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Foreword

In the United Kingdom, it is clear from a succession of
national surveys that the oral health of the population is
improving. The proportion of edentulous adulis is falling
significantly. There is good evidence that people are keep-
ing their natural teeth lor longer. Furthermore, with an
increased life expectancy, the proportion of the popula-
ticm who are classitied as elderly isincreasing,

Although it is likely that the proportion of edentulous
patients will continue to drop, this does not mean that the
remainder will have intact dentitions, Loss of a few teeth may
occur leaving spaces thal may or may not need restoring,
Some of these patients will wish (o explore [ved restora-
tions (bridges supported on the natural teeth or implants)
asammeans o replace teeth that have been lost, However this
will not be feasible for a significant! proportion of patients,
particularly as they lose more teeth. For these reasons
it would seem likely that the need for partial dentures is
not diminishing and may even increase o the Juture,
Alongside the retention of teeth over a much longer
period other challenges may be evident, Medical conditions
may allect the oral tssues, Many forms of medication may
result in a reduced salbvary low which renders the teeth sus-
ceptible to lurther disease. The remaining teeth may be
alfected by toothwear or they may be in positions which are
not acceplable for partial dentures, These situations will
mean that grear care will have o be exercised in the
design of partial dentures.

The main purpose of this book is to give an understand-
ing of the essental principles used (o design partial
dentures such thar they will be stable in function and will
not result in damage 1o (he tssues. We have explored an
approach based on an pnderstanding of mechanical
principles to introduce key concepts that should help the
reader understand bow to formulate suitable denture
designs. We have also highlighted the important prin-
ciples of designing dentures so that they are biologically
favourable. An understanding of how dental plague causes
destruction of the mineralized tissues of the teeth and sup-
porling tissues of the periodontium is outside the remit ol
this text. However it is eritical that anyone invalved in par-
tial denture design has a sound knowledge of these disease
provesses. This is necessary so that the dentist can com-
municite in soch a way so as to ensure that the patient

has an insight into their susceptibility to plague-related
disenses. The patlent and dentist together can institote
aral hygiene regimes and maintenance to prevent further
disease initintion or progression. This isespecially impori-
ant as even well-designed partial dentures can resull in
a greater susceptibility for plagque accumulation around
the natural teeth, The final factor involved in good partial
denture design is an understanding of the limitations ol
the materials themselves, This may range from using the
enost appropriale materdal for the denture base 1o making
decisions aboul clasp design.

The most appropriate design of partinl dentures is
dependent on having good information. For this reason
the dentist should be prepared to spend the time required
to record a full dental, denture and medical history from
the patient. It is critical that all oral tssues are examined
thoroughly, both clinically and radiographically, where
required. Surveyed and articulated study casts will allow
the three-dimensional relationships of the maxillary and
mandibular teeth to be assessed. Finally, Integrated treat-
ment plans need to be formulated 10 eliminate discase as well
sis addressing the needs ol the patient by the replacement
of missing teeth, Continuing advice on oral hygiene alter the
prostheses have been constructed should alert the patient
to the potential for further disease,

The design of partial dentores should ideally be based
on A team approach. It is not an activity that should be
delepated 1o a technician nor is il one that should be o the
exclusive domain of the dentist. Although the dentisi has
the ultimate responsibility for the patient and will therelore
have the lead role. there is much to be gained by involving
the technician in decisions aboul design al an carly stage.
Apart from the practical skills to lubricate the appliances,
the dental technician will olten have particular expertise
in the limitations of the materials under certain condi-
tiong. There is therefore much to be gained from involving
the dental technician, not least in that It may give an
alternative design viewpoint which can be explored,

The need for well-desizgned partial deniures is as critical
today as it has ever been. [t is our hope that this book will
give the reader a sound foundation, from which the prin-
ciples can be applied to the wide range of clinical presen-
tations in patients requiring partial dentures.
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Section 1

General principles of
partial dentures and
how they work

This section deals with how partial dentures work. It is not possible to design a well-functioning
and physiclogically acceptable denture without a thorough understanding of the mechanisms
invalved.

A partial denture is a device placed into the mouth to replace lost teeth and the accompanying
alveolar process. It is therefore a substitute for part of the masticatory mechanism and, as such,
should become a part of that system. If the denture is not properly designed, it cannot fulfil that
functian.

Section 1 examines the way in which partial dentures and their components function, and pro-
vides a basis for the understanding of the requirernents of the design process.

Without this understanding you cannot design a denture to work successfully within the physio-
logical framework as a part of the masticatory mechanism,
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Loads and levers

You cannot even begin to design a satisfactory partial denture unless you understand
the essential physics involved in the workings of the appliance. Revision of these
properties is therefore essential. Once understond, the development of a good design

is greatly simplified.

Partial dentures are subject to many forces, such as chew-
ing (vertical and lateral), lifting (sticky loods), and actions
of the tongue, lips and cheeks, We must employ the under-
standing of loads and levers during the development of
good design,

It could be argued that this short chapter contains
the inlormation about which the major part of this book
hinges. It is purely a reviston of some elementary school
physics which you use daily without thinking,

Fundamental to understanding partial denture design
is i solid grasp of simple mechanical principles. Without
these you migzht as well leave the design to your laboratory

or copy a design that happens to teke vour fancy, neither of

which takes into consideration the physiological needs
ol the patient. The result is, rather than providing an
appliance which compliments the oral tissues and masti-
catory mechanism, the patient is given a prosthesis which
accelerates the degradation and destruction of the oral
tissues. I you have taken note ol the diagram with
nomenclature ai the end of the last chapter, you should
not suddenly hit a term with which you are unfamiliar.

| Ifyou understand how a machine works then vou know |
. how to use it. Similarly il you understand how a partial |
denture works, you will know how to approach each |
design problem. |

|

It so happens that the theory underlying partial denture
design is simple il you spend a little time revising some ele-
| mentary physics,

We are going to look at two essential mechanical areas,
load distribution and levers,

Load distribution

Tooth support

Any load applied to a beam will be passed to the supports
upon which the beam rests.

It is sell-evident il the load is applied to a single support,
then the full load is passed directly to that support.

O

On the other hand il a load is placed centrally between
two supports, the load will be divided equally between the
supports, Ifthis was applied to the saddle of a denture then
the premolar would carry an equal load 1o the molar,

ENIVEN

00 D

Should one support be moved [urther away rom the
load then the weight distribution would be unequal, the
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Classification of partial dentures

For convenience in the discussion and description of partial dentures some form of
classification is useful. One which is almost universally understood is that described

by Kennedy.

It is helpful to have a method of describing the type of
denture required, The form and shape of partial dentures
are virtually numberless, so a classification is needed to
divide them into manageable groups when they are to be
described or discussed,

There are two common ways of classifying pariial
dentures; one is based on the distribution of missing teeth
suddles, the other on how the denture is to be supported.
Bath have merits and drawbacks, Classification by missing
teeth gives an immediate mental picture of what a den-
ture might look like but gives no indication of how the
masticatory load is to be applied to the tissues. The con-
verse applies Lo the classification indicating the support
available. Really the two compliment each other.

The classification which is generally used is that described
by Kennedy. Based on the pattern of missing teeth, it is
universally understood, but gives no indication of the
condition of the teeth, the supporting structures, or how
the masticatory load be applied.

Note: A bounded saddle is an area where a tooth or teeth
are missing but there is an abutment tooth at each end.

A free-end saddle or distal extension saddle is one where
there is an abutment tooth at the anterior end only.

Third molars are frequently ignored in design discussion
{being so variable) unless they have a direct use or bearing
on the design under consideration.

Kennedy Classification

Class 1 Bilateral {ree-end

Class 1l Unilateral free-end |
Class 11l Unilateral bounded

Class IV Anterior (crossing the mid-line)

The other classification is based on the way the partial
denture is supported (Beckett). Here vou are only given the
twpe of support employed, not the number, distribution or
condition of the missing teeth.

| Classification In support
| Class 1 Tooth supported

Class 1l Tissue supported
| Class L1 Tooth and tissue supported

Reminder. A saddle is an area of a denture base, cover- |
ing the oral mucosa, to which the artificial teeth are |
attached

Partial dentures classified by
missing teeth—Kennedy
Kennedy class |

Bilateral free-end saddles

There are no teeth standing distal to the abutment teeth,
Therelore the free-end or distal extension saddles can
only derive tooth support at one end.
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Cast surveying

You cannot begin to design a partial denture without first surveying the casts to
demonstrate undercut areas. Such areas need to be eliminated to insert/remove the

denture or used to aid retention.

Surveying is an essential step in the design and construc-
tion of partial dentures. The surveying instrument draws
lines on a cast so that the dentist can be sure that no rigid
part of a partial denture lies in an undercut in relation to
the path of insertion and removal of the appliance. An
undercut is the area below the greatest diameter of a
tooth, similar to the area below an overhanging clill edpe
{arrowed).

Shh OVERHANG

LUNDERCUT AREA

/)

If there were undercuts present and the denture con-
structed to it them, then the denture could not be ltted,
or if it were forced into position, it would snap into place
and be very difficult, painful or even impossible to remove
(sometimes referred to as an ‘insertional interference’).

We must also find where to put clasps to hold the denture
in place and how to make the prosthesis blend naturally with
the tissues by avoiding unsightly gaps where the denture and
tissues meet.

d d

M=

The diagram above shows the construction of a cast
SUFVEVOr.

[t has;

= atable{a), the angle of which can be adjusted

+ amovable arm (b) carrying

« g marker lead (¢) which is always held vertical by

« gpecial joints (d)
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Retention
=

A removable partial denture must be held firmly in place. This is usually arranged by
clasps, or part of the denture base, engaging hard tissue undercuts. The position
and action of retainers must not damage any tissues. Special attachments are not

considered in this chapter.

DESIGN SEQUENCE

teeth to replace
support
connectors
retention
refine

Belore you start this chapter we expect vou to be familiar
with the chapter on surveying (Chapter 1.4),

The usual way of retaining partial dentures is by means
ol metal clasps, Direct retention is gained through a clasp
which engages an undercut on a tooth and, through its
resistance to removal from the undereut. holds that part of
the denture in place,

The degree of resistance to removal of a clasp depends on
three principal leatures:

* the Mlexibility of the arm (type of metal and whether
wrought or cast)

* the length and cross-section of the arm

* the depth of the undercut engaged

Clasps are divided into two main types:

Occlusally approaching clasps are those which enter
the undercut from the occlusal area of the tooth (upper
diagram) and gingivally approaching clasps which enter
the undercut by crossing the gingival margin.

Of the two, gingivally approaching clasps are the
more eflicient due to the *trip action’ when removal is
attempted. Let us explain this action.

The 'trip action’ of gingivally approaching clasps is best
explained by analogy. Ifvou push a stick along the ground
in front of vou and it meets an obstruction, it will tend to
dig in and be hard to move.
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e

This is exactly what happens when you try to remove a
gingivally approaching clasp from a tooth, The tip of the
clasp is angled against the enamel in the undercut below
the survey ine and any attempt to remove it will make it try
to dig in. This is called the "trip” action of the clasp.

Compare this to the action of an occlusally approaching
clasp, using the same analogy, I vou tratl a stick along the
ground behind you, it will just bump over any obstruction
without difficulty

(L1
<

This is just what happens when an occlusally approach-
ing clasp is pulled off a tooth, The tip ol the clasp is dragged
from the undercut and slides over the survey line. There is
no ‘trip’ action to enhance its retention.

Never lorget that the point of action ofa clasp is at the tip
no matier where it arises [rom the denture base or how il
gets into the undercut.

For the sake of simplicity in this chapter, we will only
consider retention of a denture in the path of displace-
ment, that is, a path at right angles to the occlusal plane,

Have a look at a lew of the undercuts you may have to
engage. You have already seen some common survey
lines. similar to these, showing the greatest diameter of &
tooth, Remember that above the sarvey line is the non-
undercut area of the tooth, and below is the undercut area
where we look for retention.

.
S
S

The undercut areas shown are quite good, in that there
s plenty of room to place the tip of the clasp and they are
casily approached occlusally or gingivally. However the
size and shape ol undercuts vary.

The type of clasp depends on the amount of undercut
area available and whether there is enough of the under-
cut in the horizontal plane for the clasp to resist removal.

43
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An ocelusally approaching ‘extended arm’, 1o engage
an undercut where a nearer one is not satisfactory, is not
often used nowadays unless the tooth adjacent to the
saddle is crowned and has little undercut. Where teeth
are not bulbous, composite resin can easily be added to
enamel to provide an undereut (see later),

An occlusally approaching ‘recurved arm’, to pick up

an area next to a saddle, allows the arm to be long enough
for lexibility.
A gingivally approaching clasp attached to a small

shallow area provides good retention (trip action) and is
hardly visible. Three more examples [ollow:

Bulbous crawn

These illustrations show the same undercut gauge indi-
cating the same horizontal undercut on teeth with differ-
ing buccal cantours. The depth of the horizontal undercut
engaged will depend on the resilience of the clasp arm.

Standard crown

So there are two major factors to consider. the magnitude
ol the undercuts in the vertical plane and the horizontal
plane,

Here are three other examples of ways of entering
undercuts,

Gingivally approaching clasps are sometimes referred
to as roach clasps.

Some of these are given fancy names, such as T, U, L. Tand

C, these descriptions are just a shorthand for the shape of
the retentive part of the arm.
Of course there are times, with very low survey lines,
when the only useful retentive area is in the interdental

embrasure, In these cases a ball-ended or arrowhead
clasp can tuck into the gingival part of the interdental
embrasure (occlusally approaching arms are usually
wrought to give sufficient flexibility).
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Indirect retention

Indirect retention is a means of preventing the displacement of a saddle which is
cantilevered out from the direct retainer(s), such as a free-end saddle or curved
anterior saddle. A lever system must be created to keep the saddle in place.

DESIGN SEQUENCE

teeth to replace
sLpport
connectors
retention
refine

Let us look at the forces involved in the retaining parts of

partial dentures which cannot be held in place by direct
Means,

Indirect retention relates o saddles that cannot have
a retainer at each end, or do not have the pontics in &
straight line between the abutment teeth.

An example is a [ree-end saddle where there is only
an abutment tooth at one end, Another example is an
anterior saddle which is curved outside a straizht line
between the abutments.

It will be useful to be reminded of the Class 11 lever
svstem, for it is the method by which indirect retention is
elfected. To help your memory of levers little diagrams
have been added to many of the illustrations.

Load
(L)
Far a lower
denture ar

Fulerum Effort

F E
1 For an upper
L

denture

Indirect retention is always a Class TIT lever system: it
can never work at a mechanical advantage

Here is an everyday situation where a book or a tray s
overhanging the edge of a table. In this instance let us sup-
pose that it is a block of wood.

Look at the table and block from above

Il vou were to lift the block at the overhanging edge,
then the opposite end would remain in contact with the
table as the block hinged upwards, about its edge al F.

Apart from the weight of the block there is nothing to
prevent this movement. is therer



L
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|

On the left you can see modifications have been made to
the block and table, Whatever alterations are made, if the
overhanging part is lited, the other end will still lie on the
table topand hinge about its edge.

Do vou think that, with a little imagination. the third
illustration on the left looks a bit like an outline partial
denture (with free-end saddles) lyving on an occlusal tabler

You could stop the outer edge of the block being lifted
by nailing the block to the table near to the table edge.
Common sense Lells vou to put the nall near the edge, nat-
urally you would not put the nail near the lelt hand edge
of the block. Why?

Because you know that when you lilted the block the
leverage would pull the nail out, This simple fact tells you
how to make indirect retention work well,

Check the lever diagrams, as a Class [ system the nearer
Eis lo the lifting load L the better.
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3 5 Partial dentures around difficult
® dentitions and oral structures

In some circumstances there are localized areas of the mouth which might create
some problemsin the construction of partial dentures. These may be related to the
position of the teeth or due to other anatomical structures. Some of the problems
and solutions will be considered, such as:

* overerupted teeth

s tilted teeth

* drifted teeth

* incisal overbite and overjet
* maxillary or mandibular tori
® |esions of the soft tissues

In some circumstances the position of the teeth in the  Problems created by overerupted teeth
remaining dentition may present challenges in designing
partial dentures. This can occur either because teeth
may move to a position where there is insufficient space
lor a prosthesis or because of the particular way that
the maxilla and mandible are related. This chapter will
explore some of these issues and suppest thoughts as to
how partial denture design can take account of this.

* Disruption to the ocelusal plane. The occlusal plane
miy be irregular in height and there may be steps
between the denture or natural teeth with the over-
erupted teeth. Where severe this may make mastica-
tion less eflicient.

Overerupted teeth

Teeth which are unopposed can in certain circumstances
move because the physiological mechanisms of eruption
become reactivated. We have already alluded to this
previously in the discussion related to tooth wear, Teeth
which overerupl can create significant problems for denture
design, In many patients who are partially dentate, there
is little evidence to suggest that upopposed teeth will
overerupl. However In others, it seems clear that un-  Overerupted teeth resulting in disruption of the acclusal plane
opposed teeth have moved over time. There is still no clear
way ol predicting which teeth will have a greater potential
to overerupt. Clearly there are biological factors operating
of which we have very little understanding,

= Mot enough space in the saddle area opposing the
overerupled tooth to zet a sufficient thickness ol the
denture base material. This would result in the denture

being liable to fracture,
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Wear facet on a premolar tooth

Fractured acrylic in the posterior region Occlusal interference from an opposing tooth

In some circumstances the tooth may be directly in
contact with the opposing ridge and thereisnospace  Design solutions for overerupted teeth

al all in which a prosthesis can be placed. fsuch 8 15y some circumstances it may be possible to work around
prosthesis is constructed at an increased vertical  gyererupted teeth and accept that an uneven occlusal
dimension, it will often result in considerable trauma plane may result. It would appear that patlenis can lunc-
to the supporting tissues as itis heavily loaded during  tion around uneven dentitions, but it is not known how
function, It is always dangerous to encroach on the  their functional activities are compromised. Providing the
[ree-way space, and to exceed it, as you should know,  digruption to the occlusal plane is not severe, this may
can be disastrous. be @ perfectly acceptable solution. In other situations. a
They may result in occlusal interferences with the  specific design of the denture or an adjustment to the
opposing dentition. The patient may change their  teeth may be necessary.

chewing pattern which can sometimes lead to problems
elsewhere in the arch, for example, tooth wear in a
more anterior reglon or joint/muscular problems

= Striking plate: this is a modification to the design of
a partial denture where the space lor a prosthesis
which is opposed by an overerupted tooth is very
restricted. A denture with a cobalt chromium base
can be designed so that it does not carry an artificial
tooth in this area. Alternatively, where an acrylic
resin-based denture Is being used, a small plece of
cobalt chromium material or a stainless steel cap
may be embedded in the area. In both situations
the very small thickness of metal required to give
adeguate strength may permit a partial denture to
be designed around the abnormal position of the
opposing tooth.



























































































































Understanding Partial Denture Design provides a step-by-step, highly illustrated guide to this
difficult. but core area of dentistry. The first section of the book is dedicated to general principles
of partial dentures, focussing on how they work. The second section allows students to put theory
into practice including assessment and the associated design sequence, The final section of the
book concentrates on problem solving, including more challenging areas of denture design, such
as the provision of partial dentures for complex and deteriorating dentitions.

* Unlocks difficult concepts by means of well explained, simple examples

i « A wealth of line drawings allows stepwise visualisation of mechanical points, and associated
. design considerations

* Colour presentation is used to present key points, and support the scheme of diagrams
= Novel layout provides the reader with a seamless and straightforward account of the subject

A key strength of the book is its ability to de-mystify the biological and mechanical principles
underlying good partial denture design. This will give students and newly qualified dentists the
fundamental understanding they need to succeed in this aspect of clinical dentistry.

About the authors:

The authors have extensive experience of teaching partial denture design, and years of clinical
provision of partial denture soluitions. Kenneth Tyson was head of the Department of Prosthetic
Dentistry and Consultant at Edinburgh Dental Hospital and School, Robert Yemm s Emeritus
Professor and Consultant, and Brendan Scott Senior Lecturer and Consultant, both of Dundee
Dental Hospital and School. Together, they have distilled the key principles and practices that
students and new clinicians will need to design successful partial dentures.
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