from which the fully

the casts. particularly the opposing casts, which
may be made from an alginate impression. Com-
monly, small air bubbles trapped in the occlusal
fissures will prop the models apart slighty so that
if the restoration is made to touch the opposing
model it will be high in the mouth. Impression
techniques for crowns and bridges should concen-

trate on the crowns of the teeth, injecting
impression material into the occlusal fissures or
rubbing alginate into them with the fingers. If air
bubbles do occur great care should be taken to

adjustable articulator can be set direct.

b A fully adjustable articulator

trim occlusal defects from the models and o
individual teeth are suspect they should be cut right
away from the model unless they are opposing or
adjacent to the teeth being restored

Articulating the casts

As small an amount of plaster as possible should be
used as the expansion of the plaster distorts the
relationship of the articulator with the casts
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Ideally, impression plaster or plaster containing an
anti-expansion agent should be used; alternatively,
there are plasterless designs of articulator.

Shaping the occlusal surfaces

The technique of shaping the occlusal surface will
depend upon whether the surface is to be gold or
porcelain:

Wax carving With this technique wax is built
up to excess on the occlusal surface and then
carved to the required occlusal contour. Small
increments of wax are added when necessary two
repair over-carving. When completed, occlusal
contact should be checked using shimstock, both
between the carved tooth and its opponent and
between adjacent teeth and their opponents (see
Figure 44).

The wax added technique Small increments
of molten wax are flowed from the tip of an
instrument to build up cones, each one forming the
tip of a cusp. The other features of the occlusal

Figure 44

o and b Two crowns waxed up on the lower second
premolar and first molar teeth. The lower second
premolar has been waxed using a carving technique,
starting with an excess of wax on the occlusal surface.
The first molar has been carved by a wax-added
technique, cones of wax being built up to the required
contact with the opposing teeth and the gaps between
filled in with a different coloured wax. Shimstock is used
to check, here. that contact just occurs between the
unprepared second molar teeth, and between the wax
patterns and the opposing teeth

surface are then added, often with different
coloured waxes to identify each feature. Using this
technique the occlusal relationships in all excur-
sions can be checked from the beginning and
adjusted as the process continues (see Figure 44).

Occlusal shaping with porcelain Although
there are cones of high alumina available that can
be used in techniques similar 1o the wax-added
technique, there is not often sufficient room for
them and they are difficult to use.

Usually porcelain surfaces are built up slightly to
excess and then ground to shape, stained and
glazed. Again shimstock or similar material is useful
in checking the occlusal relationships in the articula-
tor.

An alternative approach: the
functionally generated wax record

The principle of this technique is that the prepared
teeth are coated in wax contained in a suitable
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matrix which allows free movements of the
mandible. The patient then makes excursions of the
mandible with the teeth in contact, effectively
carving the wax with the opposing teeth. A cast is
made against this occlusal record and set up against
the working cast. This ensures that no occlusal
interferences are introduced as the full range of
movements of the opposing teeth are recorded in
the functionally generated cast It is, however,
sometimes difficult to achieve occlusal stability and
so a normal anatomical model of the opposing jaw
is also set up, so that not only is the occlusion made
stable but the appearance of the restoration is
made to harmonize with the opposing teeth. To
allow these alternative opposing casts to be used
with the working cast, special designs of articulator
are available. One type has two upper arms, one
carrying the functionally generated cast and the
other the anatomical cast. They can be hinged over
alternately to occlude with the lower cast.

Adjusting the occlusion of
restorations in the mouth

Occlusal marking materials

Articulating paper and 0.5-mm darkly coloured
wax have already been described. In addition,
aerosol sprays containing a fine powder can be used
to spray the restoration, preferably outside the
mouth. The powder is then deposited on the
opposing teeth in areas of occlusal contact and is
rubbed away from the coated restoration.
However, this technique is messy and a better
technique for metal occlusal surfaces is to sandblast
them lightly with a mild abrasive which gives the
surface a matt appearance. Burnish marks will then
appear in areas of contact with the opposing teeth.

Adjustment in intercuspal position

A patient who does not have a local anaesthetic
will be immediately conscious of a high restoration
in icP. Even with a local anaesthetic the opposing

teeth will normally sense a high restoration. The
patient will not of course be aware of a restoration
that is short of the occlusion, and so occlusal
contact should be checked with shimstock or mylar
matrix strip. If occlusal contact is not present (ie.,
the restoration is not occlusally stable), the tooth
or its opponent will over-erupt and occlusal
interferences may be introduced.

High restorations should be ground. With
crowns short of the occlusion, additions may be
made, if this is possible, or the crowns cemented
and the occlusion adjusted when over-eruption has
occurred,

Adjustments in lateral, protrusive and
retrusive excursions

The occlusion of the restoration is examined for
interferences in these excursions of the mandible
and adjusted if necessary.

Stability

Following these adjustments, a final check of the
stability of the occlusion is made by confirmation
of the presence of centric stops on the restoration
and the adjacent teeth. The adequacy of the
contact points is checked with dental floss.

Adjustment techniques

ICP is adjusted first and the centric stops marked
with articulating paper or wax. Interferences are
marked with a different colour and adjusted.

Gold and porcelain can be adjusted with
mounted stones or diamond burs and gold finished
with finishing burs and polished with mounted
rubber wheels or points. Porcelain can be finished
with the mounted points or discs used to finish
composite and with specially produced kits of
instruments. With these instruments, the finished
surface is as smooth as the glazed surface and re-
glazing is unnecessary.

T7



Practical Points

® In restorative dentistry a functional rather than
orthodontic or complete denture approach to
occlusion is more useful.

@ Clinical examination of the occlusion and simple
records are often sufficient for straightforward
crowns and bridges.

@ In cases of more complicated occlusal move-
ments, a semi or fully adjustable articulator will
be needed.

® Occlusal adjustment should be considered only
where the restoration will interfere with a
harmonious or stable function.

#® The occlusion of the restoration itselfl will have
to be checked and if necessary adjusted, using
recording and clinical techniques similar to those
for the preliminary occlusal examination.




5 Planning and
making crowns

There is a natural sequence by which the history
and examination of the patient lead to a decision
on the advisability or otherwise of crowns in the
context of the overall treatment. This general
decision leads to a further series of stages in the
detailed planning of treatment. This sequence is:

History and examination:

® Of the whole patient
@ Of the mouth in general
@ Of the individual tooth

Decisions to be made:

@ Keep the tooth or extract

@ If the wooth is 1o be kept — crown or other
restoration

@ I the wooth is to be crowned — preparatory
treatment necessary

Detailed planning of the crown:

@ Appearance

® The remaining structure of the tooth and its
environment, including any necessary core

® Choice of type of crown, including material

@ Deniled design of the preparation

Planning and executing the clinical and
laboratory stages:

® Appointment sequence - agreement with
patient and laboratory, including agreements on
fees and laboratory charges

® First clinical stage

® Laboratory stage

® Second clinical stage

@ Maintenance.

It would be very nice if life were as simple as this.
It is convenient to have such a sequence of events
in mind but it is not often possible to follow the
pattern precisely. For example, if endodontic
treatment is necessary as part of the preparatory

treatment, then a temporary crown may well have
to be made at an early stage before the preparation
can be finally planned. This outline sequence may
have various repeat loops arising within it. The
dentist must be prepared to rethink the options as
new circumstances arise and allow full freedom to
his professional judgement.

History and examination

Considering the whole patient

Patient attitude and informed consent

Complex and time consuming procedures such as
crowns should not be contemplated unless the
patient is enthusiastic and co-operative about the
treatment. There is always some other way of
treating the tooth, even if it means extracting it.
The patient’s attitude is particularly important
when crowns are being considered for purely
cosmetic reasons. The dentist must be satsfied that
the patient fully understands the implications of
crowns and also understands the limitations of what
can be achieved. (Techniques for demonstrating
cosmetic changes to patients before the teeth are
prepared are described on page 85).

Patients generally appreciate having the reasons
for treatment explained to them together with
some of the details of treatment. A common
source of dento-legal problems is the patient who
claims an inadequate understanding of what was
being proposed and that had it been fully under-
stood, he or she would not have gone ahead with
the treatment. Again this applies particularly to
treatment provided mainly for cosmetic reasons.

Age

There is no upper age limit for crowns provided
the patient is fit enough to undergo the treatment

T
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and is in other ways suitable for crowns. There are
some practical problems in extensive treatment for
elderly patients, for example, the teeth tend to
become more brittle with age and rhis affects the
design of crown preparations.

Meither is there a lower age limit for crowns. It
is unusual to make crowns for teeth shortly after
they have erupted and crowns are commonly
delayed until the patient is sixteen or so. However,
this decision has traditionally been based upon
three main factors:

The size of the pulp
The degree of eruption of the tooth
The cooperativeness of the patient.

These will vary considerably among patients. For
example, an upper incisor tooth that is fractured at
the age of seven or eight and restored with
composite, will usually develop extensive secon-
dary dentine so that the pulp will be smaller by the
age of ten than the pulp of an undamaged tooth at
the age of sixteen. In patients with good oral
hygiene, the position of the gingival margin of the
incisors does not alter much after this age and
today's children are far less anxious about dental
treatment than they were a generation ago. In a

Figure 45
Crowns and bridges for young patients.

o Bridge preparations for a patient aged thirteen with
oligodontia. The teeth prepared are the canines and
second premolars: the diminutive and unattractive cani-
nes are in the position of the missing lateral incisors. At
this stage minimal preparations are carried out and
metal-acrylic provisional restorations placed for a period
of six months to a year. This encourages secondary
dentine formation so that the definitive preparations can
be made with less risk to the pulp (see text for an
explanation of the poor gingival condition)

b Threaded-pin retention for composite cores in a
patient aged twelve with dentinogenesis imperfecta. In
this condition the pulps recede rapidly and this proce-
dure was carried out without the need for local analgesia.

case like this, therefore, there may be no contra-
indication to providing a permanent crown at the
age of ten

Similarly, when a successful root canal treatment
has been carried out so that there is no need two
worry about the pulp, post-crowns can be made
for children in their early teens and even younger.

Even when the pulp has not been damaged or
affected by secondary dentine, there is now
evidence that the size of the pulp does not vary
significantly with age in the great majority of young
patients. The ratio of the size of the pulp to the
size of the woth is very varied and certainly the
pulp does not suddenly shrivel to a significantly
smaller size on the patient’s sixteenth birthday or
at any other age. It is much more important to
assess pulp size from a good, clear periapical
radiograph than it is to adopt an arbitrary rule
about the age at which teeth can be prepared for
CrOWS.

Of course, there are far fewer indications for
anterior crowns in young patients than there were
a few years ago with the introduction of a variety
of new ways to restore anterior teeth and make
bridges, as described elsewhere in this book.

Figure 45 shows bridges being made for a
thirteen-year-old boy and a set of full mouth
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crowns for a girl of twelve with severe dentino-
genesis imperfecta. The patients were particularly
cooperative and enthusiastic about treatment.

It is argued that boisterous children and sports
players who suffer damage to their teeth should
not have the teeth permanently restored until they
are over this energetic period. However, many of
them continue to play vigorous contact sports well
into their twenties or thirties or later and, if
crowns are indicated. it is quite unacceptable that
patients should be deprived of them until they have
become docile and sedentary. It is very much
better to provide the crowns, and with them a
mouth protector, not only for the crowns but also
more importantly for the remaining natural teeth.

Sex

Many male patients are just as concerned with their
appearance as females. They may, however, be less
willing to admit to this. It is more important to
determine patients’ real attitudes to their appear-
ance than to make assumptions based upon their
gender.

Social history

The patient’s occupation may be important. Wind
instrument players, for example, are particularly
anxious to retain their incisor teeth in order to
support their embouchure (the particular contrac-
tion of the lips needed to form the contact with
the mouthpiece).

Habits such as pipe smoking, where the stem of
the pipe is clenched between the teeth, may affect
the design or type of crown selected.

When extensive treatment is planned, it is
important to establish that the patient will be
available for appointments of sufficient length and
frequency to complete the treatment. Crowns
should not be started just before a patient is due
to sit important examinations; and people who plan
to marry usually like to have their crowns comple-
ted in time for the wedding photographs.

Cost

There is no satisfactory way of mass producing
crowns and so they will always be labour-intensive
and therefore costly. Whichever way the cost is

borne, by the patient, or by a private or public
insurance scheme, the cost is important and must
be taken into account in any treatment plan.
Because crowns are expensive, they should not be
made unless they will really contribute significantly
to the patient’s well-being and can be expected to
last for a reasonable period of time.

Considering the whole mouth

Oral hygiene

There is obviously no point in embarking upon a
complex course of treatment involving crowns (or
bridges) in a mouth with rapidly progressing caries
or periodontal disease resulting from poor oral
hygiene. The first priority must be to arrest the
disease process and improve the oral hygiene.

That being said, however, it is impossible for any
mouth to be kept absolutely plague-free. It is
almost always possible to find some in the mouth
of even the most meticulous patient. Most, despite
good intentions, achieve only a moderately good
level of plaque control. The problem for the dentist
is therefore one of degree. He or she must decide
whether the patient, after instruction in oral
hygiene, can achieve a level of oral cleanliness that
warrants treatment which is time consuming and
costly. It is also necessary to decide how to treat
those patients who are assessed as having a level of
oral hygiene falling below this standard but who
nevertheless have teeth that can only be treated
satisfactorily by means of crowns.

There is no simple guidance on these difficult
decisions. Perhaps the best advice is to assess not
only the level of oral hygiene, but the effect that
this is having on periodontal disease and caries. Yet
there is no single direct relationship between oral
hygiene and disease — many other factors influence
the disease processes. The decision whether w
crown a wooth or not should therefore be made on
an assessment of the prognosis of the tooth
without the crown or with it. If, in an otherwise
intact arch, a single badly broken down anterior
tooth is ugly, does not function well and is difficult
to restore by any means other than a crown, then
provided that the prognosis of the alveolar support
is such that the tooth is not likely to be lost for at
least a few years, it is almost certainly better to
make a crown than to extract it and provide a
partial denture, even if the oral hygiene is poor and
cannot be improved. It would be quite wrong not
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Figure 46

a and b The same patient before and after a six month
course of extensive dental treatment involving pericdon-
@l treatment and the construction of upper anterior
crowns. During this period the patient’s dental aware-
ness and motivation improved considerably and his oral
hygiene became markedly better once he had more
attractive teeth

to offer any form of treatment, and morally dubious
to attempt to blackmail the patient to maintain a
better standard of oral hygiene by refusing the
crown unless the oral hygiene improves. In any
case, this crude psychological approach seldom
produces a permanent improvement in oral
hygiene.

Although every effort should be made by both
dentist and patient to improve oral hygiene when
it is poor, there are those who are simply not able
to improve, but who are nevertheless fortunate in
having a slow rate of progress of periodontal
disease and a low caries incidence, and for these
patients crowns are often justified.

Figure 45a shows a typical thirteen-year-old boy
who has entered puberty. This hormonal change
affects the gingival response to plaque, but it also
— as many parents of teenagers know — sometimes
leads to expressions of independence and even
rebellion. This may show as lapses in cleanliness
including oral hygiene. Fortunately most recover.
This patient had several missing or misshapen teeth
through no fault of his own. He had cooperated
with a course of fixed orthodontic treatment. How
cruel now to prescribe a removable denture, which
he desperately wished to avoid, at this difficult
stage in his life, just because, for the time being, his
standard of oral hygiene has lapsed.
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When crowns or other complex forms of
treatment that improve the patient’s appearance
are provided, this and the general increase in dental
awareness that comes with extended courses of
dental treatment themselves often improve the
patient's motivation and, in turn, oral hygiene (see

Figure 46).

Condition of the remaining teeth

The state of repair of the whole mouth must be
taken into account. When there have been no
previous extractions and the prognosis of the
remaining teeth is good, it is usually worth the
patient and dentist putting a considerable amount
of effort into saving an individual tooth. Con-
versely, when the patient has already lost a number
of teeth and is wearing a partial denture that will
need replacing fairly soon, it would be foolish to
struggle to save an individual tooth unless it is a
crucial abutment for the denture, or of particular
importance to the patient’s appearance. It is usually
better to extract the wooth and remake the
denture.

The periodontal condition of the remaining
teeth is one of the factors in assessing their
prognosis, but it is more important to determine
whether any periodontal disease is progressing or
whether treatment of it has produced a stable
state. The effects of periodontal disease, particu-
larly when there has been gingival recession, can
affect the choice and design of crowns. An example
is given in Figure 140, page 218, where partial
crowns are selected in preference to complete
crowns partly because of the length of the clinical
Crowns.

Assessment of the occlusion is important (see
Chaprer 4). In particular, the adequacy of posterior
support should be considered when anterior
crowns are planned. Insufficient occluding natural
posterior teeth usually means that anterior crowns
should be metal-ceramic rather than porcelain, and
in some cases where there has also been periodon-
tal disease and drifting of the incisor teeth, crowns
joined together may be necessary (splinting is
described in Chapter 12).

Considering the individual tooth

The value of the tooth

Mot all teeth are of equal value. Third molars are
commonly extracted with no harmful effects on

appearance or function. To crown third molars in
an intact dentition would probably be no more
than a display of clinical virtuosity. However, if a
number of other teeth are missing, a broken down
third molar tooth that can be crowned may
provide an invaluable abutment tooth for a denture
or a bridge. There is a similar range of possibilities
for most other teeth.

Appearance

The presence of failed restorations may suggest
that crowns are advisable, but as anterior filling
materials are continually improving. the possibility
of replacing the restoration rather than crowning
the teeth should normally be considered first
Whether the problem is one of failed restorations,
intrinsic staining or the shape or angulation of the
teeth, a realistic appraisal of the cosmetic advanta-
ges of crowns must be made. Sometimes patients
expect more of crowns than can be achieved and
are disappointed with the end result. This should
be avoided by explaining the problems, complica-
tions and compromises associated with crowns (see
Chapter |).

Condition of the crown of the tooth, the
pulp and periodontium

The presence of caries, previous restorations or
pulp pathology are not contraindications to making
crowns but they may well determine the type of
crown and the design of the preparation. Caries or
fractures extending deep below the gingival margin
will make crown preparation difficult and it may
sometimes be better to extract the tooth. Alterna-
tively, periodontal surgery may be used to expose
the margin of the fracture.

Unless the tooth has been root treated the
vitality of the pulp must always be tested and when
necessary endodontic treatment carried out. The
prognosis and acceptability for crowning of a
recently root-filled wooth will depend on the
absence of signs or symptoms and its radiographic
appearance.

If there is any anxiety about the success of a root
filling, then a choice must be made between a
number of options:

| Leave the tooth temporarily restored until the
symproms settle and a good prognosis can be
given.
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2 Repeat the root filling, either with an ortho-
grade or retrograde approach

3 Proceed with the amalgam core (for a posterior
tooth) or the post and core (for an anterior
tooth), but delay the final crown until the
symptoms have settled or the radiographic
appearance improves, or the tooth has been
apicected.

In many cases the third option is best. If a tooth is
left with a temporary restoration for too long,
there is a risk of further caries and periodontal
disease. With anterior teeth, if the post and core
is inserted immediately, there will be no risk of
disturbing the root filling later, and with most well
condensed anterior root fillings, the treatment for
further endodontic problems is often an apicec-
womy. It is better to cement the post and core
before the apicectomy rather than afterwards, to
avoid the risk of disturbing the apical seal.

A more liberal attitude should be taken to minor
radiographic defects in the root filling when it has
been present for some years and is symptomless.
Further details of the criteria for assessing root
canal fillings are left to the endodontic textbooks.

Any local periodontal problems should be asses-
sed and treated.

Occlusion

The occlusal contacts on the surface of the tooth
may be important in determining the type of crown
1o be used. For example, an upper canine tooth
which is the only tooth in contact in lateral
excursion (canine guidance, see Chapter 4) will
usually need a metal-ceramic crown rather than a
pc. However, if the wooth is only one of a number
that make contact in lateral excursion (group
function), it may be possible to restore the canine
with a FC.

The point of contact between the tooth to be
crowned and the opposing tooth is also important
in determining the position of the crown margin.
It is wise to design the preparation so that the
opposing tooth contacts either tooth tissue or the
crown but not the junction between the two. In
the case of partial crowns, when occlusal protec-
tion is required, the occluding surfaces of the tooth
to be crowned should be determined. These are
not always the same as the occlusal surface. Occlusal
is an anatomical term and an extracted tooth still
has an occlusal surface. The occluding surfaces are

those that really do make contact with opposing
teeth in one or other excursion of the mandible.
For example, if a partial crown is planned for an
upper canine, a great deal more gold will show if
the mesial cuspal incline occludes and has to be
protected than if it does not.

Root length

The length of the root should be assessed from
radiographs in two ways. First, from the point of
view of periodontal support, i.e., the ratio of the
length of the root supported by alveolar bone to
the length of the remainder of the tooth. Second,
the length of the root is important in providing
retention for a post crown. A working rule for the
length of smooth tapered posts is for the length of
the post to be not less than the length of the
artificial crown. Variations are possible, for exam-
ple. a shorter post is acceptable in the case of
reduced occlusal forces (such as incisor teeth with
an anterior open bite) and a longer post is
necessary where there are excessive forces applied
to the tooth, for example, when the tooth is used
as a partial denture abutment. When this length is
not available a post with improved retention, such
as a threaded parallel post, should be used. An
alternative is to include a full diaphragm of gold
over the root face together with a collar around
the periphery. This improves retention and also
reduces the likelihood of root fracture.

Decisions to be made
Is the tooth to be kept or extracted?

Usually the results of the history and examination
will determine this question. Sometimes, however,
it is necessary vo proceed to further stages and
then return to a decision to extract the tooth if
further endodontic, periodontal or other treat-
ment is not successful.

If the tooth is to be kept, is it to be
restored by a crown or a filling?

In Chapter | the alternatives to crowns are listed,
and the findings of the history and non-interventive
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Figure 47
Trial or diagnostic wax-ups.

@ Missing upper lateral incisors and a midline diasterna
Centre, closing the diastema and providing bridges to
replace the lateral incisors. Lower, the alternative is to
make four oversized crowns on the central incisors and
canines to resemble four incisors. Meither solution will
produce an ideal appearance

examination will sometimes settle this guestion
However, it is often necessary to proceed to a
further stage, actually starting the treatment by
removing previous restorations and caries, before
a properly informed decision can be made (see
Figure 9, page 17)

If the tooth is to be crowned, is any
preparatory treatment necessary?

Preparatory orthodontic treatment may be neces-
sary to move the tooth into a suitable position for
crowning. Combinations of orthodontic treatment

b A similar case but with denture teeth set on the
model. This technique is less accurate and gives unrealis-
tic results

and crowns can often produce results that cannot
be achieved by either form of treatment alone
Periodontal and endodontic treatment may also be
necessary.

Detailed planning of the crown

Appearance

When a significant change in appearance is prop-
osed it is most important that the patient is fully
informed of what can be achieved and what cannot
This can best be done by a modification of the
patient's own study casts, usually in wax. Figure 47
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shows examples of missing upper lateral incisors
which could be treated by moving the central
incisors mesially closing the diasterna, and replacing
the lateral incisors by means of bridges. If this were
done all the teeth would be rather small. The
alternative of not moving the teeth and enlarging
the central incisors by means of crowns and
crowning the canines to resemble lateral incisors is
also shown. Trial or planning wax-ups are extre-
mely valuable in predicting the final appearance and
should be used routinely.

Because the teeth and soft tissues are all
reproduced in plaster or artificial stone in the cast,
it is possible to ‘cheat’ by making the trial wax-up
in a way that would be impossible in the mouth by
reshaping the gingival margin or by changing the
dimensions of the root as it emerges from the gum.
When the teeth are not to be moved orthodonti-
cally, it is useful to draw a pencil line around the
gingival crevice on the study cast and to ensure that
this is still visible after the wax-up has been
completed. When the tooth is to be moved
orthodontically, the mesio-distal width at the
gingival margin should be measured and this width
reproduced in the new position of the tooth on the

Figure 48

Trial wax-up ‘cheating’. The upper cast shows a patient
with ugly prominent canine teeth and missing lateral
incisors with no residual space. The lower cast shows
two trial wax-ups, left, with the contour of the gingival
margin carefully marked in pencil before the preparation
and wax-up are made; right, the position of the gingival
margin has been lost and a more natural looking wax-up
made. However it will not be possible to achieve this
result in the mouth and a decision whether to proceed
with crowns must be made on the appearance of the

study cast. Figure 48 shows an example of study
cast ‘cheating’. The plan is to crown the upper
canines to resemble upper lateral incisors. This is
always difficult and often disappointing. One of the
distinctive features of an upper canine is the sharply
curving gingival margin. This will be retained once
the crown is in place and will detract from the
impression that the tooth is a lateral incisor.

These trial wax-ups serve a number of other
purposes as well as informing the patient of what
can be achieved. However experienced the clini-
cian, each case is different and modified study casts
will help in planning details of the eventual
appearance. The technician will know what is
wanted and will have models to copy rather than
have to design the patient's new appearance in
porcelain.

The modified study cast, agreed by the patient,
forms part of the contract berween the dentist and
patient. If the final outcome is an appearance similar
to that of the study cast, it can be used as evidence
that the contract has been fulfilled. and so dento-
legal problems can be avoided. The modified study
cast may also be used o produce temporary
crowns (see Chapter 6).
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Shade

It is wise to select the shade at this early stage as
some shades are more difficult to match than
others. It is better to know about any difficulty
before the teeth are prepared, both from the point
of view of warning the patient and because it may
be helpful to modify the preparation. For example,
if there is an extensive amount of incisal trans-
lucency, the preparation may need to be shorter

Figure 49
Temporary and permanent changes to occlusal vertical
dimension

g Gross wear of the upper incisor teeth following a
period of chronic vomiting. The patient had a peptic
ulcer that had been successfully treated surgically two
years before this photograph The ovo is reduced
because of this wear and because the lower posterior
teeth are replaced only by a tissue-supported partial
denture. The gingival condition at this early stage of
treatment is poor

b ond ¢ Increasing the length of the upper incisors
temporarily by means of light cured composite placed in
a vacuum formed PvC matrie. Acrylic was added to the
lower partial denture to increase its occlusal height

tempaorarily.

d After a period during which the patient became
accustomed to the new ovD the upper incisors were
crowned and a tooth supported partial lower denture
fitved. The gingival condition has improved. Note the
supragingival crown margins which help the patient to
maintain good oral hygiene.

to allow additional incisal porcelain than if the
tooth were more opaque.

Clinical modifications

In some cases it may be helpful to adjust the shape
of teeth in the mouth by adding compasite material
— particularly when alterations in occlusal vertical
dimension are planned. Figure 49 shows a patient

a7
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with gross tooth wear treated by upper anterior
crowns and a new partial lower denture with an

increase in  occlusal vertical dimension. The
patient’s tolerance of an increase in OVD is assessed
by means of the temporary additions of acrylic to
the occlusal surfaces of the old partial lower
denture and of composite material to the upper
ncisor teeth. Temporarily reshaping incisor teeth
with composite to close diastemnas and produce
other changes are further examples.

Figure 50
Trial preparations on study casts.

a The patient is unhappy about the appearance of the
rotated lateral incisors and would like them crowned.

b Right. the maximum buccal reduction, while preserving
the vitality of the pulp would result in this preparation,
allowing some reduction in the prominence of this tooth.
Left. however initial preparation quickly shows that
devitalization is necessary.

¢ The upper right central and lateral incisor were almost
identical to the unprepared worn teeth lefc Trial
preparations show that it will be possible to achieve a
retentive crown preparation for the central incisor but
not for the lateral ncisor.

Assessing the remaining tooth
structure and its environment

Existing restorations and caries, especially in badly
broken down posterior teeth, should be removed,
together with any completely unsupported enamel,
so that the shape of the remaining tooth structure
is not guesswork. Only at this point should the final
restoration be planned. This preliminary cleaning
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away was necessary in all the examples shown in
Chapter | (see Figure 9, page 17) for a properly
informed decision to be made.

At this stage it may also be necessary to return
to a decision on further preparatory treatment.
For example, although the pulp may be vital in an
anterior tooth, it may be decided that because of
the weakness of the remaining coronal tissue, an
elective root canal treatment and post crown is the
preferred restoration. Similarly, it may be decided
where caries extends below the gingival margin to
carry out a gingivoplasty or apically repositioned
flap procedure to alter the gingival contour.

The need for a core

At this stage, when the full extent of the damage
to a broken down twooth is known, a decision is
made on whether sufficient tooth substance
remains for a crown preparation or whether it
needs to be built up by means of a pin-retained or
post-retained core, and if so whether the core
should be of amalgam, composite or cast metal.

At the same time the position of the crown
margin should be settled. Usually the crown will
extend beyond the core and completely cover it.

d The same patient as shown in Figure 48. Hall the
preparation has been completed on the upper canine
tooth showing the amount of tssue which could be
removed without damaging the pulp. This is not enough
to achieve a successful aesthetic result and devitalization
will be necessary,

e Trial preparations for a bridge (see Part Il). These
show that this design (fixed-moveable) would not work
in this case

However, when part of the core is subgingival but
is well condensed and polished, it is often better to
make the crown margin supragingival, leaving part
of the core exposed.

The choice of the type of crown and the
material

At this stage too the decision is taken between

making a complete or partial crown, and what the
material for the crown will be.

Detailed design of the preparation

Chapter 3 described the principles of crown
preparation design. This is the point where they
are applied to the particular tooth. In cases of
doubt, for example, where there are questions on
the likely retentive qualities of the final preparation
or on the likelihood of exposing the pulp in
removing sufficient tooth tissue for a crown which
is planned to change the shape of a tooth, a trial
preparation on the study cast is of considerable
value (see Figure 50).



Clinical and laboratory stages of making crowns
First clinical stage

All crowns (after making any necessary core)

@ Select temporary crown technique and prepare for temporary crown

® Recheck shade

® Prepare the tooth to be crowned

® Make temporary crown (which helps to detect faults in the preparation)

@ Impression of the prepared tooth and other teeth in the same arch with extremely accurate material (the working Impression)
@ Impression of the opposing arch, usually in alginate (unless the study cast is adequate for the opposing arch)

® Occhusal record (if necessary)

& Cement termporary crown

@ Advise patient on makntenance of temporary crown

First laboratory stage

All erowns
® Make working cast and articulate with opposing cast
# The laboratory procedure will then be different, depending upon the type of crown being made

Gold crown Porcelain jacket crown (pic) Metal-ceramic crown (M=c) Cast post and core
@ Prepare wax pattern @ Adapt platinum foil @ Propare wax pattern #® Prepare wax pattern (or combination of wax
® Cast @ Apply high-alumina core ® Cant and plastic or metal)
@ Polish ® Apply dentine and enamel porcelain ® Either add porcelain or return to clinic for @& Cast
& Glaze try-in of the metal @ Either make #jC or M=C crown or return to

o the clinic for try-in of post and core only
& Make refractory die
® Apply core, dentine and enamel porcelain
@ Aemaove dis by sandblasting
ar
@ Make wax pattern
& Cast in ceramic material
® Ceram and stain




Second clinical stage

Gold crown

@& Try n crown

® Adjust, including
adjustment to contact
points and occlusion

#® Repolish or add solder i
necessary

@ CEMENT

Metal-ceramic crown

rc If porcelain is added
® Try in crown ® Try in crown
® Adjust and add stain or @ Adjust and refire if
reglare Il necessary necessary
® Remove platinum foll (il @ cemenT
present)
& CEMENT

I porcelain is not added
& Try in crown

® Adjust metal work

#® Reconfirm shade

#® Return to laboratory

Cast post and core

If erown is made

If crown is not made

@ Try in post and core and @ Try in post and core

Crown
& Adjust and refire I

muinrr

& Remove platinum foil i
crown is MC

@ CEMENT both post and
core and crown

@ Either cement post and core
and take new impression for
PIC ©f M—C crown or return
post and core to laboratory

Second laboratory stage

® Add parcelain

# I new impression proceed as
for MC or M—C crown

® Il no new impression make
FiC or M—C crown on the
post and core

Third clinical stage

& Try In crown
& Adjust
® CEMENT

#® Try in post and core and
crown

& Adjust

& CEMENT both post and core
and crown
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Planning and executing the clinical
and laboratory stages

Appointments

The treatment plan and fee having been agreed
with the patient, a series of appointments is made
and agreement reached with the laboratory that
the technical work can be undertaken in the time.
Very few dentists now carry out their own
technical work and most laboratories appreciate
being notified in advance of when their services will
be required, at least for extensive cases. This avoids
the problem of promising the patient delivery of
the crowns by a specified date only to find when
the impression is taken that your favourite techni-
cian is on holiday.

Clinical and laboratory stages

Details of clinical techniques are given in Chapter
&; at this point only the sequence of events is listed

(see pages 90—1). Depending on the number of
crowns involved, the experience and speed of the
operator and other factors, each clinical stage may
be accomplished in a single appointment or in
several. The patient should be advised on oral
hygiene techniques appropriate to the new crown,
and he or she will need to be seen at regular
intervals for the crown to be inspected and, if
necessary, maintenance carried out

It may be necessary to abort the procedure
shown on pages 90-| and return to an earfier
stage, either in the construction sequence or even
the planning stages. For example, a damaged
working model in the laboratory stage means
returning to the first clinical stage for a new
impression, or a cusp fracturing after a tooth has
been prepared for a partial crown means returning
to the planning stage.

Practical Points

® The logical sequence of history-taking, examina-
tion and decision making, planning and execution
in practice often has 1o be altered or adapted o
particular circumstances.

@ In planning always first consider the patient as a
whole.

@ The cooperation of the patient is essential from
the start.

@ The value of the rooth when crowned is an
important central consideration.

@ Even with imperfect oral hygiene, a crown can
be the best solution, provided the prognosis for
the tooth is adequate.

@ Only after initial preparation of the tooth can a
firm decision on the type of restoration be
made.




6 Clinical techniques
for crown
construction

Planning stages before preparing the
tooth

Emphasis has been placed in earlier chapters on the
general approach to planning. Here the process is
taken to the final, practical stages. The following
factors should be considered before clinical tooth
preparation is started:

@ Study casts

® Photography

@ Trial preparations

® Appearance

® The final impression

@ The temporary crown.

Study casts and opposing cast

Full arch study casts are useful in a variety of
planning procedures described earlier (Chapter 5)
and below. In addition, the opposing cast may be
articulated with the working cast, provided that it
has not been damaged during the planning stages
and there has been no occlusal adjustment or other
restorations since the impressions for the study
casts were taken.

Alginate is usually satisfactory as an impression
material for study casts, but occasionally a more
accurate material is required for the opposing cast
if the opposing cast cannot be poured straight
away, a more stable material than alginate should
be used. Alginate material should be rubbed into
the fissures with the finger to obtain good
impressions of the occlusal surfaces of the teeth. If
a rubber material is used, it should be syringed into
the occlusal fissures.

If there is any doubt about the opposing study
cast a new impression should be taken at the time

of tooth preparation to produce an accurate
Opposing cast.

Photographs

When the main indication for crowning anterior
teeth is to change their appearance in some way,
photographs of the teeth before preparation are a
valuable record. It is easy for both the dentist and
the patient to forget the exact appearance of teeth
when they have been prepared.

Patients sometimes have old photographs of
themselves showing their teeth before they suf-
fered. These can be helpful in reproducing the

patient’s original appearance.

Planning the tooth preparation

A trial preparation on the study cast can be
invaluable in predicting difficulies which may be
encountered with preparing the tooth. For exam-
ple, with short clinical crowns in posterior teeth,
where the intention is to provide a porcelain
occlusal surface on a metal-ceramic crown, a trial
preparation on the study cast will indicate whether
there will be sufficient axial length of the remaining
preparation for adequate retention or whether
additional devices are necessary to achieve reten-
tion. With thin upper anterior teeth, trial prepara-
tions will show whether it is possible to remove
sufficient palatal rooth tissue to allow a AC
preparation to be made or whether 3 mewl-
ceramic crown will be necessary. There are so
many similar problems that can be assessed with
trial preparations that an inexperienced operator
is recommended always to spend a few minutes
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making a trial preparation before embarking on the
natural tooth.

When the intention is to alter the shape, size or
angulation of incisor teeth, even the more experi-
enced operator is well advised to make trial
preparations first. This will show whether the pulp
is likely to be endangered and whether problems
of retention, occlusion or unexpected problems
with the appearance will arise.

Trial preparations on plaster or artificial stone
study casts are best started with a steel bur in a
slow handpiece and finished with a scalpel blade or
chisels. It is helpful to do the preparation in stages,
particularly if there is any question of the pulp
being exposed. Figure 50d (page B9) shows an
example with half a preparation complete so that
the remaining half indicates the original shape of
the tooth. The tooth could not be prepared any
more than this without serious risk to the pulp.

Planning the appearance

Trial wax-ups

Chapter 5 gave examples of trial wax-ups with
alternative treatment plans for the same clinical
situation.

Ivory wax is preferable to other waxes as it is
easy to carve and gives a reasonably realistic
appearance. However pink wax, inlay wax or other
material may also be used.

Shade

One reason for matching the shade before starting
tooth preparation was described in Chaprer 5. A
second, very basic reason is that when shade
matching (one of the most crucial parts of the
procedure) is left to the end of a long appointment,
the operator and patient are tired and the oper-
ator's vision is not at its best, so the process may
be hurried and mistakes made. Besides, teeth may
change shade slightly during a long operative
appointment. It is well known that teeth change
colour dramatically after a period of time under
rubber dam. Although rubber dam is not normally
used for crown preparations, it is possible that after
an hour or so of wetting and drying and then
several minutes in contact with a rubber impression
material, the shade of the tooth to be matched may
be altered.

Technique for shade selection The lighting
conditions are very important. Traditionally shades
are selected in natural daylight rather than aruficial
light. However, there are practical problems with
this. Daylight is very variable in its intensity; and it
is not always possible to make appointments during
the hours of daylight. It is anyway equally important
that the crown appears to be the correct shade
both in artificial and daylight. Many people spend a
large part of their working and social lives in
artificially lit surroundings. Dentists often now
match the shade both in daylight and in different
forms of artificial light (tungsten filament and
fluorescent).

Alternatively, a standardized artificial light
source designed to be a close approximation to
natural daylight may be used It is of course
important that the technician has a similar light
source.

Modern dental unit lights are designed to
provide a reasonable colour balance and if this is
adequate then using the unit light has the advanta-
ges of consistency and convenience.

Colour is said to have three dimensions: hue,
chroma and value. Hue is the colour itselfl (red
compared to green). Chroma is the amount of
colour (red compared to pink) and value is the
darkness or lightness of the colour (the shade of
grey which the colour would appear if seen on a
black and white photograph). Many shade guides
for dental porcelain are arranged in groups repre-
senting different hues, with a gradation of chroma
within each hue. Figure 5| shows a typical shade
guide with four hues (light brown, yellow, blue/
grey and a pinkish hue) designated A, B, C and D.
Within each group, differences in chroma are
indicated by a number. For example, B2 is a fairly
light yellow shade, whereas C4 is a much darker
blue/grey.

In addition shade guides have different neck,
body and incisal edge shades on them. The incisal
edge is also made more translucent.

Shade selection may follow these lines:

| Choose the appropriate lighting conditions or
take the shade in a variety of different lighting
conditions

2 Look at the whole mouth and make a general
assessment of the appropriate hue — whether
the teeth are generally brown, yellow or grey

3 Look more closely at the tooth to be crowned,
the adjacent teeth and the contralateral tooth,
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5

LEEY TRANS
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and decide the hue or mixture of hues (the
letter on the shade guide)

4 Select the chroma (the number)

5 Choose the blend of neck, body and incisal
shades. It is not necessary to select the neck,
body and incisal edge shades from the same
shade button, and it is possible to mix porcelain
powders so that shades between those on the
shade guide are produced

Figure 51
Using a shade guide to select the basic hue. The upper

left central incisor & in fact a mC made from a
combination of the two shades immediately below i

Figure 52

aand b A shade map of this patient’s upper right central
incisor

6 Decide whether any other characteristics such
as crack lines, areas of opacity or increased
translucency are required.

It is helplul to draw a shade map of the tooth.
Figure 52 shows a tooth with its shade map.
Some dentists and technicians prefer a shade
guide consisting of ‘shades’ made by fusing a small
button from each of the single porcelain powders.
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Others find the combination of shades on the
commercial shade guides confusing, and grind off
the neck (which often has surface stain added) and
incisal portions, leaving a single body shade.

Planning the impression

The impression technique should be decided
before preparing the tooth. Some impression
materials are better used in a special tray and this
is made on the study cast. Other techniques involve
taking an impression in a material with a very stiff
putty consistency, putting it on one side while the
tooth is prepared and then relining the initial
impression with a low viscosity wash material
Orther impression materials can be used in stock
trays.

Making a special tray

When a special tray is to be used it can be made
from self-curing acrylic, shellac base plate material
or vacuum-formed thermoplastic materials. Shellac
and vacuum-formed materials are not sufficiently
rigid or stable if used alone and so they should be
reinforced with acrylic to stiffen them and to
provide a handle. A spacer of wax or asbestos
substitute tape approximately 3mm thick is laid
down over the swdy cast. This is perforated
through to the occlusal surface of three or four
teeth that are not to be prepared for crowns. The
purpose of these perforations is to allow tray
material to form stops on the occlusal surfaces of
the teeth. This will localize the tray in the mouth
and prevent it making contact with the prepared
teeth. The tray is then formed by moulding acrylic
dough or warmed shellac with the fingers or by
vacuum forming. The tray is trimmed and a handle
added.

Planning the temporary crown

Temporary crowns may be either purchased as
preformed units or made at the chairside in a
suitable mould.

Preformed temporary crowns

The following types of preformed temporary
crown are available:

| Polycarbonate, tooth-coloured temporary
crowns for anterior and some posterior teeth

1 Stainless steel posterior temporary crowns
3 Aluminiufn posterior temporary crowns.

When one of these is to be used the appropriate
size can be selected before the rooth is prepared
using the study cast as a guide.

Chairside temporary crowns

Temporary crowns can be made in the mouth,
preferably using one of the higher acrylics, usually
consisting of a mixture of poly (ethylmethacrylate)
and a poly (isobutyl methacrylate), sometimes with
a nylon fibre filler. Alternatively acrylic-poly
(methyl-methacrylate), epimine resin or amalgam
may be used. The mould that is used to form the
temporary crown may be one of the following:

® A preformed celluloid crown form

® A vacuum-formed PvC crown form made on a
study cast or a modified study cast of the
patient’s mouth

@ An alginate impression taken before the tooth is
prepared

@ A copper band or matrix band.

The use of these materials and moulds is described
on page | 10.

Building up the core

As described in Chapter 2 cores may be made of
cast metal retained by a post, or of amalgam or
composite retained by pins or posts or by glass
ionomer cement when pins are not usually used.
Techniques for constructing pin and post-retained
amalgam cores are illustrated in Figure 53. Other
pin retained cores are shown in Figure 19 (page
35). With a composite or glass ionomer core the
tooth can be prepared at the same visit. The site
and angulation of pins is crucial (see Chapter 2).
The detailed design of the preparation must be
decided before the pins are placed otherwise if the
pins are in the wrong place they may be cut off
during the preparation of the core for the crown.
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Figure 53
Pin and post retained cores

a A copper band trimmed to shape and the margins
smoothed.

b Copper band in place ready to receive amalgam
Retention is provided by a preformed post (see Figure
20, page 36)

¢ The amalgam core placed. Mote that the palatal gap
between the cusp and copper ring has been filled with

amalgam. This will fall away when the copper ring is
removed at the next visit. As the copper band will be
left in place, the amalgam can be left in occlusion — note
the marks from articulating paper

d Pins, lining, matrix and wedges placed

e Amalgam placed

f Matrix removed and amalgam roughly carved The
amalgam is left out of occlusion to avoid undue stresses
before the crown is placed
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Tooth preparation

Choice of instruments

The major part of the preparation is carried out
with the air turbine. Diamond burs are preferred
for preparing enamel and either diamond or
wngsten carbide burs for amalgam and dentine.
Some parts of the preparation are best carried out
at slow speed, for example, it is easier to control
the preparation of the concave palatal surface of
upper incisor teeth if a large-diamerer diamond
stone is used in a slow speed handpiece.

The shape of the bur or stone should be chosen
to match the contour of the surface that is being
prepared. This includes the shape of the margin, so
that if a shoulder is being prepared, a square-ended
straight or tapered bur should be used. Alterna-
tively, if a champher finishing line is being prepared
then an appropriately shaped bur should be chosen.
Figure 54 shows a selection of burs set against the
tooth surfaces they have prepared.

The finishing is an important stage and can take
rather longer than the main bulk reduction. The
purpose is to finalize the shape of the preparation,
rounding off angles where necessary, ensuring that
the margin is properly located in relation to the
gingival margin and is the correct contour and
dimension. In addition, the small undercuts result-
ing from diamond score marks should be removed
and the surface of the preparation left reasonably
smooth. Otherwise there will be difficulty with
removing a wax pattern from the die and with
cementation. There is, however, no need to polish
preparations; a very slight roughness helps reten-
tion (see Figure 15, page 44).

Climcal technigues for crown construction

Figure 54

A selection of burs and the surfaces prepared by them
In all cases the bur was used entirely within the contour
of the tooth and would not have damaged the adjacent
tooth. From the left: a square-end tapered diamond bur,
a square-end tungsten carbide bur, both producing
rarrow shoulders; a paraliel-sided but pointed diamond
bur, with the matching tungsten carbide finishing bur; a
round-ended parallel-sided plain cut twngsten carbide
bur, these last three producing champhers.

Slow speed handpieces with steel finishing burs,
fine stones or flexible discs can be used for finishing;
however, it is more commonly done at medium to
high speed with plain tungsten carbide burs, fine
grain diamonds or tungsten carbide stones. It is also
possible to finish some parts of the preparation
with hand instruments, including files made specially
to finish the shoulders of PiC preparations and hand
chisels.

Stages in the preparation

It is usual to prepare each surface in turn so that
the amount of tooth reduction can be controlled.
Establishing how much tooth has been removed can
be done in a number of ways. At the margin the
width of the shoulder or other finishing line can be
seen directly. Where the tooth being prepared
occludes with opposing teeth and other adjacent
teeth also occlude, the amount of tooth tissue
removed from the occluding surface is assessed by
direct observation or by the patient biting through
soft wax; the thickness of the remaining wax shows
how much tooth has been removed (see Figure
55). On other surfaces, half may be prepared first,
leaving a step between the prepared and unpre-
pared areas so indicating the amount of tooth tissue
removed (similar to Figure 50). Alternatively, a
groove may be prepared across the surface to the
intended depth of the preparation and the remain-
der of the surface then prepared to the depth of
the groove (see Figure 57).

The order the tooth surfaces are prepared in will
depend upon the circumstances; but some basic
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guidelines may be useful. Surfaces that are easy to
prepare and which will improve access to more
difficult surfaces should be prepared first For
example, with incisor teeth some operators pre-
pare the incisal edge first in order to remove part
of the approximal surface and improve access to
the remainder of it. Similarly, the most difficult
surface should be left until last.

Sometimes with a difficult path of insertion, the
direction of one surface is critical. In this case it
should be prepared first and the other surfaces
prepared relative to it. When pins or grooves are
to be used as part of the preparation, they are left
until last and aligned with other prepared surfaces
to form part of the overall retentive design.

Preparing teeth for complete

posterior crowns

Figure 30 (page 50) shows a typical sequence in the
preparation for a complete gold crown of a
posterior tooth that has been built up with a
pinned amalgam core. Figure 56 shows a premolar
with a composite core prepared for a metal-
Ceramic Crown.

Occlusal reduction

The shape of the prepared occlusal surface should
follow the general contours of the original tooth
surface. In some cases, with heavily worn teeth, this
will be flat, but in others the general shape of the
cusps should be reproduced. This allows the crown

Figure 55

An occlusal record taken in 2 mm-thick soft wax. which
does not require warming. The occlusal contacts of the
unprepared teeth can be seen together with the imprint
of the second molar preparation. It is clear that there is
nearly 2mm clearance and this is sufficient for a metal-
ceramic occlusal surface.

to be of reasonably uniform thickness with mini-
mum preparation of tooth tissue.

The occlusal relationships of the tooth being
prepared should be studied in function. For exam-
ple, in preparing a posterior tooth, if the guidance
in lateral excursion is carried by the tooth being
prepared, the cusp, or cusps, which carry this
guidance should be prepared rather more, so that
there is a greater thickness of crown material
covering them. This will produce greater strength
in this stressed area and will also allow for future
wear. In these circumstances, the cusp in question
is known as the “functional cusp’. However, in most
natural dentitions the posterior teeth disclude in
lateral excursion and so none of the cusps can be
described as ‘functional cusps’ in the same sense.
Therefore they do not need to be reduced any
more than the remainder of the occlusal surface.

One advantage of minimizing the reduction of
the occlusal surface is to maintain the axial walls of
the preparation as long as possible, thereby impro-
ving retention.

A convenient instrument to prepare the occlusal
surface is a dome-ended parallel-sided diamond bur
held on its side. With this instrument it is possible
to form the cuspal inclines together with a rounded
shape to the fissure pattern.

Axial reduction

Buccal and lingual surfaces These may be
prepared with parallel-sided or tapered diamonds
of appropriate length and with the end shaped to
produce the required shape of margin. It may be
possible to use a diamond of known taper held at
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Figure 56
Crown preparation for a metal-ceramic crown

a The pin retained composite core has been present for several months
The appearance is better than an amalgam core.

b ond ¢ The finished preparation.
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a constant angle on the buccal and lingual sides, so
that the taper of the preparation can be controlled.
However, this often has to be modified because of
the curvature of the tooth's surface, previous
restorations or the presence of a core. A fairly
large-diameter instrument is convenient and
reduces the likelihood of vertical ridges in the
preparation.

Mesial and distal surfaces These are the most
difficult surfaces to prepare if there is an adjacent
tooth in contact; without, they are prepared as the
buccal and lingual surfaces. Sometimes adjacent
posterior teeth are both to be crowned and then
the surfaces in contact should be prepared simulta-
neously, the reduction of each being minimized.

Unfortunately, damage to adjacent teeth is
common, with some studies showing over 90 per
cent of adjacent reeth damaged even by careful
operators who knew their work would be
inspected. YWhen the preparation is finished the
adjacent tooth surface should always be checked
for damage and if necessary smoothed, polished and
fluoride applied.

It is almost impossible to prepare the approximal
surfaces of a posterior tooth when there are teeth
in contact on either side without either overtaper-
ing the preparation, removing more tooth tissue
than is desirable or damaging the adjacent teeth
(see Figures 30 and 54). At one time, safe-sided
diamond discs (flat or cone-shaped metal discs with
diamonds on one side only) were used to prepare
the approximal surfaces of posterior teeth. Discs
are, though, dangerous and difficult to use in the
mouth and must be protected by a guard which
obscures vision. Even with a disc guard, they
commonly lacerate the gingival tissues, making
impressions more difficulc.

Today, therefore, very thin long tapered
diamond burs are passed through the approximal
surface in an attempt to leave a sliver of enamel
(or core) between the bur and the adjacent tooth.
Controlling the angle, position and depth of this
bur without wavering or going off course is one of
the most skilful procedures in operative dentistry
and deserves many hours of practice on extracted
teeth in models before it is attempted in the
mouth.

A matrix band may be applied to the adjacent
tooth to protect it, but this interferes with vision
and access, and is in any case cut through very
easily. A wooden wedge at the gingival margin to
separate the teeth slightly may help.

Margins

The shape of the margin will be determined by the
shape of the end of the bur used for the axial
reduction. This may be flat, producing a shoulder,
or be champhered. A knife-edge finishing line is
produced by the side of the bur only being used,
the tip not cutting the tooth. It is more efficient
to produce the required shape of margin during the
bulk preparation stage rather than as a secondary
procedure.

Finishing
Suitable finishing instruments are used as described
on page |04,

It is important that the angles between the axial
and occlusal surfaces are rounded for reasons
described in Chapter 3.

Preparing teeth for complete anterior
crowns

Figure 57 shows stages in preparing an upper
incisor tooth for a pc. The stages of preparation
for a tooth for a metal-ceramic crown are similar,
although the end result is rather different, com-
plying with the principles described in Chapter 5.
f a tapered or parallel-sided diamond bur of
appropriate length and diameter is selected, the
first three stages of the preparation can all be
carried out with the same instrument, with only
the incisal-palatal reduction and finishing left to be
done with different instruments.

Incisal and proximal reduction

When only one tooth is being prepared the incisal
surface can be reduced with the shank end of the
tapered diamond bur and the adjacent teeth used
as a guide to the amount of reduction necessary.
When a series of teeth is being prepared either
alternate teeth are reduced first with the unpre-
pared teeth used as a guide, or half the incisal edge
is reduced followed by the second half to the same
depth.

In patients with a Class | incisor relationship the
upper incisor teeth have their incisal edges inclined
lingually and the lower incisors buccally, The same
inclinations are preserved in the prepared teeth.

1o
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Approximal reduction may be continued with
the same bur. Because so much more tooth is being
removed than is necessary for a posterior gold
crown and since incisor teeth are a more favour-
able shape and the buccalllingual dimension at the
contact point is smaller, it is much easier to prepare
the approximal surfaces without damaging the
adjacent teeth than in the case of posterior crowns.
Passing the bur through the mesial and distal
approximal surfaces (leaving a sliver of enamel)

Figure 57

Stages in the preparation of upper incisors for ACs. The
indication for crowns was progressive erosion of the
buccal surfaces and unsightly restorations which rapidly
discoloured after replacement. The first three stages
were carried out with a long-tapered diamond bur.
Finishing was with plain cut wngsten carbide burs in a
|4 ratio speed increasing contra-angle handpiece.

o Reference grooves are cut in the buccal and incisal
surfaces to establish the depth of the preparation.

b Distal surfaces being prepared. Note that a sliver of
enamel has been preserved at the contact point of the
lateral incisor to protect the canine from damage. This
will fall away as the preparation is carried further
gingrvally_

¢ The incisal reduction of the central incisor has been
completed together with half the incisal reduction of the
lateral incisor.

establishes the taper of these surfaces as well as the
location and width of the approximal shoulders.

Buccal reduction

The contour and depth of the buccal shoulder is
established with the tip of the diamond bur. A
common mistake in preparing upper incisor teeth
for crowns is to remove insufficient material from
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the buccalincisal third of the preparation. This
results in either a crown that is too thin, so that
the opaque core material shows through (see
Figure 22, page 40), or in a bulbous crown. The
amount of tooth reduction in this area can be fixed
by a buccal depth indicator groove being cut down
the buccal surface and the remainder of the surface
reduced to the same depth. With large teeth or
where the alignment of the buccal surface is being
altered, more than one groove may be needed. In

d Palatal reduction with a round-edged wheel bur, in this
case in an airotor. Inexperienced operators would be
advised to use slow speed for this stage.

e Checking, with the teeth in occlusion, that there is
sufficient clearance for porcelain

{ The finished preparations. The right lateral incisor has
lost a mesial compaosite. This defect will be made good
with glass ionomer cement before the impression is
taken. The finished crowns are shown in Figure | 2o (page
14).

reducing the remainder of the surface the bur
should be used at a slight angle to the depth groove
to prevent it dropping into the groove and
deepening it unintenticnally.

Gingival-palatal reduction
The same bur is continued round the palatal
surface, producing the palatal shoulder and a short



gingival palatal wall nearly parallel to the buccal-
gingival surface.

These three stages, using the same bur, can all be
carried out very quickly provided the operator has
planned the design properly and has thought
through the sequence.

Incisal-palatal reduction

This surface is usually concave and is best produced
by a large-diameter instrument, either a large
wheel bur in the air wrbine or a large-diameter
diamond stone in the slow speed handpiece. Small
instruments produce an undulating surface, which
is difficult to finish smoothly. The occlusion
berween this surface and the opposing teeth should
be checked before the preparation starts, and
constantly rechecked during preparation until suffi-
cient space has been produced for the crown
material

Finishing

The prepared individual surfaces should be blended
into each other to produce a rounded shape during
the gross reduction. The axial surfaces are finished
and the angles around the incisal edge rounded,
using a suitable finishing instrument. An excellent
finish can be produced by using a plain cut tungsten
carbide friction grip bur in a | -4 speed increasing

Clwwcal technigues for crown comstruction

Figure 58

Three burs used to finish a shoulder preparation. Left. a
steel slow-speed bur cutting both on the side and at the
end. Centre, an end cutting bur which has produced a
ledge; it would be difficult to eradicate this without
lifting the bur from the shoulder. Right. a plain-cut
tungsten carbide tapered side and end cutting bur, which
is best used in a friction grip |4 speed increasing
handpiece. The tungsten carbide bur produces the best
finish most convenienthy

contra-angle handpiece. The shoulder can be
finished using the same instrument, steel burs or a
specially designed shoulder file. Some dentists use
end cutting burs to good effect. but these are
difficult to master (see Figure 58).

Preparing teeth for partial crowns

Occlusal and axial reduction

The majority of the preparation is carried out as
for a complete crown, except that care is taken to
produce suitable finishing lines at the junction of
the buccal and other surfaces. In particular, the
reduction should not be carried too far round on
the mesial surface or excessive gold will show.

Grooves, boxes and pinholes

Grooves and boxes are prepared with either high
speed or slow speed burs, depending upon the
difficulty of access and the operator’s confidence.
They are usually prepared with thin tapered plain
cut burs. If the preparation is a conventional three-
quarter crown, the lingual surface of the axial
grooves should be well defined as this is the
retentive surface.

Parallel-sided pinholes are prepared with a twist
drill of suitable diameter for the impression techni-
que used, usually 0.7 mm. If possible the pinhole
should be drilled once only and not in several
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attempts, which deepens it a little each time, but
also widens and tapers it so that it becomes less
retentive.

Tapered pinholes are prepared with a small
round bur and shaped with a tapered bur to match
the pin to be used.

Figure 17a, page 32 shows anterior partial crown

Parallel pinholes are preferable to tapered: they
are more retentive, can be prepared with parallel-
ing jigs (see page 196) and even freehand are easier
to prepare parallel to each other than tapered
holes. When it comes to the impression there are
even more important advantages (see page 123)

Preparing anterior teeth for post

crowns
There are three stages:

@ The shoulder or other margin is prepared

@ The post hole is prepared

® Any remaining tissue between the two is
reduced as necessary.

When a large part of the natural crown of the
tooth remains it may be convenient to cut this
across horizontally between the midpoint and the
incisal edge and remove the incisal part before
these three stages are undertaken. The margin is
prepared as for a AC or metal-ceramic crown but
with more reduction so that the shoulders are
wider than for an equivalent vital tooth.

Post hole preparation

Removing the root canal filling When the
root canal filling consists of gutta percha (GP) and
sealer the coronal part may be removed with burs
or by softening it with heated metal instruments.
Provided the root filling is well condensed, the
maost convenient method is to cut out the GP point
with a slowly rotating round bur or twist drill
slightly larger in diameter than the root canal. Iif
too small an instrument is used, or too fast a speed
so that the GP melts, it becomes attached to the
bur and the whole of the root filling may be pulled
out when the bur is removed. Using a bur or drill
slightly larger than the root canal enables the root
filling to be cut away from its end without the sides

of the GP point becoming entangled in the bur.
Extra long shank contra-angle burs are useful in
long teeth. With normal length burs the head of
the handpiece clashes with the adjacent teeth (see
Figure 59).

Gutta percha and most sealers are softer than
dentine and so the bur will tend to follow the root
filling rather than cut into the side of the root canal,
but nevertheless great care must be taken to
ensure that the bur stays on course. Regular
inspection of the root canal using both the mouth
mirror and direct vision is essential (see Figure 60).
Transillumination of the root canal may also help.

Some cement fillings are more difficult to
remove than GP because they set to a consistency
harder than dentine so that the bur tends to slip
away from the root filling into the dentine. In this
case the coronal end of the root filling can be
removed with a long tapered bur in the airotor,
but great care is needed to avoid lateral perfora-
tion of the root.

It is almost impossible to cut down full length
silver point root fillings and these should be
removed, if possible, and replaced by GP root
fillings. When the silver point cannot be removed,
an alternative form of core should be used.

Shaping the post hole The post hole needs to
be shaped to match the post selected (the different
types of post were described in Chapter 2). When
the post is to be parallel-sided, a twist drill should
be used from the outset and the root filling is
removed and the post hole shaped in a single
operation. In some cases, once the root filling is
removed, it may be decided that a larger diameter
post is needed and so the next size of twist drill is
then used to shape the post hole (see Figure 61).

For a tapered post hole for a cast-metal post, an
instrument such as that shown in Figure 59b is used.
This not only produces the taper but may also be
moved side to side to produce an oval shaped canal,
following the shape of the tooth. This increases the
strength of the post while leaving a uniform
thickness of root (see Figure 60). A selection of
instruments, and sections of the teeth prepared
using them, is illustrated in Figure 62.

Finishing the preparation

Once the margin, the remaining axial walls and the
post hole have been prepared, there may remain a
substantial collar or some spurs of dentine, or none

105
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Figure 59
Post hole preparation.

a Long shank round burs, left. and Gates-Glidden burs for removing
gutta percha from root canals

b and ¢ Extra long shank contra-angle burs allow access without the
head of the handpiece clashing with adjacent teeth. They alse improve
wisibility

Figure &0

Looking up the posthole with direct vision. Note the oval shape of this
posthole and small anti-rotation notch in the buccal surface. These two
features will resist rotation of the past within the hole. Note too that
the crown margin has been exposed using electrosurgery. A subgingival
preparation was necessary here because of caries beneath the previous
CIrowmi
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Figure &1
a A handpiece-driven twist drill o prepare a parallel
sided posthole.

b The prepared posthole and a preformed stainless steel
post being tried in
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¢ The posthole is 9mm long.

d The post is shortened from its apical end o preserve
the retentive tag for the core, and is tried in again.

e Glass ionomer luting cement is spun down the
pasthole with a rotary paste filler
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f The post cemented with glass ionomer cement.

g Light-cured composite is built up freehand

h The completed core
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Figure 61

A selection of instruments used to prepare postholes
with some of their matching accessories. From the left
an engineer's twist drill used in a pin vice to prepare a
parallel-sided post hole; a length of wiptam wire of
matching diameter, in this case 1.35mm; a owist drill
driven by a contra-angle handpiece producing a parallel-
sided post hole, in this case |.75 mm diameter

The four accessories, all the same diameter, are: a
plastic impression pin; an aluminium temporary post: a
serrated and vented burnout plastic post; a stainless steel
serrated post for the retention of amalgam or composite
COres

A twist drill driven by a contra-angle handpiece,
| .25 mm diameter. Note that this is the largest diameter
which this lower incisor root could accommodate

at all. Substantial amounts of dentine should be left
as they lengthen the post hole, and define the
margins. Fragile fragments, however, should be
removed.

Completed post crown preparations with posts
and cores in place are shown in Figure 33 (page 55).

Temporary crowns

(See page |15 for a description of the difference
between ‘temporary’ and ‘provisional’ crowns and
bridges.) Temporary crowns are described at this
stage because in a normal clinical sequence once a
crown preparation has been started it must be
completed at least in terms of gross reduction at
the same visit and a temporary crown fitted. Often
it will be possible to proceed to impressions and
other stages at the same visit, but these can be

A tapered post hole cutter driven by a contra-angle
handpiece. Matching tapered posts are available (see
Figure |15b, page 29)

A tapered post hole cutter with better side-cutting
ability. In this case it has been tiled back and forth to
produce a apered post hole which is larger at the neck
than the diameter of the bur. This is often necessary
when caries has progressed down the root canal, or
when a previous post was present. An impression and
cast post will be necessary. As this preparation inevitably
weakens the tooth, the root face has been prepared with
an external bevel so that a complete diaphragm can be
cast together with the post and core

deferred if necessary. The temporary crown,
however, cannot be deferred.

Preformed temporary crowns

Polycarbonate temporary crowns

The appropriate size of a temporary crown has
already been selected during the planning stage and
Figure 63 shows the stages in preparing and
modifying a polycarbonate crown for an upper
incisor tooth. Here the crown is relined with a
higher acrylic produced specially for temporary
crowns but acrylic resin — poly (methylmethacry-
late) — may also be used

Once the polycarbonate crown has been relined
it can be adjusted for incisal length, occlusion and
marginal fit. It does not matter if the polycarbonate
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Figure &3
Polycarbonate temporary crowns.
a Temporary crown being tried in

b Trimmed and relined with a temporary crown and
bridge higher acrylic

¢ The temporary crown two weeks later,
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Figure 64
Chairside temporary crowns: pouring techniques.

a The patient shown in Figure 57; the buccal surfaces of
the central incisors are reshaped with wax in the mouth.

b A temporary crown and bridge higher acrylic rein-
forced with nylon fibres being injected into an alginace
impression of the modified teeth.

¢ The temporary crowns before being removed from
the mouth. Note the thin flash.

d Flexible pvc slip vacuum formed to the study cast for a different
patient
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is ground right through as long as a layer of the
lining material remains.

Stainless steel temporary crowns

These are difficult to adapt and often do not
produce good contact points or occlusal contact
They are, however, hard and durable and can be
left in place for some time. The margins are
trimmed with stones and contoured with pliers and
the temporary crown is then cemented, usually
with a rigid cement such as zinc phosphate or a
reinforced zinc oxide eugenol cement.

Aluminium crown forms

Being softer, these are more readily adapted to fit
contact points and occlusal contacts but the
margins are irritant to the soft tissues unless
extreme care is taken in contouring them and some
patients complain of a metallic taste. Although they
are quick to make, they are generally less satisfac-
tory than acrylic temporary posterior crowns.

e The partly set material (in this case a different higher
acrylic) is removed from the mouth still in the mould.

f The completed temporary crowns for the second
patient.

Chairside techniques
Pouring techniques

The higher acrylics go through a stage during
setting when they can be poured into a suitable
mould which is placed over the prepared teeth.
Only a very thin flash of excess material remains at
the periphery. Conventional self-curing acrylic
resin (poly(methylmethacrylate)) should not be
used with these techniques because compared with
the other materials it has a more exothermic
setting reaction and is therefore more likely to
produce pulp damage. It is also more chemically
irritant to gingival tissues and does not go through
this pouring stage, so that a thick flash is produced
and more adjustment is necessary.

The mould used may be a preformed celluloid
crown form, a thin Pvc slip vacuum formed on the
patient's study cast (or a modified study cast), or a
silicone putty or alginate impression. Figure 64
illustrates typical techniques using an alginate
impression and a PvC slip with two different higher
acrylics.
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Figure &5
Chairside temporary crowns: moulding technique.

a A temporary crown and bridge higher acrylic mixed
to a dough consistency is moulded over the prepared
tooth and the patient is asked to occlude into it

b When nearly set it is eased off the preparation and out
of the undercuts between adjacent teeth. In this case the
fit surface was satisfactory, in others it may need to be
relined with a further mix of material after the exterior
surface has been trimmed

¢ The temporary crown trimmed 1o a good fit ar the

margins. Articulating paper is being used to adjust the
occlusion
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Moulding techniques

Some of the higher acrylics go through a dough
stage when they can be moulded rather like putty.
In this consistency they can be formed into
temporary crowns simply by moulding over the
prepared tooth with the fingers and the patient
biting into it to establish the occlusion. Gross
excesses will be present but these can be removed
by rough carving in the mouth and then with an
acrylic bur in a straight handpiece once the crown
has been removed and has become hard (see Figure
65). This is a useful technique particularly for
posterior teeth where the shape of the tooth to
be prepared (often a core) is to be changed and so
is not suitable for the pouring technique.

A temporary crown made by this moulding
technique will have better contact points, occlusal
contact and marginal adaptation than an aluminium
crown form. There is no need to modify the study
model or make a vacuum-formed pvc slip and so it
is an effective and efficient technique.

Temporary post crown techniques

Some manufacturers supply temporary posts with
their kits. An example of an aluminium temporary
post is shown in Figure 62. Otherwise, temporary
posts may be made from wire modified with a
conventional or higher acrylic before the tempor-
ary crown is added to the wire by one of the
techniques described in the previous section (see
Figure 66).

Other techniques

Build-up techniques Temporary partial crowns,
particularly pin-retained partial crowns, are very
weak and tend o break up and become lost. It is
also difficult to form pins by any of the techniques
described so far. Temporary partial crowns can be
made by placing plastic pins into the pinholes and
building up a vemporary crown in self-curing
conventional or higher acrylic, using a paintbrush.

Copper ring and amalgam A robust posterior
temporary crown that can be left in situ for some
time may be made by adapting a copper ring to the
margins of the preparation, cutting it short of the
occlusion and filling it with amalgam carved to form
occlusal contacts. If an amalgam core is present the
preparation should be lubricated with petroleum

jelly to avoid any risk of the new amalgam
becoming attached to the preparation. These
temporary crowns are easily removed by slitting
the copper ring.

Difference between temporary and
provisional crowns

humﬂultunﬁke:dmuonbﬂwunumpor
ary’ and 'provisional’ crowns (and bridges). Tem-
porary restorations are made to last for a short
while to protect the prepared dentine, to maintain
the appearance and to prevent tilting or overerup-
tion of the prepared tooth by maintaining contact
points and occlusion. Because they are temporary
they are usually made by one of the relatively
simple techniques described above and are
cemented with a temporary crown and bridge
cement.

Provisional restorations also have all these func-
tions but are made to last for a longer period while
other treatment is being provided before the
permanent restorations can be made or when a
period of assessment is necessary. For example, if
the patient has periodontal disease associated with
poor margins on existing restorations, provisional
restorations may be made with well adapted
margins and left for some time until the treatment
of the periodontal disease is completed. Similarly
when the occlusion is being modified, for example
by increasing the ovD, provisional restorations will
be left in place for some months to assess the
patient’s tolerance of this change before the new
occlusion is finally established by permanent restor-
ations. During this time the occlusion can be
modified by occlusal adjustment or by additions to
the restorations.

Laboratory made provisional
restorations

Some of the newer temporary crown and bridge
urﬁﬂﬂﬂpableﬂflasmgmdwmnhhn;
enough to function as restorations.
They can therefore be made at the chairside by the
same techniques as have been described for

temMporary restorations.

15
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healing

Alternatively, the teeth are prepared, an accu-
rate impression taken and temporary restorations
made at the chairside. The impression is then used
to make heat-cured acrylic restorations in the
laboratory or sometimes a simple casting is made
to which acrylic or compasite is added (see Figure
126, page 201). These will last for six months or a
year without serious deterioration although they
should be checked periodically, particularly for

Figure &6
Temporary post crowns.
a The same preparation as shown in Figure 60 after initial gingival

b The thickest possible length of serrated German silver wire is tried in the root canal,
coated with a higher acrylic and inserted into the post hole. YWhen nearly set it is
withdrawn and reseated a number of times o prevent the possibility of the post
jamming and not coming out. After excess material has been trimmed, the coronal part
of the temporary crown is added using one of the techniques described earlier. In this
case the polycarbonate temporary crown s illustrated in Figure 63

marginal leakage and occlusal wear which will allow
the prepared tooth to over-erupt.

Cementation of temporary and
provisional crowns

The retention of the temporary or provisional
restoration and the likely dislodging forces should
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be assessed and a cement of appropriate strength
selected. The following list of temporary cements
and their appropriate use is arranged in ascending
order of strength:

@ A non-setting mixture of petroleum jelly and
zinc oxide powder — used for short periods
between appointments, for example, for
cementing temporary crowns when teeth are
prepared and impressions taken in the morning
crowns fitted with a stronger cement in the
afterncon

@ Temporary crown and bridge cement with a
high proportion of modifier to reduce the
strength — used when several temporary crowns
are joined together, giving considerable overall
retention; this may be done even though the
permanent crowns will be separate (see Figure
64)

@ Unmodified temporary crown and bridge
cement — used for individual complete crowns
that will have to stay in place for periods of up
to two o three weeks

@ Accelerated zinc oxide eugenol cement — used
as an alternative to temporary crown and bridge
cement, but messy and more difficult to remove
from the margins and from the tooth prepara-
tions: it also reacts with plastic temporary
crowns, softening them

@ Reinforced zinc oxide eugencl cement — used
when a stronger cement is required, for exam-
ple. with partial crowns or when complete
crowns have to last for periods longer than
abourt three weeks

@ Polycarboxylate and zinc phosphate cements —
used with poorly fitting temporary crowns, for
example, aluminium temporary crowns or
where the temporary crown has to last for an
extended period, for example, laboratory-made
provisional crowns fitted during periods of
orthodontic or pericdontal treatment.

After temporary crowns have been cemented it is
important that surplus cement is removed, other-
wise irritation of the gingival margin and plaque
retention will produce gingival inflammation.

The working impression

The working impression is the very accurate
impression from which a cast with removable dies

is made. The crown is made on the removable die

the prepared tooth. The impression should
include not only an accurate impression of the
prepared tooth but also the adjacent teeth so that
the contact points and occlusal surfaces of the
crown may be contoured. It should also include the
remaining teeth in the arch so that the working
cast can be articulated against the opposing cast
This usually means that it should be a full arch

g &

Impression materials

There are two groups of materials used for crown
and bridge impressions, elastomeric materials (sili-
cone, polyether or polysulphide) and reversible
hydrocolloid. The elastomeric materials set by a
chemical reaction when two materials, usually two
pastes, are mixed together. The reversible hydro-
colloid is based on agar agar. It is melted in a water
bath and sets on cooling. The teeth must be dry
for elastomeric impressions, but may be wet with

Silicone impressions materials

These may be divided into two groups. The early
type of silicone material which sets by a condensa-
tion reaction leaves a residual alcohol by-product,
which evaporates from the impression, causing
shrinkage. The condensation silicones must there-
fore be cast very soon after the impression is taken.

The second group of silicone materials was
developed much later and they set by an addition
reaction, leaving no volatile end product. They are
very stable and can be kept for extended periods
before casting. It is safe to send them through the
post.

Most manufacturers supply addition curing silico-
nes in a range of five viscosities: putty, heavy body,
regular, light body and wash. This means that a
whole range of techniques is possible using com-
binations of these materials with or without special
trays.

The material does not wet tooth preparations
well. In compensation, it is very clean to use. Toxic
and allergic reactions have not been reported.

In many ways this is the ideal material but is -
depending on the quantities purchased — the most
expensive elastomeric material.

nr
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Polyether impression material

Polyether is convenient since the same material
may be used in the syringe and the tray, only one
mix being required although light and heavy
viscosities are also available. It is also best used in
thick sections and so should be used in stock trays.

The disadvantage of polyether is that it absorbs
water, producing distortion. It has to be kept dry
once it has been washed after removal from the
mouth. It should not therefore be packaged with

Figure &7
Impressions for crowns and bridges in various materials.

a The impression of the patient shown in Figure 66a in
addition curing silicone: light and heavy body technique.
For the impression of the post, the light body material
is spun down the post hole with a spiral root canal paste
filler. This is rotated during removal. A thin reinforcing
wire is inserted to stiffen the impression and prevent it
bending when the die is cast

b A different brand of addition curing silicone showing
the impressions for the patient in Figure 57.

¢ An impression in polyether in a stock tray.

an alginate impression of the opposing jaw for
transit to the laboratory.

It is compatible with most die materials but
because it absorbs water cannot be electroplated
without risk of distortion. The cast should be made
fairly soon after the impression is taken, preferably
the same day. A significant number of people —
particularly dental surgery assistants - become
allergic to the material after repeated contact with
it
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Polysulphide impression material

Most of the manufacturers supply polysulphide
impression material in two main viscosities: light
body and heavy body. The light body material is
used in the syringe and the heavy body material in
the impression tray. The more viscous heavy body
helps to drive the light body material into the
details of the prepared tooth and into the gingival
crevice. It should be used in an unperforated rigid
special tray to achieve the maximum pressure on
the unset light body material.

d An impression in light and heavy body polysulphide
material in a special tray.

e Reversible hydrocolloid in a water cooled tray.

f Flat ended parallel-sided stainless steel impression pins
being used to record pinholes in the partial crown
preparations shown in Figure |7a, page 31

Polysulphide material has the advantage of a
longer working time than the other elastomeric
materials, but it also has a longer setting time. It is
a sticky material that wets the tooth preparation
well and so adapts to it, but this stickiness is a
nuisance in inexperienced hands. The patient,
assistant, operator and surgery can all end up in a
messy condition after attempts at taking polysul-
phide impressions. Some patients complain of the
taste and smell of the material; it is usually an
unappealing brown colour.
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Wery accurate impressions can, however, be
taken with this material as it is stable for a
Meither does it produce allergic reactions.

There is some anxiety about the toxicity of the
lead peroxide catalyst used in many of these
materials, although harmful effects have not been
reported.

Reversible hydrocolloid

This was available long before the elastomeric
materials were developed and it largely fell into
disuse with their introduction. However, there has
now been a revival of interest in the material. It
has the advantage of being usable in a wet
environment. The material is relatively inexpensive,
although the conditioning bath (a heated water
bath with three chambers) is costly and s a
necessary part of the equipment. It is used in special
water-cooled trays.
-The hydrocolloid contains water that evaporates
when the impression is stored and so it has to be
cast almost immediately after it is taken. There is
also a reaction with the artificial stone used to
make the working cast and so the surface of the
hydrocolloid impression must be conditioned with
potassium sulphate before the cast is made.
Figure 67 shows examples of impressions in all
four types of material.

Impression techniques

Single-stage technique (for example, polyether)
When a single viscosity material is used, the
material is mixed, part of it placed in an impression
syringe and the remainder in the impression tray,
usually a stock tray. The material is syringed over
the dry tooth preparation and the tray immediately
seated in place. With a stock tray that has no
occlusal stops, it is important to localize the tray
carefully and avoid seating it too far so that it does
not contact the prepared tooth.

Two-stage technique Light and heavy body
materials (for example, polysulphide or light and
heavy body silicone or hydrocolloid)

Two sets of material are mixed, a low viscosity
material that is syringed around the preparations
and a heavier viscosity material used in the

impression tray and seated in the mouth before the
light body material has set. The light body material
is thus forced into intimate contact with the
preparation and gingival crevice.

A special tray with occlusal stops is usually used
with the elastomeric materials, and occlusal stops
are set into the water cooled trays used for
hydrocolloid.

Putty and wash (for example, silicone)

This is a modification of the two-stage technique
but in this case a light or medium viscosity material
is used in the syringe and a putty material in the
tray. Because of the viscosity of the putty material,
a stock tray is usually used. This technique is
therefore popular because the cost of a special ray
is saved. The very thin wash material does not
work well with this technique as it tends to drip
off the prepared teeth before the putty material
can be seated.

An alternative technique is to take a purtty
impression before the tooth is prepared. This is
then trimmed to remove undercut areas and
escape channels are cut in the sides of the
impressions of all the teeth. The impression is set
on one side while the tooth is prepared and it is
then relined with a very lightbodied wash material,
which can also be syringed round the tooth
preparation. The putty impression is then reseated
in the mouth and in effect forms a very accurate
close-fitting special tray. The considerable differ-
ence in the viscosities of the two materials reduces
the risk of the primary impression becoming
distorted through pressures generated in the
reseating.

This technique should not be used when the
viscosity of the two materials is close. In particular,
an impression taken in any rubber material should
not be relined with the same material once set
without extensive modification to remove all the
undercurs (see Figure 68).

An alternative technique using the putty and
wash materials is to take a putty impression with a
spacer of flexible material. For example, polythene
sheet may be placed over the unset putty material
before it is seated in the mouth. This reduces the
amount of modification of the putty impression.

Gingival retraction

The ideal is to start with gingival health and
supragingival crown margins. Gingival retraction is
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not then needed, impression taking is easier and
more reliable, but most important, gingival health
is easy for the patient to maintain. However, it is
often necessary to retract the gingival tissues in
order to obtain an impression of the tooth surface
beneath the gingival margin. This will always be
necessary if the preparation margin is subgingival.
It will also be desirable if it is close to or at the
gingival margin. This is because the crown contour
at the periphery should be in line with the tooth
surface to avoid a plaque retentive crevice at the
margin. This can only be achieved if an impression
of the tooth surface is obtained for some distance
beyond the preparation margin.

There are four ways of retracting the gingival
margins (in ascending order of destructiveness):

@ Blowing the impression material into the gingival
crevice with vigorous blasts of air

@ Temporarily retracting the gingival margin with
cord

@ Using cords impregnated with chemicals

@ Electrosurgery.

Figure 68

Elastomeric impressions should not be relined with a
further mix of material once they are set unless all the
undercut areas are cut away.

a A preliminary impression taken without a spacer.

b W this impression is relined with a second mix of
material distortion will occur: the second layer of
material in the undercut areas of the unprepared teeth
will distort the original material while it is in the mouth.
When the impression is removed this will return to its
original shape, distorting the impression of the prepared
tooth. For a two-staged technique, a spacer of polythene
primary impression should be cut back with a scalpel or
burs, and in particular all the interdental areas and
impression of any undercut surfaces remaved.

Compressed air (see Figures 6%a, b) With a
healthy gingival margin undamaged by the prepara-
tion it is usually sufficient to blow the impression
material into the crevice with air. This technique
and with some silicones. The viscosity and wetting
ability of the material are critical.

Cord and impregnated cord (see Figure 69¢) |If
cord is to be used it is usually impregnated either
with adrenaline, which acts as a vasoconstrictor
assisting in gingival retraction and in arresting any
minor gingival haemorrhage, or with an astringent
material such as aluminium trichloride, which
functions in a similar way. However, some oper-
ators prefer plain unimpregnated cord.

Cords are available in various thicknesses, both
twisted and braided. Braided cords are preferred
as they do not unravel while they are being
inserted.

A cord of appropriate diameter is pressed lightly
into the gingival crevice with a suitable instrument,
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for example, a flat plastic type or one of the special
instruments designed for the purpose. It may not
be necessary to retract the gum all the way round
the tooth if part of the preparation margin is
sufficiently supragingival. The cord is left in place
for two or three minutes and then removed before
the impression is taken. If it is left for too short a
time gingival retraction is inadequate; if it is left for
too long the chemicals diffuse and become inactive.
Too much force should not be used or permanent
damage to the gingival tissues may result

Figure &9
Gingival retraction.

g A crown preparation with the mesial margin level with
the gingival margin,

b The mesial gingival margin being retracted solely by
blowing air into the gingival crevice. With light bodied
elastomeric impression materials this s often all the
retraction that is needed.

¢ Gingival retraction with adrenaline impregnated
braided cord.

It is possible to use a very thin cord pressed into
the base of the gingival crevice and a thicker cord
placed on top of it. Only the thick cord is removed
before the impression is taken. This technique is
not recommended as it can be unnecessarily
destructive. The cord, being inelastic, often
becomes attached to the rubber impression, and
may cause a distorted die to be made. If there is
enough room for two layers of cord in the pocket,
perhaps the patient should have periodontal treat-
ment before permanent crowns are made!
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Electrosurgery (see Figures 60 and 66a) Electro-
surgery can be used to arrest gingival haemorrhage
before impression taking and to establish a distinct
eival b ing a subgingival _
margin. This technique should be reserved for
unusual situations, for example, where a tooth has
been fractured with the fracture line extending
subgingivally and an impression is required in order
to make a post core and diaphragm. Further
gingival recontouring may be carried out surgically
once the crown is fitted if necessary.

Impressions of pinholes
Tapered plastic pins are available which match the
size of standard tapered burs. These are inserted
into the pinhole and become incorporated into the
elastomeric impression. The problem is they some-
times don't. They either wedge in the tapered
pinhole and are left behind, or they float out during
the syringing procedure and are lost in the bulk of
the impression. These tapered plastic pins were in
fact produced to be incorporated in direct wax
patterns made in the mouth. They were not
intended originally for the indirect technique and
s0 it is not surprising that these problems arise.
Parallel-sided pinholes avoid these problems.
The impression pins are longer and it is easier o
syringe impression material around them without
dislodging them. Plastic parallel pins have heads
which lock them into the | ion material (see
Figure 140, page 218). Alternatively metal, headless
pins with carefully cut flat ends are used. They are
not coated with impression adhesive so that when
the set impression is removed from the mouth, the
pin will either come out in the impression or stay
in the tooth. If the latter, it can be taken out and
accurately and reliably reseated into the impression
(see Figure 671). In either case a plastic pin 0.1 mm
smaller than the hole is used in the wax pattern.
This burns out with the wax so that the pin is cast
together with the rest of the casting.

Occlusal records

An occlusal record is not always necessary (see
Chapter 4). In some cases an intercuspal position
(icF) record is all that is required. In others a
combination of retruded contact position (RCP) and
left, right and protrusive excursion records,
together with a facebow, may be needed.

The intra-occlusal records may be taken in wax,
a zinc oxide-eugenol paste on a suitable frame, or
a polymer material.

Wax occlusal records

Pink wax is softened in a flame or in hot water and
shaped to the approximate size of the study cast
It is laid on the lower teeth and the jaw closed into
the required position. The wax is allowed to cool
or is chilled with water and removed.

Wax records are liable to distort and may need
to be readapted. This may be done by thorough
cooling outside the mouth; a second layer of
molten, softer wax is dripped inte both upper and
lower surfaces of the record, then it is reinserted
into the mouth. Alternatively, the chilled wax
record may be relined with a zinc oxide occlusal
registration paste or a temporary crown and
bridge cement (see Figure 70). This is often the
simplest and quickest technique and is sufficiently
accurate. It is therefore the technique of choice in
many cases.

The problem with the wax record is that firm
pressure is needed to seat the working and
opposing casts into it and this can distort it
particularly if all the teeth have been prepared or
are missing on one side of the arch. Conversely,
knowing of this risk, the technician may not press
the casts into the record firmly enough and so they
are left slightly unseated. These problems can be
avoided if the buccal part of the record is cut away
so that the fit of the casts into the record can be
clearly seen (see Figure 70b).

Zinc oxide-eugenol paste record

A special hard setting zinc oxide-eugenol occlusal
registration paste avoids some of the problems of
wax records. It is spread on to a gauze mesh in a
plastic frame (see Figure 70c). This does not
distort, can be trimmed with a scalpel out of the
mouth and resists firm pressure in seating the casts.
It is, however, a rather time-consuming, messy and
expensive technique.

Polymer materials

Any of the elastomeric impression materials can be
used to produce occlusal records, and there are fast
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Figure T0
Occlusal records.

a A full arch wax occhusal record modified by the
addition of a rapidly setting temporary crown and bridge
cement to the upper and lower surfaces. Note that the
wax extends across the palate supporting the two sides.

b Excess cement is trimmed away with a scalpel so that
when the casts are seated, very precise location of them
within the record can be seen. Note that this patient has
an anterior open bite, making location of the casts
without an occlusal record difficult

¢ Hard setting zinc oxide occlusal registration paste used on a specially
designed adjustable plastic frame with gauze mesh.
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setting rubber materials specially produced for the
purpose. A very convenient one is supplied with a
reusable wide nozzle plastic syringe. The two-paste
material is mixed, loaded into the syringe, and laid
in a wide ribbon over the lower teeth. The jaw is
closed into the required position and held while the
material sets (see Figure 70f).

The disadvantage of the material is that being
rubber, the casts tend to spring out of it and have
to be held firmly in place while being articulated.
Because of its elasticity this material is not suitable
when all the posterior teeth on one side have been
prepared or are missing.

d and ¢ When many or all of the teeth are o be
prepared, an acrylic resin index may be used to record
the ovr. In this case the teeth were prepared and long-
term provisional restorations placed at a new increased
ovD. When the patient had become accustomed to this,
the anterior provisional restorations were removed and
an acrylic index made to the height established by the
posterior provisional restorations. Then these were
removed and the occlusal relationships recorded for the
whole arch with zinc oxide eugenol, with the acrylic
index still present (e).

f An elastomeric polymer occlusal record

Trying in the crown
Safety precautions

Small slippery objects like crowns tend to slip out
of the fingers, especially when wet, They are even
more prone to slip out of tweezers, which should
never be used.

The dangers of dropping a crown down the
patient’s throat are obvious. If it is inhaled it is a
serious medical emergency and the patient should
be rapidly inverted and encouraged to cough. If this
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is not successful he should be immediately taken to
hospital for the crown to be removed.

If the crown is swallowed, this is less dangerous,
and also less dangerous than swallowing a sharp
instrument such as a reamer. However, radiographs
should usually be taken and if possible the crown
recovered by the patient when it is passed. Figure
71 shows an abdominal radiograph with a crown in
the colon.

Various precautions are possible:

® Gauze or sponge packs may be placed behind the
area where the crown is being tried in. These
are theoretically a good idea but with some
patients the irritation at the back of the mouth
makes them consciously suppress the cough
reflex so that if a foreign object drops behind
the pack, the risk of it being inhaled rather than
swallowed may be increased.

@ The patient may have treatment in an upright
position and be told to lean forward, if the
crown drops, and cough it out.

@ With practice and experience it is possible to
control even small inlays and crowns by keeping
the fingers dry and the tooth well isolated and
dry. One finger should be kept behind the crown
at all imes. A competent dental surgery assistant
with a wide-bore high-volume aspirator should
be at the ready.

@ In some cases it is advisable to try in crowns
under rubber dam, but it is difficult to assess the

Figure TI
A crown that has been swallowed at the try-in stage. k
is now at the top of the descending colon and was passed

twenty-four hours after this radiograph was taken. lt was
recovered, sterilized and cemented.

margins if clamps are used, and impossible to
judge the gingival relationship or occlusion.

The checking procedure

As pointed out in Chapter 5, a gold crown is tried
in, adjusted if necessary and then cemented.

A conventional PC is tried in with its platinum
foil in place, adjusted, stained and reglazed if
necessary, and then the foil is removed before the
crown is cemented.

The metal part of a metal-ceramic crown may be
tried in before the porcelain is added and then
returned to the laboratory and retried with the
porcelin before being finally cemented.

At the try-in stage the following checks should
be made together with any necessary adjustments.

Checking and adjusting the fit

The marginal fit is checked by eye and with a sharp
probe. Gaps, overhanging margins (positive ledges)
and deficiencies (negative ledges) may be present
(see Figure 72).

A uniform gap all the way round indicates that
the crown is not fully seated. Having checked for
retained temporary cement or trapped gingival
tissue, firmer seating force should be applied and if
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the gap persists, the contact points should be
checked (see page 128). If, after any necessary
adjustment to these, the crown still does not seat,
it should be removed and the fit surface inspected.
W it is metal, burnish marks on the axial walls may
show where the crown is binding. These are
ground lightly with a bur or stone and the crown
retried.

If there is some improvement but not complete
seating, the fit surface should be lightly sand blasted
and reseated. If no burnish marks appear, it is likely
that the margins or occlusal surface are preventing
complete seating. A common cause is a slightly
overtrimmed die (see Figure 73). If the occlusal
surface is suspected, disclosing wax (a very soft
wax) is melted into the crown, which is seated
before the wax sets. When the crown is removed
high spots will show as perforations of the opaque
Wax.

Figure T1

a A crown with a large positive ledge or overhang. This
should not be cemented in this condition. The distal
margin is a better fit but the surface is bulbous and over-
contoured, encroaching on the embrasure space. Com-
pare the contour of the distal surface of the crown with
the mesial surface of the tooth behind.

b A negative ledge or short crown margin. There is no
gap. All the other restoration margins on this radicgraph
are also overhanging or defective in some way.

Fine powder suspensions in aerosol sprays or
painted colloidal graphite are also used to show
where tight crowns are binding, but they are very
untidy materials.

If there is a gap around only one part of the
crown, it may be seating unevenly because of a
tight contact point; otherwise the impression or
die may have been distorted.

A positive ledge should be adjusted until the
probe passes smoothly from tooth to crown
without a catch. A negative ledge is a bigger
problem and often means that the crown has to be
remade.

A pc made for a very parallel-sided preparation
may not seat fully without forces being applied that
would risk the crown being fractured. If the shade
and other aspects of the crown are satisfactory, the
platinum foil should be removed and the crown will
usually then seat completely,
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Checking retention

A crown should not feel tight. A crown for a long
preparation with optimum taper, which will have
excellent retention when cemented, may simply
drop off the preparation when tried in. A feeling
of tightness is the result of unnecessary roughness
of the ion or a casting that has been
distorted. Tightness of fit is not a reliable test of
retention, and tight crowns may be more difficult
o cement, resulting in an open margin.

The crown should be tested for a tendency to
tilt or pivot when rocked from side to side. Tilting
off the preparation clearly reveals an unretentive
design. Small pivoting movements show that the
crown is not fully seated and is rocking about the
contact points or on high spots on the fit surface
= in which case the margins should be checked
again. Alternatively, there is oo much space
berween the crown and the tooth. This may be due
to the excessive use of die relief (a varnish spacer
painted on to the die. avoiding the margins), a
poorly adapted platinum foil, an over expanded
casting or one that has had its fit surface ground.
Minor movements, if the shape of the preparation
is satisfactory. are acceptable.

Checking and adjusting contact points and
axial contours

Dental floss should be used to check that the
contact points are neither too tight nor too slack.
Tight contacts can be lightly ground a little at a
time and polished: any deficiency in porcelain
should have more porcelain added. Deficient gold
contact points may have gold solder added.

Appears to it

Figure 73

A common cause of crowns not seating. The impression
clearty shows the margin of the preparation but does not
extend very far beyond it. It is often more difficult to
distinguish the margin on the stone die than on the
impression, particularly when dust from the trimming
obscures vision. This leads to an overtrimmed die. To be
on the ‘safe side’, the technician extends the crown
beyond the margin. producing a bevel This fits the die
well but when tried in the mouth the tiny bevel perches
on top of the prepared margin, preventing the crown
from fully seating. It may appear to fit in the overtrim-
med area but a gap will be present elsewhere,

Buccal and lingual contours should not be too
bulbous, the marginal area should be in line with
the wooth surface to reduce plaque retention and
the surface should look natural. Again, adjustments
may be made by removing or adding material.

Checking and adjusting the shade

Shades that are slightly too light (the chroma too
low) can be darkened by adding stain of appropri-
ate colour and refiring. Stain can also be used to
add missing characteristics such as crack lines or
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mottled areas. However, if the basic hue is wrong
or the chroma too dark, or the fault lies in the
colour of the opaque core material or the ‘dentine’
porcelain, it is often not possible to change the
shade sufficiently. The crown has to be remade if
it is a PIC or the porcelain removed and replaced if
it is a metal-ceramic crown.

Checking and adjusting the occlusion

See Chapter 4 for details of occlusal adjustments.
If reduction is necessary, the thickness of the
occlusal surface should be checked with magnifying
calipers.

Cementation

When all the checks and adjustments are complete,
the crown is permanently cemented.

Choice of cements

The range of cements used for permanent cemen-

Glass ionomer cement

Zinc phosphate cement

Reinforced zinc oxide-eugenol cement (particu-
larly cements reinforced with epoxy benzoic acid)
Polycarboxylate cement.

Glass ionomer cement

Glass ionomer luting cements have now been
available for long enough to be able to say that they
are the cement of choice for most crowns. Glass
ionomer cement adheres to dentine and enamel, it
has a low solubility, it leaches fluoride and is
relatively non-irritant to the pulp.

Earlier versions had a higher initial solubility in
saliva but this problem has now been solved.

Zinc phosphate cement

Zinc phosphate has been in use as a luting cement
for much longer than all the others. Although its
acidity must be irritant to the pulp, literally millions

of crowns have been cemented with it, with a very
low proportion of clinically detectable ill effects.
Patients sometimes complain of transient discom-
fort when the cement is setting if a local anaesthe-
tc is not used, but most patients need a local
anaesthetic for crown cementation anyway and so
this is not a major problem. However, the irritant
nature of the cement remains an anxiety. The pulps
of some teeth fitted with crowns do become
inflamed and eventually necrotic. This also happens
occasionally with other cements and it is difficult
o identify the cause of pulp death. Was it the
cement, the effects of preparing the tooth, or the
original condition for which a crown was neces-
sary!

Zinc phosphate has two major advantages which
probably account for its continued popularity. It has
a long, controllable working time and it produces
the thinnest cement film, which can be as little as
10pm. Of course, this is stll ten tmes the
diameter of the micro-organisms that lodge at the
periphery of the cement film to form plague.

Reinforced zinc oxide-eugenol cement

This has a much lower compressive strength than
glass ionomer or zinc phosphate and is therefore
less retentive. It also has a greater cement film
thickness. As it is slightly soluble it may therefore
be lost more readily from the wider gap which
exists at the margin. However, some dentists
prefer it to zinc phosphate because of its less
Irmitant nature.

Polycarboxylate cement

This too has a relatively low compressive strength
and high cement film thickness. It also absorbs
water to a greater extent.

Despite a low pH when unset it is less irritant
than zinc phosphate cement and adheres to enamel
and to a lesser extent to dentine.

Cementation technique

Preparing the crown

The crown should be completely cleaned of all
traces of polish, disclosing wax, saliva and so on
This is best done in an ultrasonic cleaning bath, or
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if this is not available by scrubbing with a tooth-
brush and detergent. The crown should be thor-
oughly dried with tissues and blasts of air.

Preparing the tooth

The tooth should be thoroughly washed with
water spray and gently dried with air; it should not
be overdried as this may damage the pulp by
desiccation. The washing and drying should be left
until the last minute to avoid contamination of the
surface by saliva or gingival exudate.

Mixing and applying the cement

The cement should be mixed according to the
manufacturer’s instructions. Glass ionomer cement
is mixed either by incorporating powder into
water on a glass slab or paper pad or encapsulated
versions are mixed mechanically. In the case of zinc
phosphate cement, slow mixing of small increments
of powder on a cool glass slab, over a wide area,
will increase the working and setting time. This will
also allow the pH to rise a little before the cement
is applied to the tooth.

The cement is applied to the hollow part. With
a complete crown, this is the fit surface of the
crown, while with a pin it is the pinhole in the
tooth. When the opposite member is inserted into
the hollow, the cement coats it and is extruded
from the margins. If the other surface is coated
with cement, for example, the tooth preparation
for a complete crown, it may be scraped off the
surface when the crown is seated, and part of the
surface left bare of cement.

The walls of a post hole may be coated using a
rotary paste filler or reamer.

Mothing is gained by coating both surfaces. Time
is lost so that the cement becomes more viscous
by the time the crown is seated, resulting in a
thicker cement layer. Only if both parts have
hollow features, such as in a complete crown
preparation with additional pin retention, should
both surfaces be coated.

The entire surface should be coated quickly with
plenty of surplus cement. Any benefit that might
be gained by applying a thin, even coat of cement
is lost through the extra time taken to achieve this.

Inserting the crown
The crown should be seated quickly and pressed
home with firm, continuous force to extrude all the

excess cement from the margins. The pressure may
be applied by the operator or by the patient biting
on a suitable prop, such as a cotton wool roll.
Pressure should be maintained and the area kept
dry with cotton rolls or absorbent pads and
aspiration until the cement has set. Excess cement
is also left until the set is complete and it is then
removed.

Burnishing crown margins

Finely bevelled gold crown margins may be bur-
nished and so distorted to provide a close fit at the
margin. The value of this procedure is doubtful for
a number of reasons: the distortion may produce a
plaque retentive groove at the margin; the sites
where burnishing may be most valuable since they
are the least accessible for oral hygiene procedures
are also the least accessible for burnishing (for
example, interproximal areas); the harder modern
casting alloys. including many metal-ceramic alloys,
cannot be burnished successfully; and finally, mod-
ern impression and casting techniques are very
accurate so that the benefits of burnishing are less
than they were at one time.

If rmargins are burnished nevertheless, this should
be done while the cement is setting. If done
beforehand, the tightly adapted margins would
prevent the escape of cement unless a vent (or
hole) were prepared in the occlusal surface of the
crown. If burnishing were to be done after the
cement had set, the cement at the margin would
be crushed and leakage would follow.

Oral hygiene instruction and
maintenance by the patient

A final and important stage is to teach the patient
how to clean and maintain the crown, and in
particular how to clean the marginal area. Dental
floss and an appropriate tooth brush technique
should be advised.

Some patients already have excellent oral
hygiene and too much emphasis on the importance
of cleaning around the crowned tooth may result
in over-enthusiastic cleaning, causing damage to the
gingival tissues or to the tooth.



Chrucol techmigues for crown construction

Recall, assessment, maintenance and

repair
Assessment

A systematic assessment of all crowns should be
made at each recall examination. This should
include evaluation of:

Oral hygiene

Plaque levels and gingival inflammation around the
crown should be compared with similar teeth
elsewhere in the mouth. If the crowned tooth is
worse, the reason should be investigated and dealt
with. In any case, when it is present periodontal
disease should be treated.

Margins

The crown margins should be examined for
positive and negative ledges and gaps, and prepara-
tion margins should be examined for secondary
caries and signs of abrasive wear,

Structure of the crown

This should be examined for fractures and wear,
including occlusal perforations.

Appearance

The appearance of the crown or the adjacent teeth
may have altered since it was fitted. Any change
should be assessed as acceprable or unacceptable.
In the latter case the crown will usually have to be
replaced: apart from grinding little can be done o
alter the crown's appearance once it is cemented.

Adjustments and repairs to crowns in
situ

These are dealt with in Chapter |3, together with
bridges.

Practical Points

® Good records in the form of study casts and
photographs before preparation are useful for
planning and later reference.

@ Examine the whole mouth and use different
lighting conditions when selecting the shade for
the crown.

® Prepare each woth surface in twrn so that the
amount of reduction can be controlled; the
order depends on individual circumstances.

® Gross reduction, at least, must be completed in
one visit and a temporary crown fitted.

® The working impression should include an
accurate impression of both the contact points

and occlusal surfaces of the adjacent teeth as
well as the prepared tooth itselfi and the
remaining teeth in the arch.

® Good temporary crowns are necessary to pro-
tect the prepared tooth and to prevent tooth
movement.

@ Special care is needed when trying in the crown
to avoid the risk of losing it down the patient’s
throat.

® After cementation, careful instruction to the
patient on oral hygiene and maintenance is of
paramount importance.
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7 Indications and
contraindications
for bridges

Although the crowns made in the UK MNational
Health Service have more than doubled in the last
decade (see Chapter |), the number of bridges has
increased nearly twentyfold. Figures for bridges
made under private contract are not available, but
it seems almost certain that the increase has been
of similar magnitude. Large increases are also
reported in many other countries.

It can be assumed that this dramatic change is the
result of a number of factors; a general growth in
dental awareness and expectation, changes in
undergraduate and postgraduate dental education
and the introduction of new. simpler techniques
and materials. Many patients reject the idea of
wearing partial dentures and the demand for
bridges. despite the high cost, is likely to rise.

General terminology

The terminology used in bridgework is sometimes
rather loosely applied. and in different parts of the
world the same terms are used to describe
different things. The word bridge itself is used in
the United Kingdom to describe a fixed appliance
only, whereas in parts of the USA and elsewhere
it ako includes certain tooth-borne removable
appliances.

The following names will be used for the various
appliances:

@ A bridge is an appliance, replacing one or more
teeth that cannot be removed by the patient
(see Figure 74a). The general term fixed bridge
is avoided as it implies one of the specific designs
of bridge (see Chapter 8). Substantial rooth
preparation 5 necessary for a conventional
bridge. The bridge usually occupies no more
space than the original dentition.

@ A minimal-preparation bridge is attached 1o
the surface of minimally prepared (or unpre-
pared) natural teeth and therefore occupies
more space than the original dentition (see
Figure 74b).

® A removable bridge is very much the same as
a bridge in that it is retained by crowns, is
entirely tooth-supported, does not replace soft
tissue, and unless it is examined closely, appears
to be the same as a bridge. However, it can be
removed by the dentist and is often designed to
be removable by the patient (see Figure 75).

@ A precision attachment partial denture s
retained by proprietary attachments and is
removable by the patient. Soft tissue elements
are replaced and the appliance uswally has
structures that pass across the oral tssues. for
example, across the palate or around the lingual
alveolus. Matural teeth have to be prepared and
crowns or other restorations made for them,
incorporating part of the precision attachment
(see Figure 7éa).

® A partial denture may be rested entirely on
teeth, or be supported by the soft ussues, or by
a combimation of these two. Rest seats are
sometimes used, but otherwise it is usually not
necessary to prepare the natural teeth exten-
sively. Partial dentures are retained by clasps, by
adhesion to the soft tissues or by dental or soft
tissue undercuts (see Figure 76b).

General advantages and
disadvantages of replacing missing
teeth

It is necessary for both the dentist and the patient
— and in some cases a third party financially
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Figure 74
Bridges

a A conventional bridge replacing the upper right lateral
incisor and with a single artificial premolar tooth filling
the space between the canine and first molar teeth. The
bridge has just been cemented. The gingival condition
around the molar abutment is good but around the
canine is inflamed buccally as a result of irritation from a
broken temporary bridge in this area

b A minimal-preparation bridge attached to the surface
of the lateral incisor and second premolar with a single
artificial tooth filling the space between them.

Figure 75
A removable bridge

a Cast pold copings permanently cemented to the
remaining teeth. The extermal surfaces of these are
milled parallel to each other in the laboratory

b The removable bridge which the patient can take out
hirmsell
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involved with the transaction - to be convinced
that the replacement will produce significantly
maore benefit than harm. The following questions
must be asked:

| How will the patient’s general or dental well-
being be improved by the replacement?
— Whar disadvantages will the replacement bring
with it?
— What is the ratic of these advantages and
disadvantages’

2 |f the balance is strongly in favour of replacement
should the replacement be by means of:
— A bridge
- A removable bridge
- A precision attachment partial denture

Figure 76
Partial dentures.

a A precision attachment retained partial denture. In this
case the two premolar teeth on the right of the picture
are splinted together and an intra-coronal precision
attachment is incorporated into the distal surface of the
second premolar. The first molar on the left is an artificial
tooth — part of a bridge — and it too contains a precision
attachment. The partial denture retained by these two
attachments can be removed by the patient

b A conventional cobalt chromium partial upper denture
which is tooth supported with rests, clasps and a major
palatal connector. Mone of the metal work is visible from
the front of the mouth

- A partial denture’?
(Of these a bridge or a partial denture are by far
the Most common. )

Advantages of replacing missing teeth

Appearance

For many patients with teeth missing in the
anterior part of the mouth appearance is an
overriding consideration. For them a replacement
is certainly necessary. Just as with crowns, it is also
necessary to judge the appearance of gaps further
back in the mouth, taking account of the anatomy
and movement of the patient’s mouth
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Occlusal stability

This was discussed in Chapter 4; and it was also
made clear that in many cases, although occlusal
stability is lost initially when teeth are extracted,
tilting and over-eruption eventually lead to an
occlusal relationship which, although it may not be
satisfactory and may contain occlusal interferences,
is nevertheless stable. If the missing teeth can be
replaced before the tooth movements occur and
when tooth movements are likely, this may well be
sufficient justification for the replacement. In many
cases, however, the patient is first seen some years
after the extraction and has a new stable relation-
ship. A replacement for the missing teeth would
not improve the stability and so is not justified (see
Figure B3, page |46). Special occlusal considera-
tions are discussed under orthodontic retention
and alterations to the OVD (see next page).

Ability to eat
Many patients manage to eat quite successfully with
large numbers of teeth missing. Patients with no

Figure 77

a A twelve-unit bridge supported by six teeth with
considerably reduced periodontal support. Several teeth
were uncomfortably mobile before the provisional
bridge was fitted. The patient was able to maintain pood
oral hygiene following periodontal therapy and the
provisional bridge was replaced after a year by this
permanent bridge.

b Radiographs of the three abutment teeth on the left-
hand side for the patient shown in g.

lower molar teeth who are fitted with well
designed and well constructed partial lower
dentures frequently leave them out because they
claim that it is easier to eat without them. Some
patients, though, have a genuine and persistent
feeling of awkwardness if they are deprived of even
one posterior tooth. As with appearance, the
patient’s concept of the problem is as important in
deciding on a replacement as the problem itself.
Generally though, the more teeth that are missing
the more important is a replacement

Other advantages

The three advantages listed above are by far the
most common indications for replacing missing
teeth. The following, though less common, can be
extremely important for individual patients:

Speech Patients concerned about the quality of
their speech are usually also concerned about their
appearance. The upper incisor teeth are the most
important in modifying speech and so when they
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are missing they will usually be replaced to improve
both speech and appearance.

Periodontal splinting Following the successful
treatment of advanced periodontal disease, it may
be necessary to splint uncomfortably mobile teeth.
In order to produce a cross arch splinting effect it
is necessary to bridge any gaps to provide a
continuous splint — whether or not there are any
other indications for replacing the missing teeth
(see Figure 77).

A feeling of '‘completeness’ Some patients
believe, or have been told, that there is a major
disadvantage to having teeth missing, even when
they have no problems of appearance, occlusal
stability or with eating. These patients appear to
receive considerable comfort from a bridge — less
from a removable appliance. This feeling should not
be discounted if it is held with conviction, even
though the dentist may not be equally convinced of
the benefits of a bridge. However, such attitudes
should not be encouraged.

Orthodontic retention Most orthodontic
treatment is stable, but it is occasionally necessary
to provide a bridge partly to maintain an orthodon-
tic result. A common example is in cases where the
lateral incisors are congenitally missing and the
upper canines have been retracted to recreate
space for them. The resulting appearance is usually
better than artempts at converting the appearance
of the canines to lateral incisors. Another is in

Figure T8

A surgically repaired cleft lip and palate with missing
lateral incisor. The palatal gingival inflammation is exacer-
bated by the temporary - an additional
indication for a bridge. Other indications, as well as
improving the appearance by replacing the lateral incisor,
are to change the shape of the central incisor and
stabilize the relationship of the abutment teeth either
side of the clefc

patients with cleft palates who have been treated
orthodontically as well as surgically (see Figure 78).

Orthodontic retention is a special example of an
indication for tooth replacement for reasons of
occlusal stability. In almost all patients who have
taken the trouble to have orthodontic treatment,

appearance will also be important.

Restoring occlusal vertical dimension Oc-
clusal collapse with excessive wear or drifting of
the incisor teeth sometimes follows the loss of a
number of posterior teeth. This is a difficult
problem to treat but in some cases the posterior
teeth are replaced by bridges or removable
dentures that not only replace the missing teeth
but restore the lost occlusal vertical dimension,
creating space for the upper incisors to be
retracted or crowned as necessary.

Wind instrument players Players of brass or
reed instruments contract the oral musculature to
form what is known as the embouchure This
allows for the proper supply of air to the
instrument. Even minor variations in the shape of
the teeth can affect the embouchure, and missing
teeth can have a disastrous effect on the music
produced by some players.

With some instruments the mouthpiece is sup-
ported indirectly by the teeth, via pressure on the
lip. Clearly with these patients not only is the
replacement of any missing teeth essential but a
bridge will usually be necessary. This must be
designed very carefully to reproduce as much of
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the original contour of the missing tooth as
possible.

Disadvantages of replacing missing
teeth

Damage to tooth and pulp

In preparing teeth for conventional bridges or
precision attachment partial dentures it is often
necessary to remove substantial amounts of healthy
tooth tissue. This damage, although it may be
justified if the indications are powerful enough,
should not be undertaken lightly. The problem is
less serious if the teeth to be used to support the
bridge are already heavily restored or crowned.

Whenever a tooth is prepared there is a danger
to the pulp, even if proper precautions such as
cooling the bur are followed. There is sometimes
an additional threat wo the pulp when teeth are
prepared for bridges. With some designs, prepara-
tions for two or more teeth have to be made
parallel to each other and if the teeth are slightly
out of alignment, the attempt to make the
preparations parallel may involve more reduction
in one part of the wooth than normal and so
endanger the pulp.

With the falling incidence of caries in many
countries, and a more conservative approach to
restorative dentistry, situations arise more and
more commonly in which the logical aburment
teeth for a bridge are sound and unrestored or
have minimal restorations. To prepare these teeth
would be very destructive and this is one reason
why the minimal-preparation bridge is becoming so
popular.

Secondary caries

As with all restorations, bridges carry the risk of
microleakage and caries. This risk is more signifi-
cant (particularly dento-legally) if the restoration is
an elective one rather than the result of caries.

Failures

Chapter |13 contains a black museum of failures
among crowns and bridges. Provided the bridge is
well planned and executed and the patient is taught

proper maintenance and is conscientious, the
chances of failure are small. However, there is
always an element of risk and this must be
explained to the patient.

Patients often ask how long the bridge will last.
This is an impossible question to answer as most
bridges do not wear out, neither do the supporting
teeth. Failure is the result of an isolated incident, a
progressive disease process, or bad planning or
execution in the first place. Isolated incidents such
as a blow cannot be predicted and may occur on
the day the bridge is fitted., in forty years' ume or
never. The prevention of caries and periodontal
disease is largely under the control of the patient,
as explained above, assisted and monitored by the
dentist and hygienist. Changes affecting caries and
periodontal disease likewise cannot be predicted.
These include dietary changes, drugs producing a
dry mouth and geriatric changes which make
cleaning difficulc.

A number of long-term surveys of bridge success
and failure have produced results varying from very
low to high rates of failure. It is possible to calculate
from the published figures an average life expec-
tancy of a bridge, but this is not the proper statistic
to use and it should not be quoted to patients
unless the statistical significance is thoroughly
understood by both dentist and patient. Some
bridges are failures from the day they are inserted
and some last for over forty years. To quote an
‘average’ of twenty years is meaningless.

Because the prognosis for a bridge cannot be
guaranteed, potential failure should be regarded as
a disadvantage and balanced against the advantages.
It is not realistic to ignore the possibility of failure,
and its financial implications to patient and dentist
must be recognized.

The arguments in relation to removable
appliances are rather different and will not be
pursued here.

Effects on the periodontium

There is ample evidence that subgingival crown
margins, whether as part of a bridge or not
increase the likelihood of gingival inflammation.
Although there is less evidence that this progresses
to destructive periodontal disease, it is an unwel-
come factor. Even poorly maintained supragingival
crown margins can produce periodontal effects, as
can restrictions of embrasure spaces and reducing
access by the presence of a bridge. The average
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partial denture is capable of causing even more
significant periodontal damage.

Some patients, given extensive courses of treat-
ment, even if without special oral hygiene instruc-
tion, still improve their plaque control. Presumably
their increased dental awareness improves their
motivation. Although this change seems to have
long-lasting effects, it is obviously not a justification
on its own for making bridges.

Cost and discomfort

Many patients regard these as the most important
disadvantages in any tooth replacement. Bridges
and dentures cannot be made other than by the
individual attention of the dentist and the techni-
cian. Personal service of this type will always be
expensive. The cost of partial dentures does not
rise in proportion to the number of missing teeth,
whereas the cost of bridges tends to do so.

Dental treatment is much less painful than some
patients imagine, but there is nearly always some
discomfort, such as holding the mouth open for
long periods and difficulty in controlling fluids in the
mouth. if the treatment is carried out under
sedation, there are the disadvantages of the patient
needing to be accompanied. being unable to drive
after the appointment, and so on.

The choice between fixed and
removable prostheses

General considerations

Patient attitude

Patients show different degrees of enthusiasm for
fixed and removable prostheses. Unless the patient
is anxious to have a bridge and fully understands
the implications, it is often better, particularly
when a number of teeth are missing, to make a
partial denture first to see how the patient
responds. It may be that the denture is satisfactory,
both aesthetically and functionally. if so the des-
tructive and irreversible tooth preparations which
may be necessary for a bridge can be avoided. or
at least deferred.
Alternatively, if the patient is unhappy with the
partial denture he or she will enter into the
arrangements for making a bridge with greater

enthusiasm and commitment. Patients should never
be persuaded to have bridges against their wishes.

Age and sex

Similar arguments apply to bridgework as to
crowns (see Chapter 3). However, whereas there
may be no satisfactory alternative to a crown for
an old or young patient, a partial denture may make
a very satisfactory alternative to a bridge. This is
particularly true for very young patients who may
not fully appreciate the lifelong implications of
being provided with a bridge. It is often better o
make a minimal-preparation bridge or partal
denture until the patient is mature enough to assess
the relative merits of conventional bridges and
partial dentures. But a teenager with a missing
incisor who cannot be fitted with a minimal-
preparation bridge may be desperately unhappy
about wearing a partial denture. In this case, the
provision of a conventional bridge as early as
possible may make a remarkable psychological
difference (see Figure 79).

At the other end of the age scale no patient,
however old, should be written off as being past
bridgework. Figure 102d, page 171, shows a bridge
made for a spritely seventy-six-year-old who would
have been appalled at the idea of wearing a partial
denture. Many patients ten years older than this
would have the same attitude.

Confidence

Many patients feel more confident with a bridge
than with any form of removable appliance.
However retentive a partial denture, some patients
never lose the anxiety that it will become dis-
lodged during speaking or eating. Others are not
prepared to remove partial dentures at night.
Many patients do tolerate partial dentures very
well, however, and it is often difficult to tell
beforehand what the response will be to either
form of treatment. The majority of patients who
have had both partial dentures and bridges prefer
the latter.

Occupation
Sports players and wind instrument players have
been referred to earlier (see Chapter 3 and page
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Figure 79

o Original study cast and diagnostic wax-ups for a
patient who lost the upper right central incisor in an
accident in his early teens. Rather than maintain the
space, the lateral incisor was moved into the position of
the central incisor and the canine tooth into the position
of the lateral incisor. On the patient’s left the first
premolar was extracted as the teeth were crowded and
so the midline was maintained. This study cast was made
when the patient was sixteen and was becoming very
concerned about his appearance. The shape of the lateral
incisor had been modified with composite but this and
the canine tooth were still unattractive. The appearance
of simply crowning the lateral incisor to make it
resemble a central incisor is shown in the first diagnostic
wa-up. This is also not satisfactory and so the second
diagnostic wax-up shows the effect of extracting the
upper right first premaolar, retracting the canine tooth
and the lateral incisor orthodontically and making a
bridge o replace the central incisor tooth. However, the
patient was not prepared to have further orthodontic
treatment to achieve this ideal result and so the bottom
diagnostic wax-up shows the appearance which would be
achieved by extracting the lateral incisor and making a
conventional three-unit fixed-fixed bridge. This is a very
destructive approach but was justified in this case in view
of the patient’s considerable anxiety over his appearance.

b The bridge in place. The patient s happy with this
appearance and considers the treatment to be successful.



139). Although sports players should be provided
with crowns when necessary, it may be better to
defer making an anterior bridge until a patient gives
up the more violent sports, and meanwhile to
provide a partial denture.

Although wind instrument players usually need a
bridge replacement for their missing anterior
teeth, there are some who find that air escapes
beneath and between the teeth of a bridge. They
are better able to maintain a seal with a partial
denture carrying a buccal flange.

Public speakers and singers who make more
extreme movements of the mouth often need the
confidence which comes from wearing a bridge.

General health

forms of treatment and need not be provided for
people who are ill. When tooth replacement is
necessary for someone who will have difficulty
tolerating it because of poor health, or when there
are medical complications such as with patients

Figure BO
A bridge with separate acryhic buccal prosthesis.

a The lateral incisor and canine were lost in a road
accident together with a substantial amount of alveolar
bone. The teeth have been replaced by means of a bridge
and a horizontal precision attachment has been set into
the neck of the lateral incisor.

b The unilateral gingrval prosthesss in place. retained by
the precision attachment. In this case the main purpose
s to pad out the lip contour rather than change the
appearance of the gingival margins. The hip, when not
retracted, conceals the necks of the weeth. See Figure
140, page 218 for a gingival prosthesis which shows when
the patient smiles.

who require antibiotic cover for every appoint-
ment, it is better to consider the simpler, less time-
consuming form of treatment first.

Having missing anterior teeth replaced, though,
can boost the morale of patients recovering from
long illnesses or facial trauma.

Appearance

When a tooth is lost, alveolar bone and gingival
contour are also lost and it is never possible to
disguise this fact entirely (see Figures 74a. page
136, and 1072, page 176). Thus no artificial
replacements ever look exactly like the natural
teeth, although some may be sufficiently realistic to
deceive all except the dentist with his bright light
and mouth mirror. In some cases dentures with
flanges achieve this object better than bridges. in
others bridges have the better appearance. When
a substantial amount of alveolar bone is lost in one
area. the combination of a bridge with a separate
removable buccal flange sometimes gives the best
appearance (see Figure BO).
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General dental considerations

Questions of oral hygiene and periodontal health
were dealt with in relation to crowns in Chapter
3, and similar considerations apply to bridges.
However, when there are strong indications for
replacing missing teeth in a case where there has
been periodontal disease and alveolar bone loss,
provided the periodontal disease is under control
it is preferable 1o provide a bridge whenever
possible rather than a partial denture. This is
because a number of abutment teeth splinted
together as part of a bridge have a better prognosis
than individual teeth with reduced alveolar sup-
port, which may be mobile, used as denture
abutments

When only one or two teeth are missing in the
arch a bridge is usually considered the better
restoration. When large numbers of teeth are
missing, particularly when there are free-end
saddles, partial dentures are a more logical choice.
In some cases the preferred treatment is to replace
one or two missing anterior teeth with a bridge
and the posterior teeth with a partial denture. This
has the advantage that the patient is not embarras-
sed to leave the denture out at night and is more
confident when wearing it during the day

Figure 81

Sectioned study casts of a patient with a complete
overbite with the lower incisors occluding against the
palate. A denture would not be possible without altering
the occlusion, shortening the lower teeth or providing
orthodontic treatment.

Occlusal problems may indicate a bridge rather
than a partial denture, For example, a missing
upper incisor in an Angles Class Il Division |
malocclusion with the lower incisors occluding
against the palate would be difficult to replace by
means of a partial denture without increasing the
occlusal vertical dimension or providing orthodon-
tic treatment. A bridge would be more straightfor-
ward (see Figure 81).

Local dental considerations

The condition of the teeth adjacent to and
opposing the missing teeth may help to determine
whether a fixed or removable prosthesis is indi-
cated. When the prognosis of teeth adjacent to the
space is doubtful it may be better to provide a
partial denture, at least in the short term until the
prognosis is clearer. The doubtful tooth could then
either be used as a support for a bridge or
extracted and a larger bridge or denture comn-
structed. If the angulation or size of the teeth
adjacent 1o the space make them unsuitable to
support a bridge, it may be better to provide a
partial denture rather than design an unnecessarily
elaborate and complex bridge.
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Examples of specific indications for
bridges

Figure B2 shows three cases in which bridges were
preferable, and Figure 83 one where a partial
denture was the chosen treatment, and one where
it might have been. Figure 84 shows a case where
it would be better to leave the patient with no
prosthesis.

Figure B2
Cases illustrating indications for bridges.

a A small but visible space in an otherwise healthy and
unrestored arch. The indication here is to improve the
patient’s appearance and prevent any further mesial
movement of the posterior teeth, which have already
reduced this two-unit space to less than a single tooth
width. Orthodontic treatment to complete the closure
was not possible. A minimal-preparation bridge was
chasen (see 74b). The construction is shown in Figure
129 (page 204).

b The patient, a professional singer, had tried a succes-
sion of partial dentures of various designs. She did not
like the appearance of any of them and did not feel
secure about their retention when singing. The bridge,
which is shown in Figure 102¢ (page 171), has been
present for more than fifteen years and has solved her

problems.

¢ Substantial alveolar bone loss together with the loss of
several teeth following a motorcycle accident in an
eighteen-year-old girl. The soft tissue support is not
ideally suited to dentures. The patient was wvery
depressed about her other facial injuries and felt unable
to cope with dentures. The preparations for the lower
bridge are shown in Figure 31f (page 54) and the finished
bridge, together with the preparations for the upper
bridge in Figure B850 (page 149)
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Figure 83
Indications for partial dentures.

a A heavily worn dentition with short clinical crowns
and no posterior teeth on one side. A partial denture is
the obvious choice here.

b Several teeth missing as a result of hypodontia in a
nineteen-year-old patient. In view of the recent extrac-
tion of the deciduous teeth together with the apparently
high caries incidence judged from the number and size
of amalgam restorations and the small size of the anterior
aburment teeth, a partial denture was provided. An
additional problem in providing a bridge would have
been the lingual inclination of the first lower molar teeth,
making parallel preparation difficult. Eventually though,
the patient found the denture intolerable and a bridge
was made. One stage in its construction is shown in
Figure 128b (page 203).

In both a and b the indications for replacing the
missing teeth are both aesthetic and functional

Figure 84

This patient had had these spaces for many years and,
despite some mesial drift of the lower molar tooth and
considerable mesial movement of the upper molar teeth,
so that space for both premolar teeth was now less than
half a unit, she was not concerned about the appearance,
had no difficulty eating, and even these extensive tooth
movements had not produced occlusal interferences.
There seemed therefore insufficient justification to
replace any of the missing teeth.
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Practical Points

@ When teeth are missing the first decision is
whether replacing them will do more good than
harm.

@ If the decision is for replacement, the second
consideration is whether the prosthesis should
be fixed or removable.

@ If the decision is for a bridge. it is necessary to
consider what design should be used.

® The patient's attitude, general health, occupa-
tion and age should all be taken into considera-
tion.

@ The state of the teeth and the whole mouth will
affect the final decision as o whether a bridge
will be successful.




8 Types of bridge

The appliances used to replace missing teeth were
defined in Chapter 7. Some of the terms used in
bridgework are also used in relation to partial
dentures.

@ An abutment is a tooth to which a bridge (or
partial denture) is attached.

@ A retainer is a crown or other restoration that
is cemented to the abutment. The terms
retainer and abutment should not be confused
or used interchangeably.

@ A pontic is an artificial tooth as part of a
bridge.

@ A span is the space berween nawral teeth that
is to be filled by the bridge.

@ The saddle is the area of the edentulous ridge
over which the pontic will lie.

@ A pier is an abutment tooth standing between
and supporting two pontics, each pontic being
attached to a further abutment tooth.

® A unit, when applied to bridgework, means
either a retainer or a pontic. A bridge with two
retainers and one pontic would therefore be a
three-unit bridge.

® A connector (or joint) connects a pontic to a
retainer, or two retainers to each other. Con-
nectors may either be fixed or allow some
movement between the components that they
join.

Basic designs, combinations and
variations

There are four basic designs of bridge, the differ-
ence being the type of support provided at each
end of the pontic. The same name is given to the
design however many pontics in the span and
abutment teeth splinted at one end of the span (see
Figure BS).

The four basic designs are the same whether the
bridge is a conventional or a minimal-preparation
type. It is possible to combine two or more of the
four basic designs and to combine conventional and
minimal-preparation retainers in the same bridge
(the hybrid bridge — see page 151).
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Of the four basic designs, the first three may be
either conventional or minimal-preparation types.
It would be unusual to have a minimal-preparation
version of the spring cantilever bridge.

The four basic designs

Fixed-fixed bridge

A fixed-fixed bridge has a rigid connector at both
ends of the pontic. The abutment teeth are
therefore rigidly splinted together and for a
conventional bridge must be prepared parallel o
each other so that the bridge, which is a minimum
of three units, can be cemented in one piece. The
retainers should have approximately the same
retention as each other to reduce the risk that
forces applied to the bridge will dislodge one
retainer from its abutment, leaving the bridge
suspended from the other abutment.

To minimize this risk it is also important for the
entire occluding surface of all the abutment teeth
for a conventional bridge to be covered by the
retainers. The opposing teeth cannot then contact
the surface of an abutment tooth, depress it in its
socket and break the cement lute. If this should
happen, the retainer will not appear loose as it will
still be held in place by the rest of the bridge.
However, oral fluids will enter the space between
the retainer and the abutment preparation and
caries will rapidly develop (see Figure B6).

This rule does not apply to minimal-preparation
bridges in which the bond berween the retainer
and the abutment tooth is much stronger.
However, it is sometimes not strong enough and
debonding sometimes occurs as a result of a
mechanism similar to that shown in Figure B6. This
probably partly accounts for the higher incidence
of retention failure with minimal-preparation
bridges than with conventional bridges.

At one time it was thought that the support for
the abutment teeth at each end of a fixed-fixed
bridge should be similar. In other words, the root
surface area of the abutments should be approxi-
mately the same. Today this is not considered
necessary (see Chaprer 10).
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Occlusal force

Cement lute fails

Tooth depressed in socket

Figure 85
Four basic bridge designs of conventional bridges

a Fixed-fixed design Both upper and lower bridges
will be fixed-fixed, the lower retained by full crowns on
the canine tooth and central incisor (see Figures 8lc.
page 145 and 32f page 54 for the pre-operative
condition and the preparations). The upper bridge will
be retained by the canine teeth only (see page 181 for
the rationale for this design)

b Fixed-moveable design with 0o inlay in the lower
second premolar and full crown on the molar tooth. This
bridge has been present for twenty years. in fact so long
that the occlusal surface of the crown has worn through
(see Chapter |13). The moveable joint can be seen
between the pontic and the minor retainer. It would not
normally be as obvious as this

¢ Cantilever design Both lateral incisors are pontics
supported by crowns on the canine teeth. Both bridges
are all-porcelain and the right one has been present for
fourteen years. The left one fractured after seven years
and was replaced with another all-porcelain bridge,
which s still present

d Spring cantilever design with first molar tooth as
abutment. There is a midline diastema and a diastema
between the lateral incisor and canine on the side of the
missing central incisor. Any other bridge design would
have involved closing one or both of these spaces

Figure 86

A conventional fixed-fixed bridge should have all the
occluding surfaces of the abutment teeth protected by
the retainers. Otherwise an occhusal force directed at the
unprotected area will depress the abutment tooth in its
socket while the retainer s held by the bridge and the
other abutment tooth. This will break down the cement
lute, causing leakage. The rewiner is held in place by the
bridge and so secondary caries develops rapidly (see
Figure 146, page 232).
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Fixed-moveable bridge

A fixed-moveable bridge has a rigid connector,
usually at the distal end of the pontic and a
moveable connector that allows some wvertical
movement of the mesial abutment tooth. The
moveable connector should resist both separation
of the pontic from the retainer and lateral move-
ment of the pontic (see Figure 87).

Occasionally the fixed and moveable connectors
are reversed but this has a number of disadvanta-
ges. The retainer with the moveable connector
(the minor retainer) is smaller and less visible and
so is better in the more anterior abutment tooth.
Mesial drift tends to unseat distal moveable con-
nectors, but is resisted by mesial ones

The moveable connector can be separated
before the bridge is cemented and so the two parts
of the bridge can be cemented separately. The
abutment teeth do not therefore have to be
prepared parallel to each other and the retention
for the minor retainer does not need to be as

Types of brdpe

Figure 87

a A moveable connector, separated.

b Acrylic burn-out patterns for moveable connectors.
The blue s very tapered, the red more parallel-sided

extensive as for the major retainer. Neither does
it need full occlusal protection. Occlusal forces
applied to the tooth surface not covered by the
retainer will depress the tooth in its socket and
there will be movement at the moveable joint
rather than rupwuring of the cement lute (see
Figure 86).

A fixed-moveable minimal-preparation bridge
cannot have the moveable joint within the contour
of the original abutment tooth as this is not
prepared sufficiently for the moveable connector.
This means that the moveable connector is in the
pontic of the bridge and is usually a through and
through tube and pin arrangement. This means that
the two parts of the bridge are connected but if
either debonds then it can be removed without
disturbing the other part of the bridge and
recemented.

However, this design of moveable joint is
cumbersome and the undersurface which approxi-
mates the ridge is difficult to clean. It is therefore
not commonly used.
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Cantilever bridge

A cantilever bridge provides support for the pontic
at one end only. The pontic may be attached to a
single retainer or to two Of more retainers
splinted together, but has no connection at the
other end of the pontic. The abutment tooth or
teeth for a cantilever bridge may be either mesial
or distal to the span but for small bridges are
usually distal.

Spring cantilever bridge

replacement of upper incisor teeth. Only one
pontic can be supported by a spring cantilever
bridge. This is attached to the end of a long metal
down to a rigid connector on the palatal side of a
single retainer or a pair of splinted retainers. The
arm is made long and fairly thin so that it is springy,
but not so thin that it will deform permanently
with normal occlusal surfaces (ie., exceed the
elastic limit). Forces applied to the pontic are
absorbed by the springiness of the arm and by
displacement of the soft tissues of the palate so that
excessive leverage forces do not disturb the
abutment teeth. The abutments are usually the two
premolar teeth splinted together, or a single
premolar or molar tooth.

Combination designs

The four basic designs can be combined in a variety
of ways. In particular, the fixed-fixed and cantilever
designs are often combined (see Figure 74a). In
larger bridges additional cantilever pontics may be
suspended from the end of a large fixed-fixed
section (see Figure 88). Similarly, it is possible 1o
combine fixed-fixed and fixed-moveable designs.

It is less commeon for spring cantilever bridges to
be combined with other types of bridge, but
occasionally a spring cantilever arm is attached to
a posterior fixed-fixed bridge.

It is possible to combine a bridge with a
removable buccal flange that replaces lost alveolar
tissue (see Figure 80). °

Hybrid design
There are three different hybrid designs:

® Fixed-fived with one conventional and one

minimal-preparation retainer
® Fixed-moveable with a minimal-preparation

carrying the moveable connector.

The first two designs should not be used. In either
case if the minimal-preparation retainer becomes
debonded then it will not be possible to recement
it without removing the conventional retainer
which may well involve destroying the bridge.

The third design is acceptable and may well be
the one of choice given circumstances in which one
of the abutment teeth (usually the mesial one)
already has a restoration which could be replaced
by means of an inlay or other conventional retainer.
The other aburment tooth is unrestored or the
restoration does not involve the surfaces to be
covered by a minimal-preparation retainer (see
Figure 89). These circumstances occur surprisingly
commonly and so this design of bridge is being used

increasingly.

Variations

All the designs described so far are permanently
cemented in the patient’s mouth. With large
bridges there are disadvantages in perrhanent
cementation in that the maintenance and further
endodontic or periodontal treatment of abutment
teeth is difficult, and if something goes wrong with
one part of the bridge or with one of the abutment
teeth, usually the whole bridge has to be sacrificed.
For this reason larger bridges, including full arch
bridges, are sometimes made so that they can be
removed by the dentist without being destroyed.
This is done by cementing individual cast gold
copings to each of the abutment teeth. Some of the
copings have threaded sleeves soldered into them.
and the bridge is then cemented to these copings
with a weak cement. It is held in place with fine
screws that pass through holes in the retainers of
the bridge into the threaded sleeves (see Figure
90).

In other cases the bridge is removable by the
patient and has no cement or screws. The advan-
tage of this is that cleaning around the abutment
teeth and under the pontics is much easier. The
bridge has to withstand handling by the patient and
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Figure B8
A large splint/bridge with cantilevered pontics.

a The working dies

b The metal framework showing two cantilevered
pontics on the right of the picture

¢ The completed restoration in the mouth (photo-
graphed in a mirror so that the cantilevered pontics are
shown on the left)

Figure 89

A hybrid bridge with a conventional retainer (an inlay)
in the premolar tooth carrying a moveable connector for
a fined-moveable bridge. The other retainer is of the
minimal-preparation type. Hybrid bridges should only be
made fixed-moveable and with the retainers this way
round




5o it is usually made in a base mertal with acrylic
facings (see Figure 75, page |36). The base metal
is more rigid than a precious metal framework and
the acrylic facings are less liable to chip if the bridge
is dropped. They can also be replaced without the
risk of distorting the framework.

Advantages and disadvantages of the
four basic designs

A comparison of conventional fixed-fixed, fixed-
moveable and cantilever bridges is shown on page
I54. Spring cantilever bridges are discussed sepa-
rately.

Spring cantilever bridges

These are dealt with separately because they are
used only to replace upper incisor teeth, usually

Figure 90
A screw-rewined removable bridge.

a and b The gold and acrylic bridge s retained on the
permanently cemented cast copings by screws passing
through the bridge into threaded sleeves incorporated
in the copings on the canine teeth. The bridge can
therefore be removed by the dentist but not by the
patieni. The preoperative condition of this patient is
shown in Figure | |Be, page 191

when there are spaces between the incisor teeth
and the adjacent potential abutment teeth are
sound. They should not be used to replace lower
incisors as the shape of the ridge and the resilience
of the soft tissues are not suited to absorbing part
of the occlusal loading.

The advantages of the design are: the pontic not
being attached to adjacent teeth, spaces can be
preserved both sides of it, and the sound natural
anterior teeth do not need to be prepared as
abutments.

Disadvantages: some patients find the permanent
bar running across the palate intolerable. Although
most get used to this surprisingly well, it is very
difficult to predict those who will not become
accustomed to it. It has on occasion been necessary
to remove a perfectly sound spring cantilever
bridge for no other reason than that the patient
could not tolerate the feeling of the bar.

A more common problem is the difficulty of
cleaning under the bar, particularly at its connector
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ADVANTAGES

Fixed-fixed

- Robust design with maximum retention and
strength

- Abutment teeth are splinted together; may
be an advantage, particularly when teeth are
uncomfortably mobile following bone loss
through periodontal disease

- The design is the most practical for larger
bridges, particularly when there has been
periodontal disease

- The construction is relatively straightfor-
ward in the laboratory

- Can be used for long spans

Fixed-moveable

- Preparations do not need to be parallel o
each other, so divergent abutment teeth can
be used

- Because preparations do not need to be
parallel, each preparation can be designed to
be retentive independently of the other
preparation(s)

- More conservative of tooth tissue because
preparations for minor retainers are less
destructive than preparations for major

- Allows minor movements of teeth
- Parts can be cemented separately, so cemen-
tation is easy

Cantilever

- The most conservative design when only
one abutment tooth is needed

- If one abutment tooth is used there is no
need to make preparations parallel to each
other; if two or more abutment teeth are
used, they are adjacent to each other, so it
is easier to make the preparations parallel

- Construction in the laboratory is relatively
straightforward

DISADYANTAGES

Fixed-fixed

- Requires preparations to be parallel and this
may mean more tooth reduction than nor-
mal, endangering the pulp and reducing
retention; the strength of the prepared
tooth may also be reduced

- Preparations are difficult to carry out, parti-
cularly if several widely separated teeth are
involved; the preparation is slow and the
parallelism has to be constantly checked, or
alternatively (and wrongly) the preparations
are over-tapered to ensure that there are
no undercuts and so retention is lost

- All the retainers are major retainers and
require extensive, destructive preparations
of the abutment teeth

- Has to be cemented in one piece, so
cementation is difficult

Fixed-moveable

- Length of span limited, particularly with
mobile abutment teeth

- More complicated to construct in the labor-
atory than fixed-fixed

- Difficult to make temporary bridges

Cantilever

- With small bridges the length of span is
limited o one or perhaps two pontics
because of the leverage forces on the
abutment teeth; if more teeth are to be
replaced with a cantilever bridge a large
number of abutments widely spaced round
the arch must be used.

- The construction of the bridge must be rigid
to aveid distortion.
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with the retainer. The only effective way of
cleaning the area is to pass dental floss, superfloss
(see Figure 130, page 206). or other thread
material over the pontic and along the bar and to
clean both under it and under the connector. This
requires considerable dexterity by the patient. A
number of spring cantilever bridges have failed
because of periodontal disease on the palatal side
of the abutment teeth.

The pontic may also traumatize the gingival
papillae on either side of it because the springiness
of the bar allows the pontic to move up and down
slightly in use. The design of the bridge requires
retention of the abutment preparations to be very
good.

Inexperienced operators should not fall into the
trap of using spring cantilever designs because they
lack the confidence to prepare sound anterior
teeth and prefer wo practise bridgework using
posterior abutments only. The design chosen
should be the best one in the patient’s interest, and
if the operator is not sufficiently experienced to
carry it out he should refer the patient to a
colleague or seek guidance in designing and making
the bridge.

Choice of materials
Metal only

Many posterior bridges can be made entirely of
cast metal, whether they are fixed-fixed, fixed-
moveable or cantilever. If the retainers or pontics
do not show when the patient smiles and speaks
then an all-metal bridge is the best choice. The
material necessitates the least destruction of tooth
tissue and, depending on the choice of metal, may
be the least costly. The margins are also easier to
adapt to the preparations.

Metal-ceramic

When the strength of metal is required together
with a tooth-coloured abutment or pontic, metal-
ceramic is the best material. This has now replaced
all other crown and pontic facing materials, includ-
ing acrylic, except in special circumstances, such as
the patient removable bridges. Proprietary ceramic

pontic facings have also been superseded by metal-
CEramic pontics.

A range of composite crown and bridge facing
materials is now available but it is oo early to say
whether these have any advantage over metal-
ceramic materials. It seems unlikely that they do
because the retention of the facing material
depends upon mechanical undercuts on the surface
of the metal instead of the very reliable physico-
chemical metal-ceramic bond.

Ceramic only

The all-porcelain bridge is limited by its relatively
poor strength to two-unit cantilever bridges or
three-unit  fixed-fixed bridges. All-porcelain
bridges made from conventional feldspathic porce-
lain can have a very satisfactory appearance (see
Figure B5c, page 149). However, with improve-
ments in metal-ceramic materials, these all-
porcelain bridges are now falling into disuse. The
newer cast ceramic and reinforced porcelain mate-
rials (see page 22) may produce a new generation
of all-porcelain bridges.

One advantage of the all-porcelain bridge is the
‘fuse box’ principle (see Chaprer 2). All-porcelain
bridges, if properly designed and constructed have
sufficient strength to survive normal functional
forces but will break if subjected 1o excessive
forces. This potential for fracture may save the
roots of the abutment teeth from fracturing if the
bridge receives a blow. It is not uncommon for
patients who lose a tooth as a result of an accident
to have a further accident, either because of their
occupation or sport or because with a Class Il
Division | incisor relationship, their upper incisors
are vulnerable to trauma. A broken bridge is better
than broken roots.

Combinations of materials

Many combinations are possible, but three deserve
special mention, The first two are common.

® A metal-ceramic retainer and pontic with a
moveable connector to a gold inlay or other
minor retainer.

@ An all-metal retainer (a full or parual crown)
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towards the posterior end of the bridge with
anterior metal-ceramic units.

Inivially soldering standard casting alloys to
metal-ceramic alloys after the porcelain had
been added was difficult and failures were
common. With improved materials and techni-
ques. however, this is no longer the same
problem. The solder joint is made in a low-fusing
solder after the porcelain is added, and the
bridge cannot be returned to the furnace for
further adjustments to the porcelain after it is
made. Figure 91 shows the range of tempera-
wwres of the various components in the metal-
CETAMIC System.

® A framework of standard casting alloy and
separately constructed porcelain  crowns
cemented to them; this type of construction is
now uncommon, but they are still seen in a
number of patients and need to be maintained.
sometimes by the replacement of fractured
crowns (see Figure 152e, f, page 240).

Figure 91

Typical temperature ranges for the metal-ceramic pro-
cess. These vary according to the metal, poreelain and
solder used. and with the type of furnace. in particular
its rate of temperature rise.

Minimal-preparation bridges

Conventional bridges involve removing tooth tis-
sue, or a previous restoration, and replacing it with
a retainer. This may be destructive of tooth tissue
and will certainly be time consuming and expensive.
The alternative, minimal-preparation bridge
involves attaching pontics via a metal plate to the
unprepared (or minimally prepared) lingual surfaces
of adjacent teeth. The attachment is made by a
composite resin material, retained by the acid etch
technique to the enamel. Obviously these bridges
can be used only when the abutment teeth have
sufficient intact enamel.

Figure 92 shows a simple classification of
minimal-preparation bridges; variations of this
technique are shown in Figures 93-7.

@ Direct bridges may be made using the crown of

the patient’s own tooth. This can often be done
as a simple and rapid way of replacing a tooth
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MINIMAL PREPARATION BRIDGES

DARECT INDIRECT

I I |

Macro Mechanical Medwm Mechanical Micro Mechanical Chemically
Retention - Retention — Retention - Adhesive -
e g Rochete e g Virginia Salt Mesh e.g Maryland e.g Panavia -ex
(see Fig. 94) Crystal Bond (see Fig. 96) (see Fig 97)
(see Fig. 95)
Figure 92

lost through injury (which cannot be reim-
planted) or which has to be extracted urgently.
Sometimes metal mesh or wire is added to the
lingual surface to increase strength, but this is
not always necessary. If the natural crown of the
tooth is not available or is not suitable, an acrylic
denture tooth can be used in the same way (see

Figure 93).

® Macro-mechanically retentive

bridges

A simple classification of minimal-preparation bridges.

Figure 93
Minimal-preparation direct bridge

a This patient presented with periodontal disease and
gross calculus. As an initial phase in his treatment
following removal of the calculus, the mobile lower
incisor was splinted to the adjacent teeth with acid-etch
retained composite. However:

b It was decided later that the prognosis of this tooth
was hopeless and the root was resected and removed.

{(Rochette, see Figure 94) have large undercut
perforations through the cast-metal plate,
through which the compaosite flows. These holes
are cut in the wax or acrylic pattern with a bur
and are then countersunk.

@® Medium-mechanical retentive systems all involve
retentive features cast as part of the metal
framework (see Figure 95). They all add signifi-
cantly to the cement film thickness in some
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Figure 94

A Rochette bridge replacing one central incisor. The
porcelain is yet to be added and the palatal spur on the
pontic will act as a handle until the bridge is finished,
when it will be removed

Figure 95

a A scanning electron micrograph (SEM) of the reten-
uve metal surface produced by the Virginia salt techni-
que. Salt is applied to an adhesive on the die and then a
pattern built up in either wax or acrylic. This is removed
from the die and the salt dissolved in water, The pattern
is then cast, leaving depressions where the salt crystals
were. Field width equals 900 microns

b A cast-mesh bridge. It is difficult o achieve good
adaptation of the mesh over the entire retainer surface
and neither of these retainers has retentive features right
up to the periphery. The added thickness of the retainer
can also be seen
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¢ SEM of a cast-mesh surface. Note that the undercurs
form only a small proportion of the surface and that
there are thick, non-undercut elements. Field width
equals 200 microns

d SEM of a cast-metal surface resulting from a proprie-
tary mixture of acrylic beads and salt producing both
spheres (from the acrylic beads) and depressions (from
the salt). Again this has large unretentive elements. Field
width equals 900 microns
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Figure 96

a A Maryland bridge: the design s unsatisfactory in that
the extension distally on to the third molar tooth o
increase retention would give rise to an impossible
cleaning problem between the second and third molars.
This s a technique bridge. not made for a patient_ It is
shown to illustrate a common design error

b SEM of a cast-nickel chrome metal surface etched in
the laboratory. The very retentive bur delicate ewch
pattern is much smaller in scale than the retention
systems shown in Figure %50, ¢ and d. Field width equals
90 microns, ie., the ma,grhfic:ltkan 5 en Umes greater
than Figures 95a, ¢ and d.

c SEM of a surface electrolyucally etched at the
chairside. Field width equals 90 microns



Types of bridpe 16l

d SEM of a surface chemically etched at the chairside
Field width equals 90 microns

areas, at least, of the retainer and they all
produce large, non-undercut lumps of metal on
the fit surface which do not contribute to
retention but which necessitate a relatively thick
retainer. The size of the retentive features is

intermediate between macro- and micro-

mechanical retentive systems.

@ Micro-mechanical retention is produced by cast-

ing the metal retainer and then etching the fit
surface by one of three methods: electrolytic
etching in acid in the laboratory, electrolytic
etching using chairside equipment or chemical
etching with a hydrofluoric acid gel either in the
laboratory or at the chairside. Although these
three systems produce different etch patterns,
they are all very retentive (see Figure 96). The

size of the retentive features is approximately
one-tenth that of the mediump-mechanical reten-
tive systems and the retentive features are
undercut from the surface. The smaller size of
these etch pits and the absence of unnecessary
non-retentive features (as in the medium-mecha-
nical retentive systems) allow thinner metal
retainers and a thinner cement film thickness.

® Chemically retentive resins are now available.

Several have been marketed and some (for
example, Panavia-Ex) have performed well in
some laboratory and short-term clinical trials.
They adhere chemically to recently sandblasted
metal surfaces and are retained on the tooth by
conventional acid-etching of the enamel (see
Figure 97).
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Comparison of the indirect minimal-
preparation retention systems

A number of laboratory studies and clinical trials
have shown that the micro-mechanical and chemi-
cal adhesive systems are the most retentive.
However, the chemical adhesive systems have only
been available for a short time and longer term
clinical trials are necessary before it is safe to rely
too heavily on this system.

The disadvantage of the micro-mechanical reten-
tion system is that the metal framework should not
be tried in the mouth after the surface has been
etched. This is because the very delicate etch
pattern may well be damaged or clogged by
deposits from saliva (see Figure 96b). This means
that the ideal is to try in the unetched framework
and then either return it to the laboratory for
etching or etch it at the chairside. This takes time
and therefore adds to the cost

The macro-mechanical retentive  design
(Rochette) overcomes this problem but is less
retentive in most cases and because it is cemented
with a conventional composite (rather than one

Figure 97

SEM of a cast-nickel chromium metal surface blasted with
50-micron aluminium oxide particles. The surface has no
physical undercuts but s irregular. This is the recom-
mended metal finish for the chemically adhesive cement-
ing resins. Field width equals 90 microns.

specifically designed for cementing minimal-
preparation retainers, see page 207) and the
compaosite comes through the perforations to the
mouth, it is prone to degradation over a period of
years. However, the main advantage of the
Rochette bridge is that it can be removed from the
mouth fairly easily. The composite is drilled out
from the holes and the bridge can usually be
removed without too much force. For this reason
the Rochette bridge is still used when the abut-
ment teeth have a poor prognosis and when
further modifications are likely to be necessary -
for example, when one lower incisor is being
replaced for periodontal reasons and the other
teeth are still receiving periodontal treatment. The
Rocherte design is also used for immediate inser-
tion bridges so that the bridge can be removed
when the tssues have healed and the pontic
adapted to the ridge or the bridge remade.
Historically, the medium-mechanical retentive
systems were developed after the Rochette and
Maryland designs in an attempt to overcome the
disadvantages of these described above. However,
they have disadvantages of their own in being less
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retentive than the micro-mechanical system and
yet having thicker metal retainers and a thicker
cement film. One advantage, however, is that they
can be made in any metal, including precious metals,
whereas the etched systems can only be made in
base metal alloys which are etchable.

Disadvantages of minimal-
preparation bridges in general

As the metal plate is added to the surface of the
tooth rather than replacing part of it. the thickness

Figure 98

a and b The upper conventional bridges and the lower
Rochette bridge were all made five years before these
photographs were taken. Mote that the patient has
managed to maintain good oral hygiene and periodontal
health round the conventional bridges but has had much
more difficulty around the lower Rochette bridge.

of the wooth is increased and may — for example,
in a normal Class | incisor relationship — interfere
with the occlusion unless space is created ortho-
dontically or by grinding the opposing teeth.

The margin of the retainer inevitably produces a
ledge where plague can collect. This is a problem
especially in the replacement of lower incisors.
Here plague and calculus deposits are common on
the lingual surface towards the gingival margin and
the presence of such a ledge can only make it more
difficult for the patient to clean in this area (see
Figure 98). Another example of a design that
would prevent good oral hygiene is shown in
Figure 96a.

Practical Points

® The four basic bridge designs differ in the
support provided at each end of the pontic.

® The basic designs can be combined to give, for
example, a fixed-fixed/cantilever design.

® Simpler, less destructive minimal-preparation
bridges are useful, particularly in younger
patients

@ Bridges that are made to be removable by the
dentist make further endodontic or periodontal
treatment possible; those the patient can
remove make cleaning easier.

® Inexperienced operators should not use spring
cantilever designs as a soft option to preparing
sound anterior teeth.
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bridges: retainers,
pontics and
connectors

Each part of the bridge should be designed
individually, but within the context of the overall
design. This chapter should therefore be read in
conjunction with the next. as in practice the two
processes — designing the bridge and its compo-
nents — are done together although it is clearer to
describe them separately.

Retainers
Major or minor

As described in Chapter 8, all fixed-fixed. canti-
lever and spring cantilever bridges have only major
retainers. Fixed-moveable bridges have a major
retainer at one end of the pontic and a minor
retainer (carrying the moveable joint) at the other.

Major retainer preparations must be retentive
and, with convenional bridges, must cover the
whole occluding surface of the tooth. It is impor-
tant to recognize the difference between the
occluding and the occlusal surface (see page 150).

A major retainer for a conventional posterior
bridge should be not less than an MoD inlay with
full occlusal protection. In incisor teeth it should be
at least one of the partial crowns described in
Chapter 2: major retainers are, however, fre-
quently complete crowns.

Minor retainers do not need full occlusal protec-
tion: a minor retainer may be a complete or partial
crown, or a two or three surface inlay without full
occlusal protection (see Figure B5b, page 149).

Complete crown, partial crown, intra-
coronal or minimal-preparation retainers?

The choice between complete or partial crown
retainers in the past was governed by the techni-
ques and materials available. Before the air rotor
and metal-ceramic techniques were available,
three-quarter crowns were popular as bridge
retainers, partly because less enamel had to be
removed and partly because it was not necessary
to provide a tooth-coloured facing. With the air
rotor, complete crown preparations became
easier, and there was a swing towards complete
crown retainers. Once metal-ceramic and elasto-
meric impression materials became generally avail-
able the swing was accelerated. Today, with various
pin systems and elastomeric impression materials,
pin-retained partial crowns are as easy to make as
complete crowns, require less tooth destruction
and are often less expensive to produce in the
laboratory.

The choice between complete and partial
crowns should therefore now depend upon a
proper consideration of all the circumstances of the
case, and not be made from habit. It will be found
that even after a full assessment, B0 to 90 per cent
of conventional bridge retainers will be full crowns,
but for the remaining 10 to 20 per cent there are
sound reasons for choosing a partial crown. (See
Chapter 2 for a comparison of complete and partial
Crowns. )

Intra-coronal retainers are used only as minor
retainers except for very retentive MOD protected
cusp inlays.

With the reported reduction in caries and with
a more conservative approach to cavity prepara-
tion, an increasing number of potential abutment
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teeth have sufficient enamel available for minimal-
preparation retainers to be considered. When this
is s0, they are usually the retainer of choice,
provided that the other conditions for their use are
met (see later). This is because they are the most
conservative retainer and it is wise to preserve as
much natural tooth tissue as possible, even at the
cost of a slightly increased risk of retention failure.

Materials

Minimal-preparation retainers are usually made in
base meral alloy so that they can be etched and also
because the base metal alloys are strong in thin
sections. Of the conventional retainers, an all-metal
retainer is the most conservative of tooth tissue
and the simplest and usually the least expensive to
produce. When appearance permits, this should be
used in the posterior part of the mouth. In the
anterior part of the mouth metal-ceramic is the
maost suitable material.

Criteria for choosing a suitable
retainer

In some cases the type of retainer will be obvious.
For example, if a root-filled tooth that already has
a post crown is to be used as a bridge abutment,
there is little choice but to use another post-
retained crown, whether as a major or minor

Figure 99

Mon-parallel abutment teeth. it would not be possible to
make a fixed-fixed bridge with complete crowns on the
central incisor and canine. Even if one of the teeth were
devitalized vo align an artificial core with the other
abutment. this would not work. If the canine were
devitalized the core would have to be so prominent to
be parallel with the central incisor that it would interfere
grossly with the occlusion. i the central incisor were
devitalized, the retainer would tilt lingually and would be
both uncomiortable and unaesthetic. The design chosen
was a simple cantilever. The preparation of the canine
tooth and finished bridge i shown in Figure 113

retainer. In other cases, the full range of choice is
available and the decision on the type of retiner
cannot be divorced from the decisions on the
overall design and which abutment teeth to use.
These three sets of considerations are dealt with
separately (in Chapters 8, |10 and here), but in
reality the decision-making process is not so clear-
cut and thoughts on possible abutment teeth,
retainers and the overall design intermingle in the
operator's mind and influence each other until a
final decision on all three emerges.

The criteria for selecting a particular retainer
will include:

® Alignment of abutment teeth and retention
@ Appearance

® Condition of abutment teeth

® Cost

® Conservation of tooth tissue

® Occlusion.

Alignment of abutment teeth and retention

When the abutment teeth are more or less parallel
to each other, either complete or partial crown
retainers can be made. If the abutment teeth are
not parallel (see, for example, Figure 99), complete
crown retainers with a common path of insertion
are not feasible. They could not be made indepen-
dently retentive without one or other of the teeth
being devitalized. and would need posts and cores.
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This is sometimes necessary but it is a very
destructive approach.,

The solution will usually be to employ a minimal
preparation bridge or a design other than fixed-
fixed so that the teeth do not have to be prepared
parallel to each other. An alternative is to use pin-
retained partial crowns, which gain their retention
from the pins. These may be inserted at a
considerable angle from the long axis of the rooth.
The extra-coronal parts of the partial crown
preparations need not be parallel to provide
retention; they must simply avoid undercuts. if a
suitable jig s used to prepare the pinholes (see
Chapter | 1), the preparation of paraliel pinholes is
in fact easier than the preparation of the teeth for
parallel complete crowns. However, pin-retained
partial crowns can only be made when there is a
substantial amount of dentine present. In this case
there will usually be a substantial amount of enamel
as well and so a minimal-preparation retainer can
usially be made even if a small restoration is
present.

It is impossible to give in absolute terms the
amount of retention necessary for any one
retainer, It is reasonable to assume that the
retention for a bridge rewiner should be at least
as great as for a similar restoration made as a single
unit. When it is necessary to reduce a retentive
feature, for example, to over-taper a preparation
to provide a single path of insertion with another
preparation, it s advisable to add some further
retentive feature such as a pin.

Retention of complete crown preparations is,
under ideal conditions, better than the retention of
partial crowns. When the clinical crowns are short
and designing a suitable retainer is a problem, a
complete crown will be more satisfactory than a
conventional partial crown, while a pin-retained
partial crown with the pins extending well below
the level of the gingival margin may be even more
retentive.

Appearance

In some cases a complete crown will have a better
appearance, in some a partial crown, and in others
a minimal-preparation retainer. Sometimes none of
these types will be completely satisfactory. Figure
100 shows examples of partial crown, inlay and
minimal-preparation retainers where the appear-
ance of the buccal surface is better than would be
expected with a full crown. Figure 100c also shows

an example of ‘metal shine through'. which some-
tmes oocurs with minimal-preparation retainers.

When several teeth are to be crowned or
replaced as pontics, there is an aesthetic advantage
to the bridge retainers and pontics being made in
the same material (usually metal-ceramic), at least
giving consistency of appearance.

The condition of the abutment tooth

Frequently a partial crown or minimal-preparation
retainer cannot be used because of the presence of
caries or large restorations involving the buccal
surface, or because of the loss of the buccal surface
from trauma or other cause. In these cases a
complete crown retainer is chosen.

Cost

Partial crowns and complete gold crowns may be
less expensive than metal-ceramic crowns (see
Chapter 2) and minimal-preparation retainers are
the least expensive. When there are no other
overriding factors affecting the choice this is
obviously of considerable importance.

Conservation of tooth tissue

There is a nawral reluctance to remove sound
buccal enamel and dentine from a healthy intact
tooth. This weakens the tooth, destroys its natural
appearance and endangers the pulp. Therefore
minimal-preparation retainers should be used
whenever possible. However, if there are sound
indications for a complete crown, the operator
should not allow his clinical judgement to be
influenced by an overprotective attitude to dental
enamel,

Occlusion

In some cases the abutment teeth are sound but
there is insufficient space for a minimal-preparation
retainer. The choice therefore is between creating
space by reducing the opposing teeth, preparing
part way through the enamel of the abutment
teeth, moving the abutment teeth orthodontically
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or a combination of these approaches. If none of
these methods are acceptable then a conventional
retainer will be necessary.

Pontics

Principles of design

Pontics are designed to serve the three main
functions of a bridge:

Figure 100
The appearance of retainers

@ The canine tooth has a partial crown retainer which s
barely visible from the front. The bridge has been
present for many years.

b The upper canine tooth has an extensive incisal wear
facet and pronounced buccal striae. The buccal surface
would be difficult o reproduce in porcelain if a complete
crown retainer were used and a large amount of gold
would show if the wear facet were protected by a partial
crown retainer. The design of the bridge in this case was
therefore fined-moveable with a distal palatal gold inlay
in the canine tooth. A minimal-preparation retainer was
not possible as the second premolar tooth was heavily
restored and needed a conventional retainer.

¢ The upper central incisors both have minimal-
preparation retainers. The blue ‘metal shine through’ can
be seen. The incisal edge of the upper left central incisor
has been restored with composite which is beginning 1o
lose its polish. ‘Metal shine through’ can be reduced by
finishing the retainer short of the incisal edge but this
also reduces its retention. The problem can be minimized
using opaque luting cements.

& To improve appearance
® To stabilize the occlusion
® To improve masticatory function.

In different areas of the mouth the relative
importance of these will alter. The principles
guiding the design of the pontic are:

® Cleansability
® Appearance
@ Strength
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The compromise often necessary between cleansa-
bility and appearance will also vary in different parts
of the mouth

Cleansability

All surfaces of the pontic, especially the surface
adjacent to the saddle, should be made as cleansable
as possible. This means that they must be smooth
and highly polished or glazed and should not
contain any junctions between different materials.
In a metal-ceramic pontic the junction between the
two materials should be well away from the ridge
surface of the pontic.

It is important wo that the embrasure spaces
and connectors should be smooth and cleansable.
They should also be as easy to clean as possible.
Access to them and the patient’s dexterity should
be taken into account in designing pontics.

When a conflict exists between cleansability and
appearance, priority should be given to cleansabi-
Iicy.

Figure 101
The strength of metal-ceramic pontics.

g The central incisor pontics in this case have no metal
visible on the palatal surface

b When the palatal reduction of the abutment teeth is
only sufficient for a layer of metal, this is often carried
along the pontics as well, leaving an occluding surface
entirely in metal. The porcelain is however carried right
under the pontics so that only porcelain contacts the
rpdge

¢ Preformed wax patterns for metal-ceramic pontics
The porcelain is condensed through the holes.

Appearance

Where the full length of the pontic is visible, it
must look as toothlike as possible. However, in the
premolar and first molar region it is often possible
to strike a happy compromise between a reason-
able appearance for those parts of the pontic that
are visible and good access for cleaning towards the
ridge

Strength

All pontics should be designed to withstand
occlusal forces; but porcelain pontics in the anter-
or part of the mouth may not of course be
expected to withstand accidental traumatic forces.

The longer the span, the greater the occluso-
gingival thickness of the pontic should be. Metal-
ceramic pontics are stiffer and withstand occlusal
forces better if they are made fairly thick and if the
porcelain is carmed right round them from the
occlusal to the ridge surface, leaving only a line of
metal visible on the lingual surface or none at all
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{see Figure 10la, b). Preformed wax patterns for
pontics designed to give maximum strength with a
minimum of metal are available (the reinforced
porcelain system — mes). This system has been
extensively tested and gives good results (Figures
10lc, page 168 and BBb, page 152).

The surfaces of a pontic
A pontic has five surfaces:

@ The ridge

® The occlusal

@ The approximal
® The buccal

® The lingual.

Some of these will be similar to the natural tooth
being replaced; others will be very different.

The ridge surface

This surface of the pontic is the most difficult to
clean, and yet it also has a considerable influence
on appearance. There are four basic designs of
ridge surface (see Figures 102 and 103):

Wash-through Other terms used for this type
of pontic are hygienic and sanitary. but the term
wash-through is more descriptive and less sugges-
tive of vitreous china bathroom fittings.

The wash-through pontic makes no contact with
the soft tissues and so is the easiest to clean. It is
used where a pontic is required for functional
purposes rather than appearance and is most useful
in the lower molar region. Of the two designs
shown in Figure 102a and b, the concave mesio-
distal design is preferred. It is sufficiently strong,
uses less metal and leaves a large space for access
for the toothbrush or other cleaning aid. The other
design derives historically from an early type of
proprietary ‘sanitary” pontic which is now obsolete.

Dome-shaped (see Figures 102c, d) This is the
next easiest to clean and is used where the occlusal
two-thirds or so of the buccal surface of the pontic
show, but not the gingival third It is commonly
used in the lower incisor and premolar regions and
sometimes in the upper molar region.

This has also been described as rorpedo-shaped
or bullet-shaped, but the less aggressive term,

dome-shaped., is preferred.

Ridge-lap and modified ridge-lap (see Figure
102e. f, g) The principles of design are that the
buccal surface should look as much like a tooth as
possible right up to the ridge but the lingual surface
should be cut away to provide access for cleaning.

Ideally the pontic should have a completely
convex lingual surface, making only a line contact
along the buccal side of the ridge. But this is often
impractical because of the shape of the ridge and
so the modified ridge-lap pontic, which has minimal
contact with the ridge from the point of contact
on the buccal side up to the crest, is often used
{see Figure 102).

These designs, particularly if the pontic is fairly
narrow mesio-distally, as in the case of an incisor
or premolar pontic, are sometimes unpopular with
patients because they find that food impacts into
the space on the lingual side and cannot be readily
removed with the tongue (see Figure 102e).
Besides, considerable manual dexterity is needed
to manoeuvre dental floss, tape or other cleaning
aid, holding it first against the pontic and then in a

cleaning movement against the ridge
{see Figure 103).

These pontics were designed at a time when
there was a lot of concern about the effect of
pontics on the soft tissues but before the signifi-
cance and nature of plague were as well under-
stood as they are today. They are still commonly
used, perhaps through habit and convention. Other
designs should also be considered.

Saddle The saddle pontic is so named because of
its shape. It has by far the largest area of surface
contact with soft tissue and so although it was
popular in the early days of bridgework. it became
much less so as dentists became more concerned
abour the effects of pontics on ridges. Now that it
is recognized that plaque can cause inflammation
however small the surface area of contact and must
be removed in all cases. the emphasis in pontic
design has shifted. Accessibility for cleaning and
patient comfort and convenience are the important
criteria, rather than the size of area of contact
Many patients prefer the saddle-shape pontic as the
lingual surface feels more like 2 tooth than any
other design. With modern cleaning aids, such as
superfloss, the ridge surface of properly designed
and constructed saddle pontics is relatively easy to
clean. This also requires less manual dexterity by
the patient than ridge-lap pontics (see Figure
103d).
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Figure 102
The four designs of pontic ridge surface.

a A wash-through pontic with a concave mesio-distal
contour

b Wash-through pontic. convex mesio-distally

¢ ond d Dome-shaped pontics. ¢ A molar dome-shaped
pontic with the male part of a moveable connector and
a lingual handle to localize the pontic while soldering to
the pold crown. This handle will be removed after the
bridge is tried in
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d An acrylic provisional bridge fitted as an immediate
replacement for the lower left central and lateral
incisors, showing an application of the dome-shaped
pontic.

e ond [ Ridge-ap pontics. e This bridge has been
satisfactory but the patient complains of food impaction
under the single lateral incisor pontic. She can sweep the
other side clean with her tongue as the span is longer

[ shows a modified ridge-lap pontic with contact over the buccal half
of the ridge but cut away lingually. The bridge has failed because of a
fractured solder joint (see Chaprer |3)
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A saddle pontic should closely follow the con-
tour of the ridge but should be smooth on the
under surface. It should not displace the soft tissues
or cause blanching when it is inserted, but should
make snug contact

The effects of pontics on the ridge Sometimes
when bridges are removed the area of the ridge
that was in contact with the pontic has a red

g Typical ridge-lap pontics on another failed bridge. This
time the failure was due to loss of retention. Despite the
design and the smooth porcelain surface, the ridge
beneath these pontics was moderately inflamed

h Saddle-shaped pontics with well contoured, cleansable
CONNECLors.

appearance. Biopsy studies have shown that there
are always some chronic inflammatory cells in this
region, but the main explanation for the redness is
probably the reduction in keratinization. The
surface does not have the normal stimulation from
food and the tongue that stimulates keratinization
elsewhere. Unless clearly inflamed or ulcerated the
redness is of little clinical consequence (see Figure
104).
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Figure 103

Four sectioned casts of the same patient showing the
profile of the midpoint of a lower molar edentulous area
where a bridge is 1o be made. The profiles of four pontics
are shown:

a a wash-through pontic with no contact with the ridge:
b a dome pontic making point contact on the tp of the
ridge;

¢ a partly modified ridge-lap pontic with a buccal surface
resembling a natural tooth but with minimal ridge
contact. The difficulty of cleaning the lingual aspect near
the ridge is obvious.

d A full-saddle pontic which, if well polished on the
gingival surface, would be cleansable with superfloss

173



174

Components of brdges. retainers, pontics ond connectors

The occlusal surface

The occlusal surface of the pontic should resemble
the occlusal surface of the woth it replaces.
Otherwise it will not serve the same occlusal
functions and may not provide sufficient contacts
to stabilize the occlusal relationships of its oppo-
nents.

In some cases, when occlusal stability is less
important (for example, when the pontic is oppo-
sed by another bridge), the pontic may be made
narrower bucco-lingually to improve access for
cleaning. Other arguments for narrowing pontics
are less convincing (see Chapter 10).

The approximal surfaces

The shape of the mesial and distal surfaces of the
pontic will depend updn the design. With fixed-
fixed bridges the approximal surface will consist
partly of a fixed connector. It is important that the
embrasure space between the connector and the
gingival tissue is as open as possible to ensure that
there is good access for cleaning, particularly if the
pontic is a ridge-lap or saddle pontic (see Figure
105). The gingival side of a moveable joint is more

Figure 104

o Mucous membrane reactions under pontics. This area
of reduced keratinization under a pontic produced no
symptoms. There was no ulceration or bleeding on
flossing under the pontic. Although inflammation requir-
ing treatment at the gingival margin of the abutment
teeth is present, it is doubtful whether the changes in
the remainder of the ridge have had any real clinical
significance.

b A much more serious case with ulceration and a very
inflamed mass of granulation tissue. This must clearly be
treated in the first place by removal of the bridge. In fact
no further treatment was necessary. The inflammation
resolved over a three week period

difficult to leave entirely smooth, and so it is again
important that there should be good access for
cleaning.

The approximal surface of a cantilever bridge on
its free side will simply make normal contact with
the adjacent tooth, or in some cases there may be
a diastema with no contact. Occasionally, where
the span is very short, a cantilever pontic may be
made to overlap the adjacent tooth to improve its
appearance. In this case the pontic surface in
contact with the natural tooth should be as smooth
as possible, although it may be slightly concave. If
the patient is taught to clean with dental floss, the
natural tooth surface should not be any more
susceptible to caries than with a normal contact

point.

The buccal and lingual surfaces

The buccal surface of a wash-through or dome-
shaped pontic does not resemble the shape of a
natural buccal surface, particularly gingivally. With
ridge-lap and saddle pontics the buccal surface is
intended to look as much like a tooth as possible
for its entire length. The problem is that when a
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tocoth is missing, so also is some of the alveolar
bone that supported it This means that the
alveolar contour where the pontic wouches the
ridge never looks entirely natural and the pontic
must also be shaped unnaturally to meet the
resorbed ridge. Figure 106 shows, by means of
sections through a study cast, how the ridge
contour in a resorbed saddle area necessitates a
compromise pontic appearance. Figure 107a shows
an obvious example of this where an upper canine
is missing. Figure 107b also shows an example of a
case in which this compromise has not been made.
The aesthetic result is not good and there is
greater difficulty than necessary in cleaning.

Mo ridge—pontic relationship can ever appear
entirely natural, even when the ridge has not
resorbed significantly. But at the normal distance
teeth are seen at, the illusion that the tooth
emerges from the gum can be sufficiently convinc-
ing: which are the pontics and which the retainers
in Figure 1082

Figure 105
Well contoured open embrasure spaces.

Figure 1046

Sections through both the lateral incisor areas of the
same patient. Left, the lateral incisor is present, and right,
it is missing and the alveolus has resorbed. The profile of
the resorbed side has been superimposed on the other
to show the extent of the resorption and three ways a
pontic might be modified to overcome this problem

The lingual surface of a pontic will be designed
as a result of deciding the ridge surface. With ridge-
lap pontics, the lingual surface should be smooth
and convex.

Materials

The choice for pontics is the same as for retainers
but with the addition of a number of proprietary
pontic facings.

Proprietary pontic facings

Well after the introduction of metal-ceramic
materials, until dentists and rtechnicians became
more confident with them, many pontics were
made with proprietary ceramic pontic facings.
MNowadays, however, these facings are not used and



176

Companents of bridges: retoiners, pontics and consciors

il

2. 111

i1 L

Figure 107

a A pontic replacing an upper canine where the neck of
the pontic has been curved inwards o meet the
resorbed alveclar ridge at the correct vertical position.
The incisal two-thirds of the buccal surface have been
contoured in line with the adjacent teeth so that all the
compensation for the missing alveolwr bone is in the
gingival buccal third. (Mote the excessive amount of gold
shown by these two partial crowns in contrast with
those in Figure 105.)

b The same compromise has not been made with this
This would also create difficulty in cleaning under the
pontic.

Figure 108

An acceptable appearance for a bridge, or is there more
than one bridge?

Figure 109

A long pin porcelain pontic facing. The two pins protrude
from the palatal surface. The neck. above, and the incisal
edge are ground to shape before the backing is waxed
up to the pontic facing. When the backing is cast, the
facing is cemented and the pins cut slightly long and
riveted over into small countersinks on the lingual
surface.
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so will not be described in detail It is only
necessary for the practising dentist to recognize
the common types and have some idea about
maintenance and repair (see Chapter 13).

The commonest type of facing in recent use was
the ceramic long-pin facing (see Figure 109). Other
older types include Steele’s flat-back facings in
porcelain or acrylic, Trupontics and tube pontics.

The special case of the spring cantilever
bridge pontic
Spring cantilever bridge pontics may be metal-
ceramic. This means either making the whole
spring arm of a metal suitable for bonding to
porcelain, which will be too stiff if it is a base metal
or very expensive if it is precious metal. or
soldering a metal-ceramic pontic to a standard gold
bar, when localization is a problem. The bar settles
into the tissues for the first two to three weeks
after it has been cemented, and so it is better not
to complete the pontic until this has happened.
For these reasons the spring cantilever bridge
pontic usually consists of a separate FC cemented
to a core on the end of the bar. The core should
have a diaphragm so that the cement junction is not
deep under the pontic and difficult to clean.

Connectors

Fixed connectors

There are three types of fixed connector:

® Cast
#® Soldered
® Porcelain.

Cast connectors are made by wax patterns of the
retiners and pontics connected by wax being
produced so that the bridge is cast in a single piece.
This has the advantage that a second soldering
operation is not required. But the more units there
are in the bridge, the more accurate the casting
must be. Minor discrepancies in the compensation
for the contraction of molten metal that may be
acceptable for single unit casting become unaccept-
able when magnified several times.

Cast connectors are stronger than soldered
connectors and it is also sometimes possible to
disguise their appearance more effectively. For
these reasons multiple-unit bridges are often cast
in several sections of three or four units divided

through the middle of a pontic. The split pontics
the porcelain is added, so that all the connectors

are cast. The solder joint produced in this way is
strong both because it has a larger surface area than
if it were at the connector and it is covered by
porcelain, stiffening it.

Soldered connectors are used if the pontics and
retainers have to be made separately. This is
necessary when they are made of different mate-
rials, for example, a complete gold crown retainer
with a metal-ceramic pontic.

Porcelain connectors are used only in conjunc-
tion with all-porcehain bridges. The details of their
construction are beyond the scope of this book but
the same principles of accessibility and cleansability

suill apply.

Moveable connectors

The majority of moveable connectors are made in
the laboratory. A wax pattern is produced for the
minor retainer with a tapered groove prepared in
the wax, the retainer is cast and the shape of the
groove refined with a tapered bur. The pontic is
then waxed up with a ridge to fit into this groove,
cast and the two parts of the moveable joint fitted
together before the bridge is taken to the chairside
for trying in (see Figure B7a, page 150).

In some cases a groove may be prepared in an
existing restoration in the mouth and an impression
taken of it together with the other prepared
abutment tooth (or teeth).

Acrylic, burn out, patterns are available that may

be incorporated into the pontic and minor retainer .

so that the whole bridge can be waxed up in one
operation and the minor retainer and remainder of
the bridge invested and cast separately (see Figure
B7b, page 150).

Proprietary groove and ridge precision attach-
ments in metal may also be used as moveable
connectors but are generally too retentive and
there is the risk that they will not permit sufficient
movement. When precision attachments are used,
the minor retainer should have more retention to
its abutment than would be necessary if a less
retentive connector were used. Screw precision
attachment connectors may be used to produce a
fixed-fixed bridge by connecting two retainers that
cannot be prepared parallel to each other (see
Figure 110).
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Figure 110
Creating a fixed-fixed design with non-parallel abut-
ments.

g The central incisor could not be retracted sufficiently
to be parallel to the other abutment teeth even if
devitalized and a post and core are fitted Jt would
interfere with the occlusion

b and ¢ The bridge is made in two parts with separate
paths of insertion and the divided pontic connected in
the mouth by cement and a screw attachment.

Practical Points

® Components need to be designed within the
context of the whole bridge.

@ The criteria for selecting retainers depend on
the condition of the abutment teeth, appear-
ance. occlusion, cost and conservation of tooth
LIssue.

® In pontics it is often necessary to compromise
between the best results for cleansability and
appearance.
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Designing and

planning bridges

Criteria for selecting a bridge design

No firm rules can be given for selecting any
particular design. Bridge design is complex, poorly
researched and dominated by personal opinion
derived from clinical experience. or lack of it. Many
of the ground rules of bridge design were laid
down in the first three decades of this century by
teachers who were trying to rescue the subject
from the purely empirical approach used until that
time. Although they were a major advance on what
had gone before, these ground rules were not
scientifically investigated. Yet they became
accepted as irrefutable and have remained rela-
tively unaltered for over fifty years, despite a
growing understanding in that time of related
subjects such as the supporting structures of teeth
in health and disease, and of occlusion and jaw
function. In this period, great developments have
been made in restorative materials and technigues
so that bridges do now fit better, look better and
are stronger.

This increased understanding and technical
development should affect traditional ideas of
design to a considerable degree.

In recent years, clinical evidence has been
accumulating suggesting that many of the early
rules of bridge design should no longer be applied.
However, this evidence is not yet sufficiently clear-
cut for new, firm rules to be established, leaving
today’s dentists, including the author, in a state of
confusion. A number of criteria may nevertheless
be used in choosing a design, although the weight
given to each will vary with the circumstances and
the opinions held by the operator. It is to be hoped
that with further clinical research {which is urgently
needed) the relative importance of these criteria
will become clearer,

Support

One of the best known rules for bridge design was
devised by Ante and described by him in 1926, He

suggested that each pontic should be supported by
the equivalent of an abutment tooth with at least
the same root surface area covered by bone as
would have supported the missing tooth, that is, a
given area of periodontal membrane could support
up to twice its normal occlusal load. The root
surface area of an abutment tooth covered by bone
is of course reduced following destructive
periodontal disease. This has been.a guiding princi-
ple for many years and other workers have
calculated the average root surface area of all teeth
and suggested typical bridge designs based upon
these calculations.

This arbitrary, mechanical rule is similar to the
engineering principles used for designing bridges
across rivers. There are many reports in the
literature of experiments (usually carried out in the
laboratory on models or in computer simulations)
relating occlusal forces to reactions in the support-
ing structures of teeth. The results of these
experiments have tended to reinforce these
mechanical ideas of how bridges should be
designed.

The evidence now accumulating suggests that
these principles are wrong, or at least do not tell
the whole story. Provided that any periodontal
disease is treated and periodontal health main-
tained, and provided the occlusal forces are evenly
distributed, bridges can be successful with as little
as one quarter of the support advocated by Ante,
Such bridges have been successful for many years.

The assumptions made by the engineering school
of thought ignore the fact that the occlusal load on
a bridge is determined not by extranecus influ-
ences, such as lorries driving across road bridges,
but by the muscles of mastication. These are under
the control of the neuromuscular mechanism, itself
influenced by proprioception from receptors in the
periodontal membrane of the teeth supporting the
bridge. Comparisons with road bridges are there-
fore meaningiess.

There is plenty of evidence that occlusal loading
is modified by the presence or absence of natural
teeth and by their condition. For example, patients
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Figure |11
Occlusal loading of abutment teeth.

a In an intact dentition an occlusal force. X, s resisted

by an equal and opposite force generated within the
supporting structures of the tooth.

b When a woth is extracted and replaced by means of
a bridge, engineering principles suggest that the same
force, X, delivered to each of the three occlusal surfaces
would require the generation of |.5X in the supporting
structures of the two remaining teeth, This principle is
no doubt true for inanimate objects but assumes that the
occlusal force is constant

¢ The occclusal force is of course generated by muscles
of mastication which are under physiological control and
do not function independently. Therefore, if the support-
ing structures of the two remaining teeth are only

b1

1.5X

can generate ten times as much force between
upper and lower natural teeth as they can between
upper and lower dentures, where the force is
resisted by mucous membrane. It is false logic o
assume that increasing the occlusal area of a tooth
by adding a pontic to it will inevitably increase the
occlusal loading on that tooth. However, forces in
an ‘unnatural’ direction, for example, rotational or
leverage forces, may not be resisted so well. There
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capable of generating a resisting force of X, and if they
retain a full periodontal sensory mechanism, once force
X i exceeded, the proprioceptive mechanism will
suppress the contractions of the muscles of mastication
50 that the force delivered to the three occlusal surfaces
totals 22

This is an oversimplified version of what happens in
real life. Sometumes the sensory mechanism is not intact
due o periodontal disease and alveolar bone loss. The
proprioceptive mechanism may be overridden by stimu-
lae from higher centres, producing bruxism or other
effect of lateral forces which are more complex.
However, the illustration serves to show that bridges
should not be designed simply using engineering princi-
ples; the biological implications must be taken into
account.

is not the same inbuilt mechanism to perceive and
control these forces (see Figure 111).

These considerations are often less important in
designing small bridges than they are with large
bridges. Figure |12a shows a case where the span
is so small that any of the available abutment teeth
would meet all the traditional criteria for support;
while in the case of Figure | |2b a bridge could not
be provided if Ante's law were to be observed.
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Figure 112
Abutment support and length of span

a A tiny pontic is needed here and any of the available
abutment teeth, which have no alveolar bone loss, would
provide more than enough support

Figure | | 2c shows the bridge for the same patient.
It has been successful for many years.

An example of a bridge design which is some-
times unnecessarily destructive because it relies in
part on Ante’s law for its justification is the
replacement of four upper incisor teeth when the
canines and first premolar teeth on both sides are
used as abutments. Mot only is this destructive, it
creates embrasure spaces between the splinted

b Radiographs of the six abutment teeth supporting the
ten-unit bridge in ¢. All the abutment teeth have less than
half their original bone support. For the remaining lower
teeth this ik abo much reduced but the periodontal
treatment has been successful and there has been no
increase in bone loss or further mobility.

¢ The bridge has been satisfactory with no further bone
loss but the terminal abutment on the left of the picture
has had to be root weated through the reiner. The
bridge, which was nine years old when this photograph
was taken, is rather bulbous

abutment teeth which are difficult to clean. The
premolars are less satisfactory abutments than the
canines and add little to this design. It has been said
that occlusal pressure on the pontics, which are in
front of a straight line between canine abutments,
would produce a tlting force on the canines
However, in a canine-guided occlusion these same
teeth will withstand the entire force of lateral
excursions and yet often remain the firmest teeth
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in the arch. Figures 85a (page 149) and 12la (page
196) show two cases where the canines alone have
been used very satisfactorily as abutments. This
design, using the two canine teeth as the only
abutments, can now be regarded as the normal
design for a bridge to replace the four incisor teeth
in either the upper or lower jaw. It is not necessary
and may be counterproductive to include the first
premolar teeth.

The best guidance that can be given for the
present is that abutment teeth with healthy
periodontal tissues are well able to support a
(theoretical) increase in loading in an axial direction
by an amount that is virtually unkimited. However,
they are not so well able to withstand twisting or
levering forces. This means that large bridges of
fixed-fixed design can be made with very limited
numbers of abutment teeth. The curvature of the
bridge around the arch reduces the leverage and
twisting forces so that all forces are in the long axis
of the abutment teeth (see Figure | 12¢c). This is the
principle of cross arch splinting and it may be
extended so that in ideal circumstances long
cantilever extensions of several units may be
carried by such bridges (see Figure BB, page 152).
These long cantilevers cannot though be supported
by individual aburment teeth. They would produce
a leverage or twisting force on the abutment tooth

Figure 113

a and b A cantilever bridge with a single lower canine
abutment tooth and two incisor pontics (only one tooth
is missing). One reason for this design was to conserve
tooth tssue, in particular the lower incisors. There
abutments as illustrated in Figure 99 (page 165). This
bridge was made before the days ol non-preparation
bridgework, which would now solve this problem. It has
however been successful for several years, with no
rotation, mobility or bone loss.

causing movement of the tooth in the same way as
an orthodontic appliance, or they would loosen the
tooth.

The application of these principles of support is
illustrated in a series of examples at the end of this
chapter and more practical advice on selecting
abutment teeth is also given later in the chapter.

Conservation of tooth tissue

Clearly the most conservative design is a minimal-
preparation bridge. This is therefore the design of
choice whenever possible but in many cases it is
not

All conventional bridges are potentially destruc-
tive, and some are immediately so. Figures 99 (page
165) and 113 show a case in which a bridge was
made before the introduction of minimal-
preparation bridges. The bridge has remained
stable and satisfactory. A conventional bridge
necessitated extensive destruction of sound tooth
tissue. Although this is unfortunate, the alternatives
of leaving the space or of providing a partial
denture were even more unacceptable.

It was reasonable to use a bridge design as
conservative of tooth tissue as possible, at the same
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time being compatible with other principles. In this
example a simple cantilever bridge was used with
only one abutment tooth rather than fixed-fixed or
fixed-moveable designs that would have involved
more abutment teeth.

Cleansability

Figure 100b (page 167) shows an example in which
an upper first premolar is missing. If it is decided
that a simple cantilever design using either the
upper canine or the upper second premolar will
not give sufficient support, the choice will be
between a fixed-fixed or fixed-moveable design, or
a cantilever bridge using the premolar and first
molar splinted together as the abutments. This
latter design will be more difficult for the patient
o clean than the others because of the fixed
connector between the premolar and molar tooth.
This consideration may determine the choice of
design.

Abutment teeth towards the front of the mouth
are easier for patients to clean than those further
back, partly because of access and partly because
the bucco-lingual width of the contact areas is
greater with posterior teeth.

Appearance

The example shown in Figure 100b may again be
used to illustrate the way in which the appearance
of the bridge may be one of the factors in
determining its design. f a fixed-fixed design is
used, in this case it will be necessary to make either
a complete crown or a partial crown (which will
have gold showing on the incisal edge) for the
upper canine. Meither of these is likely to be as
attractive as the natural tooth. With a complete
crown it will be difficult to pfoduce the distinctive
characteristics of the buccal surface of the natural
tooth. A fixed-moveable design, on the other hand,
can have a minor retainer whichrtonsists only of a
distal-palatal inlay in the canine carrying a slot for
the moveable connector. This means that the
appearance of the buccal surface of the canine will
be left undisturbed. !

Thus consideration of support, a conservative
approach to tooth preparation, cleansability and
appearance lead to a decision in the case illustrated
in Figure 100b to make the bridge fixed-moveable
rather than fixed-fixed or cantilever.

Planning bridges

Collecting information about the
patient

Chapter 5 includes a detailed review of the history
and examination of a patient for whom crowns are
being considered. The same approach should be
taken with a patient for a bridge. There are,
however, a number of additional considerations
relating to bridges. These are listed below and
should be read in conjunction with the relevant

paragraphs in Chapter 5.

]

Consideration of the whole patient

With crowns the choice may be between crowning
a vooth or extracting it and the decision may well
be to make a crown even though many factors, for
example, the patient’s age, attitude to treatment
or oral hygiene are less than ideal. With bridges
there is often the alternative of a partial denture,
a minimal-preparation bridge or a conventional
bridge and so it may not be necessary to make so
many compromises. If there is any doubt it is better
to make a partial denture first.

Clinical examination

Assessing abutment teeth Any tooth that can
be crowned can also be considered as an aburment
tooth, but the abutment tooth may have to
withstand forces from different directions than one
crowned as an individual tooth (see page 43).

Teeth with active periodontal disease should not
be used as abutment teeth, although many with
reduced alveolar support following successful
treatment of periodontal disease can be used. They
are commonly splinted to other abutment teeth to
give mutual support.

Some dentists prefer to avoid root-filled teeth
or teeth needing post crowns because of the
chances of fracture of the roots. However, this risk
exists whether the tooth is used as an abutment
tooth or not. It may even be reduced if the tooth
15 used as one of a number of abutment teeth in a
larger bridge, so that the force of a blow to the
tooth is shared by the other abutments. Given the
choice between a tooth with a post crown as an
abutment and a perfectly sound wooth. it is more
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conservative of tooth tssue to use the former.
Although some surveys have shown a higher
incidence of failure with post crowns than other
forms of retainer, these figures are similar to the
failure rate for individual post-retained crowns.
There may be no suitable alternative abutment
to a root-filled woth and the choice is then
between using the tooth or not making a bridge.

Length of span Any design of bridge may be
used for short spans of one premolar or incisor
width. Spring cantilever bridges should not be used
for more than one incisor pontic. Simple cantilever
bridges may be used to replace one or even two
teeth with only one abutment tooth, provided the
occlusion avoids excessive lateral forces on the
pontics (see Figure |13). Longer spans of cantilever
pontics may be used in conjunction with large
cross-arch splinted bridges.

Fixed-moveable bridges are usually limited to
spans of two or three premolar size units. Beyond
this, movement at the moveable joint may become
excessive although much longer spans have been
successful.

Fixed-fixed bridges may be used for any size of
span. It is common to find all four incisor teeth
missing and the design of bridge used wo replace
these is almost always fixed-fixed with the canine
teeth as the only abutments.

Occlusion Mot only should the occlusion of the
remaining teeth be assessed, as described in
Chaprer 4, but the potential occlusion of the pontic
with the opposing teeth should also be assessed. In
some cases the occlusal relationships of the poten-
tial abutment teeth will help determine which
should be used and which design of bridge is
suitable. Figure |14 shows two cases, one suitable
and one unsuitable for a simple cantilever bridge
replacing the upper lateral incisor with the canine
as the only abutment wooth. The difference
between them is the way the lower incisors relate
to the space when the mandible is moved in the
protrusive lateral direction. In the second case two
abutment teeth will be necessary, either the canine
and the first premolar with a cantilever design, or
the canine and central incisor with a fixed-fixed or
fixed-moveable design.

Shape of ridge The contour of the saddle area
will be taken into account in determining whether
a bridge with a removable buccal veneer or a
partial denture should be made (see Chapters 7 and
8).

When a bridge is to be made, the shape of the
ridge will affect the appearance of the pontic and
if this is likely to be a critical factor, in other words
if the neck of the pontic shows and the patient is
very concerned about their appearance, one of the
procedures described below should be followed to
ensure an acceptable final result

Predicting the final result

The final appearance of the bridge can be predicted
using the study casts, by various intra-oral trials or
by means of a provisional bridge. Sometimes
combinations of these methods are necessary. In
straightforward cases the dentist and vechnician
will have a good idea of what the final bridge will
look like but the patient will be less clear. The
prediction is therefore for the patient’s benefit. In
other cases where there are unusual features, the
dentist and technician may not realize the full
aesthetic implications of attempting o make a
bridge, or their understanding may be different. In
these cases the patient is likely to be even more
confused.

Many patients who complain about bridges after
they are fitted are unhappy with their appearance.
Mot only is it good planning to predict the final
appearance of the bridge and seek the patient’s
acceptance before starting, but a record of the
predicted appearance may also be useful from a
dento-legal point of view should the patient
eventually complain.

As well as the appearance of the final bridge,
potential difficulties in preparing the teeth should
be predicted when possible. These include prob-
lems with retention and path of insertion, and the
possibility of endangering the pulps of the abut-

ment teeth.

Study casts

A second study cast should be poured of the arch
in which the bridge is to be made. It is sufficient
simply to cast the alginate impression a second
time, if it can be removed from the initial cast
intact. Alternatively, two impressions should be
taken or the study cast duplicated in the labora-
tory.

The second study cast may be used for trial
preparations to predict the problems outlined
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above as well as problems of the individual
abutment preparation (see Figure 50e, page 89).
The prepared study cast may be used to make a
trial or diagnostic wax-up of the bridge to show
the patient. This is particularly useful when the
shape of the abutment teeth will be altered by the
retainer crowns or where orthodontic treatment
is planned prior to bridge construction.

There are often alternative means of replacing
missing teeth and these change appearances in

Figure 114
Occlusal assessment.

a A missing lateral incisor with deep overbite. The
lower canine tooth touches the palate. There would be
insufficient space for a minimal-preparation bridge with-
out orthodontic treatment or extensive reduction of
upper or lower teeth

b The same pauent in a right lateral excursion. The
occlusion is canine guided and the lower teeth are clear
of the upper lateral incisor space so that a simple
cantilever bridge with the canine as the sole abutment
would be satisfactory. The occlusion of the patient
shown in Figure B5c (page 149) is similar

¢ In this case the lower incisor passes through the upper
lateral incisor space in right lateral excursion, such that
group anterior guidance will be inevitable, with pressure
on the palatal surface of the pontic unless it is shortened
or proclined to an aesthetically unacceprable degree. A
cantilever bridge with one abutment tooth would carry
the risk of acting as an orthodontic appliance and rotating
the abutment tooth

different ways. Figure 47a (page B85) shows
modified study casts which illustrate two ways of
changing the appearance that would be difficult to
describe to the patient. Neither is ideal and so the
patient must be warned that compromise is
necessary. The work should not be started until the
patient understands and accepts this.

If the patient is to be shown the study cast it is
best to produce the wax-up in ivory-coloured wax,
or to duplicate the waxed-up cast. The patient can
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thus look at a cast without the distraction of the
contrast berween the artificial stone and coloured
wax. Most find it easier to compare the second,
modified study cast with the first, rather than with
themselves, partly because study casts look so
artificial to them that they are better comparing
two similarty artificial objects. but also of course
because they have difficulty in relating a study cast,
which is how others see them, to a reversed,
mirror image of themselves. Other precautions are
detailed in Chapter 5.

Intra-oral trials

Partial dentures Many patients who are to have
anterior bridges already have a partial denture. If
the appearance of the artificial rooth on the
denture is satisfactory and can be duplicated in a
bridge, no further trial is necessary. However, if
the denture carries a buccal flange it is wise to try
a denture tooth in the mouth without a buccal
flange, usually attached to a simple wax or shellac
base, to show the patient the effect (see Figure
115). The change can be dramatic. This form of
intra-oral trial is suitable only when the shape of
the abutment teeth is not to be changed.

Other reversible intra-oral modifications
The size of potential abutment teeth can be
increased by the addition of wax or compasite

Figure 115
An intra-oral trial

a A partial denture replacing four incisor teeth, which is
to be replaced by a bridge. There is a buccal flange and
a midline diastema.

b Denture teeth set on a wax baseplate being tried in
to ensure that the patient is happy about the appearance
of pontics without a buccal flange or the midline
diasterna. Periodontal treatment will be provided before
a bridge is made. The bridge will be six units, with the
upper canines as the two abutment teeth

attached by the acid-etch technique. In some cases
a pontic can also be temporarily attached two
adjacent teeth by means of composite. These
modifications may be useful when predicting the
final result but are limited in that it is only possible
to increase and not decrease the size of the teeth.

Temporary and provisional bridges

Once the preparations for a conventional bridge
have been made in the mouth it is possible to make
in the laboratory a provisional bridge with acrylic,
preferably incorporating acrylic denture teeth, or
specially made facings. These provisional bridges
are rather more permanent than temporary
bridges (usually made at the chairside), which are
only intended to last for two or three weeks while
the permanent bridge is being made. One of the
purposes of a provisional bridge is to allow further
modifications to the shape of the bridge for
aesthetic reasons or as modifications to the occlu-
sion until both the dentist and patient are satisfied
with the result These modifications are then
incorporated into the permanent bridge. The
provisional bridge can also be removed and
adjusted to allow periodontal or endodontic treat-
ment as necessary.

An example of the value of a provisional bridge
is in a patient who has had orthodontic treatment
retracting the upper canines to make room for
lateral incisors. The canines may relapse mesially
but this is not inevitable, and so it is unnecessarily
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destructive to make three-unit bridges as a martter
of course, to prevent relapse: a two-unit cantilever
bridge may be sufficient. The problem is to make
the right prediction. Provisional two-unit canti-
lever bridges using the canines as abutments may
be made in acrylic if the abutment teeth are to be
prepared for a conventional bridge, alternatively a
Rochette provisional may be made. The patient is
then reviewed frequently with the aid of study
casts taken when the bridges are first inserted to
check for early signs of relapse. if relapse has not
occurred within six months, the provisional bridges
can be replaced with permanent ones. At the first
sign of relapse the provisional bridges are replaced
by three-unit bridges.

Another example of the use of a provisional
bridge is as an immediate insertion replacement of
a woth to be extracted. if the permanent bridge
is to be a conventional design, the abutment teeth
are prepared and the bridge made before the tooth
is extracted — the preparation being protected by
separate temporary crowns. i the permanent
bridge is to be a mi ion design, 2
Rochetre type should be used to facilitate removal
and modification as the extraction socket heals (see
Figures 102d, page 171 and 12la, page 196).

Practical steps in choosing a bridge
design

So far. all the discussion of bridge design has been
rather theoretical and somewhat inconclusive. This
is inevitable as designing bridges is still rather more
of an art than a science. It is based partly on the
clinical experience of the dentist. which will vary
from person to person, and on the clinical condi-
tion of the patient, which again will vary. However,
the design process has to start somewhere. Exam-
ples at the end of this chapter illustrate the logical
steps in this process.

General approach

A list should be made of all the likely designs for a
bridge in the case being considered. This should
include the potential abutment teeth and their
retainers, together with the basic design of
bridge (fixed-fixed, fixed-moveable, conventional,
minimal-preparation and so on). In a simple case
when the dentist is experienced. the list can be

made mentally. For the less experienced and for
more complex cases it is helpful to write it down.

Every design is considered in twrn and advantages
and disadvantages listed.

In some cases, the optimum design will be
obvious from this procedure. In others, further
investigations with modified study casts, intra-oral
trials or provisional bridges may be required.

Details of stages in the design process:
Selecting abutment teeth

| After the general examination of the patient and
whole mouth, individual potential abutment
teeth should be examined and a note made of
the presence of caries or restorations and the
extent and quality of any restoration present.

2 The periodontal state should be examined,
including the presence of plagque and other
deposits, gingival bleeding and periodontal pock-
ets.

3 The vitality and mobility of the tooth should be
tested and a periapical radiograph obtained.

4 Usually any major problems with the individual
tooth should be dealt with first by appropriate
wreatment, but sometimes the more sensible
solution is to extract the tooth and replace it as
an additional pontic on the bridge, rather than
retain a dubious tooth as an abutment when its
presence may well jeopardize the future of the
whole bridge. An example of this is where three
lower incisor teeth are already missing and the
fourth has very little bone support. The lower
canines are sound and will make good abutment
teeth. They will have to be used in any case to
support the bridge. Including the remaining
incisor will not add significantly to the support
of the bridge and may detract from its long-term
prognosis.

5 A judgement must be made as to the prognosis
of all the teeth in the vicinity of the bridge to
reduce the risk of another tooth having to be
extracted shortly after the bridge is made.

Selecting the retainers

The list of potential alternative retainers may
include complete and partial crowns and minimal-
preparation retainers. The choice of a complete
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crown is inevitable when the tooth is already
heavily restored or the appearance of a partial
crown would be unacceptable.

The choice between a crown and a minimal-
preparation retainer will depend upon whether the
abutment teeth have restorations in them, the
occlusal clearance and the appearance of the
abutment teeth. If the only difficulty with minimal-
preparation retainers is the lack of occlusal clear-
ance, it may be possible to create sufficient
clearance by reducing the opposing teeth, partly
preparing the enamel of the abutment teeth or
moving them orthodontically. Sometimes a com-
bination of these approaches is possible.

Selecting the pontics and connectors

The design of pontics and connectors is the
responsibility of the dentist and not the technician
Detailed instructions should be given to the
technician, particularty on the contour of the ridge
surface of the pontic (see Chapter 9). When the
technician is unfamiliar with the dentist’s usual
requirements the details of the design should be
drawn and sent to the technician as part of the
prescription for the bridge. Where a metal-ceramic
pontic is to be made the dentist should indicate
where the porcelain should be finished. In some
cases an all-porcelain occlusal surface is required, in
others the porcelain covers only the buccal surface
and buccal cusp, leaving the remainder of the
occlusal surface in metal. Again, this should be

specified.

Figure 114

The upper first molar has over-erupted. It should be
ground level to the occlusal plane prior to a lower bridge
being made, in order 1o avoid occlusal interferences in
lateral excursions. In some cases the tooth should be
intruded to the original occlusal plane orthodontically,

Planning the occlusion

Details of this stage were given in Chapter 4. The
first decision to be made is whether to articulate
study casts and, if so, whether it is necessary to use
a simple-hinge, semi-adjustable or fully-adjustable
articulator. With small bridges it is helpful to
mount casts on a semi-adjustable articulator. With
most large bridges a semi-adjustable or fully-
adjustable articulator should be used.

The second decision is whether any occlusal
adjustment is necessary prior to tooth preparations
for the bridge. With posterior bridgework it is
often necessary to adjust an over-erupted opposing
tooth (see Figure |16). The anticipated occlusal
relationship of the pontic with the opposing teeth
may influence the basic design of the bridge as well
as the details of the occlusal surface of the pontic
and so, although this step is listed as the final one
in the sequence, and it is usually considered last, if
the bridge design is influenced by it, it will be
necessary to introduce feedback loops wo earlier
stages.

Examples of the bridge designing
process

See Figures | 17 and | | B for practical examples, and
the reasons for the choice; some alternative
designs, and the reasons for rejecting them, are
given.

Dentists will inevitably become biased in their
selection of bridge designs by their own experi-
ence of clinical success and failure. Indeed, the
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author’s own bias may be detected. for example,
in the section on spring cantilever bridges and in
Figures 117 and 118. Care should be taken to
prevent this bias overriding more substantial clini-
cal criteria.

As an additional example, the table on page 192
sets out over thirty different designs for the
replacement of one upper lateral incisor. Some of
the suggestions on this list are a little bizarre and
would only be used under unusual circumstances.
For example, it would not be common to splint
together the central incisors as one of the abut-
ments (Mo 5 on the list), as in most cases just one
central incisor would be sufficient. In other cases,
however, the upper lateral incisor would be

Figure 117
Bridge designs for single missing incisors.

a A missing upper lateral incisor with rotated canine and
first premolar teeth. There is a Class 2 Division Il incisor
relationship with a deep overbite and minimal overjet
This means that no space is available for a minimal-
preparation bridge although orthodontic treatment
might create some space. A fixed-fixed bridge using the
central incisor and canine would be even more destruc-
tive of sound tooth tissue than usual as they are not
parallel. There would also be a risk of the central incisors
not matching exactly. Splinting the rotated canine and
first premolar together for a cantilever bridge would be
possible but would produce an awkward embrasure
space which would be difficult to clean Fortunately the
occlusion is satisfactory for a simple cantilever bridge
using just the canine tooth as the abutment, and with a
full crown its rotation can be corrected. The first
premolar has a failed amalgam restoration which will be
replaced separately with a porcelain inlay or compaosite
restoration o improve the appearance

b Another missing lateral incisor, this time with one
discoloured, non-vital, root-filled central incisor and a
large mesial carious lesion in the other. The central
incisors are also misaligned. The canine is sound. Since
the occlusion is not favourable for a cantilever bridge
using only one abutment tooth, both central incisors will
be crowned and connected to each other, and to a
cantilevered lateral mcisor pontic,. once cares and
periodontal disease elsewhere has been controlled

¢ A missing upper canine tooth. These are difficult to
replace by bridges when the occlusion will be guided by
the pontic in lateral excursions. and in these cases several
abutment teeth may be necessary. By grinding the lower
canine slightly and leaving the pontic slightly short, it was
possible to maintain group function in this patient rather
than produce canine puidance by the pontic. The two
premolar teeth were connected as abutments for a
three-unit cantilever bridge. This design was chosen in
preference to a fived-fixed bridge so that preparing the
sound, matching and well aligned incisor teeth could be
avoided

A fixed-moveable design with an inlay in the distal
surface of the lateral incisor would not have been
practicable because the angulation of the lateral incisor
would prevent a common path of insertion between the
first premolar and a groove in an inlay in the incisor. This
design would have been possible (although not desirable)
if the lateral incisor had been more proclined

A minimal-preparation bridge could be considered but
there s a greater risk of loss of retention with this
occlusal relationship
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Figure 118
Replacing more than one tooth

o With an anterior open bite and normal lateral incisors
a four-unit fixed-fixed bridge with the lateral incisors as
the abutment teeth would be satisfactory. There is no
need o include the canine teeth

b Even with three incisors missing, with the occlusion
being protected in right lateral excursion by a sound
canine (shown here). the lateral incisor may be used as
the only abutment on the right side for a five-unit fixed-
fixed bridge. The brdge could be extended 1o include
the right canine, giving additional support and a more
symmetrical appearance, but this would make the
embrasure space between the lateral incisor and canine
difficult to clean and be unnecessarily destructive

¢ and d The central incisor space is now reduced to
approximately one quarter its proper width although this
is somewhat difficult to judge as the left central incisor
has an acrylic jacket crown. The right canine also has an
unsatisfactory acrylic crown. Trial wax-ups showed that
a satisfactory appearance could be obtained by extracting
the non-vital lateral incisor and making a four-unit fixed-
fixed bridge. Both central incisors and the lateral incisor
pontic would be small, but would give a better
appearance than two large cemtral incisors with the
midline offset even further. The alternative of orthodon-
oc treatment prior to bridgework was offered wo the
patient and declined This s a similar problem to thar of
another patient, shown in Figure 79, page 141

d The upper lateral incisor has been extracted and the
two abutment teeth prepared. It is now clear that there
will be sufficient space for the planned treatment. A
provisional bridge will be fitved and periodontal reat-
ment provided before impressions are taken for the
permanent bridge
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e Existing crowns and bridges following extensive,
successful periodontal treatment and the extraction of
the lateral incisors. None of the remaining teeth is a
satisfactory abutment for a simple small bridge and a
partial denture replacing the lateral incisors and the
totally unsatisfactory premolar pontic would be damag-
ing to the periodontal tissues. A splint/bridge incorporat-
ing the principle of cross-arch splinting is indicated here

f Sound abutment teeth with small restorations and a
span that will accommodate cne premolar and one molar
pontic. The buccal surface of the premalar is sound and
of good appearance and so the design is a fixed-moveable
bridge with a full crown on the molar tooth and an HoD
inlay (without cuspal protection) in the premolar, The
moveable joint will be accommeodated in the distal box
of the inlay. A hybrid bridge would not be suitable as the
restoration in the molar tooth is too large for this wooth
to have a minimal-preparation retainer.
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replaced almost incidentally as part of a much larger
splint. In that case all the upper incisors and perhaps
teeth further back in the arch would also be
included.

So the list could be further extended to show
an even greater variety of potential abutment

teeth, and even further o show the
materials. The important point is to
dangers inherent in becoming too reliant upon a
limited number or an over-simplified 'cookery-
book” approach to designing bridges.

Practical Points

® Criteria for planning bridges are similar to those
for crowns.
However:

@ With bridges. a partial denture can first be tried
and later replaced by a bridge if necessary.

@ Teeth with active periodontal disease should be
avoided as abutment teeth.

@ The contour of the saddle area will be taken into
consideration in deciding on whether a bridge, a

bridge with removable buccal veneer or a partial
denture should be made.

@ It is best wo predict the final appearance of the
bridge using trial wax-ups on study casts and to
ensure the patient’s acceptance from the outser

@ The use of provisional bridges allows for further
modification before final fitting of the permanent
bridge.

7



Clinical techniques

for bridge
construction

This chapter should be read in conjunction with
Chapter 6. Many of the techniques are identical and
so this chapter will deal only with those that are
peculiar to bridges or where a different emphasis
is Necessary.

Pre-operative procedures

All the planning stages described in Chapters 5, 6
and 10 should be undertaken. In particular, the
shade should be taken and an impression for the
opposing cast made. The following additional pre-
operative procedures may also be required.

Occlusal adjustment

It is more often necessary to carry out an occlusal
adjustment in preparation for a bridge than for
crowns. A new impression must be taken for the
opposing cast as the study cast will obviously no
longer be accurate.

Preparations for a temporary bridge

It must be decided whether a temporary bridge
will be made or whether the patient will be left
with individual temporary restorations to protect
the abutment teeth. When the patient has a
satisfactory temporary denture and especially if the
design is a cantilever or fixed-moveable bridge, it
is often better to make separate temporary
restorations rather than a temporary bridge. When
the design is fixed-moveable and the paths of
insertion of the reiners will not be parallel to
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each other, it may be impractical to make a
temporary bridge. Besides, when a minor retainer
such as a distal-occlusal inlay is to be made for a
fixed-moveable bridge, the temporary bridge
{which will be fixed-fixed) may loosen at the minor
retainer.

However, in many cases, particularly for larger
fixed-fixed bridges, a temporary bridge is essential
to protect the abutment teeth and to retain their
relationship with each other and the opposing
teeth. Temporary bridges may be made in one of
two ways: either by one of the chairside techniques
described in Chapter 6, or by making an acrylic
temporary bridge on the study cast, using the trial
preparations, and then relining and adjusting this at
the chairside as necessary.

If a chairside technique is to be used, a trial wax-
up on the study cast should be made and duplicated
{by means of an alginate or elastomeric impression)
to make a stone cast. A vacuum-formed FvC slip
can then be produced (see Figure &4, page |12).
Alternatively a silicone impression of the waxed-
up study cast may be used directly in the mouth to
make the temporary bridge.

Figure 119 shows a laboratory-made temporary
bridge, constructed before the teeth are prepared
so that it can be adapted and cemented at the
tooth preparation visit. Techniques for construct-
ing chairside temporary bridges are described later.

Preparing the abutment teeth

Paralleling techniques for extra-
coronal preparations

When the design of a conventional bridge requires
two or more teeth to be prepared in a common
path of insertion, special techniques are used to
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ensure that there are no undercuts and yet each
individual preparation is as retentive as possible.
These are listed in increasing order of complexity.

Paralleling by eye

Two or three teeth close together can be made
parallel by eye. The clinician will become more
adept at doing this with experience, and should
concentrate on developing the skill. In the anterior
part of the mouth it is possible to see along the
long axis of the teeth by direct vision. Only one
eye should be used as binocular vision can 'see
around’ undercuts. Figure |20 shows a dentist
assessing the path of insertion of the upper canine
teeth, which are being prepared for a bridge
replacing the four incisor teeth. It helps to look
from as far away as possible. It may be useful also
to make a small pencil mark on the two surfaces
that may still be undercut. An assessment of
parallelism or undercut can then be made by closing
one eye and moving the head so that one of the
pencil marks just disappears and then continuing to
move the head until the other pencil mark appears.

Figure 119

A laboratory made temporary acrylic bridge (see also
Figure 102d)

Figure 120

Assessing the parallelism of canine abutment teeth. One
eye should be closed.

In the posterior part of the mouth large mirrors
are useful to show all the preparations in the same
field. Parallelism cannot be assessed satisfactorily
when two or more preparations can be seen only
by moving the small mouth mirror. Many of the
photographs in this book have been taken in larger,
front surface reflecting mirrors.

It is also helpful to use a straight probe like a
laboratory surveyor, but in the mouth. The probe
is placed against one of the prepared tooth surfaces
and then, held rigidly, it is moved over to the other
abutment tooth without its angulation being
changed. This is not a completely reliable guide of
course, and will detect only fairly gross undercuts
or overtaper. But many clinicians do find it useful

Extra-oral survey

With larger bridges and when teeth are prepared
on both sides of the arch, the simplest and most
reliable method of assessing parallelism is to take a
simple impression (usually in alginate) once the
basic reduction has been carried out on all the
abutment teeth. The impression is cast at the
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chairside in a fast-setting plaster, usually with an
accelerator such as alum added. The cast is then
surveyed at the chairside and further preparation
carried out as required (see Figure 121). The
procedure may be repeated several times with
more difficult cases or with large numbers of
abutment teeth. When the abutments are satisfac-
tory for the path of insertion, the final smoothing
and finishing of the preparations is carried out.

Paralleling devices for crown preparations

Many of the devices available are cumbersome,
unreliable or extremely expensive. One of the
simpler ones consists of a stainless steel mirror
with vertical lines scribed on it This is placed

Figure 121
Surveying preparations

a Initial preparations have been carried out on the upper
canine teeth in the mouth and this cast made from an
alginate impression. The two preparations have been
varnished. The bridge will be a six-unit immediate
insertion provisional bridge and the two remaining
incisors with extensive alveolar bone loss will be
extracted.

b The preparations are surveyed with a fine rod and the cast rimmed
until they are parallel Trimmed areas show up in contrast to the
untouched varnished areas. Similar reduction is carried out in the mouth.
The process may need to be repeated

buccally or lingually and used to assess the mesio-
distal parallelism of abutment preparations. It
cannot be used for the bucco-lingual surfaces.
Another device consists of a clear plastic disc with
a pin passing through it. This is held against the
occlusal surfaces and can be moved around, acting
as a surveyor. These two devices may be useful but
the inexperienced dentist is better advised to
master the basic techniques of surveying by eye and
extra-oral surveying.

Pin-retained preparations

The rather derogatory remarks above do not appl;
to the paralleling devices used to prepare multipl
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parallel pinholes. There are a number available, and
Figure 122 shows a typical example. The technique
is to mount the paralleling device on to an acrylic
base plate made on the study cast. This is firmly
supported by the occlusal surfaces of teeth that are
not to be prepared. The arm is then adjusted so
that the sleeve is aligned with the proposed path
of insertion. A special twist drill (usually 0.7 mm
diameter) with a cut-away shank is used to prepare
the pinholes to the required depth. The twist drill
is guided by the parallel part of the shank within
the sleeve and is driven by a conventional slow
speed handpiece. The reason for the cut-away
shank is that slight twisting movements of the
handpiece do not cause the twist drill to bind in
the sleeve.

Ideally the teeth are prepared, except for the
pinholes, and an impression taken. The plate is
made and the device adjusted to the required path
of insertion in the laboratory. The pinholes are
prepared at a second appointment. With experi-
ence it will be possible to carry out the whole
procedure in one visit, the plate having been made
beforehand and adjusted at the chairside.

Preparations for minimal-preparation
bridges

Since the introduction of minimal-preparation
bridges there have been fluctuations in fashion as

Figure 121

An intra-oral paralleling device for preparing pins parallel to each other.
It s mounted on an acrylic plate retained by cribs. The double-elbowed
arm can be moved both laterally and verucally and the sleeve at the end
guides the twist drill up and down as it cuts the pinholes. The cutaway
shank of the twist drill allows a slight twisting movement of the handpiece
without jamming the drill, which will continue to be aligned by the sleeve

to the degree of wooth preparation which should
be carried out Initially very little preparation was
undertaken and then over the next few years
various authors recommended more and more
extensive preparation with finishing lines, seating
grooves at right angles to the path of insertion and
location grooves in the line of the path of insertion
all being advocated. There is very little reliable
evidence that any of these produce any benefit and
so the fashion has swung back again away from
extensive preparation of the enamel. One danger
of overpreparing teeth for these types of retainer
is that if the retainer becomes debonded but the
bridge is held in place by other retainers, features
such as grooves tend to become carious more
rapidly than unprepared enamel surfaces and
because the dentine is closer to the base of the
groove, it too becomes carious with the result that
a further minimal-preparation retainer is not possi-
ble.

The three principles which should guide the
operator in deciding how much preparation is
necessary are as follows:

@ The maximum surface area of enamel should be
used for retention

@ The bridge should seat positively so that it can
be held firmly in place without movement
against the resistance of rubber dam while the
cement is setting.

® Preparation may be necessary to allow an
adequate thickness of retainer when the occlu-
sion is unfavourable.
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The maximum enamel surface area can often be
achieved with anterior bridges without any tooth
preparation. However, with posterior fixed-fixed
bridges, the abutment teeth have commonly tilted
towards the space and there is an undercut
between their proximal surfaces. Slight reduction
on one or both of the abutment teeth will allow
not only a greater surface area of enamel but also
more ‘wrap around’ of the retainer to the buccal
surface (see Figure 123).

With posterior bridges, occlusal rest seats are
used to provide a firm stop against which the
bridge can be seated. A shallow preparation is
made in the enamel of the marginal ridge much like
a rest seat for a partial denture, although it can be
shallower (see Figure 129). With retainers on
anterior teeth horizontal seating ledges or dimples
are sometimes prepared, but these have the
disadvantages described above. An alternative is to
make the casting with an incisal hook which is cut

Figure 123

A fixed-fived minimal preparation bridge will require
preparation of the proximal surfaces of the abutment
teeth shown in the upper model to increase the surface
area of enamel. In the lower model this has been done

part way through from the fit surface before
cementation and is then cut off after cementation
once it has done its job (see Figure |24)

In preparing abutment teeth to accommodate
the thickness of the retainer, care must be taken
not to penetrate through to dentine. This is
difficult because often the surface which is wo be
prepared is worn to an unknown degree by the
opposing tooth and so the remaining thickness of
enamel is difficult to estimate. It is probably
inadvisable to prepare axial grooves in the path of
insertion of the bridge, although this has been
recommended by some authors. The reason is that
these are particularly prone to caries if the bridge
partially debonds and also the logic of their use is
flawed. There is no convincing evidence that once
the bridge is cemented they serve any useful
purpose. The most important feature for success is
the strength of the bond rather than the original
path of insertion of the bridge
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Making temporary and provisional
bridges

Choice of material

Temporary bridges are nearly always made of one
of the plastic materials. if made at the chairside one
of the higher acrylics, with or without nylon filler
particles will be used:; if made in the laboratory they
will usually be conventional acrylic or one of the
higher acrylics, although laboratory light cured
composites may also be used. Metal castings or
other metal components are often incorporated
into longer term provisional bridges.

Figure 124
Temporary incisal hooks to allow firm stable pressure to

be applied while the bridge s cemented. Once the
cement has set they will be cut off.

Figure 125
Chairside temporary bridge construction

a An alginate impression is taken before the prepara-
tions are started, with the temporary denture in place.
The alginate is removed from the buccal sulcus area to
facilitate reseating in the mouth before the temporary
crown and bridge material is put into the impression

b The plastic temporary bridge removed from the
mouth. The material has flowed palatally into the space
left by the plate of the denture. This can now be
removed together with the thin flash over the adjacent
unprepared teeth. The almost transparent buccal incisal
surface of the upper right central incisor retainer shows
that more preparation of the abutment tooth s needed
here or the retainer will be too thick. To a lesser extent
the same is true at the tip of the upper left lateral incisor
These modifications should be made to the preparations
before the impression is taken

Choice of technique

Chairside construction

The majority of temporary bridges can readily be
made at the chairside, often in less time than it
takes to modify a laboratory-made temporary
bridge. and of course avoiding the additional
laboratory cost.

The chairside technique is illustrated in Figure
125 and is similar o the temporary crown
techniques shown in Figure 64, page |12 The
mould may be an impression of a study cast with
the pontic made from a denture tooth, or it may
be a vacuum-formed pvC slip. In many anterior
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bridges, though, the patient is already wearing a
temporary denture and it is sufficient to take an
alginate or silicone putty impression of the arch
with the denture in place and use this to make the
temporary bridge. This is the technique illustrated
in Figure 125. The excess material flowing into the
areas of the impression previously occupied by the
denture can be removed with an acrylic bur in a
straight handpiece, once the plastic has set and the
temporary bridge has been removed from the
mouth.

For posterior bridges where there is often no
temporary denture, but where the appearance of
the pontic is not important, an alginate impression
may be taken (with nothing in the saddle area)
before the teeth are prepared. The alginate in the
saddle area is removed with a large excavator, or
the scoop-shaped instrument supplied with some
of the temporary crown and bridge materials. The
temporary bridge will then have a bar of plastic
material filling the saddle area which can be
adjusted to the occlusion and smoothed with
stones and burs.

Laboratory-made provisional bridges

If the provisional bridge is to last for more than a
week or two, if it is large or if its appearance is
particularly important, then a laboratory-made
provisional bridge is preferable to a bridge made at
the chairside.

One technique is to make preparations of the
abutment teeth on a study cast so that when the
full-scale preparation is done in the mouth the
temporary bridge will be a loose fit If the
preparations on the study cast are completed to
full depth it will be impossible to duplicate them
exactly in the mouth and the provisional bridge will
not seat.

If full-scale trial preparations have been made to
assess parallelism, this cast may still be used to
make a provisional bridge, the prepared teeth on
the study cast must be covered with a spacer of tin
foil, or the fit surfaces of the bridge enlarged with
a bur in the laboratory before the bridge is
returned to the chairside. The bridge is waxed up
and processed in the laboratory using conventional
acrylic techniques, or acrylic denture teeth or
special acrylic facings are ground to shape and
incorporated as the facings for the bridge (see
Figure 119).

Once the abutment teeth have been prepared in
the mouth, the provisional bridge is tried in and
will usually need to be relined with a higher acrylic.

The technique using an accurate working
impression of the prepared teeth to make a

provisional bridge is more reliable and often
produces a berter marginal fit but takes an extra

appointment. This is necessary, however, if a metl
casting is to be incorporated for extra strength
(Figure 126).

Cementing temporary and provisional
bridges

Temporary bridges should be sufficiently retentive
not to cause trouble between appointments but it
should be possible to remove them without
excessive force or damage. The temporary crown
and bridge cementing materials are supplied with a
modifying paste that may be combined in varying
proportions with the base and catalyst pastes to
weaken the final mix. Modified cement is recom-
mended with large or wvery retentive bridges.
Experience will guide the operator as to the
correct proportions for the particular bridge and
the particular patient. Fifty per cent or more of the
total mix may consist of the modifying paste.

Provisional bridges may also be cemented with
temporary crown and bridge cement but usually
without modifying paste. f more retention is
needed a zinc oxide/eugenol cement may be used
or. in some cases, zinc phosphate cement is
necessary.

The working impression

Any of the impression materials or techniques
described in Chapter 6 are suitable for bridgework.
With fixed-fixed bridges it is often an advantage to
have two working casts, one with removable dies
for making the individual retainers and one that is
not sectioned and therefore preserves the full
contour of the saddle area together with the
relationship of the abutment teeth. With good die
location and a small bridge an unsectioned model
is not necessary but with larger reconstructions
where the dies have to be removed and replaced
often, die location systems tend to wear, allowing
movement of the dies. Then a solid model may be
necessary.

All bridges should be made with full arch
working impressions for maximum stability of
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occlusion. When all the teeth in one quadrant are
missing or prepared, it is necessary to provide
adequate stops on the impression tray to prevent
it from seating on to the prepared teeth. In some
cases these will be soft tissue stops. Figure 127
shows an acrylic stock tray modified with a higher
acrylic at the chairside to give a palatal soft tissue
stop. There are also improvements to the periphe-
ral adaptation and rigidity. This tray would be
suitable for use with a polyether impression
material or an addition curing silicone.

Special impression technique for
spring cantilever bridges

For a spring cantilever bridge it is advisable to take
three impressions. The first is taken in a conventio-
nal manner to record the abutment teeth and

Figure 126

A long-term, immediate insertion, provisional bridge in
heat cured acrylic incorporating a metal casting. The
bridge has been in place six months while extraction
sockets have healed. Mote the space beneath the pontics
which has resulted from the healing.

Figure 127

A plastic stock impression tray, left, stiffened with a
higher acrylic and providing a soft tissue stop on the
palate. A large amount of clearance is available for the
impression of the anterior teeth. Right, a conventional
acrylic special tray with three stops which will seat on
unprepared teeth, preventing the tray touching the
prepared teeth.

other teeth in the arch; the palate is not important.
From this impression a cast is made with sectioned
dies and the retainer, or retainers, waxed on to it
To trim the working dies the palatal gingival region
must be removed from the cast, and so the
retainers are tried in and a second impression taken
with them in the mouth (a handle or lug left on the
buccal or lingual surface helps to hold them in the
impression). This impression is to record the palatal
tissues and is taken in an elastometric material. The
madel is scored for the bar, which is waxed up and
cast. The pontic is usually made as a separate jacket
crown, and at this stage an acrylic temporary jacket
crown is made.

The finished bridge with its temporary acrylic
crown is cemented and left for a period of two or
three weeks to allow the palatal soft ussues wo
adapt to the bar. At the end of this period the
temporary acrylic crown is sometimes a little
shorter than the adjacent teeth as a result of the
bar settling into the tissues.
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The temporary acrylic crown is now removed
and the third impression taken of the core of the
crown can be made with the correct incisal length
and occlusion.

Occlusal records

For the choice of appropriate occlusal records, see
Chapter 4. The larger the bridge, the more time-
consuming is any occlusal adjustment at the chair-
side, so it is likely that a semi-adjustable or full-
adjustable articulator will be chosen (together with
the appropriate occlusal records) to minimize this
adjustment time.

Trying in the metal framework or
separate units

Metal-ceramic conventional bridges should be tried
in at the metal stage. Experienced operators
making small bridges, who are familiar with their
technician’s work, sometimes omit this stage, but
this is inadvisable under other conditions.

Metal-ceramic bridges of up to six units are
often cast in one piece. When they are tried in, all
the checks listed in Chapter 6 should be made, and
if the framework is acceptable it may be returned
to the laboratory for the porcelain to be added.

if the framework does not seat, and once
obvious causes have been eliminated, such as tight
contact points or air blows on the fit surface of the
casting, it must be assumed that the relationship
between the abutment teeth is the problem. This
may be wrong either because the abutment teeth
have moved since the impression was taken
{perhaps because a temporary bridge was not
provided) or because the die location is at fault. If
this is suspected the bridge should be divided and
the separate components tried in. It is better to
saw through the bridge with a fine fretsaw cutting
diagonally through one of the pontics rather than
through a connector (see Figure 128). This gives a
larger surface area for the bridge to be resoldered
and the solder joint will be covered by porcelain.
which will further strengthen it  the separate
units fit, the bridge is relocated (see below) and
soldered with a high-temperature solder before
the porcelain is added. It is advisable to retry the
bridge now.

If, once the bridge is sectioned, some of the
retainers fit and others do not, a further impression
i¢ neadad. Thie will be of the unsatisfactory
abutments, with the satisfactory retainers and the
attached parts of the pontic left in situ. They will
be a guide to the technician in waxing up the
repeated sections. A further retry and localization
in the mouth is necessary before soldering.

With larger bridges not cast in one piece, the
separate sections should be tried in before localiza-
tion and soldering.

Bridges made in other materials are usually
completed and not tried in as separate units.
Posterior all-gold bridges are necessarily relatively
small, as are anterior all-porcelain bridges. Where
gold units are to be soldered to metal-ceramic
units, it is possible to try in the separate retainers
before the connectors are soldered.

Localization techniques

MNow that full arch impressions are taken almost
universally for bridgework, there is less need for
localization of individual retainers than when indi-
whud impressions were thien B vl e
tooth. However, problems still arise, as outlined in
the previous section, with the fit of one-piece
castings. It may also be difficult to get a single
impression of all the teeth at once, especially when
large bridges are made in the lower arch. The
tongue makes it difficult to obtain a dry field on
both sides of the arch at the same time. In these
cases separate impressions of groups of abutment
teeth have to be taken and related to each other
with a localization technique.

An overall impression of the castings in place
may be used for localization. At one time the
preferred material was plaster as this produced a
rigid and accurate relationship between the sepa-
rate castings. However, it is messy and difficult to
use, All but the hardest putty rubber impressions
materials are unsatisfactory due to their flexibility.
It is best to use acrylic with a paint-on technique.
When adjacent retainers are to be located or a cut
pontic resoldered, it is sufficient simply to clean the
surfaces, paint a fast-setting cold cure acrylic over
the surface and allow it to harden before with-
drawing the bridge (see Figure |128b).

When the pontics are not yet made or where
the bridge is large, the localization is stiffened and
supported with metal bars or a metal framework.
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The bars may be old bur shanks cut to suitable
length, and a very satisfactory frame can be made
from spot welded stainless steel tubing (see Figure
128¢).

Try-in and trial cementation of
finished bridges

The checking procedure is as described in Chapter
6. In some cases the bridge does not fully seat and

Figure 128
Localization

a The metal framework for a three-unit metal-ceramic
bridge. This has been tried in the mouth and found not
to fit. When sectioned diagonally through the pontic, the
separate retainers fitted and so it was relocalized in the
mouth and soldered before the porcelain was added

b A large bridge, cast in four sections, being localized in
the mouth with fast setting acrylic. To stabilize it. a bar
will be artached across the back with more acrylic

¢ Multiple separate bridge retainers connected with
acrylic and old bur shanks. The castings have been
removed from the acrylic. This assembly can now be
reseated in the mouth and a new impression taken over
it to record the saddle areas. The pontics are then made
and soldered to the retainers.

the operator may suspect that the teeth have
moved, particularly if a metal stage try-in was
satisfactory. Rather than sectioning the bridge again
it may be left in the mouth for a few hours,
preferably with no cement, or with petroleum jelly
and zinc oxide powder (which does not set) to
prevent oral fluids from irritating the exposed
dentine. If after a few hours the bridge has not
seated, the next stage is to cement it with a very
weak temporary crown and bridge cement with a
large proportion of modifier. Bridges cemented in
this way may be left for days or even weeks to
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settle before being finally cemented. This should be
done routinely with larger bridges.

The advantages of trial cementation are that as
well as possible improvements in marginal fit, the
patient has a chance to become accustomed to the
appearance and feel of the bridge, which can still
be modified out of the mouth if necessary. Any
problems with the occlusion are likely to show
themselves and can be dealt with before the bridge
is permanently cemented

Clirmcal techrugues for brdpe construcion

Figure 129
Clinical technique for a Maryland bridge

a The working impression.

b The metal framework and pontic on the model. This
is tried in the mouth and adjusted before etching. It
should not be retried after etching or the delicate etched
surface will be damaged

¢ Polishing the abutment teeth with pumice and water
after applying rubber dam

Trial cementation should not be attempred with
spring cantilever or all-porcelain bridges: neither
should the minor retainers of fixed-moveable
bridges be temporarily cemented.

Permanent cementation

The cementation of bridges differs from crowns
only in that with fixed-fixed bridges the surface
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d Phosphoric acid gel applied carefully with a paintbrush
or with a syringe to the areas to be covered by the
retainers.

e Luting the bridge with a chemical curing composite
specially made for the purpose. It would have been a
good idea 1o place some floss between the abutment and
the adjacent teeth before cementing the bridge. Pulling
this through the contact points before the cement set
would have helped to remove excess cement

area of the combined abutment preparations is
larger than an individual crown and so the hydro-
static pressure of the unset cement is much
greater. Greater force has therefore to be applied
to seat the bridge fully.

Alternatively, the occlusal surfaces of the retain-
ers may have vents cut to allow the escape of
excess cement. These vents are then filled with
cohesive gold fillings or small gold inlays for gold
crowns or composite for metal-ceramic crowns.

Although the gold restorations are satisfactory the
composite restoration is not, and so, with the
majority of large bridges now being metal-ceramic,
venting is less popular than it once was.

Because of the difficulty of cementing large
bridges and the need for a long working time
before the cement starts to set, zinc phosphate
cement is still the most popular for large bridges
lts working time can be extended considerably: the
mixing slab is cooled, very small increments of
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powder are added at a time, and mixed for a long
period (approximately ninety seconds). Ready
proporticned cement in a plastic syringe is also
available and is mixed in a mechanical vibrator. i
the syringe is used straight from the refrigerator,
a consistent, slow-setting, air-bubble free mix is
obtained

For preparations with near parallel walls the
technician may use an additional layer of die-relief
varnish on the axial walls. This increases the cement
film thickness in this area without increasing it at
the margins, and so reduces hydrostatic pressure
during cementation

Chrecol techrnques for brdpe constructon

Figure 130
o Cleaning aids for use with bridges

From the top: a soft toothbrush with two rows of bristhes
which can be used around dome and ridge-lap pontics;

two single tuft interspace brushes - these are often wo

stiffl except in very large open embrasure spaces:

two ‘bottle’ brushes with multiple small lateral tufts that
are useful for medium sized embrasure spaces;

a2 'bottle’ brush with a simple wire handle;

superfloss. the most useful of the bridge cleaning aids -
this has a stiffened end, right, and a furry section which
is very useful for cleaning under pontics, and especally
under smooth saddle pontics:

regular floss, which can sometimes be passed through
embrasure spaces to clean under pontics, but when this
is difficult it is used in conjunction with

a floss threader, a flexible nylon loop with a stifl end that
passes. easily between tight embrasure spaces

b Superfloss being used to clean beneath a pontic

Glass ionomer luting cement is preferred to
small bridges for the reasons described in Chaprer
6

Clinical technique for minimal-
preparation bridges

Minimal-preparation  bridges, for example,
Rochette and Maryland bridges, are constructed as
follows (see Figure 129):
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® Thoroughly scale and polish the abutment teeth
— and the remainder of the mouth, of course

® Carry out any necessary tooth preparation

® Take an accurate working impression in elasto-
meric or reversible hydrocolloid material

@ Prepare the metal framework and pontic in the
laboratory; the pontic is usually metal-ceramic

® Try in the bridge; if it is a Maryland bridge, etch
the metal fitting surface after trying in and then
do not touch the etched surface or retry the
bridge, or the delicate etched surface will be
damaged

® Repolish the enamel surfaces to which the
bridge is to be cemented, apply rubber dam and
acid erch the enamel surfaces

@ Cement the bridge with a chemical curing
composite resin (one made specially for the
purpose) and remove excess composite from
the margins; if the design of the plate has
perforations, remove the excess composite
from around the perforations

@ If the bridge is to be cemented with a chemically
adhesive cement, the metal should be sand-
blasted as late as possible before cementation.
The bridge should be cemented under rubber
dam and the jelly material supplied with the
cement applied to the margins of the retainer to
exclude air as the setting of the cement is
inhibited by air.

Figure 131

The clinical use of some of the cleaning aids shown in
Figure 130 — they would not normally all be used at
once!

Oral hygiene instructions and
maintenance

This is particularly important with bridges, and in
some cases the technigues will be entirely different
from those the patient has been taught to date or
for crowns. The areas where different cleaning
techniques may be needed are between the pontic
and the ridge and the gingival margins of the
abutment teeth beneath the connectors. The
technique will depend upon the design of the ridge
surface of the pontic, the part of the mouth where
the bridge is situated and the patient’s manual
dexterity. With ridge-lap and saddle pontics, dental
floss or tape may be threaded through an embra-
sure space and then passed under the pontic to
clean it and the ridge. Even better is superfloss. Its
furry section makes cleaning under pontics much
easier (see Figures 103, page 173 and Figure 131).
if superfloss is not available, nylon knitting wool
threaded with a floss threader makes an acceptable
substitute.

Wash-through and dome-shaped pontics are
usually cleansable entirely with the toothbrush,
although in some cases an interspace brush or
other special brush may be an advantage.

Oral hygiene instruction should be given at the
same appointment as the bridge is cemented. The
patient should be seen again in one or two weeks
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to ensure that the new cleaning techniques are
successful. At this stage it may be helpful o use
disclosing tablets or solutions. At the same appoint-
ment the occlusion and the retainers should be
checked.

It is advisable to see the patient at regular

intervals, usually six monthly, when the full range
of checks of margins, gingival health, cleaning,
occlusion and the mechanical integrity of the bridge
are made. Chapter |3 deals with repairs and
medifications to bridges where these checks reveal
any problems.

Practical Points

@ Teeth should be prepared parallel to each other
by eye and if in doubt, and for larger bridges, a
model of the initial preparations surveyed in the
laboratory.

@ Most temporary bridges can be made at the

® All bridges should be made with full arch
working impressions for maximum stability of
occlusion.

@ For spring cantilever bridges it is advisable to
take three impressions at different stages in the

construction

® Loalization techniques may be needed when
one-piece castings have to be cut and individual
retainers are not satisfactory.

® Trial cementation will allow for possible
improvements and give the patient ume to
become accustomed to the feel and appearance
of the bridge.
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Fixed splints

Many of the techniques used in constructing fixed
splints are similar to those used to make crowns
and bridges. Large splints often contain one or
more pontics and are therefore combination
bridge/splints. There is no attempt here to describe
removable splints in detail as the techniques for
constructing them are more akin to partial denture
construction. There is, however, a section of this
chapter comparing fixed and removable splints.
Different types of splint are used depending on
the ume for which they will be needed. Short-term
splints are made as an emergency measure, nter-
mediate splints are made to last for a few months,
usually while other forms of treatment are being
carried out, and permanent splints are intended to
last for the lifetime of the dentition or the patient.

Indications for fixed splints

Trauma

A blow may result in an incisor tooth being partially
or completely subluxated. If the tooth is reposi-
tioned correctly in its socket very shortly after the
accident, particularly with young patients. it has a
good chance of surviving for a useful period,
providing it is kept clean and other conditions are
favourable. It will normally need to be stabilized by
being attached to adjacent teeth while the
periodontal ligament heals and the alveolar bone
remodels. It s not usually necessary to provide
intermediate or permanent splinting for trauma-
uzed teeth.

Periodontal disease

At one time splints were prescribed as a way of
treating periodontal disease and preventing the loss
of teeth through progressive loosening. This is no
longer accepted as a reasonable form of treatment
and the proper treatment of periodontal disease
itsell is beyond the scope of this book. However,
once the disease has been successfully treated
there may be two conditions when a fixed splint is
indicated:

® When the residual mobility of the teeth is such
that the patient finds them uncomfortable and
normal masticatory function is impractical.

® When teeth are missing and must be replaced
for one of the reasons listed in Chapter 7. In
many cases the remaining teeth are not satisfac-
tory as denture abutments in view of their
mobility or because it is considered that a partial
denture will make oral hygiene procedures
more difficult and will be likely to shorten the
life expectancy of the remaining teeth. Individual
teeth may also be unsuitable as bridge abutments
but a number of teeth splinted together may
form a sausfactory abutment for a bridge or
perhaps a precision attachment retained partial
denture.

Orthodontic retention

in the great majority of courses of orthodontic
treatment the teeth are moved into new positions
where, following a period of settling in, they are
stable. There is sometimes a persistent tendency to
relapse, and for fuller explanations for this the
reader is referred to textbooks of orthodontics.
Orthodontic relapse is more likely, and may indeed
be anticipated, if the tooth movement is to realign
teeth that have drifted following periodontal
disease. Figure 39¢, d, page 66 illustrates a case
where, if orthodontic treatment is to be provided,
fixed splint retention is very likely to be necessary.

Congenital defects

Cleft palate

One method of treating cleft palate cases s to
expand the palate rapidly by orthodontic means
and to insert a bone graft. In some cases the result
is not completely stable and if there are missing
anterior teeth (which is common) a bridge replace-
ment may be made and a number of teeth on each
side of the cleft splinted 1o form the abutments
These splinted abutments will also stabilize the two
halves of the upper arch.

il
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Occasionally the premaxilla is separated from
the remainder of the upper arch and, together with
any teeth carried in it, it will be mobile. This can
be splinted by means of a fixed splint/bridge (see
Figure 132).

Dental defects

Acquired or congenital dental abnormalities can
result in teeth of an unusual shape or consistency.

Figure 132

A bridge to stabilize a mobile premaxilla resulting from
a bilateral cleft palate

a The preoperative condition following surgical treat-
ment.

b The prepared teeth. Two abutments in each buccal
segment are used together with the two teeth in the
premaxilla

¢ The completed bridge stabilizing the premaxilla

If crowns are necessary, retention may be unusually
difficult but can be improved by splinting a number
together. Figure |33 shows a case of gross tooth
wear, probably amelogenesis imperfecta, where
the lower incisors are too small for adequate
retention of conventional restorations and where
radiographs showed pulp calcification so that post
crowns were not possible. Splinted pin-retained
crowns were made, each one gaining support from
its neighbours.
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Additional retention

With precision attachment retained partial
dentures, the abutment teeth carrying the attach-
ment may need to be splinted together. This
provides extra retention to resist the additional
force during removal of the appliance (see Figure
T6a, page |37 and Figure |34).

Figure 133

gand b Pin-retained splinted crowns to restore vital but
badly worn lower incisor teeth. The upper.incisor teeth
were also crowned, but sufficient dentine remained for
these crowns to be separate

Figure 134

Splinted abutment teeth for a precision attachment
retained free end saddle denture. The six anterior teeth
have reduced alveolar support and have been successiully
treated periodontally. They were also heavily restored.
Splinted crowns provide support for extra-coronal
precision attachments which retain and stabilize a
denture and avoid visible clasps.

Short-term, intermediate and
permanent splints and diodontic
implants

Short-term splints

When a tooth is loosened by a blow or is
completely lost and replanted, an immediate tem-
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porary splint is necessary. The usual method of
slinting_is ta artach the toath invalved to adiacent
teeth with acid-etci retained composite (see page
I57). Various other techniques are used for
temporary splints, such as wiring the teeth
together or cementing a cap splint made of acrylic,
some other vacuum-formed material or cast metal.
However, if sufficient enamel is present for acid
etching, these other techniques are less satisfactory
than composite splints because they are less
hygienic and interfere with the occlusion.

Intermediate-term splints

These are used when teeth need to be immobilized
for periods of between a few weeks and a few
months, for example, while periodontal treatment
is carried out, before permanent restorations are
made. They are usually one of the less permanent
minimal-preparation types (see opposite), but may
be intra-coronal. Cemented cap splints are not
suitable as they interfere with the occlusion and
create great difficulty in cleaning.

Permanent splints

Conventional permanent splints for restored teeth
are either partial or complete crowns, connected,
or one of the proprietary splints. However, with
unrestored teeth a minimal-preparation type of
splint is now the treatment of choice.

Diodontic implants

An entirely different approach to permanently
splinting an individual tooth is to stabilize it with a
diodontic implant (see page 219). These are used
when the root of the tooth is short, as a result of
horizontal fracture in the middle third of the root.
apical resorption or repeated unsuccessful apicec-
tomies. At one time they were used to stabilize
teeth that had lost alveolar support from the
coronal end of the root through periodontal
disease, but they are no longer used for this
purpose.

Fixed splints compared with
cesnoahle <glints,

Advantages of fixed splints

® The most reliable splints for mobile teeth or
those with a tendency to drift

® Can be kept entirely clear of the gingival tissues

® Occupy minimal or no additional space

® Cannot be left out by the patient

Disadvantages of fixed splints

@ Conventional splints are expensive and destruc-
tive to tooth tissue

® Minimal-preparation splints may be plaque
retentive and unreliable. The consequence of
loosening and rapid caries development may be
the loss of teeth.

Advantages of removable splints (for
example cast cobalt-chromium)

® Can be removed for cleaning

® May be less expensive than fixed conventional
splints and may be less destructive to sound
rooth tissue.

Disadvantages of removable splints

® Removing and inserting inevitably causes move-
ment of the teeth that are meant to be stabilized
and this may increase mobility

@ With long-term orthodontic retention and cleft
palate cases, a removable splint has to be worn
for twenty-four hours a day (except for clean-
ing) and this has harmful effects on the periodon-
tium

@ If the splint is broken or lost or has to be
returned to the laboratory for repair, there is a
risk of teeth moving while the appliance is out
so that the appliance will not fit when it is
returned to the mouth.
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Types of short-term intermediate
and permanent fixed splint

Minimal-preparation (resin-bonded)
splints

This group can be used either as short-term,
intermediate or, in some cases, permanent splints.
They have the advantage that they can be removed
and as the teeth have often not been prepared they
do not have to be restored. However, because
these splints are applied to the surface of the teeth
they inevitably add to their bulk and make oral
hygiene more difficult. There is also the problem
of them interfering with the occlusion; and in some
cases the ideal design for retention and splinting
cannot be used because of the occlusion.

Acid-etch retained composite splints (see
Figure 135)

A simple short-term splinting technique is to acid
etch the approximal surfaces of adjacent teeth and
artach them with acid-etch retained composite.

Figure 135

The right central incisor was partly displaced by a blow.
It was mobile and uncomfortable. This composite and
wire splint is rigid, allows the tooth to be positioned
correctly in the occlusion while the splint is being
attached, allows the tooth to be tested for vitality, does
not interfere with the occlusion and is accessible for
cleaning. It was removed after three weeks, by which
time the injured tooth was firm.

Figure 136

A wire and acrylic splint. This splint served a useful
the roots of the four incisors were resected. The spling
has remained effective until complete alveolar healing has
occurred and now the patient is ready to have a bridge
— a temporary partial denture having been avoided.

The technique is not sufficiently rigid to function as
a permanent splint. To strengthen the splint it is
sometimes possible to add stainless steel wire or
one of the proprietary splints which are similar to
orthodontic brackets (see later).

Wire and acrylic or composite splint (see
Figure 136)

A satisfactory form of intermediate splinting,
particularly for lower incisors, is the wire and
acrylic splint. The technique can be used when
some of the teeth are crowned and so cannot be
etched for the retention of composite.

Briefly, the rechnique is to pass a wire loop
around all the teeth to be splinted. Further loops,
in thinner wire, are passed around the contact
points, taking in the first loop buccally and lingually.
The secondary loops are twisted and tightened in
turn a lictle at a time, allowing adjustment of the
position of the mobile teeth. When all is firm, the
wire ends are cut off, tucked into the embrasures
and the whole painted over with acrylic or
composite.
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Cast-metal minimal-preparation (Rochette
and Maryland) splints

These have become the most common type of
intermediate and permanent splint. They have the
advantage that they do not require much or any
preparation of the tooth and yet are thin and
unobtrusive and do not significantly affect the
patient’s appearance. Figure |37 shows a Rochette
splint. These splints have the advantage that it is
possible to remove them fairly atraumarically by
cutting the cement out of the retentive holes.
Maryland type splints of the medium mechanical,
micromechanical or chemical adhesive types are
more difficult to remove and if removal is neces-
sary, they usually have to be cut off otherwise
there is a risk of extracting any teeth with reduced
alveolar support with the force necessary to
remove them. However, for permanent retention
of orthodontically treated teeth with sound

Fured splints

Figure 137

A minimal-preparation splint of the Rochette type. These
large retention holes are no longer used (see Figure
94a). One central incisor is also replaced

Figure 138

Two forms of composite retained proprietary splint.
Above, a preformed splint, available in a variety of forms,
is retentive for composite and is attached by the acid-
etch technique to the lingual surfaces of the teeth to be
splinted. It is commonly used a3 a permanent or semi-
permanent orthodontic retainer. The chain, centre, is
embedded in cavities prepared in the teeth from the
lingual or occlusal surface and held in place with threaded
pins. A self-shearing pin on a contra-angle shank is shown.
Once the chain is anchored in place the cavities are filled

with composite

periodontal health then a Maryland type of splint is
preferred as it is more retentive and smoother
lingually.

These splints are made and cemented in the
same way as minimal-preparation bridges described
in Chapter 1. It is essential to use rubber dam
while cementing them.

Intra-coronal splints (see Figure 138 —
centre)

A variety of techniques have been suggested for
splinting adjacent teeth with intra-coronal restora-
tions using either amalgam or compaosite, with the
teeth linked by wire or a proprietary device. Figure
138 (centre) shows a typical example of these
techniques.



The major problems with this type of splint are
first that forces applied to the unprotected part of
the tooth surface tend wo break down the seal
between the restoration and tooth and marginal
leakage occurs followed by secondary caries.
Second, mechanical failure at the connectors is
fairly common and third, because they are difficult
w finish and polish, it is often harder to clean
around this type of splint than around partial or
complete crown splints with polished connectors.

Proprietary splints

There are a variety of splint systems involving
anchoring a cast framework to the teeth with
threaded pins. These have been superseded by the
acid etch retained systems, but many patients have
been treated with them. Dentists need to be able
to recognize these splints so that at least they can
provide suitable maintenance.

The two most common types are the non-
parallel vertical pin splint and the non-parallel

Figure 139

aand b A horizontal non-parallel pin splint. This has been
present for several years but failed through caries
developing around the pins in two of the lower incisors.
With the splint removed. the pinholes filled and
periodontal treatment provided, the teeth became
sufficienty firm not to require further splinting.

horizontal pin splint. The vertical types. for post-
erior teeth, used a series of cast onlays soldered
together and cemented to suitably prepared teeth.
The vertical non-parallel pins were passed through
holes in the occlusal surfaces of the onlays and
screwed into holes prepared in the dentine, very
much like threaded amalgam retention pins.

The horizontal non-parallel pin splint was used
for anterior teeth (see Figure 139). The lingual
surface was prepared and horizontal holes drilled
right through the rooth bucco-lingually. An
impression was taken in a special tray with
impression pins provided as part of the kit and a
cast metal backing was produced with threaded
holes in the backing corresponding with the
pinholes in the teeth. The backing was then
cemented and before the cement set, pins were
passed through the tooth and screwed through the
backing. The heads of the pins fitved into counter-
sinks on the buccal surface of the tooth. When the
cement was set the excess pin was removed, both
buccally and lingually. The heads of the pins were
reduced below the level of the buccal surface and
the teeth restored with composite.
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Figure 140
A partial crown splint.

o Teeth prepared with ledges and with three paraliel-
sided pins each. The pinholes were prepared using an
intra-oral paralleling device

b Headed proprietary parallel plastic impression pins in
place.

¢ The cemented casting.

d The buccal appearance showing the unsightly effect of
gingival recession and surgery.

e A removable acrylic gingival prosthesis in place.

improving the appearance.
A minimal-preparation splint could have been made
here, but this would have altered the anterior occlusal

guidance.

Figure 141
A ten-unit splint/bridge. There are three pontics.
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These splints, although retentive and stable, are
more destructive than minimal-preparation splints
and produce a series of unsightly buccal restora-
tions. Since they are let into the tooth surface,
however, cleaning in the gingival area is easier than
with minimal-preparation splints.

Partial crown splints

Figure 140 shows a partial crown splint retained by
vertical parallel pins. Most partial crown splints are
retained in this way and the preparation is fairly
straightforward, provided a suitable intra-oral para-
lleling device is used to prepare the pinholes (see
Chapter 11).

The advantages of partial crown splints over
complete crown splints are that they are less
destructive of tooth tissue and, being made of a
single casting without solder joints, the time and
cost of producing them in the laboratory is
relatively small. A complete crown splint in similar
circumstances would involve metal-ceramic crowns
at much greater cost and with much more tooth
reduction. The cast connectors for partial crown
splints are polished and so are easy to clean.

Another advantage of parual crown splints is
that the preparations can be made at a considerable
angle to the long axis of the tooth, so that when
teeth to be splinted are not in alignment prepara-
tions are still possible without the teeth being
devitalized. However, because it is necessary to
have a substantial amount of dentine to place pins,
this type of splint is being used less these days as
the minimal-preparation types of splint become
more successful.

Complete crown splints

Of the fixed permanent splints, complete crown
splints are the most common. This is because the
natural crowns of the teeth being splinted often
already have large restorations or crowns, and
some teeth may have been extracted, so the
appliance becomes a splint/bridge. Figure |4|
shows a typical ten-unit splint/bridge where only
three teeth are missing but where the remaining
incisor teeth were uncomfortably mobile. A partial
denture to replace the missing teeth would prob-
ably have increased the mobility of the remaining

teeth; and the patient was most unhappy about
wearing a removable appliance. The teeth adjacent
to the missing teeth would not on their own have
made satisfactory abutment teeth for a bridge.

The disadvantages of this technique are that it is
very time-consuming, both at the chairside and in
the laboratory and therefore very expensive; and
if failure occurs it may be necessary to remove the
entire splint and maybe extract several other teeth.
This type of appliance should therefore only be
provided for very highly motivated patients.

Complete crown splints can be made so that no
metal shows, although commenly they have metal
gingival margins. This is in contrast to the partial
crown splint where gold is often visible at the
incisal edges or interproximally.

Diodontic splints

A diodontic splint consists of a metal post which
passes through the root canal and into bone apical
to the root. It may extend a little beyond the
position of the original apex of the tooth but not
so far that there is a risk of other structures being
perforated, such as the floor of the nose or the
maxillary sinus. Figure 142 shows a case where the
roots of both upper lateral incisors had been partly
resorbed by unerupted canine teeth in the palate.
Following the removal of the canines the roots of
the lateral incisors continued to resorb. Before the
diodontic implants were placed, both lateral
incisors were very mobile.

With diodontic implants the tooth should be
firm from the moment the implant is placed and no
further splinting is required. The technique will
work only if there is sufficient healthy periodontal
attachment at the gingival end of the root. The
minimum is 2 to 3 mm of undisturbed periodontal
attachment around the entire circumference of the
tooth.

The appearance of anterior splints

A patient who has had extensive periodontal
disease and treatment (particularly surgical treat-
ment) often has upper anterior teeth that appear
very long. When the lipline is high this is an
aesthetic problem (see Figure 140d). If the incisor
teeth are extracted and a partial denture made,

19
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artificial teeth, fitted to the ridge, will also appear
to be too long; otherwise a flange may be used, and
the edges will have an extremely artificial appear-
ance. In any case, if the patient has been coopera-
tive during periodontal treatment and this has been
successful, he or she will obviously not want the
teeth extracted.

If a full crown splint is made, it will be necessary
to prepare crown margins at the cement enamel
junction and try to disguise the crown margin as
the CEj, or at the gingival margin, producing very

Figure 142
Diodontic implants.

a Unerupted canines have been removed from the
palate but resorption of the roots of the lateral incisors
is continuing. This has been demonstrated by a series of
radiographs taken over a number of months

b Diodontic implants have been placed by an open
approach. The apical part of the root surface has been
removed to reduce the likelihood of the resorption
continuing. The lateral incisors were firm immediately
following the surgery.

€ Six months later, with bone reformation almost
complete. These implants have now been in place seven
years

long thin preparations which endanger the pulp.
The first alternative is often unsatisfactory as the
opacity of the metal-ceramic retainer is greater
than the root surface. Neither makes any improve-
ment in the appearance of the length of the teeth.

if a partial crown or a Maryland type splint is
made, there is the problem of incisal gold showing
or of ‘metal shine through’. Figure |40e illustrates
this problem, at the same time showing the
improvement in the patient’s appearance with a
removable acrylic gingival prosthesis. This could
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also have been provided with a complete crown or
Maryland type splint. The patient wears the
removable prosthesis only when appearance is
important.

Selecting an anterior splint

It is important to make sure the patient under-
stands how the splint will look, and what com-

promises are necessary. In a typical case the patient
has:

@ Mobile uncomfortable upper anterior teeth that
have been successfully treated periodontally

@ A high lipline with unattractive appearance of
the upper incisor teeth

@ An extreme reluctance to wear a removable

appliance.

There is no ideal solution to these problems; the
options are as follows:

a Offer no treatment; the result will be a patient
who continues to complain about mobility, the
lack of comfort. the appearance and possible
further drifting of the upper incisors

b Extract the upper incisor teeth and provide a
partial denture; some patients will refuse, and in
any case it will provide only partial improve-
ment in appearance

¢ Extract the upper incisors and provide a bridge;
there is still the problem of the length of the
pontics but this may be the preferred treatment
in some cases — there is little point in keeping
teeth with a very poor prognosis if the same
number of additional abutment teeth would be
necessary to support them as would be pre-
pared for a bridge; a removable gingival prosth-
esis may also be provided

d Provide a complete crown splint with or
without a removable gingival prosthesis; this has
the disadvantages of time, cost and appearance
described above, but may still be the preferred
reatment in Some cases

e Provide a partial crown or Maryland type splint
with or without a removable buccal prosthesis;
the compromise here is the display of incisal
gold or ‘metal shine through’, but on the plus
side are the conservative nature of the prepara-
tions and the relatively low cost compared with
complete crown splints or bridges

f Provide a removable splint. Again, this has the
advantage of low cost but is unreliable and is less
likely to maintain the teeth in a stable condition
than fixed splints; depending upon the design, it
may also require incisal hooks which mar the
appearance

g Provide a non-parallel horizontal pin splint:
these are less suitable for upper than lower
incisors, and again the appearance is spoilt by a
series of round buccal fillings; the procedure is
also fairly costly.

Clinical techniques for permanent
splints

The reader is referred to the literatore on the
treatment of traumatized teeth and the periodon-
tal liverature for full descriptions of temporary and
intra-coronal splinting techniques. Similarly the
surgical procedures for placing diodontic implants
are described in textbooks on surgical endodontics.
The clinical techniques for minimal-preparation
{Rochette and Maryland) splints are the same as for
bridges (see Chapter |1). Proprietary splints are
provided as kits and these always contain detailed
instructions on the use of the technique. Therefore
clinical technigue will be described only for com-
plete and partial crown splints.

Tooth preparation for complete and
partial crown splints

One of the techniques described in Chapter ||
should be used to ensure that the preparations are
parallel. In the case of multiple-unit complete
crown splints, it may be necessary to take several
intermediate impressions to check the parallelism
of the preparations with a surveyor before the final
impression is taken. Figure 141 shows a ten-unit
splint/bridge with seven abutment teeth. Six inter-
mediate impressions were taken. This sounds very
time consuming, but with fast-setting plaster and a
surveyor at the chairside, only two appointments
were needed. Figure 140 shows the preparations
for a partial crown splint made with a paralleling
device for the pinholes.

It is highly advisable to carry out trial prepara-
tions on a study cast for all types of splint, but
particularly when multiple-pin preparations are to
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be made, to ensure that the ideal path of insertion
is selected. This may not be in the long axis of all
the teeth.

Temporary splints

With complete crown splints it is possible to make
a temporary splint at the chairside or in the
laboratory using one of the techniques described in
Chaprer | 1. With partial crown splints it may not
be practical o provide a temporary splint, and
when multiple-pin preparations have been made is
usually sufficient to seal the pinholes and leave the
remainder of the preparation unprotected. In this
case arrangements must have been made before-
hand to ensure that laboratory work will be done
very quickly and will be fitted preferably in a few
days. The pinholes can be blocked by smearing a
temporary crown and bridge cement material over
the surface of the preparations and removing the
excess with cotton wool. A plug of cement will
remain in each pinhole. This is removed when the

point, dipped in varnish, into each pinhole and seal
them in with modified temporary crown and bridge
cement. These can be removed with a barbed
broach. Withdrawing the paper point helps clean
away the temporary cement.

Impressions

When teeth are mobile, they should be splinted so
as to be in an unstrained position within their
remaining periodontal support, and preserving
optimum occlusal relationships. There is a danger
of them being moved away from this position by
the force of the impression being inserted so that
the finished splint, although it may fit. will distort

the alignment of the teeth. This risk is greater if a
viscous material is used, particularly in a close-
fitting special tray. This means that the putty-wash
techniques and polysulphide impression materials
are not ideal for these impressions.

There are two ways around this problem. One
is to use an impression technique in which the teeth
can ‘float’ into their natural positions before the
material sets; the ideal material being reversible
hydrocolloid. The second way is to take an
impression in any material and have separate
transfer copings made for each tooth. These are
located in the mouth using a gentle technique
which does not disturb the alignment of the teeth,
for example, painting on a self-curing acrylic
material (see Chapter 1).

Impression techniques for pinholes were descri-
bed in Chapter 6.

Cementation

Some teeth being splinted are likely to be more
mobile than others, and this produces a cementa-
tion problem. Although the splint may fit well at
the margins when it is tried in, if some teeth can
be moved apically in their sockets and others
cannot, when the splint is being cemented the
mobile teeth may be depressed by the hydrostatic
pressure in the unset cement. The marginal fit of
the retainers of these teeth is therefore unsatisfac-
tory. Precautions should be taken to avoid this
happening. In some cases the retainers are vented
to allow free escape of cement, in others, particu-
larly with partial crown splints, the splint should be
pressed firmly home on to the stable abutments
and then an instrument such as a Mitchells’ trimmer
is hooked on to the abutment tooth, preferably at
the amelo-cemental junction, and the tooth drawn
down into its retainer. Because this takes time, zinc
phosphate cement, mixed to produce an extended
working time, is preferred to glass ionomer
cement.
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Practical Points

® Permanent splints are not used in the treatment
of periodontal disease, but may be necessary to
stabilize mobile teeth and replace missing teeth
after successful periodontal treatment.

@ Permanent splints are also used in some cases of
congenital defect and occasionally following
orthodontic treatment.

@ Short and intermediate term splints may be
useful after injury or during a course of
periodontal treatment.

@ Minimal-preparation splints may be successfully
used as permanent splints as alternatives to
Crowns.

@ Overall, fixed splints have greater advantages
than removable ones.

® Where anterior teeth need splinting and appear
long as a result of periodontal disease. the final
appearance will need careful consideration.

m
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Crown and bridge

failures and repairs

The difficulties of estimating the risk of failure
before a bridge is started and dangers of misinter-
preting failure statistics were discussed in Chapter
7. A reasonable method of recording failures is as
a percentage per year. Surveys show a range of 1.5
to |10 per cent of bridges failing per year.

However, there are two major problems with
these surveys. First, they are usually of selected and
therefore biased samples — restorations made in
dental schools, or specific practices — and second,
there are difficulties of defining failure.

Looking at any crown or bridge, it is always
possible to find some minor fault with the fit or the
appearance or some other aspect. In many cases it
is a matter of degree. There is nothing seriously
wrong with the restoration, only that one dentist,
looking at another’s work, would have applied his
or her skills in different ways; would have intro-
duced a little more incisal translucence or placed
the margin a little more subgingivally or supragingi-
vally, or finished it better. These variations in
judgement are to be expected and need to be
encouraged. If every crown or bridge were stan-
dardized, there would be no room for develop-
ment and improvement.

At the other extreme there are undisputed
failures, for example, the fractured FiC or the loose
bridge where extensive caries has developed.
Between these extremes lies a large grey area of
partial failures and partial successes. With these it
is better to speak of levels of accepmbility o
patient and dentist (which may be different) and to
consider what needs o be done to improve
matters. This chapter first describes the causes of
failure and some solutions and then gives the
techniques for adjustment or repair.

Causes of failure and some solutions
Loss of retention
With the exceptions of post crowns, where failure

is usually due to inadequate post design or con-
struction, loss of retention is not a common cause

of failure of individual crowns. But because of the
leverage forces on bridges one of the more
commeon ways they fail is by one of the retainers
becoming loose from the abutment tooth.

Fixed-fixed bridges and splinted retainers

When only one retainer becomes loose, this can be
disastrous. Without a cement seal, plaque forms in
the space between the retainer and the abutment
tooth and caries develops rapidly across the whole
of the dentine surface of the preparation (see
Figure 143). The same problems arise with loss of
retention of one part of a minimal-preparation
bridge, but, although caries does sometimes
develop rapidly, because the surface of the tooth
is enamel rather than dentine, the development of
caries is usually slower.

Sometimes the patient is aware of movement
developing in the bridge or experiences a bad taste
from débris being pumped in and out of the space
with intermittent pressure on the bridge. A good
diagnostic test for a loose retainer is to examine
the bridge carefully without drying the teeth,
pressing the bridge up and down and looking for
small bubbles in the saliva at the margins of the
recainers.

If one retainer does become loose it is a matter
of urgency to remove at least that retainer, and
usually the whole bridge. If a fixed-fixed Maryland
bridge becomes loose at one end but seems firmly
arrached at the other, one option is to cut off the
loose retainer, leaving the bridge as a cantilever,

Other bridges
In the case of simple cantilever bridges with one
abutment tooth, or the major retainer of a three-
unit fixed-moveable bridge, the loss of retention
will result in the bridge falling out. The same is true
if both ends of a fixed-fixed bridge become loose.
There is usually less permanent damage in these
nr
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cases as plaque is not retained against the surface
of the preparation, and the patient is obviously
aware of the problem and seeks treatment quickly.

Minimal-preparation bridges

Partial or complete loss of retention is the
commonest cause of failure of these bridges. It is
argued by some that if the bridge can be cleaned
and recemented without further treatment it is not
a true failure but only a partial failure. This is a
reasonable point of view and when minimal-
be warned that recementation may be necessary as
part of normal maintenance and should not be
regarded as a disaster.

There is some evidence that minimal-
preparation bridges are retained for longer periods
when they have been recemented. It is difficult to
imagine why this should be, other than perhaps the
operator taking greater care the second time
around.

Solutions

If there is no extensive damage to the preparation
it may be possible to recement the crown or
bridge, provided that the cause can be identified
and eliminated. It may be that a bridge was
dislodged by a blow or that some problem during
cementation was the cause. However, if the
underlying reason is that the preparation is not
adequately retentive, it may be possible to provide
additional retention by cross pinning the prepara-
tion (see Figure |44), although ideally it should be
made more retentive and the crown or bridge (or
at least the unsatisfactory retainer) remade.

Figure 143

Carious abutment teeth revealed by removing a gold and
acrylic bridge which was still firmly attached to the sound
abutment teeth.

Alternatively it may be necessary to include
additional abutment teeth in a bridge to increase
the overall retention or to change the design in
some other way.

Mechanical failure of crowns or
bridge components

Typical mechanical failures are:

@ Porcelain fracture

@ Failure of solder joints

@ Distortion

® Occlusal wear and perforation
@ Lost facings.

Porcelain fracture

At one time pieces of porcelain fracturing off
metal-ceramic crowns, or the loss of the entire
facing due to failure of the metal-ceramic bond
were relatively common place. With modern
but when it does occur it is particularty frustrating
as, even though the damage may be slight, there is
often little that can be done to repair it satisfactor-
ily without remaking the crown or the whole
bridge.

To prevent this type of damage to metal-ceramic
bridges, the framework must be properly designed
with an adequate thickness of metal to avoid
distortion, particularly with long-span bridges.
Nickel-chromium alloys, being stiffer, are perhaps
more suitable for very long span bridges. If there
is any risk of the pontic area flexing, the porcelain
should be carried on to the lingual side of pontics
to stiffen them further.
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Figure 144
Cross pinning for additional retention.

a A telescopic crown which has been in place for many years but is
overtapered. The bridge cemented to this has become loose and been

b The retainer (which fits over the telescopic crown) is drilled to receive
gold wire pins.

¢ The bridge is replaced and short holes cut through the telescopic
crown (these can be seen in g) with the holes in the retainer being used
a8 puides. A 0.7 mm diameter twist drill which matches the gold wire is
used. The retainer has now been cemented and the gold pins cemented
through it into the telescopic crown and the dentine beneath. When set
the excess gold wire will be removed and the surface polished
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An all-porcelain crown or bridge that is frac-
wwred has inevitably to be replaced. Sometimes the
cause is a blow, and then the choice of material can
be regarded as fortunate: had a metal-ceramic
material been used it is more likely that the root
of the tooth would have fractured. If the fracture
is due to trauma, and particularly if the crown or
bridge had served successfully for some time, it
should be replaced by means of another all-ceramic
restoration. However, if the failure occurs during
normal function, shortly after the crown or bridge
is ficred, the implication is that the conditions are
not suitable for an all-ceramic restoration and the
replacement should be metal-ceramic.

Failure of solder joints

Occasionally a solder joint that appears to be sound
fails under occlusal loading. This may be due to:

® A flaw or inclusion in the solder itself

& Failure to bond to the surface of the metal

@ The solder joint not being sufficiently large for
the conditions in which it is placed.

A problem, particularly with metal-ceramic bridge-
work, is that soldered connectors should be
restricted from encroaching on the buccal side too
much to avoid metal showing, restricted gingivally
in order to provide access for cleaning, and
restricted incisally to create the impression of
separate teeth. Too much restriction can lead to
an inadequate area of solder and failure.

It is better whenever possible to join multiple-
unit bridges by solder joints in the middle of
pontics before the porcelain is added. This gives a
much larger surface area for the solder joint and it
is also strengthened by the porcelain covering. A
failed solder joint is a disaster in a large metal-
ceramic bridge and often means that the whole
bridge has to be removed and remade. Figure 1021,
page 171 shows a failed solder joint. There are no
satisfactory intra-oral repair methods and it is not
usually possible to remove the bridge to resolder
the joint without doing further damage.

Di :

Distortion of all-metal bridges may occur, for
example, when wash-through pontics are made too
thin or if a bridge is removed using too much force.
When this happens the bridge has to be remade.

In metal-ceramic bridges distortion of the frame-
work can occur during function or as a result of
trauma. This is likely if the framework is too small
in cross section for the length of span and the
material used.

Occlusal wear and perforation

Even with normal attrition, the occlusal surfaces of
posterior teeth wear down substantially over a
lifetime. Gold crowns made with 0.5 mm or so of
gold occlusally may wear through over a period of
two or three decades. if perforation has been the
result of normal wear and it is spotted before
caries has developed, it may be repaired with an
appropriate restoration. Occasionally, particularty
if the perforation is over an amalgam core, it is
satisfactory simply to leave the perforation un-
wreated and check it periodically (see Figures 85b,
page 149 and Figure |52e, page 240).

Occlusal perforations may also be made deliber-
ately for endodontic treatment or vitality testing
(see Figure ||2c, page 181).

Lost facings

Materials are available to repair porcelain in the
mouth (see page 238). Even if they last only a few
years before discolouring or wearing, they can be
replaced and are a reasonably satisfactory and less
costly alternative to replacing the whole restora-
tion.

Laboratory-made ceramic or acrylic facings may
be entirely lost and with acrylic facings, wear and
discoloration are also common (see Figure 145).
Although very few crowns or bridges are made
nowadays with proprietary facings, it is not uncom-
mon to find patients with old bridges missing long
pin, Steele’s or other proprietary facings.

Changes in the abutment tooth
Periodontal disease

Periodontal disease may be generalized, or in a
poorly designed, made or maintained restoration,
its progress may be accelerated locally. If the loss
of periodontal attachment is diagnosed early
enough and the cause removed, no further treat-
ment is usually necessary. However, if the disease
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has progressed to the point where the prognosis
of the wooth is significantly reduced then the crown
or bridge, or the tooth itself may have to be
removed.

With a bridge the original indication will still be
present and so something will have to be done to
replace the missing teeth. It may be possible to
make a larger bridge or the abutment teeth may
be reduced and used as abutments for an over-
denture. Teeth that have lost so much support that
they are not suitable as bridge abutments are not
suitable either as abutmems for conventional

partial dentures.

Problems with the pulp

Unfortunately, despite taking the usual precautions
during tooth preparation, abutment teeth may
become non-vital after a crown or bridge is
cemented. It is usually reasonable to attempt
endodontic treatment by making an access cavity
through the crown. There are of course problems
in the application of a rubber dam although these
can usually be overcome by punching a large hole
and applying the rubber dam only to one tooth,
stretching the rubber over the connectors.

It is often difficult to gain access to the pulp
chamber and remove the coronal pulp completely
without enlarging the access cavity to a point
where the remaining tooth preparation becomes

too thin and weak to support the crown satisfac-
torily, or where the pin retention of a core is
damaged. The crown may have been made with
rather different anatomy from the nawral crown of
the wooth for aesthetic reasons so that the
angulation of the root is not immediately apparent.
Provided these problems can be overcome and a
satisfactory root filling placed, the prognosis of the
crown or bridge is only marginally reduced.

Teeth that were already satisfactorily root-filled
when the crown or bridge was made may later give
trouble. Occasionally it may be possible to root-fill
the tooth again through the crown, but more
commonly apicectomy is the solution. Care must
be taken not to shorten the root of an abutment
tooth more than is absolutely necessary so that the
maximum support for the bridge can be main-
tained.

Caries

Secondary caries occurring at the margins of
crowns or bridge retainers usually means that the
patient has changed his or her diet, the standard of
oral hygiene has lapsed or there is some inadequacy
in the restoration that is encouraging the formation
of plaque. The cause of the problem should be
identified and dealt with before repair or replace-
ment is started.

31



132

Crown and bradge foilures and repairs

Fracture of the prepared natural crown or
root

Fractures of the tooth occasionally occur as a result
of trauma, and sometimes even during normal
function, although the crown or bridge has been
present for some time. With a bridge abutment it
is usually necessary to remove the bridge but
occasionally the abutment tooth can be dispensed
with and the root removed surgically, the tissue
surface of the retainer being repaired and con-
verted into a pontic.

Movement of the tooth

Occlusal trauma, periodontal disease or relapsing
orthodontic treatment may result in the crowned
tooth or bridge abutment becoming loose, drifting,
or both. When the cause is periodontal disease or
relapsing orthodontic treatment, this must be
remedied before the crown or bridge is remade.

Design failures

Abutment preparation design

The pitfalls of inadequate crown preparation design
were described in Chapter 3 and are the underlying
cause of many of the problems listed so far in this

chapter.

Figure |44

A bad design. The bridge is fixed-fixed and is firmly held
by the premolar rewiner. The inlay in the canine is,
however, loose and caries has developed beneath it. The
design should have been either fixed-moveable with a
mesial moveable connector or, if fixed-fixed, the retainer
on the canine should have covered all occluding surfaces
of the wooth and have been more retentive

Inadequate bridge design

Designing bridges is difficult. It is neither a precise
science nor a creative form of art It needs
knowledge, experience and judgement, which take
years to accumulate.

So it is not surprising that some designs of
bridge, even though well intentioned and conscien-
tiously executed, fail. A simple classification of
these failures is ‘under-prescribed’ and ‘over-
prescribed’ bridges.

Under-prescribed bridges These include
designs that are unstable or have too few abutment
teeth — for example, a cantilever bridge carrying
pontics that cover too long a span or a fixed-
moveable bridge where again the span is too long,
or where abutment teeth with too little support
have been selected.

Another ‘under-design’ fault is to be too conser-
vative in selecting retainers, for example, intracor-
onal inlays for fixed-fixed bridges. With these
design faults little can be done other than to
remove the bridge and use another type of
replacement (see Figure |46).

Over-prescribed bridges Cautious dentists
will sometimes include more abutment teeth than
are necessary and fate usually dictates that it is the
unnecessary retainer which fails. The first lower
premolar might be included as well as the second
premolar and second molar in a bridge to replace
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the lower first molar, no doubt so that there will
be equal numbers of roots each end of the bridge.
This is not necessary. Another example would be
to use the upper canines and both premolars on
each side in replacing the four incisor teeth. As well
as being destructive this gives rise to unnecessary
practical difficulties in making the bridge. This, in
turn, reduces the chances of the bridge being
successful.

When an unnecessarily large number of abut-
ment teeth has been included in a bridge and one
of the retainers fails, it is sometimes possible to
section the bridge in the mouth and remove the
failed unit, leaving the remainder of the bridge 1o
continue in function. The failed unit is remade as an
individual restoration (see Figure [47).

The retainers themselves may be over-
prescribed with complete crowns being used
where partial crowns or intra-coronal retainers
would have been quite adequate; or metal-ceramic

Figure 147
Owerprescribed design.

a This four-unit bridge replaces only one central incisor.
The partial crown retainer on the canine has become
loose. When the bridge was removed the central and
lateral incisors were found to be sound and adequate
abutments, without the inclusion of the canine. Caries
has spread across the canine and the pulp has died

b and ¢ Fortunately it was possible to remove the bridge
intact and after remowing the canine retainer, the
remaining three units could be recemented. A separate
post crown was made for the canine tooth following
endodontic treatment

crowns might be used where all mewl crowns
would have been sufficient. When the pulp dies in
such a case it is interesting to speculate whether
this might not have occurred with a less drastic
reduction of the crown of the natural tooth.

Inadequate clinical or laboratory
technique

It is helpful to allocate problems in the construction
of crowns and bridges to one of three groups:

® Minor problems to be noted and monitored but
where no other action is needed

@ The type of inadequacies that can be corrected
in sitw, and

@ Those that cannot.
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This is often a matter of degree and many of the
following faults can fall into any of the groups.

Marginal deficiencies

Positive ledge (overhang) A positive ledge is
an excess of crown material protruding beyond the
margin of the preparation. These are more com-
mon with porcelain than any other margins.
Considering that this is a fairly easy fault two
recognize and correct before the crown or bridge
is fitted, it is surprising how frequently overhangs
are encountered (see Figure 7la. page 127).
However, it is often possible to correct them
without otherwise disturbing the restoration.

MNegative ledge This is a deficiency of crown
material that leaves the margin of the preparation
exposed but with no major gaps between the
crown and the tooth. Again it is a fairly common
fault, particularly with metal margins, but one that
is difficult or impossible to correct at the try-in

Figure 148

a A small gap at the mesial margin of the upper canine
retainer on an otherwise very satisfactory bridge which
has been in place for several years. The gap was not
noticed at previous recall appointments and although it
may now have become apparent through gingival
recession, it is more likely that the gap has been enlarged
by over vigorous use of dental floss. The patient
demonstrated a faulty and damaging sawing action with
floss running into the gap.

b The defect repaired with glass ionomer cement. The
patient has been shown gentler oral hygiene technigques.

stage (see Figure 71b). It often arises because the
impression did not give a clear enough indication
of the margin of the preparation. The die was over-
trimmed, resulting in under-extension of the
retainer (see Figure 73).

Provided that the crown margin is supragingival
or just at the gingival margin, it is sometimes
possible to adjust the tooth surface of the crown.
When the ledge is subgingival, and particularly
when there is localized gingival inflammation associ-
ated with it, it may still be possible to adjust the
ledge with a pointed stone or bur, although this
will cause gingival damage. However, sometimes it
is necessary either to remove the bridge, or to
adjust the tooth surface with or without surgically
raising a gingival flap. These last two solutions are
drastic and should not be used where they may
produce a result worse than the problem.

Defect A defect is a gap between the crown and

preparation margins. There are four possible
causes:
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® The crown or retainer did not fit and the gap
was present at try-in

@ The crown or retainer fitted at try-in but at the
time of cementation the hydrostatic pressure of
the cement, particularly if the cement was
beginning to set, produced incomplete seating

® With a mobile bridge or splint abutment, the
cement depressed the mobile tooth in its socket
more than the other abutment teeth. thus
leaving the gap

® No gap was present at the time of cementation
but one developed following the loss of cement
at the margin and a crevice has been created by
a combination of erosion/abrasion and possibly
caries.

For any of these cases, the choice is to remove the
bridge, restore the gap with a suitable restoration
or leave it alone and observe it periodically.
Purists may say that all defective retainers should
be removed and replaced. But this is not always in
the patient’s best interest, and the skilful applica-
tion of marginal repairs may extend the life of the
restoration for many years (see Figure |148).

Poor shape or colour

More can be done to adjust the shape of a crown
or bridge in situ than to medify its colour, although
occasionally surface stain on porcelain can be
removed and the porcelain polished. The shape of
metal-ceramic crowns or bridges can be adjusted if
they are too bulky (and this is usually the problem).
provided that it is done slowly. At the first sign of
the opaque layer of porcelain the adjustment is

Successful medifications can often be made to
open cramped embrasure spaces, reduce excessive
cervical bulbosity, shorten retainers and pontics,
and of course adjust the occluding surface.

Occlusal problems

As well as producing abutment tooth mobility,
faults in the occlusion involve damage to the
retainers and pontics by wear and fracture.

The occlusion can change as the result of the
extraction of other teeth, their restoration, or
through wear on the occlusal surface.

Techniques for adjustments,
adaptations and repairs to crowns
and bridges

Assessing the seriousness of the
problem

In existing restorations there is not infrequently
one or other of the faults listed above. A decision
has to be made between:

® Leaving it alone, if it is not causing any serious
harm

@ Adjusting or repairing the fault

® Replacing the crown or bridge.

When action is necessary, clearly it is better to
extend the life of an otherwise successful crown or
bridge with the second option than replace restor-
ations too frequently. If there is any doubt, or when
adjustment or repair must be carried out, the
restoration must be kept under frequent and
careful review.

Adjustments by grinding and polishing
in situ

In some situations the margins of crowns with
positive ledges can be satisfactorily adjusted. If the
margin is porcelain, the specially designed porcelain
finishing instruments should be used. Alternatively,
a heatless stone or diamond point can be used and
followed by polishing with successive grades of
composite finishing burs and discs. These are
capable of giving a very good finish to non-porous
porcelain, which the patient can keep as clean as
glazed porcelain (see Figure 149). The contour of
porcelain restorations can be modified in situ using
the same instruments.

In the case of metal margins, a diamond stone
followed by green stones, tungsten carbide stones
or metal and linen strips may be used. Interdentally
a triangular shaped diamond and an abrasive rubber
instrument in a special reciprocating handpiece
designed specifically for removing overhangs may
be used. The margin should be polished with
prophylactic paste and a brush or rubber cup, and
interdentally with finishing strips.
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Figure 149
a A set of instruments for polishing porcelain

b Scanning electron micrographs of three areas of the
same porcelain surface. Left, the glazed surface showing
some undulation and occasional defects. Centre, the
surface ground with a fine porcelain grindstone. Right,
the same surface repolished, after grinding, with the
instruments shown in a. The surface is smooth, without
undulations, but with some fine scratch marks and
occasional defects.

Repairs by restoring in situ

Occlusal repairs

Occlusal defects in metal retainers can be repaired
with amalgam, which usually gives quite a satisfac-
wory resul. However, a small gold inlay or a
cohesive gold restoration may be preferred. In
porcelain or metal-ceramic restorations composite
material can be used, but the repair may need to
be redone periodically.

Repairs at the margins

Although repairs are justified to extend the life of
an established crown or bridge, they should never
be used to adapt the margins of a poorly fitting
bridge on insertion.

Secondary caries that is identified at an early
stage or early abrasion/erosion lesions at crown
margins can be repaired using composite or glass
ionomer cement. The cause should be investigated
and preventive measures applied.

The cavity preparation at the margin must not
be so deep that it endangers the strength of the
preparation, although of course all caries must be
removed. If there is poor access it may be better
to remove part of the crown margin rather than
an excessive amount of tooth tissue

In some cases raising a full gingival flap may be
justified. Retainer margins can be adjusted and
restored under conditions of optimum access and
visibility and any necessary periodontal work or
endodontic surgery carried out at the same time
{see Figure 150)
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Repairs to porcelain

Materials are available to repair or modify the
shape of ceramic restorations in the mouth. These
are basically composite materials with a separate
silane coupling agent that allows optimum bonding.
It is not an acid etch bond like the bond to enamel
and is not strong. so the use of the material is
limited to sites not exposed to large occlusal forces
(see Figure 151).

Repairs by removing or replacing
parts of a bridge

Replacing lost facings

It is sometimes possible to replace a failed facing
on a bridge, usefully extending its life. But it is not
worth attempting on individual crowns; it is better
to replace the whole crown.

Preformed or proprietary facings Some of
the older proprietary facings were designed specifi-
cally so that they could be replaced in situ, for

Figure 150

a A bridge with defective margins and extensive gingival
inflammation.

b The same bridge after a periodontal flap has been
raised. the retziner margins adjusted by grinding and
polishing, and the flap then apically repositioned. The
gingival condition is now healthy,

example, the Steele’s flat back facing inserted from
the incisal end. Today the commonest type of
proprietary facing is a long pin facing. VWhen these
are lost, provided the remainder of the bridge is
sound, it is possible to take an impression of the
backing and make either a new porcelain facing, a
metal-ceramic facing or an acrylic or composite
facing retained by pins (see Figure 152a, b).

Acrylic facings The retention for an acrylic
facing may be an undercut box, or beads, loops, or
other features on the surface of the metl
Provided these retentive features can be kept
intact — and this is often difficult if the remnants of
the facing have to be cut away — a new facing can
be inserted in situ, using either an acrylic resin
suitable for clinical use or, preferably. a composite
material. The facing will not be ideal and will need
to be replaced periodically, but the ume and cost
of doing it will be much less than replacing the
entire bridge.

Ceramic facings When the porcelin is lost
from a metal-ceramic unit and a compaosite repair
is not possible, there is often little choice but to
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Figure 151
g The lateral incisor facing has chipped. The bridge =
more than ten years old.

b After being polished with pumice and water a silane
coupling agent is painted over the surface followed by a
resin bonding agent and light cured composite.

¢ Polishing the composite.

d The finished result. This is unsatisfactory as the metal
shows through. An opaquer should have been used over
the metal.
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Figure 152
Techniques for repairing bridges.

a The cast of a bridge pontic which had lost its long pin

facing. The impressions of the pinholes were taken with
stainless steel wire of matching diameter.

b A metal-ceramic laboratory made replacement long
pin facing.

¢ Most of the porcelain facing has been lost from this
metal-ceramic pontic. Pinholes are drilled through the
metal framework, the margins shaped and an impression
taken.

d A new facing made in metal-ceramic material. This is
inevitably bulky but if the alternative is to remove the
entire bridge and remake it at very high cost, this
compromise may be preferable. In any case further
periodontal treatment is needed before a replacement
bridge is made_
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facings.

remove the whole crown or bridge. However,
with a pontic it is sometimes possible to drill holes
through the backing and take an impression with
suitable pins so that a new pin-retained metal-
ceramic facing can be constructed rather like the
proprietary long pin facing. Almost inevitably this
will be bulky and will not perfectly match the
appearance of the original (see Figure 152c. d).

Alternatively, it is sometimes possible with
retainers or pontics to prepare the metal part
again, producing enough clearance without damag-
ing the strength of the metal A new complete
crown covering the skeleton of the old retainer or
pontic can then be accommodated.

‘Unit-construction’ bridge facings Eefore
the routine use of metal-ceramic materials, bridges
were often made with a metal framework and
separate PiCs cemented to it This design was

& A fractured mc, which has been made over a gold coping as the canine
retainer for a bridge. Apart from this, and the hole worn in the occlusal
surface of the premolar partial crown retainer, the bridge is still serving
satisfactorily after more than twenty years. The pontics have long pin

f The replacerment mC cemented.

known as ‘unit-construction’. The individual PiCs
often broke as they were considerably reduced
approximally to accommodate the connector.
However, a new PC could easily be made and some
patients were even provided with a second, spare
set when the bridge was cemented (see Figure
152e, f).

pcs are still used as pontics with spring canti-
lever bridges and these may occasionally need to
be replaced.

Removing and/or replacing entire sections of
a bridge

Bridges are sometimes so designed that if a
doubtful abutment tooth becomes unsaveable it
can be removed with its associated section of the
bridge, leaving the remainder undisturbed. This is
one of the purposes of removable, telescopic
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crown-retained bridges and of dividing multiple-
unit bridges into smaller sections. When part of a
bridge is removed, the remainder can sometimes
be modified, perhaps by cutting a slot for a
moveable joint and then replacing the lost section

Extending bridges

Provision is sometimes made to extend a bridge if
further teeth are lost. Figure 153 shows a large
bridge with a slot in the distal surface of the
premolar retainer on the left of the picture so that
a further fixed-moveable section can be added if
the second premoclar (which has a questionable
prognosis) is lost. The slot is filled in the meantime
by a small gold inlay

Removing crowns and bridges

Crowns

Removing gold crowns

Complete and parual gold crowns can sometimes
be removed intact by levering at the margins with
a heavy duty scaler such as Cumine or Mitchell's
trimmer. Alternatively, a slide hammer type of
crown and bridge remover may be used, or one of
the other devices specially designed to remove

Figure 153

Provision for the extension of a bridge (see text for
details).

crowns; Figure |54 shows a selection. If these
techniques do not work, the crown will have to be
cut off (see under Removing metal-ceramic
crowns)

Removing posts and cores

Unretentive posts can often be removed by
gripping the core in extraction forceps and giving
it a series of sharp twists. This should not be
attempted by the inexperienced!

There are several devices designed to remove
posts and cores intact and to remove broken posts
{see Figure |54).

Removing Pjcs

These cannot usually be removed intact and should
be cut off. A vertical groove is made with a
diamond bur in the buccal surface, just through to
the cement, and then the crown is split with a
suitable heavy duty instrument (see Figure |55a).

Removing metal-ceramic crowns

It is sometimes possible to remove metal-ceramic
crowns intact by using one of the devices shown in
Figure |54, but they are more rigid than gold
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crowns and the porcelain is liable to break, and so
they usually have to be cut off

A groove is cut vertically from the gingival
margin to the occlusal surface, preferably on the
buccal side just through to the cement, and then
the crown is sprung open with a heavy instrument
such as a Cumine scaler, Mitchell's trimmer or
heavy chisel, breaking the cement lute. Sometimes
the cut will need to extend across the occlusal
surface (see Figure 155b, c, d)

Case metal is best cut with a special solid
tungsten carbide bur with very fine cross cuts
{beaver bur). This is capable of cutting metal
without juddering or jamming and there is less risk
of the bur itself breaking than with a conventional
tungsten carbide bur. Eye protection should,
however, be worn by the patient, DSA and dentist.

Diamond burs cut cast metal slowly but are ideal
for rapidly cutting porcelin and so metal-ceramic
units are best sectioned using different burs for the
two materials. Since it is possible to cut porcelain

Figure 154

A selection of instruments for removing crowns and
bridges. From the left

a slide hammer remover with two alternative screw-in
tips: the tip is hooked into a crown margin or under a
bridge connector and the weight slid down the handle
and tapped against the stop at the end.

a spring-loaded slide hammer, also with replaceable tips:

a special heavy duty instrument that s hooked under
crown margins and twisted to remove them;

below a turquoise-coloured polymer that is softened in
hot water and bitten upon by the patient. The material
is cooled with water and the patient asked to jerk the
jaw open;

above, this instrument is clamped beneath the crown and
the two screws (the heads visible here) are screwed
down on to the occlusal surfaces of adjacent teeth, lifting
the crown;

two clamps that fit on to posts and cores with a screw
that presses on to the shoulder of a post crown
preparation and draws the post and core out of the
rooth.

much more quickly than metal, the metal on the
buccal surface is usually thinner than that on the
palatal or lingual surface and visibility and access are
far better buccally, the groove is easier to make on
the buccal side.

Removing bridges
There are three sets of circumstances:

® When the abutment teeth are to be extracted
and so it does not matter if the preparations are
damaged, the bridge will be removed in the
most convenient way, often with a crown and
bridge remover. In some cases, it may not be
necessary to remove the bridge at all for
example, with simple cantilever bridges with
one abutment tooth. In others it is quicker to
divide the bridge through a pontic or connector
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Figure 155
Removing crowns and bridges.

o Removing PMcs. A cut is made with a diamond bur
down the buccal surface and across the incisal edge. The
crown can then be split with a suitable heavy duty
instrument.

b Removing a metal-ceramic bridge by cutting through
the buccal porcelain with a diamond bur,

¢ then changing to a special metal cutting (beaver) bur
to cut through the meal until the cement just shows

d Spring open the retainer with a heavy duty instrument
It is sometimes necessary 1o continue the cut round to
the lingual surface
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Figure 156

a Removing a bridge with a soft wire loop. The locking
forceps at the bottom of the picture are clipping the
twisted ends of the wire together to prevent the sharp
ends damaging the chin. The pliers in the middle are
resting in the wire loop and are being tapped with the
pliers at the top

b I a bridge remover is available this is more comvenient
than the technigue shown in . It can also be used very
effectively in removing minimal-preparation bridges as in
this case.
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and extract the abutment teeth individually with
their retainers in place.

® When it is the intention to retain the abutment
teeth, either to make a new bridge or two use
them to support a partial denture or an over-
denture, then it does not matter whether the
bridge is damaged during its removal, but the
preparations should be protected. The retainers
should be cut and the bridge carefully removed
with the bridge remaover.

® There are occasions when it would be helpful to
remove the bridge intact, modify or repair it and
then replace it, if only as a temporary measure.
In this case neither the bridge nor the prepara-
tions should be damaged

Removing bridges intact

The slightly more flexible structure of all-metal
bridges and of minimal-preparation bridges allows
them to be removed intact rather more readily
than metal-ceramic  conventional  bridges.
However, all types can sometimes be removed by

sharp tapping, which fractures the cement lute
without too much risk to the periodontal mem-
brane of the abutment teeth. The nature of the
force is quite different to the slow tearing applied
in extracting teeth.

Slide hammers are specially designed for the
purpose with replaceable tips to fit under retainer
margins, under pontics or into embrasure spaces
(see Figures 154 and 156b). Sometimes it is
necessary to drill a hole in the palatal surface of the
retainer or pontic and fit an attachment from the
slide hammer into it

A better technique with a bridge is to make
loops of soft wire beneath the contact points of the
bridge and use a bridge remover in the wire loop
(see Figure 156b). Alternatively, if a bridge
remover is not available, a heavy metal object is
passed through the loops well outside the mouth
and sharp blows applied to it with a mallet or other
heavy instrument (see Figure | 56a). This is a rather
dramatic approach and the patient needs to have a
phlegmatic personality and to be properly informed
of what is proposed beforehand.

Practical Points

@ A large proportion of ‘failures’ are partial and a
level of acceptability needs to be established
between patient and dentist. This is particularly
true for minimal-preparation bridges.

@ Changes in the abutment teeth due, for exam-
ple, to periodontal disease can frequently be
treated so that the prognosis for the crown or
bridge is not significantly affected.

@ Although repairs are justified to extend the life
of an established crown or bridge, they should
never be used to cover up poor design, for
example, to adapt the margins of a poorly fitting
bridge on insertion.

@ Bridges can be made with ‘fail-safe’ features -
for example, so that one section can be removed
if necessary, leaving the remainder undisturbed.
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Mitchells trimmer, 241, 242

madified ridge-lap pontics, 169

molars, value of, 83

moulds: temporary bridges, |99
temporary crowns, 96, 113, 114,
15

moveable connectors, bridges, 150, |50,
177

multiple crowns, &

mylar matrix strip, occhesal contacts, 69

necrotic pulp, ¥, 129
negative ledges, 234
nickel, metal-ceramic crowns, 13
nickel-chromium alloys, 38, 228
horizontal pan splints, 217,
217, 22

checking crowns, 129; crown
design, 39-41; examination of, 68-
TL &%, loading of abutment teeth,
17980, [80-1; mandibular
dysfunction, 67 -8, marking
materials, 77; objectives in making
crowns and bridges, 72, occhusal
&4-5; occlusal interferences, 614,

&4 occhusal records, 123-5, [24-5,

20; occlusal reduction, 99, 104
occhsal stabilicy, 65, 88, 77, 138
occhusal vertical dimension (OVD),

65-7. B7-8. B7. 139; occhusal wear,

surfaces, 767, T4, study casts, 69—
TL 70-1,73-6 73 75

oligodontia, 80

one-piece post crowns, 31

onlays, occheal, 34

oral hygeene, B1-3, 130, 131, 140, 141,
153-5, 163, 2047, 207-8. 231

orthodontic retention: bridges, |3%.
splints, 211, 214

over-prescribed bridges. 232-3, 213

overhangs. 134

oxidizing agents,

paliadium, metal-ceramic crowns, 13

paralleling techniques. 1956, |95, 1§97

partial crowns, 20; anterior, 31, 32;
designing, 56; failure of, 4%
posterior, 13, 34; removing, 141,
retainers, 164, 166, 187; retention,
46; splines. 218, 219, 221, 222 wooth
preparation, |04-5

partial dentures, &, 13, 59. 81, 135, 137,
137, 141, 144, 146, 184, |86, 186

pauents, history and examination, 79-85

periodontal disease, 41, 41, 42, 115;
abutment teeth, |83; bridges and,
140=1, 144, 230—|; crowns and, 81,

peers,

pin retention systems, 3;
restorations, | 3-18, I7; bridges.
1967, I97; partial crowns, |66;
splinced crowrs, 212 213;
temporary crowns, |15

pinholes: abutment teeth, 197, 197,
anterior partial crowns, 56;
cementation, | 30, impression
techniques, |23; retention of

plaque, 81 bridges and, 163, 169, 227,
111; crown design. 42- crown
marging, 130, 131; porcelin jacket

polycarboxylate cement. 117, 129
polyether impression materials, 117, 118,
118, 120
pﬂm;rmmw\klli—
125
impressaon materiak, 117,
11920, 119, 120, 222
pontecs, 148, 16777, 168, | 70-&;
cheaning under, 207; repairs, 139,
240; selecting, |88
porcelain adjusting occhusion, T7; bridge
connectors, |77; bridges, 155, 188,
128- 30 indags, 10-11, |2; metal-
ceramic crowns, 13-6, 27, 1%
occhsal shapeng, Té. pontics, 168-9,
1 68: repairs, 130, 235, 236, 237,
138; stains. 135; veneers, 13, 15, 14
porcelain acket crowns (mcs), 12-3, 24;

crowns. 31 removing, 141, 143
repairs, 140, 240; root-filled teeth,
27, 8. wying in. 126, 127

postive ledges, 234

post crowns, [83-4; Gilore, 217;
temporary, | 14 tooth preparation,
10510

post holes: cementation, 108-9, | 30;
preparation, 105, [06-%, (10

post-retained crowns, designing, 56

posterior bridges. temporary. 200

postenor crowns alternatives to, | 3-20;
complete, 31-6, 99-101; cores, 34—
6; desgrang, 49, 52, 56; indications
ﬁ:;r 13; partial crowns, 56; mper, 45,
4

crowns. 31; removing, 241; root-
filled teeth. 27-9: root length and,
84, vhapes, 29-130, 29, 30
potassum sulphate, |20
paunnf;tlc:l;-mﬂ. IEMpOrary crowns,
1,
precmion attachment partal dentures,
135, 137
preformed facngs. repairs, 237



temporary crowns, 96, 110-
13, 11
premature contact, occlusion, 65
premalars, as abutment teeth, 181, 182
proprietary facings: failure. 230; repairs,
237; replacing, 237
proprietary splines, 216-17, 217-19

prootimal reduction, 101-2

pulp: age of patient, BO; and bridge failure,
211; crown design, 41 effects of
crown cement on, |29, necrosis. 8,
9, 119 preparation of teeth for
bridges, 140

putty and wash, impression techniques,
120, 122

PvC slip vacuum, 112, 113, 194, 199

recording occlusal contacts, 73—4

reinforced zinc oxide eugenol cement,
nz 1.

removable bridges, 135, 136, 151-3

removable splins. 114, 215, 221

removing crowns and bridges, 241-5,
243, 144

repairs. crowns and bridges, 235-41,
23641

resin based cements, 42-3

resing, chemically retentive, 161, 162

retsiners. bridges. |48, 1647, 167;
failure, 227, 131 occlusal defects.
236; selecting, 1878

retention: bridges, |39; checking, |28;
crown design, 42-7, 43-5; loss of,
127, 118: temporary crowns, | 16—
17

retraction, gingival, 120-3, /22

retruded contact position |RCF),
occlusion, 59, &4

retrusive movements, occhmsion, 59-61

reversible hydrocolloid, 117, 119, 120,
22

ridge: bridge design, 184; effects of
pontics on, 172, 173, 174, 176

pontics. 169, 171, 172, 173,

174, 207

Rochette bridges, 157, 158, 162-13, 163,
187, 206-T

Rochette splints, 216, 216, 221

root fractures, B3; length of, B4

root-filled teeth:  abutment teeth, 183,
184; anterior crowns, 217-131, 28;
crowns, B34 removing fillings.
105; repairs. 23); restoration, 13

rubber dam, 94. 126. 216, 131

saddle pontics, 169-72, 72, 173, |74,
207

saddies, 148

safety, trying in crowns, 125-6&

salt, Virginia salt technique, |58

sandblasting, occlusal marking, 77

semi-adjustable articulators, 74

shade: checking, |28-9: poor colour,
135; selecting, 87, 94-4, 95; shade
guides, 94—6, 75; shade maps, 95-6,
95

shellac impression trays. 96

shimstock, occhusal contacrs, 68

short-term sphints, 211, 21314

silane coupling agents, 237, 238

silicone impression material. 113, 117,

118, 120, 121, 300

silver, metal-ceramic crown, 13

silver point root fillings, 105

slide hammers, 241, 242, 245

soldering: bridge connectors. 177, failure
of joints, 171, 130; gold crowns, 31;
metal-ceramic crowns, 15

spans, |48

speech, bridges and, | 38-9

splint/bridges, 2/8, 219

splints: cementation, 227; cross arch, 182
184; crowns and, &, %, ficed, 211~
13, 212-20. periodontal. |39
removable. 214, 215, 221;
temporary, 112

sports players, bridges, 141-3

spring cantilever bridges. [49, 151, 184;
advantages and disadvantages. 153

stainless steel temporary crowns, 113

stasng: porcelain, 235 vetracyciine, 5, 8, 9,
[ B

Seeele’s flar-back facings, 177, 230, 237

study casts: bridges, 184—6, 188, 194
crowrs, B5-6, 85, 86, 88-9, 93, 94
occhnal contacts, §9-T2, 701, 73—
6, 73, 75; splints. 221-2

superfloss, 155, 169, 173, 204, 207

surgery, periodontal, 83

swallowed crowm, 125-6, 126

taper, crown design, 44—6, 45-7

teeth: alvering shape or size of, 5-6, 6, %;
avoiding damage to adjacent, 41;
bieaching, ¥: contraindications for
crowns, 4; crowns versus fillings.
B4-5; damage from bridges, 182-13;
discoloration, B, ¥, extraction versus
crowning, B4, indicatsons for
crowns, 3-8, 4. movement of, 131,
preparation for bridges, |40
mﬁlhm’-—-{l@,ﬂ

100 102 preparatioh for splints

reeth (cont)
111-% preparatory erthodontic
treatrnent, B5; trauma, 4, 4; value of,
B3, wear, 4-5. 4, B. B87-8, 87, 211
213; see alzo sbutment teeth
temporary bridges, 186, 194, /95, 199-
200, 199
crowns, 96, 110-15, 1/1-14,
11617, 116
Lemporary restorations, 73, B4
temporary splints, 122
l joint. dysfunction,
65, 67-8
tetracycline stain, 5. 8, 9. 11, 11-12
‘three-quarter’ crowns, 31, 33, 34, 164
toothbrushes, 204, 207
trauma, 4, 4; ficed splines, 211, 215
trays. impression techniques, 96
Trupontics, 177
tube pontics. 177
tungsten carbide burs, 50, 51, 98, 78

under-prescribed bridges, 232
‘unit-construction’ bridge facings. 140
units, bridgework, 148

vacuum-lormed thermoplastic materials,
impression trays, 96

veneer restorations, | 1=13, 416

venting: bridges, 205; splints, 222

Virginia salt technique, |58

wash-through pontics, 169, 170, 173,
174, 207, 230

wax: disclosing, 127, occlusal contacts,
61-1, 68, 7%; occlusal records, 113,
| 24; patterns for connectory, 177;
shaping occhusal surfaces, 767, 76

WA-UpS: ic, [42; study casts, B5-
6, BS, B4, B8, 94, 184-5, 194

wear: and crown design, 40; teeth, 4-5,
4.8, 87-8 87, 211 213

wind instrument players, B1, 13940,
141-3

wire and acrylic splints, 215, 215

wire loops, bridge removal, 744, 245

working impressions: bridges, 2001,

201; erowma, 117-23, [18-19, 121;

splints, 222

young patients: bridges, 80, 141; crowns,
BO-1

zinc oxide-eugencd cerment, |13, 117, 200
mnc acchual

oxide-eugenol paste,
records, 123, 124, 125
zinc oxide powder, |17, 203

zinc phosphate cement, 113, 117, 129,
130, 200, 2056, 122
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