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A simplified and evidence-informed
approach to removable partial dentures.

Part 4. Seven simple steps to design

SADJ February 2024, Vol. 79 No.1 p36-39
CP Owen'

SUMMARY

For many decades the literature has regularly reported that
there is a discrepancy between what is taught in dental
school and what is practised, especially in the field of
removable partial dentures. Not only that, but for more than
60 years reports from around the world have shown that,
usually, the majority of clinicians abdicate their responsibility
to design a removable partial denture (RPD) and instead
leave this to the dental technician, who has no knowledge
of the clinical condition of the patient and works only from a
cast. Most patients around the world who require RPDs to
improve aesthetics and chewing can only afford a removable
prosthesis simply because the majority are poor. But RPDs
can improve these aspects and contribute to an improved
quality of life.

The purpose of this series of articles is to derive the basic,
evidence-informed principles of partial denture design
and to suggest a simplified explanation and application of
those principles in the hope that clinicians will increasingly
take responsibility for the design of partial dentures. Part 1
summarised studies revealing what can only be described
as the malpractice of abdication of responsibility for
design by clinicians, and then explained the evidence-
informed basic principles of design; Part 2 looked at
the biomechanical basis of those principles in terms of
support; Part 3 did the same for the biomechanical basis
of retention; this part will provide a simple seven-step
approach to design, applied to an example of an acrylic
resin-based and a metal framework-based denture for
the same partially edentulous arch; and Part 5 will provide
examples of designs for RPDs that have been successfully
worn by patients, for each of the Kennedy Classifications
of partially dentate arches. Much of this is referenced
from an electronic book on the Fundamental of removable
partial dentures.’
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INTRODUCTION TO PART 4

This part will introduce a simple step-by-step procedure to
design removable partial dentures using either acrylic resin
as a base, or a framework. The illustrations will use a cast
metal framework, but it could be cast, milled or sintered, and
other material (such as polyetherketoneketone for example)
could also be used. The principles remain the same, but the
guidelines for clasp placement2 at the time of writing only
exist for wrought and cast chrome-cobalt materials.

It should go without saying, but just as a reminder, before

deciding on the design, it is necessary to have the following:

e study (diagnostic) casts of both arches, either articulated
or model trimmed for hand articulation, with the aid of a
bite registration if necessary

e patient records (history, examination, radiographs etc)

e dental surveyor

e large diagram of the remaining dentition.

The latter is not absolutely necessary, but it is useful to draw
the design as it progresses, and it might be useful to have
a drawing of a full arch first, such as in Figure 1 which can
be copied and pasted into a simple graphics programme
such as Paint, where it is simple matter of erasing the lines
representing the missing teeth.

Figure 1. Drawings of the maxillary and mandibular arches which can
be cut and pasted into a simple graphics programme. Left: Vector
graphic in .emf format. Right: Graphic in .jpg format.

The steps to a simple design are summarised in the box and
will be dealt with sequentially.

The seven steps to making a design

1. Identify the need for replacement teeth and the materials to
be used

2. Determine the path of insertion and survey the cast
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3. Provide support

4. Provide retention

5. Connect the separate components

6. Ensure that there is horizontal and rotational stability
7. Record the prescription preferably as a drawing

Step 1. Identify the need and the materials to be used

Not all missing teeth need to be replaced, though this has been an
adage used in promotional material put out by dental associations
to assist practitioners in persuading patients that it is, in fact,
necessary to replace every missing tooth. The main reason for
replacing teeth as requested by patients is for aesthetics, but if
there is evidence that the health of the remaining dentition depends
on replacing teeth, then this is justified. Generally, if the patient
has five or more posterior occluding pairs of teeth, chewing ability
will not be impaired, but patients are not always willing to accept
posterior spaces despite this evidence. Again, in keeping with the
premise of these papers, the adage is to keep it simple, and only
replace teeth when there is an evidence-informed decision to do
SO.

Having established the need, then decide on the materials to be
used. This will almost always be a financial decision as to whether
a framework will be used or an acrylic resin base. The principles
in the design will remain the same: the difference is the gingival
coverage required. A framework-based denture may never have
to cover a gingival margin; an acrylic-based denture will have
to cover gingival margins to provide support and strength and
reciprocation.

Step 2. Determine the path of insertion and survey the cast
This will aimost always be perpendicular to the occlusal plane, and
must be done on a surveyor, because a slight tilt of the model might
reveal a usable undercut. However, the tilt should not be excessive
because the path of insertion so created may make manipulating
the denture by the patient too difficult. Once the path of insertion
is determined then the model must be surveyed in the normal
manner, including the marking of re-locating marks on the cast. This
will assist in comparing the surveying done on the diagnostic cast
with that of the final cast, to ensure the same placement. This, of
course, implies that you have a surveyor in the first place. If not, it is
highly recommended to purchase one (it will last a lifetime) or do this
designing together with your dental technician.

Step 3. Provide support

As has been shown in previous parts of this series, tooth support
is an essential feature of every removable partial denture.
Guidelines for preparing rest seats were given in Part 2 of this
series,?but in the design phase the position of the rests must now
be determined. Point 8 of the guidelines stated that at least three
rests are required, as widely spaced as possible.

This provides stability in support: for example, three legs to a stool
is the least number possible — you would fall off a two-legged one.
Point 9 stated that rests must be adjacent to any edentulous space
being replaced. In a bounded saddle, that means on either side
of the saddle. In a distal extension, that means on the abutment.

There has been, and still is, controversy as to the placement of
rests on the abutment teeth for distal extension bases. Part 3 of
this series dealt with the clasp systems that have been proposed
for distal extension bases and much of that mythology still persists,
often in the form, not of the RPI system, but of the placement of a
mesial, rather than a distal, rest.® This is still based on the clinically
unproven idea that the abutment tooth is subjected to a torquing
force.
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There is very little evidence that a mesial rest makes any
difference, and it often overcomplicates the design. In a somewhat
inconclusive in vivo study of just four patients with mandibular
distal extension bases with different occlusal rests on the distal
abutments, no definitive conclusion could be drawn on the
pressure distribution beneath the distal extension bases, whether
the rests were both mesial and distal, mesial only, or distal only.*
So, in keeping with the theme of simplicity, a simple distal rest with
a circumferential clasp (often wrought wire because of the length
of the clasp arm as it is usually on a premolar or canine) has no
evidence to contraindicate it.

As an example, a simple maxillary Class Ill, Modification 2 design
will be used to illustrate the steps. Further designs, and how all
these principles apply, will be shown as examples for all the other
Kennedy classes and will be given in Part 5 of this series. So, on
a suitable diagram draw in the possible sites for the rests, having
identified which teeth will be replaced (Figure 2).

Figure 2. The edentulous areas to be replaced are marked with the dotted
lines, which is where the guide planes on the teeth will be prepared. Potential
rest seats are marked as being on either side of each saddle. Note that

the rest seats will all be continuous with the guide planes. Because of the
distribution of the edentulous areas there will automatically be widespread
and more than tripodal support.

At this stage all potential rests are drawn in, but in many cases
not all will necessarily be used. This may be because some teeth
may not be suitable to sustain additional occlusal loads, some
may be assisted by the distribution of loads and some, such as
anterior teeth, may not have sufficient enamel and would require a
restoration which could be avoided if other teeth can be enlisted
for support. This, in fact, is illustrated in this case. Consider tooth
12: if the palatal surface is thin, because the 13 is going to receive
a rest, only one tooth away from the anterior saddle, it will not be
necessary to rest the 12.

Step 4. Provide retention

The first stage in this step is to write down the size of the undercuts
that you have already measured after having surveyed the casts
after having determined the path of insertion. With experience, you
will already have an idea of which teeth will be clasped, but if you
are fairly new to this, then measure everything (Figure 3).
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Figure 3. The undercuts that were measured on the surveyor (in mms).

The guidelines for clasp placement given in Part 3 (Point 5)
stated that generally only one clasp per side of the arch is
sufficient unless there is a long span edentulous space of
three or more teeth to be replaced. This is a good rule of
thumb and certainly works clinically, but in some countries
dental technicians are paid per component, so they are keen
to add as many as possible. Another reason why clinicians
should be designing partial dentures.

In the case being designed here, it is a moot point whether
clasps are required at all, because three saddles means six
guide planes and guiding surfaces. But for the sake of this
exercise, the most obvious teeth to receive clasps would
be the first molars, with a circumferential clasp engaging
the distal undercuts. There needs to be no consideration
of indirect rotation, for rotation is extremely unlikely given all
the guide plane retention.

For an acrylic base

Now draw the position of the clasp arms on the diagram.
For the sake of clarity, and to aid communication with the
dental technician, it is recommended that you and your
technician understand that, however you draw the clasp,
the terminal third will be in the undercut. For the drawing
in this series, the line representing the buccal surface of
the teeth will be taken to represent the survey line, so by
drawing the terminal third of the clasp outside that line,
it is understood that it is below the survey line (Figure 4).
Note that according to the clasp guidelines for wrought
wire (see Part 3),5 the undercut to be used on a molar is

0.5mm.
) %\0 5

Figure 4. Two clasp arms are drawn in, showing the terminal third
outside the buccal line of the tooth, which is taken to represent the
survey line, thereby conveying a sense of three dimensions, though
only drawn in two.
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Note also that all active clasps must be reciprocated, and
this must be borne in mind when carrying out the next step.

For a framework-based denture

At this stage, as the clasps are part of the framework, it
is only necessary to ensure that the correct undercuts are
specified. For cast clasps, the undercut should be no more
than 0.25mm, so this must be noted because the undercut
on the molars is 0.5mm and therefore the technician must be
aware to use the portion of the undercut that corresponds
to 0.25mm, which will be nearer the survey line.

Step 5. Connect the separate components

This is now where the design of the major connector will
differ significantly depending on the base materials to be
used.

For an acrylic base

The principle to follow is to try not to cover all gingival
margins if at all possible. As a rule of thumb, to prevent
hyperplasia at least two teeth should remain uncovered if
possible, and never just one tooth. Clearly clasps need to
be reciprocated by the inner surface of the acrylic base,
and cingulum rests need to be covered. Occlusal rests
will be in half-round wire and these can be drawn in first
(Figure 5).

0.5

Figure 5. Half-round wire will be used for the occlusal rests and these
can extend across a saddle to reach both teeth on either side. Again,
use whatever drawing convention you and your technician understand.

This situation currently has cingulum rests on each of the
lateral incisors. The rest on the 22 is absolutely necessary,
even if it requires a restoration; however, the rest on the
12 is not necessary as there must be a rest on the 13.
This does not prevent the base having to cover the gingival
margin of the 12, but does prevent a rest preparation (the
12 will still have a guide plane prepared, of course). There
is no clasp on the 24 and no rest on the 23, so the gingival
margins of these teeth do not need to be covered, and the
second molars also do not need to be covered. Joining
everything up, then, gives us the final design (Figure 6).
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SIS wire SIS wire
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Figure 6. The final design for the acrylic-based denture for this case.
Note that there is no need to cover the gingival margins of the 23 and
24. Note also that the wrought wire to be used has been specified
but this should not be necessary as you and your technician would
understand that this is the required wire as per the guidelines.®

For a framework-based denture

Because the framework is the major connector with all
the components in one unit, without, of course, the teeth
and acrylic for the edentulous areas, the previous step
would have been left with identifying only the necessary
undercuts (Figure 7). Similar decisions need to be made
for the cingulum rest on tooth 12. In this case, it has been
decided to place a rest there (Figure 8). Note the difference
in the gingival coverage between this design and that of
the acrylic-based denture in Figure 6. In this case, there is
no gingival coverage at all, one of the major advantages of
framework-based dentures.

— -
0.25 % 0.25

Figure 7. The stage of the drawing after step 4, for a framework-based
denture.

Figure 8. The final drawing of the framework, to which has been added
the retention for the edentulous areas.
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Step 6. Ensure that there is horizontal and rotational
stability

With edentulous areas on either side of the arch, as well
as an anterior area, there is unlikely in this case to be any
concern about either horizontal or rotational stability. This
step is @ mere check in this case, but would be important
in other designs, and will be covered in the last part of
this series, where examples of designs for all Kennedy
classifications will be shown.

Step 7. Record the prescription, preferably as a
drawing

This would seem self-evident, but unfortunately the
evidence is that this is seldom done, and hence the
reason for this series of papers. Even though in the US, for
example, it is mandatory to complete a work authorisation
form® one study found that more than 88% of dental
laboratories reported that the dentist’'s communication to
them was lacking” and similar findings have been reported
elsewhere 510

CONCLUSION

It is suggested here that by following a few simple steps,
it is possible to quickly design an RPD that conforms to
evidence-informed principles and that there is therefore no
excuse for clinicians not doing this. At the very least the
design phase could be done in consultation with the dental
technician and there must be clear communication between
the two at all times.

The principle suggested here should result in hygienic
designs, no matter what material is used, but, in either
case, the removable partial denture is a foreign body
with many surfaces to attract biofilm. A critical review of
the relationship between RPDs and periodontal health
concluded that while there is no agreement on the ideal
RPD design, clinical trials have shown that periodontal
health can be maintained if the basic design principles are
followed, together with frequent recalls for oral hygiene
and prosthetic maintenance.
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