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Abstract

Part | of this Thesis gives a brief outline of the history and evidence for
impression techniques for complete dentures. The literature review suggested there
was a paucity of high quality evidence for impression techniques for complete
dentures, especially in the form of randomised controlled trials (Jokstad et al 2002,
Harwood 2008).

The literature review from Part | suggested that selective pressure impressions
for complete dentures required evidence on three levels; firstly, in-vitro evidence on
the numerous factors that affect pressure, secondly evidence that within a specific
impression technique the pressure is re-distributed, and thirdly evidence that the
specific impression technique provides patient benefit. Part Il, 111 and 1V of this
Thesis address each of these issues in turn. Part Il of the Thesis uses laboratory
based in-vitro impression pressure research to investigate new issues and re-address
old controversies where the evidence in the literature was conflicting or deficient.
Part 1l investigates the specific distribution of pressure within the impression
technique used for the clinical trial of Part IV, concluding that the pressure was
distributed in a specific and useful way, which was clinically significant.

The Clinical Trial reported in Part IV of this Thesis, had the primary objective
of assessing patient preference for a specific selective pressure impression for
complete dentures. The cross-over, randomised, controlled, clinical trial (RCT) was
performed comparing a selective pressure impression with a placebo and an
alternative method of redistributing pressure. Patients who had shown a specific
pressure related clinical problem were recruited for the study. The results show that
the preference for the selective pressure impression was greater than that of the other
two techniques.

The work of this Thesis introduces dentists to a successful impression
technique and provides them with clear, clinically relevant and useful evidence for
that impression technique.
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Chapter 1
Introduction

Selective pressure impression techniques have been widely advocated for
complete dentures (see literature review below). They aim to distribute load under
dentures. They are said to achieve this by applying different loads within different
areas of the same impression. Although widely advocated the evidence base for the
techniques is limited. To fill the gap in the evidence base, research was required on
three levels. First a series of 11 laboratory experiments were required to investigate
individual variables that may affect the pressure.  Secondly a laboratory
investigation was required to simultaneously measure the pressure at two points
within a selective pressure impression; one point located where the pressure was
designed to be higher and another where the pressure was intended to be lower.
Thirdly an RCT of the selective impression technique was required to investigate the
benefit to patients of the impression technique. These three areas of investigation
are presented in Parts II, 11l and IV of this Thesis. Part Il investigates the factors
that affect the pressure within prosthodontic impressions. Part Il investigates the
differential pressure within a specific selective pressure impression technique. Part
IV reports a randomised clinical trial of the selective pressure technique.

The overall research question for the Thesis is, ‘Is a specifically designed
selective pressure impression technique effective?” This over all research question
is then divided into the three parts. In Part Il the primary research question is, ‘What
factors alter pressure within impressions in-vitro?” In Part 111 the primary research
question is, ‘Is the intended pressure differential physically produced within a
selective pressure impression in-vitro?’. In Part IV the primary research question is
‘Do patients receive a benefit from the selective pressure impression?’. However,
before these investigations began we needed to consider the academic background to
the research project. The review of the academic literature forms the basis of Part |
of the Thesis.






Chapter 2
Review of the development of impression techniques with reference
to pressures within impressions

In 1951 Carl Boucher, who was well known for his prosthodontic text book
and who many consider an authority within prosthodontics in the 20" century, stated
‘There are far too many impression techniques to consider each one separately.’
(Boucher 1951). Since that date further impression techniques and many more
variations on impression techniques have been reported in the literature. Boucher in
his paper (Boucher 1951) showed profound insight into the subject of denture
impressions and went on to discuss the problems associated with the classification of
impression techniques. Taking a lead from Boucher, this literature review does not
attempt to review all the expounded variations in the techniques for impressions for
complete dentures; rather, it looks at the origins of the various types of impressions
(or impressions ‘philosophies’) with particular reference to the pressure within the

impression.

Impressions for dentures have a long history. Lufkin (1948, p 294-297) stated
that ‘Plaster of Paris was first suggested for impressions in 1844 and was soon in
general use’. Later beeswax, other waxes, resins and various modelling compounds
were developed to overcome the ‘many disadvantages of plaster’ (Lufkin 1948). It
wasn’t until 1925 that materials flexible enough to be removed undistorted from
undercuts (the colloid agar-agar) became available (Lufkin 1948). The contemporary
list of available impression materials was completed by the introduction of Zinc
oxide/eugenol, irreversible hydrocolloids (alginates), polysulphides, polyethers and

polyvinylsiloxanes (silicones).

In addition to the numerous variations of available materials, impressions can
be classified by the relative amount and distribution of pressure exerted on the
underlying tissues. Impressions may be described as ‘selective pressure’,
‘mucodisplasive’, ‘mucostatic’, or ‘functional occlusal pressure’. It is instructive to

look at the origins of these four types of impression.
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2.1 Origins of selective pressure impressions

The early paper by Stansbery (1925) introduces selective pressure impressions
and gives an insight to the understanding at that time of the pressures within
impressions. Stansbery’s (1925) elegant demonstration of high pressure at the centre
of approximated discs influenced future discussions over pressure distribution. The
high central pressure has been partially confirmed by direct observation in in-vivo
experiments (Douglas et al 1964, and Rihani 1981). However some in-vitro
experiments seem to partially contradict Stansbery’s prediction; for example Masri
in 2002 and Frank in 1969 are both reported to have found the reverse but only with
unperforated close fitting special trays (see later discussion in chapter 4 below and
Part Il chapter 7). Stansbery’s (1925) paper describes a method specifically
designed to selectively load mucosa under an impression. Although the published
scientific evidence for selective pressure techniques was (and is still) limited the
paper demonstrates that the concept of a selective pressure impression was one of

the earliest impression philosophies to be defined and advocated.

The technique described by Stansbery (1925) was a two phase impression.
Phase 1 was a compound impression which was cut back in specific areas and
followed by a plaster of Paris wash (phase 2). The technique was specifically
designed to preferentially load the residual alveolar ridges and the post dam areas.
Although the clinical impression technique advocated by Stansbery (1925) may
seem over complicated, the principles it expounds lay a basis for much of the
academic debate over the next half century; discussions of ‘palatal rock’ and the
eventual development of ‘palatal relief chambers’ may be traced back to this paper.
Unfortunately the paper presents no hard evidence of the clinical success (or
otherwise) of the clinical technique. The successful redistribution of the pressure is
not physically demonstrated within an impression; it is assumed. Furthermore the
assumptions that it is right to distribute pressure to the residual ridge and that doing
so will result in a better denture are not tested. It is only later, with the development
of the methodology of Randomised Controlled Trials (RCTs) that an adequate tool
became available for a comparison to be made between impression techniques. This
paper by Stansbery (1925) remains the forerunner of ‘selective pressure’ impression

techniques and stands the test of time where contemporary papers seem dated.
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2.2 Origins of high pressure, mucodisplasive impressions

In contrast to Stansbery (1925) the paper by Fournet and Tuller in 1936
advocates a high pressure impression technique. A modern day clinician reading the
original paper today will be struck by how far academic writing has progressed over
the last 74 years. The blatant advocacy of a technique in this way would not be
acceptable in a modern academic journal. However the paper is of its time and an
important contribution to the debate on impression pressures. The technique
advocated by the paper involved high pressure. The technique was described by
others as ‘muco-compressive’ until the inherent error within this term was brought
to the professions attention by Addison’s paper of 1944. The technically correct
term of ‘mucodisplasive’ was suggested as an alternative by Addison (1944). In
current day practice true mucodisplasive impression techniques are thought to
restrict blood supply to bone, increase alveolar resorption and are no longer
routinely advocated for complete dentures (ElI-Khodary et al 1985). The ‘altered
cast’ technique for free end saddle partial dentures is perhaps the best known

contemporary use of deliberately high pressure impressions.

2.3 Origins of mucostatic impressions

Addison’s ‘Mucostatic’ paper (1944) is again written without formal
experimental or clinical evidence; it is argued from first principles in the rhetorical
style of the era. The assumptions and assertions of the paper need to be challenged;
in modern terms the paper lacks evidence. Addison (1944) advocates a low pressure
or ‘Mucostatic’ technique. Although there are no known papers published by Page
until 1946, he is credited by Addison (1944) with being the originator of the
mucostatic impression ‘principle’. Page was a physicist and engineer who was
reputed to have presented his mucostatic principle to the profession as early as 1937
(Lee 1980). By 1951 Page’s mucostatic principle reads ‘Lasting stability demands
an impression and denture base that are accurate negatives of the ridge tissues in
their natural passive form’ (Page 1951). As a principle this has much to commend
it. Page does not suggest or endorse any particular impression technique to achieve
his principle and so appears to leave how the mucostatic principle is actually
achieved in the mouth to the dentists he taught. The irreconcilable

Mucostatic/Mucodisplasive argument became the focus for academic prosthodontic
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debate for some considerable time. As late as 1980 the Mucostatic paper by Robert

E Lee echoes this debate.

The idea of taking an impression of the tissues ‘at rest’ is central to the concept
of ‘mucostatics’. This requires that the visco-elastic mucosa (Kydd 1974 & 1976) is
allowed to return to its undistorted shape prior to taking an impression. Lee (1980)
states this aspect of mucostatics succinctly ‘A mucostatic impression should be
taken in a well healed mouth that is free from inflammation. Should the patient be
wearing an old denture with resulting inflammation, the denture should be left out of
the mouth until the inflammatory condition has subsided. If this not be convenient,
a tissue conditioner might be used under the existing denture to reduce
inflammation’. Lee (1980) does not say that the use of a tissue conditioner returns
the tissues to ‘rest’; there is an implication that the use of a tissue conditioner is

second best to leaving the denture out.

2.4 Origins of functional impressions

Lytle’s’ 1957 paper points out the importance of the ‘management of abused
oral tissues’ and points out that neither dentists from the mucostatic school nor the
mucodisplasive camp would want to take an impression of ‘deformed tissues’ (Lytle
1957 p32-33). This concept of preparation or ‘conditioning’ of the mouth prior to
definitive impressions is taken up in prosthodontic text books (Boucher 14™ edition
p219; and Basker and Davenport 2002, chapter 8).

Chase 1961 takes the concept of tissue conditioning further. He gives details
of a technique for tissue conditioning and then uses the impression within the tissue
conditioned denture for the definitive cast for the new dentures. He used a material
called Hydrocast which is described as an acrylic powder mixed with a plasticizer.
The conditioner was placed under dentures and left in-stitu for a period of 2-3 days
(this step was repeated until the denture were satisfactory for the patient); then a
final wash with the same material worn for 4-5 hours, after which the definitive
casts was poured from the impression in the dentures. Chase (1961) called this the
‘dynamic adaptive stress’ method of taking impressions. Chase (1961) paper points
out that ‘the oral tissues assume a different contour under treatment’ but could only
claim that ‘we assume it is beneficial’. In his discussion Chase (1961) states that

‘Dentures made on casts poured in these dynamic impressions were, in general,
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superior to those made from our usual impressions’. Chase (1961) gives no details
of his ‘usual impressions’ technique. It is worth saying again that it is only later,
with the development and application of the methodology of Randomised Controlled
Trials (RCTs) that an adequate tool has become available for a comparison to be
made between impression techniques. The technique has been adapted by others
(Vig 1965) and has become known as ‘functional occlusal pressure’ impressions or

just simply as ‘Functional’ impressions.

2.5 Contemporary impression procedures

Most modern British standard textbooks recognize the variation in academic
opinion on impressions. Each offers various materials and techniques for different
clinical situations. Watt and McGregor (1986) described both impression compound
and irreversible hydrocolloid (alginate) primary impressions and four basic materials
for secondary impressions and an additional five ‘special’ techniques. Basker and
Davenport (2002) advocated a compound and alginate primary impression with the
same basic materials and techniques for final impressions as McGregor. Grant et al
(1994) recommended three primary impression materials and a total of 7 techniques
for definitive or secondary impressions. In contrast to the variety given in most
modern British text books the standard American textbook, originally written by
Boucher, is uniqgue among the major textbooks in only advocating one standard
impression technique for final impressions and not recommending any specific
impressions materials. The phrase ‘the impression material of choice’ is now used
when the final impression technique is described. Although Boucher discusses
plaster, zinc oxide/eugenol, irreversible hydrocolloid and elastomeric impression
materials, in the 13" edition (Boucher 1997) of the text book the editors defer the
choice of impression materials saying ‘The reader should refer to a textbook on
dental materials science for a detailed description of impression materials’. They go
on to emphasize custom tray construction and adaptation, implying (perhaps
correctly) that this is more important than the choice of impression material. In the
14™ edition (Boucher 2004) the deferring sentence on the choice of materials was
removed, but rather than any firm new guidance, the phrase ‘the impression material
of choice’ is still used. Practitioners still make their own choice; in the UK, Hyde’s

survey of 1999 showed the choice of material was often alginate (Hyde 1999).
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The British prosthodontic textbooks do give useful advice on which clinical
situation each technique is best suited and on appropriate details for special trays.
The variety of recommendations in these textbooks suggests no one technique is
satisfactory for all clinical situations. Indeed, different clinicians offer different

solutions to the same problem.

2.6 Developing consensus or continuing controversy?

While new developments in materials and techniques for impressions
continued to contribute to the sum of academic knowledge, Firtell and Koumjian
pointed out in 1992 that: ‘recent reports in the literature agree that selective pressure
is the best method of making impressions for complete dentures’. This developing
consensus towards selective pressure impressions did not stop new applications for
materials and variations in selective pressure impressions techniques being
advocated in the literature (Klein and Broner 1985, Hyde 2003, Duncan et al 2004,
Lynch and Allen 2006, Massad et al 2006 & 2007 etc). However, with this academic
development of selective pressure impressions comes the accompanying repetition
of untested assumptions and over time it has become the accepted proposition that
the pressure within impressions can be controlled and redistributed by an impression

technique. Fundamental basic research was needed to confirm this assumption.

2.7 Different opinions on the clinical application of selective
pressure

As more academic authors took up the ‘selective pressure’ theme, it becomes
unclear on what basis a clinician should select areas for low or high pressure. The
dental literature reveals different opinions as to where pressure should be exerted
during the taking of an impression. It is useful to classify these opinions. Some
authors advocate placing pressure to effect retention; others to distribute support;
others for occlusal stability, and (later) others to prevent resorption. These four
differing priorities for placing pressure partly explain the numerous differing
techniques for impressions advocated in the literature. It is instructive to look at

these four possible reasons for placing pressure in turn.
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2.7.1. Priority retention

If one’s priority was retention then one would perhaps advocate placing some
pressure at the periphery (Frank 1970 p 457) to give an improved ‘peripheral seal’
(later known as ‘border seal’). Peripheral seal was considered important but it
should be noted that the work of Rihani (1981) seems to question if it is possible to
achieve peripheral pressure that is high relative to central palate pressure in a
situation where the special tray has no other vents (perforations) for the impression
material (see discussion below page 21). Frank (1970) makes the assumption that
tissue distortion (via increased impression pressure) is possible at the periphery of
the special tray. This may or may not be true. The assumption that a close fitting
adaptation of the tray at the periphery produces a relatively higher pressure at the
periphery is not tested; nor can it be assumed to be the case from the in-vitro work
of Frank (1969).

It could be argued that at the periphery of a denture all that is needed (and
maybe all that is actually achieved via Frank’s 1970 technique) is a close adaptation
to the mucosal reflection at the functional depth of the sulcus. Such close adaptation
alone may be sufficient to gain retention by the cohesive and adhesive forces
manifest in the surface tension of the meniscus of a thin film of saliva. It remains
unclear whether high pressure at the periphery of a denture is obtainable or desirable
for retention. Further research is required to investigate this. High peripheral
pressure may also restrict blood flow to the periosteum of the buccal alveolar ridge
and increase alveolar resorption. Further research is required to investigate this

possibility.

2.7.2. Priority occlusal stability

If one’s priority for selective pressure distribution was occlusal stability one
may advocate low pressure over the relatively non compressible tissue of the palatal
mid-line to avoid a ‘palatal rocking’ motion on this tissue in the final denture. As
we have seen this was first suggested by Stansbery 1925, taken up by Boucher
(1944, 1951) and widely held to be true by academics over many years. In 1970
Collett (p259) debated the validity of this hypothesis based on the experimental in-
vitro work of Frank (1969) but after this discussion, Collett concluded and
advocated a ‘large hole in the palatal part of the tray’ to ‘allow excess materials... to

escape’ and ‘reduce unwanted pressure in this area’ (Collett 1970, p260). The
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relevance, accuracy and possible errors of experimental measurements of palatal
pressure versus ridge pressure are discussed further under chapter 4 below and in

Part 1l chapter 7.

2.7.3. Priority support

If one was using a selective pressure technique in order to gain the best
support then one may choose to put the pressure on minimally compressible tissues.
The original window technique of Watson (1970) and the variations in the technique
(e.g. Lynch and Allen 2006) aim to achieve this effect. Alternatively one may
routinely choose to load the so called ‘primary support’ areas. The reasons why
certain areas are designated as ‘primary support areas’ are difficult to trace back in
the literature. In the upper arch it appears many authorities ultimately base their
assumptions on avoiding palatal rock and/or pressure on central palate or incisive
foramen. This ultimately links to discussion above on occlusal stability. There has
been some debate in the literature as to the precise position of these ‘primary
support’ areas. Stansbery 1925 says ‘the residual ridge must bear the burden of
mastication’; Boucher 1951 p 477 agrees that the residual ridge is the ‘primary
denture bearing area’ but only in the upper arch and for the lower arch Boucher
suggests ‘the buccal shelf ...is ideal for carrying the stresses of occlusion’ (Boucher
1951, p 478); Collett (1970) agrees and says the lower buccal shelf, not the residual
ridge, can be the ideal primary support area in the lower arch. Frank (1970) states
that the lower residual ridge is the primary support area until the ridge is resorbed
when the buccal shelf becomes the primary support area. He appears to miss the
irony that preferentially loading the ridge (as the ‘primary support area’) may cause
resorption. Into the late 1970’s there seems to be an emerging consensus that the
primary support area of choice in the upper arch is the ridge and in the lower arch
the ridge and/or the buccal shelf; albeit this consensus was developing without
proven research based evidence of any benefit to the patient of preferentially loading
these ‘primary support areas’. However in 1983 Jacobson and Krol challenged the
consensus by saying that the sloping palate (but not mid line or incisive papillae) is
the primary support area (Jacobson and Krol 1983a, Jacobson and Krol 1983b,
Jacobson and Krol 1983c).
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2.7.4. Consideration of alveolar resorption

Although Boucher had advocated relief of the incisive papillae ‘to protect the
blood and nerve supply that emerges there’ (Boucher 1951 p477), the selective
placing of impression pressure specifically to protect the blood supply or prevent
resorption is a relatively modern concept. Jacobson and Krol (1983c) concludes
‘those [regions] that are less resistant to long term changes or are unable to tolerate
stress should be relieved of excessive contact with the denture base.” (Jacobson and
Krol 1983 p 312). His description of ‘primary support areas’ is consequently at
variance to the developing consensus. Few would disagree with the aim of using
areas that are resistant to resorption to support dentures, however, research is
required to show where these areas are to be found. Jacobson and Krol’s diagram of
upper primary support area (Jacobson and Krol 1983, Figure 9, p 311) suggests
loading the area of the emergence and distribution of the greater palatine artery.
Research is still required to show the benefit of such a policy. Basic research was
also required to confirm that selectively loading any particular area is physically
achieved under any advocated impression procedure. Part Il of this Thesis may
represent the first publication to give evidence of deliberate and successful pressure
variation within an impression; Part IV of this Thesis presents original research to

demonstrate the patient benefit of pressure distribution.

As Collett (1970) points out °‘All techniques have advantages and
disadvantages. None will accomplish the objective completely. When an advantage
is introduced, often a disadvantage is introduced at the same time. Each technique is
of necessity a compromise’. This statement is wise; it has echoes of the old
philosopher’s statement that ‘what has been will be again, what has been done will
be done again; there is nothing new under the sun’ (Eccles.1:9 RSV). However it is
not used by Collett (1970) as a reason for no further enquiry. Indeed in his critical
analysis of the areas of ignorance and prejudice in prosthodontics, Collett (1970)

highlighted the need for more robust scientific enquiry.

2.8 Evidence required

The debate of how, where and why to put pressure should continue but it must
be backed by evidence. The evidence required is on two levels. First the advocated

impression techniques must be shown to be effective in delivering a selective
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pressure. This is fundamental and to date has only been assumed to be achieved by
any advocated impression technique. The alleged pressure distribution of an
advocated impression technique should be demonstrated. This may be achieved by
simultaneously measuring the pressure within these impressions at high and low
pressure points. In the first instance this may be done to a basic level in-vitro.
Secondly, evidence is required on the outcome of any advocated impression
technique. The fact that an impression technique re-distributes pressure does not
automatically mean that the impression technique produces a better denture for the
patient. An impression technique must be shown to be advantageous to the patient

in a double blind randomized controlled clinical trial.

This author developed and published a selective pressure impression technique
to relieve sharp bony ridges under a lower complete denture (Hyde 2003). The paper
detailed how the author had attempted to relieve an area by the use of a novel
development of selective pressure impression techniques using polyvinylsiloxane
(silicone) materials (Hyde 2003). The technique for distributing pressure has been
further developed and reported by Lynch and Allen (2006) in a new application.
However the published paper (Hyde 2003) lacked the fundamental evidence detailed
above. As we have seen this is unfortunately not unusual in the field of reporting
clinical impression techniques. The overall aim of this PhD is to investigate the
effectiveness of a selective pressure impression technique (Hyde 2003) in delivering

differential pressure and patient benefit.
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Chapter 3
Anatomy of the denture bearing area and physical properties of the
oral mucosa.

3.1 Anatomy

The paper by the late Carl Boucher in 1944 entitled ‘Complete denture
impressions based on the anatomy of the mouth’ was the seminal work on the
applied anatomy of the so called ‘denture bearing areas’. The 1944 paper (Boucher
1944) follows the joint anatomical paper he wrote with anatomist L F Edward on the
anatomy of the mouth in relation to complete dentures (Edward and Boucher 1942).
Boucher’s definition of the denture bearing area (Boucher 1944) is still used in
contemporary textbooks. His use of the anatomical landmarks including muscle
insertion and the mucosal reflection to define the extent of the sulci is still
fundamental to a good understanding of prosthodontics. The classic anatomical
dissection photographs used in Boucher’s work (Boucher 1951) help to define the
detail of the structure and features of the denture bearing areas of the upper and

lower jaws.

References that report dissections to investigate the applied anatomy of the
edentulous denture bearing area are few in the literature. A review of the dental
literature has yielded no other paper which reports anatomical dissections of the
whole denture bearing area. After Boucher the applied anatomy is investigated by
dissection only in relation to specific areas (i.e. not the whole). For example Nairn
(1965) shows a dissection of the retro molar pad and histopathology of a transverse
section of the posterior lingual sulcus; Preiskei (1968) gives a detailed discussion of
the gross anatomy of the posterior lingual sulcus; Shannon’s dissection of 50
cadavers is instructive to examine the mentalis insertion (Shannon 1972). These
papers illuminate understanding of specific aspects of the denture bearing area as
defined by Boucher. Edwards and Boucher’s work and Boucher’s use of it
(Edwards and Boucher 1942, Boucher 1944, Boucher 1951) remain the standard

references for the applied anatomy of the normal, edentulous ‘denture bearing’ area.

Although they do not discuss the denture bearing area as a distinct entity,

modern anatomy textbooks illuminate the underlying general anatomy. Foremost
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amongst these, Berkovitz et al (Berkovitz et al 2002) discusses the gross anatomy,
innervations, vasculature and mucosal histology of the area and the adjacent
structures with good illustrations, dissections and a clear writing style. Norton
(2007) and Johnson (1989) also give good groundings in the subject.

Prosthodontic textbooks are more helpful in confirming the outline of the
denture bearing area. The latest edition of Basker’s textbook (Basker et al 4™
edition, 2011) concurs with Boucher on the outline of the area and gives clear
anatomical diagrams to illustrate its extent (Basker et al 4™ edition pages 130-135).

Although Boucher is credited here for his anatomical work, it is important for
the reader to distinguish Boucher’s presentations of fact from his opinions because
they are delivered in the same authoritarian style of writing. For example his
description of the histology of the palatal mucosa (Boucher 1951, page 476) is
detailed and accurate; however his statement that ‘relief {of the incisive papilla} is
absolutely essential because the incisive papilla is found on or near the crest of the
alveolar ridge, and is very soft.....pressure on it will interfere with blood
supply.....this relief must be made mechanically’ has been deduced and advocated
by Boucher with little or no direct evidence to support it. It would not be considered
best practice in the 21 century dentistry; but this is minor criticism of the immense
contribution to Prosthodontic dentistry by Carl Boucher. Overall, he advocated
understanding and knowledge to inform appropriate decision making for
individuals; for example in 1951 he stated ‘There is no single (‘best’) impression
technique. The variety of impression materials and the range of working
characteristics of these materials, make possible the development of impression
procedure best suited for the specific conditions in each area in a mouth. Blindly
following a technique will not produce the results which are possible by critical

analysis of the requirements of the patient....”. In this he was ahead of his time.

Designing an impression technique to deal with a specific problem was
rewarding (Hyde 2003); investigating such a technique by laboratory studies and a
cross over Randomised Clinical Trial is the subject of this Thesis, with the aim of

providing evidence for clinical practice.
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3.2 Physical properties of the oral mucosa

Standard textbooks give good descriptions of the histology of the denture
bearing area. The reader is referred to Berkovitz et al (2002) and to Johnson and
Moore (1998) for details of the mucoperiosteum, the masticatory mucosa and the
lining mucosa of the denture bearing area. The ability of the mucosa to bear the

denture relies on the physical properties of the oral mucosa.

As Kydd (1967) says, ‘All complete and most removable partial prostheses
must rest upon the mucoperiosteum of the residual ridge and palate’. On occlusal
load, complete dentures are supported by mucosa; therefore, it is important to
understand the nature and physical properties of the mucosa of the denture bearing
area. The work of Kydd (1967, 1969, 1974, 1976 and 1982) forms much of the
basis of our current understanding of the physical properties of the oral mucosa,
although Kydd himself acknowledges the earlier work of Sohm (written in German
in 1934), and Lytle (1962).

Sohm (1934) as cited by Kydd (1967) is reported to have tested the palatal
mucosa under compression of a rounded 9mm steel ball bearing. This is the direct
translation of the classic test of the modulus of elasticity of a material, brought from
the materials laboratory, and applied to oral mucosa. Sohm (1934) is cited by Kydd
(1967) as reporting differences in compression of oral mucosa under a standard

force at differing sites around the mouth.

Lytle (1962) made casts ‘from hydrocolloid impression of twenty five partially
edentulous ridges that had been supporting partial dentures. The partial dentures
then were removed for a period of sometime. Casts were made from hydrocolloid
impressions of the same ridges after the soft tissues had recovered their normal
form’, quoted from Lytle (1962). Although the paper concentrated on the
displacement of tissues under a functioning denture rather than the recovery of the
tissue shape and the nature of the mucoperiosteum, he does refer to a ‘tendency for
soft tissue to return to their normal form will be referred to as tissue recovery.” To
the modern reader the paper was, amongst other things, an early demonstration of

the visco elastic recovery of oral muco-periosteum.

Prior to Kydd (1967), all the testing of the physical properties of mucosa was
undertaken in compression, for the first time in 1967 Kydd published the tensile

results of fresh sample of mucosa in-vitro alongside the compressive test results.
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His results ‘found that human gingival gave an anisotrophic response, therefore the
results are given as low moduli and high moduli. When plotted this tissue generated
an S-shaped curve’ (Kydd 1967). This was the first indication that the complex
compound biological tissue mucosa could not be assessed by a simple, single,

modulus of elasticity.

The classic 1971 paper by Kydd plotted the thickness of the oral
mucoperiosteum using an intraoral ultrasonic depth gauge in-vivo. The thinner
mucoperiosteum over the midline of the palate and thicker mucoperiosteum
elsewhere in the palate was shown clearly in this early in-vivo work of Kydd (1971).
The Figures obtained still represent the best evidence of in the vivo depth of denture
bearing area despite some later and cruder attempts at in-vivo depth measurements
using sharp probes (Wara-Aswapati N, 2001).

Kydd’s 1974 paper built on his earlier work and demonstrated the visco-elastic
nature of human soft tissue. The delayed recovery time and the effect of aging were

clearly shown.
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Figure 1 Reporting Kydd’s findings in the style of the summary diagram of the
‘typical’ results published by Kydd (1974). The compression of mucosa is
followed by the release of load; the graph follows the resulting mucosal
thickness as a percentage of total mucosal thickness.

Figure 1 shows a classic summary diagram in the style of Kydd (1974); it
demonstrates the physical properties of mucosa and the viscoelastic nature of the
mucoperiosteum under load and following release from load. Of particular interest
for the studies in Part Il of this Thesis is the demonstration of the speed of tissue
distortion under load (section marked A on the diagram) and its age dependant, slow
recovery (the sections marked D and E on the diagram). The blue line (marked E)
represented the ‘typical’ recovery in older patients and the section marked C & D
represented the ‘typical’ recovery in a young patient. The tissues initially recover
quickly but only to a maximum of 85% of their original depth (in the older patients
there was much less ‘initial’ elastic recovery). Eventually the tissues do recover to

their full (pre-load) height but this is several hours later.
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This slow viscoelastic nature of the recovery of the full mucosal thickness is
relevant to this study of pressure within impressions. A high initial pressure can be
expected to distort the mucosa instantaneously, but release from that pressure will
not give recovery to the full mucosal depth within the timescale of the impression
itself. In these circumstances the pressures at the end of an impression become less

important that the high peak pressures that occur during impression making.

The 1982 paper by Kydd on the effects of stress on the oral mucosa looks at
histopathology of mucosal stress and provides a useful summary of his findings and

philosophy derived from many years of research on the subject.

El-Khodary et al (1985) took the histopathology further in his 1985 paper and
looked at the effect of high pressure impressions, and the subsequent wearing of
dentures made from them, on the histology of the mucoperiosteum. He found
increased numbers of osteoclasts under denture made from high pressure
impressions; implying that high pressure impressions increase bone resorption. This
work is significant as it draws together the themes of the nature of the denture
bearing mucosa and impression pressure; showing the effects of impression pressure
on the mucosa under the subsequent dentures. It reminds prosthodontists of the
importance in modern prosthodontic practice of avoiding high pressure under

impressions wherever it is possible to do so.
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Chapter 4
Measuring pressure in impressions

The papers which directly measure impression pressure require critical review.
Wain (1961) was the first to use a pressure transducer to measure directly the intra
oral pressure under a denture during insertion, rest and removal. However the first
author to report the direct measurement of the pressure of an impression was
Douglas et al (1964). Douglas et al (1964) found intra oral pressure with zinc oxide
eugenol impressions on insertion varied from 1.4 pound/square inch (9.65
kilopascal) to 4 pound/square inch (27.58 kilopascal). Many papers prior to this had
speculated on the pressure under impressions but this short early paper was the first
that physically measured impression pressure and so was the forerunner of this line
of research. In their discussion the authors suggest that ‘the behaviour of the pastes
should be assessed in the laboratory’. Other workers have taken this advice and
studied impression pressure in-vitro (Frank 1969, Masri 2002, Komiyama et al 2004,
Al-Ahmad et al 2006, Hyde 2008).

Douglas et al (1964) reported results from only two patients (albeit that each
patient had a total of 7 impressions with different proprietary brands of Zinc oxide
impression pastes). The lack of sufficient numbers and the lack of control of the
numerous Vvariables make firm conclusions difficult. Higher central pressure
compared to lateral pressure is found (but on different patients) and it is useful to
have this limited confirmation of the expected pressure distribution in an in-vivo
direct measurement (see later discussion on this issues Part Il chapter 7). The
inconsistency of the ranking of insertion pressure of the 7 pastes between the two
different patients is remarked upon within the paper. This may be because variables
were not understood or controlled; for example the hand held insertion was not at a
controlled velocity, this alone would be enough to explain the differences between
the pressures (Hyde 2008). The custom constructed analogue pressure transducer
used by Douglas et al had a ‘0.004inch thick brass diaphragm’. The response time
of the transducer pressure readings was not calibrated. It is not know what
dampening effect the brass diaphragm had on the response time of the sensor. If the

response time was long, any resultant dampening of short duration peak pressure
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readings would be constant across the study; but the study may then underestimate

all the ‘peak’ pressures.

Frank’s 1969 paper requires detailed consideration since it is the definitive
work of the 20" century on impression pressures. 21% century papers (Masri 2002,
Komiyama et al 2004, Al-Ahmad et al 2006 and Hyde 2008) all refer back to this

original work and advance knowledge with modern impression materials.

Frank’s in-vitro experiments used an ‘oral analogue’ which consisted of an
edentulous cast constructed in silicone rubber. The validity of the ‘oral analogue’
was tested by comparing pressure readings taken on it with those obtained with the
same measuring apparatus used in-vivo on the patient from whose dental cast the
analogue was constructed. Frank (1969) used a constant velocity motor which later
Komiyama et al (2004) tells was set at 120mm/min. The measuring apparatus used
by Frank (1969) was completed by ‘an unbounded wire strain gauge’ connected to
plastic tubing then to brass tubing which was covered at one end by a ‘thin flexible
rubber membrane’. The tubing was filled with water. This arrangement,
particularly the ‘flexible rubber membrane’, is likely to dampen the sharpness of the

peak recording of pressure on the oscilloscope.

Frank’s (1969) methodology can be compared favourably to contemporary
papers. For example in those pre-digital days he used analogue equipment. An
analogue pressure transducer connected to an oscilloscope gave a continuous read
out of pressure. The capture of the oscilloscope image allowed the pressure to be
determined at any point in the making of the impression. This gives a superior
capture of data than the human observation of a visual meter used by Masri (2002)
and Al-Ahmad et al (2006). Masri and Al-Ahmad et al could only observe the
pressure meters every 10 seconds and so may have missed peak pressures. Even the
digital capture of data by Komiyama et al (2004) may be inferior since it used a low
digital sample rate of the analogue signal (at 5Hz) which may be too slow to capture
accurately the true peak pressure. A 5Hz sample rate (Komiyama et al 2004) is
likely to have resulted in a lower recorded peak pressure mean (with a higher

variance).

Frank’s (1969) results were presented in four sections; determined by whether
they were ‘initial’ pressures or ‘end’ pressures, mechanically produced pressure or

manually produced. ‘Initial’ pressure is the peak pressure on seating an impression.
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These ‘initial’ pressures are significant since the work of Kydd (1967, 1969, 1974 &
1976) tells us that once distorted the viscoelastic mucosa will not rebound to its full
depth or original shape for hours. ‘Initial’ pressures are always greater than ‘end’
pressures. ‘End’ pressure is the residual pressure at which the impression material
does not overcome the frictional resistance to movement over the analogue. In
Frank’s (1969) paper the results for the ‘Initial’ pressures showed a variation in
pressure was obtained with the various impression materials. The results suggest a
possible correlation between the pressure and the viscosity of the materials.
Perforations reduced ‘initial’ pressure. Spacing of the trays reduced ‘initial’
pressure. The figures for spacing may reflect the larger peripheral vent in a spaced
tray on the in-vitro model; this may or may not happen in-vivo and is discussed later
(see Part 1l Chapters 14 &15).

In Frank’s (1969) paper the manual seating of impressions failed to give
consistent results between dentists. One dentist in particular was able to make
impressions with all four impression materials and produce the same pressure. It

may be that he achieved this by simply varying the speed of seating (Hyde 2008).

When Collect (1970) discusses the theory that the centre of the palate has high
pressure relative to the residual ridge, he states that Frank’s (1969) ‘research opens
this belief to question’. Rihani (1981) goes further and says ‘Frank found that the
ridge crest received much more pressure than did the palate’. It is worth noting that
Frank’s paper shows no statistical difference between ridge and palate except in
unperforated close fitting trays. Furthermore Frank is actually contradictory on this
point, during the section on the ‘validity of the analogue’ he states ‘higher forces
were recorded in the palatal area than in the ridge crest area’ (Frank 1969, p403).
This issue of high palatal pressure relative to ridge pressure was unresolved. The
lower palatal pressure with close fitting trays in Frank’s main in-vitro study (1969)
may be explained by unaccounted venting of the impression material. In Frank’s in-
vitro model the pressure was lower, that is relieved more, or vented more, in the
palate. A venting of impression material across the post dam rather than sideways
across the residual ridge is one possible explanation of how the palatal pressure
could be lower. Whether post dam venting was the cause of Frank’s results and,
more crucially, whether post dam venting occurs in-vivo is currently unknown and
would require further investigation. This reminds us that ultimately in-vitro models

only tell us about in-vitro impressions. As we have seen (page 18 above) Douglas et
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al (1964) had already compared palatal verse ridge pressure in-vivo. He found
palatal pressure higher, but his study was only on two patients and so it was severely
underpowered. Comparisons of palatal v ridge pressure needed to be conducted in-
vivo to deliver clinically useful information. Rihani attempted this in 1981.

Rihani 1981, studied relative pressure across the palate in-vivo. He placed
flexible hollow plastic tubing in 7 separate anterior to posterior strands across the
palate of a special tray. One strand was central, then the left and right borders of the
tray each had a strand, similarly the left and right edentulous ridges each had a
strand, and the final two strands were placed on the left and right sloping palate.
The flexible hollow plastic tubes were filled with water and connected to vertical
glass tubes. The displacement of the water within the tubes was measured when the
special tray impression was inserted in-vivo. This allowed the relative pressure
across the palate, measured as displaced mm of water, to be recorded. He measured
pressure on three patients with an open mouth impression and one patient with a

closed mouth impression.

Rihani’s equipment was cumbersome with an extra-oral face bow, spirit levels
and 7 vertical monometers all physically attached to the intra oral, close fitting,
upper special tray. The equipment does not seem to have been calibrated, and so was
not capable of recording either absolute or gauge pressure, only the change in
pressure (in mm of displaced water) is recorded. The results were presented in

tabulated form and are worth reporting in full see Table 1 below.
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Displacement of water (mm)

Open mouth impressions

Left Left Left Centre | Right | Right | Right

Subject ) .
border |ridge |slope | of slope | ridge border
A - 8 - 12 - 10 -
B - 10 13 18 12 9 -
C - 9 14 19 15 7 -

Closed mouth impression

C - 6 8 10 7 5 -

Table 1 reporting Rihani’s results in the style of the table from Rihani’s paper 1981.

Rihani concludes that these results show the pressure is not even across the
palate, that it is greater at the centre, that it was (with this equipment) undetectable
along the tray borders and that the shape of the patients palate did not affect the
pressure distribution. The pressure distribution found by Rihani in the upper
impression was predicted by Stansbery in 1925 and shown to be expected by
Bikerman (1961, p54) from the first principles of hydraulics. Bikerman’s equation
showed that if the assumption that viscosity is independent of the rate of flow is
correct (i.e. the fluid is not non-Newtonian), then Pressure = K(X*— x?) where K is a
constant, X is width of the disc and x is distance from centre. This assumption that
viscosity is independent of flow rate is discussed and partially investigated in Part Il
chapter 13 below. A literature search has revealed no evidence of an investigation
of the assumption that setting dental impression materials behave as ‘Newtonian
liquids’. The debate on the distribution of pressure within the impression ‘disc’
continued in some papers but the distribution demonstrated by Rihani was assumed
to be the correct pressure distribution in much of the 20™ century denture literature.

Rihani’s paper was a useful confirmation.

Later papers re-ignite this issue of ridge versus central palate pressure. Masri
2002 found that ‘pressures....were always lower on the palate when compared to the
pressure on the right and left ridges’. In 2004 Komiyama et al found the reverse
stating ‘mid palatal impression pressure ....was significantly higher (p<001) than or

similar to the pressure at the ridge crest’. The fundamental laws of fluid mechanics



-28 -

have not changed, so the explanation of such contradictions lies in the introduction
of uncontrolled, unknown variables. These later in-vitro studies of impression
pressure used oral analogues to simulate clinical conditions; by doing so, the
investigators may have introduced confounding variables. It is probable that the
introduction of these variables resulted in the contradictory findings found between
the studies. This particular contradiction is again potentially explained by post dam
venting with the analogue and special tray combination used by Masri. Further
research was required to determine whether clinical impression materials did indeed
produce higher central pressure if uneven peripheral venting was eliminated from

the model.

Masri (2002) investigated, ‘the pressure exerted by maxillary edentulous
impressions composed of three commonly used impression materials using four
different impression tray configurations’. Masri’s (2002) work was in-vitro with an
oral analogue. The oral analogue consisted of a model of an edentulous upper arch
made with a silicone rubber surface layer backed by dental stone. Pressure was
sampled at three points; left and right edentulous ridges and the central palate.
Pressure was measured via water filled tubes connected to pressure transducers the
output of which, quote, ‘were recorded by three operators at three locations on the
oral analogue.....The resultant pressure was recorded every 10 seconds until no
change in pressure was detected and the impression material was completely set’
(Masri 2002). This method of manually recording the output of the transducers
every 10 seconds may lose important data and so reduce the value of the collected

data; in particular the peak of the pressure may be missed.

There is some initial confusion over the impression materials Masri tested. In
the abstract we are told the ‘3 impression materials tested were irreversible
hydrocolloid, light-body and medium-body polyvinylsiloxane, and polysulfide’
(Masri 2002). However, in the method section (Masri 2002, Table 1, p157) Masri
reports that the three materials tested were ‘Polyether, vinylpolysiloxane, medium
and light body and Polysulfide’ (Masri 2002). In the results and conclusion sections

Polyether is not reported.

Masri (2002) found tray perforations and relief beneath the special tray (space)
did not affect pressure. In his conclusion Masri (2002) states ‘Tray modification

was not important in changing the amount of pressure produced during impression



-29.-

making’. The role of perforations in reducing pressure is discussed elsewhere (Part
Il chapters 8 to 11), but it is worth noting here that Masri (2002) used small
perforations which were some distance from the pressure sensors. It is possible the
perforations used were too small and/or too far away to show a statistically
significant pressure difference. Further research was required to show the effect of
perforation size and distance to a perforation on impression pressure. The main
thrust of the Masri (2002) conclusions were that the material used in taking the
impression was the most important factor for changes to the pressure of the
impression, concluding ‘The impression materials used had more effect on the
pressure produced than the tray design. The use of light-body vinyl polysiloxane or
polysulfide is recommended for minimum pressure production in maxillary
edentulous impressions. The fact that they produce the least pressure is important in
the production of accurate impressions of minimally displaced mucosa’ (Masri

2002).

Masri (2002) states ‘A Satec universal testing machine was used to deliver a
constant pressure of 2 kg/cm, seating the loaded custom tray onto the oral analogue’.
This is fundamentally different from other studies which used a constant speed
motor to seat the impression (Frank 1969, Hyde 2008, and probably Komiyama et al
2004, see below). In constant pressure testing, as the impression is seated and
resistance encountered, the universal testing machine reduces the velocity of
approximation to maintain the constant pressure on the special tray. If on seating,
the pressure changes within the impression material were even and produced
instantaneous macro changes in the overall pressure of seating, and if it is assumed
the Satec machine reacts instantaneously to those changes, then the overall recorded
localised pressure would not be expected to change. However the Masri (2002)
results did show differential changes; therefore (since the speed of reaction of the
Satec machine was a constant across all the Masri 2002 experiments) the recorded
results maybe expected to be due to the differences in the ability of the various
materials/tray combinations to ‘cushion’ the micro pressure changes. Alternatively
they may represent high and low pressure points within the impression which
together, on average, result in the constant macro pressure of approximation but
which are also constantly changing in their distribution during the impression
procedure. Clearly this methodology, using a ‘constant pressure of seating’, needs

particular care in the interpretation of the clinical relevance of the results. The
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ability of the material/tray combinations to cushion pressure against mucosa may be

different than against the oral analogue.

Later Komiyama et al (2004) also looked at in-vitro impression pressure.
Unfortunately there is some confusion in the reported methodology. In the abstract
Komiyama et al states ‘The cast and tray were attached to a rheometer for applying a
continuous isotonic force of 5.0 Kgf and compressive speed of 120 mm/min’. The
expression ‘continuous isotonic force’ is repeated later in the Method section and
again, in the method section the paper states: ‘The compression force was set at
5.0kgf and the press speed at 120mm/min as reported by Frank’. It is known from
first principles that as the plates approximate and resistance is encountered either the
force of approximation must increase or the approximation must slow down.
Clearly, it is not possible to have both a constant velocity and a constant force. One
must therefore assume that these Komiyama et al (2004) figures for velocity and
force of seating represent either the maximum force of approximation or the
maximum velocity of approximation entered as settings on the rheometer used by
Komiyama et al. It seems likely that 5kgf is the maximum force of approximation
and 120mm/min is the constant velocity of approximation, but this is currently

unconfirmed. Correspondence with the author has not received a reply.

Komiyama et al (2004) investigated the effect of a single perforation in the
impression tray on pressure within the impression. The single perforation was
placed directly opposite the palate sensor. The perforation showed a significant
effect on both ‘initial’ and ‘end’ pressure. Palatal pressure was affected more than
ridge pressure. An increase in the size of the hole showed a larger effect in pressure

reduction.

Komiyama et al investigated the effect of spacing beneath the impression tray
on pressure within the impression. Quote: ‘Three types of tray relief were used: no
wax spacer ..; sheet wax (... 0.36 mm thick) ..., or base plate wax (...1.40 mm
thick)’. Broadly, Komiyama et al found that the larger the space (‘relief”) the lower
the pressure. Komiyama et al concludes that space beneath the impression tray
reduces pressure. This effect is presumably due to a larger peripheral vent if the
space is extended to the periphery. On the clinic this vent may be wholly or

partially blocked by the addition of ‘greenstick’ border moulding. Further research
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was required to confirm the effect of a close fitting periphery on impression trays

with variable space under the remainder of the impression tray.

Komiyama et al’s (2004) paper contains a misleading error in the published
‘Figure 4’. As Komiyama et al’s ‘Figure 5’ and ‘Table 3’ (Komiyama et al 2003)
show, the end pressures in the BS20H groups, point P (palatal) had a significantly
lower pressure than point R (ridge). Figure 5 and Table 3 (Komiyama et al 2003)
show this palatal versus ridge ‘end pressure’ result is reversed for special trays with
no space and no perforations (NSNH). Thus Figure 4 is incorrect for BS20H but is
correct for NSNH.

For ‘initial pressure’ Komiyama et al’s results support Stanberry’s (1925)
theory of high palatal pressure. Komiyama et al (2004) states ‘data obtained at point-
P showed significantly higher values ...... than corresponding values at point-R’.
However for ‘end pressure’ some of these results are reversed. The ‘end pressure’
results of Komiyama et al (2004) add further confusion to the long standing ridge
pressure versus palate pressure debate; overall the results are different (and different
in different ways) from both Frank’s and Masri’s in-vitro work. As noted above the
fundamental laws of fluid mechanics have not changed, so the explanation of such
contradictions lies in the introduction of uncontrolled, unknown variables from the
use of so-called ‘oral analogues’. In particular this confusion may be due to the
differential in palatal venting across the post dam compared to the venting around
the rest of the periphery between and within the studies. Further research is needed

to confirm this.

Since mucosa has different properties from the surface of any oral analogue
and the lips and cheeks affect peripheral venting in-vivo, the peripheral venting at
the post dam and the buccal reflection in the clinic on patients will be different to
that of any ‘oral analogue’. As this author said (Hyde 2008) ‘Uncontrolled and
unknown variables are introduced when attempting, and perhaps failing, to simulate

the oral environment.’

Al-Ahmad et al (2006) used very similar methodology to Masri 2002; Mastri
was a co-author on Al-Ahmad et al’s 2006 paper. Al-Ahmad et al (2006) looked at
the pressure generated under lower arch impressions in-vitro. As Al-Ahmad et al
(2006) states: ‘The main difference between the two studies is the arch tested. In

addition, the pressure transducer used in Al-Ahmad et al’s study was a different
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model than that used in the Masri study, and this may have played a role in the
difference between the recorded numbers. Also, due to the fracture of the oral
analogue when the applied force was at 2 kg/cm2, the Satec machine force was
reduced from 2 kg/cm? to 1 kg/cm?’. Al-Ahmad et al’s (2006) study appears to have
used a constant pressure of approximation rather than a constant speed of
approximation. Similar problems to Masri’s study occur with the time gap of 10
seconds between the sampling of the pressure. The results and the conclusion are
distinct from those of Masri (2002). Firstly, in agreement with Masri (2002), Al-
Ahmad et al (2006) concludes that the materials used affect pressure; this is very
similar to Masri (2002) with materials that appear to be the most viscous producing
the highest pressure. However, in contrast to Masri (2002), Al-Ahmad et al (2006)
shows that tray modification (perforations and relief space) significantly affects
pressure when viscous impression materials are used (but not with ‘light bodied’
materials). Al-Ahmad et al’s (2006) result is the ‘expected’ result from the first
principles of fluid mechanics. The question is not why did Al-Ahmad et al (2006)
conclude this but rather why didn’t Masri (2002) produce similar results and
conclusions? The answer is probably because the perforations in Masri’s special
trays were far away from the sensors whereas Al-Ahmad et al’s perforations were
either directly over the sensor (in the mid line of the model) or very close to the
sensor in the region of the posterior ridges. Further research was required to confirm
the effect of the distance of a special tray perforation from the pressure sensor on the

pressure recorded by the sensor.

This literature review has revealed six papers which measured impression
pressure; Douglas et al (1964), Frank (1969), Rihani (1981), Masri (2002),
Komiyama et al (2004) and Al-Ahmad et al (2006). Each paper progressed academic
knowledge and each paper raised further questions. There are contradictions
between the conclusions of the papers. In particular the evidence was contradictory
whether tray modification (via perforations and relief space) effected changes in
impression pressure, and whether palate pressure was higher than ridge pressure.

These contradictions required further investigation.

In 2003 Hyde proposed a selective pressure technique (Hyde 2003). It was
proposed to use that technique in the RCT incorporated in this PhD. Hyde’s (2003)

impression technique advocated space and perforations to reduce pressure in certain
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areas of an impression. Because of the contradictions in the literature on the effect

of space and perforations in reducing pressure, further in-vitro research was needed.
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Chapter 5
Randomised controlled clinical trials of impression techniques

Randomised Clinical Trials (RCTs) are accepted as the ‘gold standard’ for the
assessment of treatment modalities. The conduct and reporting of RCTs is governed
by the standards outlined in the CONSORT statement (CONSORT group, 2010). In
2002 Jokstad et al published a critical review of RCTs in prosthetic dentistry. They
reviewed 92 papers reporting Prosthodontics RCTs. In the discussion section they
state: “The result of this investigation causes concern, since it points out the lack of
sound evidence on a number of common procedures in prosthodontics, e.g.,
differences between impression materials ...... ... Moreover, the number of actual
RCTs is low, and the methodological quality of the reporting of these trials seems
highly variable...... Thus, in conclusion, there seem to be multiple areas within
prosthodontics where well-designed and reported RCTs may document therapeutic
gains of new materials, techniques, and procedures compared to traditional

interventions.” Jokstad et al 2002.

Carlsson has addressed the evidence for best practice for prosthodontics within
3 papers which give an overview of the subject (Carlsson 2006, 2009 and 2010).
The brief sections on impression techniques for complete dentures are relevant to
this thesis.

In 2006 Carlsson correctly states that (at that time) “among the hundreds of
articles on impression materials and methods, only one RCT was found”,
referencing the paper of Firtell and Koumjian (1992) which is reported below in this
chapter. However, Carlsson (2006) then appears to question the potential for the
success of RCT’s of impressions. He states that “although impression materials
differ in many respects and there is a wide variety of techniques in taking the
impressions, it is not probable that comparisons between dentures made with
varying materials and methods would lead to significant differences in clinical long
term results.” This secondary opinion may or may not be true. He does not cite
evidence for this opinion. Caution is needed here; the lack of RCT evidence should
not lead to an assumption that RCT evidence cannot be obtained nor an assumption

of equivalence in treatment modalities. Elsewhere Carlsson (2006, 2009) uses good
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quality RCT evidence to refute the dogmatic opinion of experts. It is ironic that for
this section on impression materials and methods Carlsson uses his own expert
opinion to declare that ‘it is not probable’ that good quality evidence can be

gathered.

In his 2009 review Carlsson (2009) uses very similar referenced material to his
2006 paper adding McCord et al’s study as the only new RCT on impressions for
complete dentures (McCord et al 2009).

In 2009 Carlsson goes on to cite (again) the work of the candidate (Hyde 1999)
and uses Hyde’s paper to report that dentures made with alginate impressions were
at that time normal practice in the UK. Having quoted good evidence that it was
normal practice, he then goes on to imply that because it is normal practice to use
alginate, it is equivalent to (or better than) other materials. In contrast to this
opinion, the paper he quotes ([Hyde and McCord 1999) takes the opposite view,
saying in the discussion section that the impressions techniques used by the GDPs in
the survey “have to be viewed with concern”, implying the techniques used by the
GDPs in the survey will not be equivalent to those recommended by contemporary

expert opinion.

As Carlsson (2009) correctly points out, it is indeed unfortunate that in much
of Prosthodontics (including impressions for complete dentures) the level of expert
opinion has been the best available evidence. Carlsson is right to point this out.
However this low level of evidence (expert opinion) should not be dismissed
without higher quality contrary evidence. In this context the lack of high quality
RCT evidence is best used as a spur to more high quality (RCT) research. New
research may confirm expert opinion or the expert opinion may indeed be shown to
be the errant ‘dogma’ Carlsson suggests it may be (Carlsson 2009); but only high

quality research (including RCT’s) will illuminate the discussion.

Harwood 2008 looked in detail at the RCT evidence base for current practice
in Prosthodontics. Harwood (2008) did not differentiate between partial and
complete denture impression techniques and found: ‘Five RCTs focus on impression

materials and techniques, only two compared materials’

Thus in prosthetic dentistry generally the evidence from RCT’s is limited
(Jokstad et al 2002, Carlsson 2006,2009 and 2010, Harwood 2008); the authority for

clinical practice has been based on expert opinion backed by the anecdotal evidence
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of case histories. These form a lower level of evidence than a RCT. The situation is
worse when looking at the specific subject of impression procedures for complete
dentures; here the evidence base from RCTs is very limited indeed. A review of the
literature has revealed only two Randomised Controlled Trials (RCTs) which have

investigated clinical impressions for complete dentures.

Firtell and Koumjian 1992 reported a randomised clinical trial of clinical
impression materials for complete dentures. The trial recruited 30 patients, the study
design was parallel; 15 patients received dentures made from impressions with light
bodied polysulphide and 15 from fluid wax impressions. The fluid wax impression
material is largely defunct as a commercially available material; it is not currently
taught by any US dental school (Petropoulos et al 2003), although 1% of specialist
prosthodontists in the USA reported using it in 2005 (Petrie et al 2005).
Polysulphide rubber is widely advocated in the USA,; Petrie et al (2005) reports that
64% of dental schools use polysulphide ‘most often’ for secondary impressions for

complete dentures.

The outcome of treatment was assessed in Firtell and Koumjian’s paper (1992)
by counting the number of adjustments to the finished dentures that were required
for each side of the trial. No statistical difference was found between the two
impression materials using this assessment tool. Firtell and Koumjian (1992)
concludes, ‘fluid wax... can be used as well as light bodied polysulfide rubber

impression material for making impressions of edentulous mouths’.

Firtell and Koumjian’s (1992) paper is to be commended as the first RCT of
impression techniques; for this alone it ground breaking research. When the paper is
compared to modern CONSORT standards of reporting RCTs it falls short of the
standard required in several areas (Jokstad et al 2002). The assessment of Firtell and
Koumjian’s paper (1992) by Jokstad et al (2002) is given in tabular form and
summarized in Table 2 below by the same criteria Jokstad et al used. Jokstad et al
(2002) reports the number of patients incorrectly as 22; there were 30 (3 of whom

withdrew).
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Power

Study No. of

Paper Funding Setting calculatio
Design patients 0

Firtell and Not

. Independent | Unclear Parallel 22

Koumjian mentioned

Randomization | Incl/excl Withdrawal | Compared | Blinding

description criteria described at entry attempt

Inadequate Unclear Yes No No

Table 2 above giving the summary in the style used by Jokstad et al (2002) of
compliance with CONSORT guidelines.

In comparison to the accepted CONSORT standards for reporting RCTSs,
Jokstad et al (2002) makes valid criticisms of Firtell and Koumjian’s (1992)
description of the power calculation, of the randomisation, of the inclusion/exclusion
criteria, of the comparison of the groups at entry and of the attempt at blinding. The
lack of a reported power calculation may have contributed to the inability of the
study to differentiate between the assessed impression materials. With hindsight the
use of the number of post insertion adjustments visits as the primary outcome
measure may have been inadequate and therefore inappropriate to detect a difference
between the groups. Notwithstanding this criticism, Firtell and Koumjian’s 1992
paper remains a landmark attempt to move beyond expert opinion as the prime

source of evidence for the assessment of the benefits of impression materials.

McCord et al in 2005 reported a double blind cross over randomized controlled
trial in 11 patients looking at three impression materials. Each patient received three
lower dentures, each constructed from a different impression material. The paper
post dates Jokstad et al (2002) and so is not assessed in that review. It is however
useful to evaluate McCord et al’s (2005) paper in the manner and style outlined by
Jokstad et al (20002) with reference to the CONSORT guidelines (CONSORT
group, 2010); this is summarized in Table 3 below.
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Paper Funding | Setting Study No. of Power

Design patients calculation

McCord et al Unclear | University | Cross 11 Not

Over mentioned

Randomization | Incl/excl | Withdrawal | Compare | Blinding

description criteria described dat attempt
entry
Inadequate Unclear | Yes No No

Table 3 Summary of McCord et al (2005) paper compared to Consort standards in
the style of Jokstad et al (2002).

A power calculation is not mentioned in McCord et al’s (2005) paper; 11
patients were inadequate to delineate the preferred impression material of the three
used in the study. There were particular problems with randomization method
which produced a lop-sided distribution of the order in which the dentures were
given to the patient. McCord et al describes a prejudice amongst the patients against
the first denture, stating: ‘it was a clinically significant finding that the first worn
denture initially caused most discomfort’. Since the ‘Provil’ denture was given first
in six out of the eleven patients (54%) there was clear potential for bias against
Provil in this study. The dentures made from the compound ‘Admix’ was provided
first on two out of eleven patients; there is clear potential for bias in favour of the

‘Admix’ dentures in this study.

The results of McCord et al’s study (2005) showed the dentures made from
Zinc Oxide/Eugenol impression material were never the most preferred denture.
There was no detected difference between the other two impression materials.
McCord et al (2005) concludes ‘The need for larger randomized clinical trials is
clear from the findings of this study and, the basis that the first-worn denture always

produced most discomfort , the need for robust statistical planning is apparent’.
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Part |1
Laboratory investigations of variables that affect the

pressure of impressions
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Chapter 1
Outline and background

1.1 Introduction

Chapter 4 of Part | of this Thesis reviews the academic literature on the
experimental evidence of pressure, and pressure variation, within impressions.
From that literature review, it was clear that there were two broad issues that needed
to be addressed; two areas where further investigation was needed. Firstly there
were variables that hadn’t been investigated. Secondly there were areas where
variables had been investigated but the investigations resulted in a dichotomy of

opinion in the literature.

There was a lack of basic research on variables which have the capacity to
affect pressure. These included: the effect of velocity of approximation on pressure;
the effect of delays in seating an impression on pressure; and the effect on pressure

of border moulding the impression tray to develop border and facial seal.

The inconsistencies in the literature which indicated the necessity for further
research included: a dichotomy of opinion over the effect of tray perforation and
tray spacing on impression pressure (Masri 2002 and Komiyama et al 2004); an on-
going controversy over ridge pressure versus palatal pressure in the upper arch
(Frank 1969, Masri 2002, Komiyama et al 2004); and a lack of clinically relevant
knowledge on the effect of space beneath an impression tray. As noted above (Part
I, chapter 4) and in a published paper from the work of this Thesis (Hyde 2008) the
fundamental laws of fluid mechanics do not change to create the above
inconsistencies and controversies.  The most plausible explanation of such
controversies lies in the introduction of uncontrolled, unknown variables from the
use of so-called ‘oral analogues’. Uncontrolled and unknown variables are
introduced when attempting, and perhaps failing, to simulate the oral environment.
Rather than attempt, and fail, to produce ‘life like’ oral analogues and intra oral in-
vivo conditions, the series of experiments in Part 1l has taken a deliberate and

different approach.

The approach for Part 11 follows the classic scientific methodology to study the

effect of a single variable in each separate experiment. Thus the approach adopted
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for Part Il laboratory studies, was to eliminate or control unknown variables. Such
potential confounding variables included, surface topography of casts, mucosal
viscoelasticity, variable peripheral venting, variable border adaptation of the
impression tray, and ‘lifelike’ compressible silicone casts. In this section of the
Thesis experiments were specifically designed to isolate the individual variable
under investigation. Potential confounding variables were either eliminated or

controlled.

To eliminate the potentially confounding variables a flat, hard, circular surface
was used to carry the setting impression material. Photographs of an example of a
flat brass discs used in Part 1l of this Thesis are shown below in section 1.3 (Figure 3
below). The experiments were carried out in an environmentally controlled
laboratory with a constant temperature of 21 degrees centigrade. The impression
materials used in Part IV of this Thesis were tested; thus a single type of impression
material (polyvinylsiloxane) was used throughout. A list of potential variables to be
investigated was drawn up (see objectives below in section 1.2.2). While one of
these potential variables was being tested the remaining potential variables were
usually set at a default setting. The default settings for these variables are listed in
the Table 4 below. An exception to the use of default setting was the size of the disc
used in the experiment that looked at the position of the sensor within an impression.
That experiment necessitated the use of a brass disc of a larger diameter in order to

attach the sensors at specific points.

The individual variables isolated and investigated by this methodology in Part
Il of this Thesis included, velocity of approximation, delays in seating, position of
sensor, perforation position, perforation number, perforation size, space under the
special tray, of border moulding of the impression tray (to develop border and facial
seal), viscosity of the impression material and speed of set of the impression

material. One variable was investigated at any one time.
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Variable

Default Setting

Velocity of approximation
Delay in seating impression
Position of sensor

Number of perforations
Size of perforations

Position of perforations

2

Space beneath the impression ‘tray’.

Border adaptation
Diameter of discs
Viscosity of impression material

Speed of set of impression material

120 mm/min

20 seconds

Centre

None

2mm

10mm from central sensor
0.5mm

None

70mm

Light bodied (regular set), Express 3M
Regular set (Express 3M)

Table 4 the default setting of variables assessed in Part 11 of this Thesis

1.2 Aims and objective of the laboratory studies

1.2.1 Aims

1. To establish the experimental methodology.

2. To eliminate or control unknown and unwanted variables.

3. To investigate the relationship between each potential variable and the

impression pressure.

4. To disseminate the results of the investigations.
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1.2.2 Objectives
The objectives of Part 11 of this Thesis were to investigate;

1. The accuracy and precision of the integrated pressure measurement system
2. The effect of the amount of impression material on impression pressure

3. The effect of velocity of approximation on impression pressure

4. The effect of delays in approximation on impression pressure

5. The effect of the position of the sensor within the impression on impression

pressure

6. The effect of the distance of a tray perforation to the pressure sensor, on

impression pressure
7. The effect of the number of perforations on impression pressure
8. The effect of the size of a perforation on impression pressure

9. The effect of the space under a special tray, where there is no border

adaptation, on impression pressure

10. The effect of the space under a special tray with a constant peripheral gap

on impression pressure.

11. The effect of the viscosity of the impression material on impression

pressure.

12. The effect of the speed of set of an impression material on impression

pressure
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1.3 The equipment used to carry the impression material and the
objects impressed

The brass disc shown in Figure 2 below is a standard impression ‘object’ used
in many of the experiments described in Chapters 5 to 15 below. This is the ‘object’
of which an impression was taken. This particular ‘object’ has a central perforation
connected to a pressure sensor. The central hole is the point at which the pressure
within the impression material was recorded when this ‘object’ was used. The space
from the surface of the central hole to the sensor diaphragm was filled with tap
water. It was necessary to eliminate any air bubbles in this water filled chamber;
failure to do so dampened (reduced) the peak pressure recorded. The elimination of
air was initially found to be a difficult task, but with experience the operator became

an expert in the procedure.

Figure 2 the ‘object’ which is to have an ‘impression’ taken.
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Figure 3 An ‘impression tray’ used to carry impression material note the stainless
steel ‘spacers’ made from engineers’ ‘feeler gauges’.

The disc above (Figure 3) is an example of an ‘impression tray’ used to carry
impression material into contact with the ‘object’ which was to have an impression
taken. The steel ‘stops’ used to space the tray can be seen; in this case they are
0.5mm sections cut from an engineer’s ‘feeler’ gauge, held in position with
superglue. The three steel stops and the unset superglue were compressed under load
on a Lloyd Universal Testing machine to ensure intimate contact between the steel
spacer and the brass disc and so ensure even spacing. Variation in the impression
trays affects pressure (see chapters 8, 9, 10, 11, 14 & 15 below). The size, number
and position of perforations in an ‘impression tray’ are examples of the factors
which were investigated for the effect they had on the recorded pressure; see
Chapters 8-11 below.
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1.4 The motor used to approximate the discs

A Lloyd Universal Testing machine was selected to provide the means to
approximate the impression material on the ‘impression tray’ to the ‘object’. This
gave precise control of the distance travelled, the alignment of the discs, the velocity
of approximation, and the range of force of approximation. Figure 4 below shows
the Lloyd machine with the discs in place. Figure 5 shows a closer view of the discs

mounted on the Lloyd machine with a pressure sensor attached.

Figure 4 the Lloyd machine with the brass discs mounted
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Figure 5 close up of the brass discs on the LIoyd machine
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Chapter 2
Calibration of pressure measurement

2.1 Introduction

This chapter details the measurements taken to calibrate the integrated pressure

recording system used for the experiments of Part 11 of this Thesis.

2.2 The pressure sensor

In preliminary experiments to look at the range of pressure generated in these
experiments, two sensors with a range of 0-100KPa (0-1 Bar) were unexpectedly
over-loaded and destroyed. Therefore the sensor chosen for Part Il of this Thesis
had a range of 0 to 1000 KPa which is 0-10 Bar (the American calibration report
shown in Figure 6 uses a scale expressed in Bar units to measure pressure). For all
the experiments in Part Il of the Thesis this single sensor was used. The sensor was
an analogue pressure transducer; catalogue number PXM209-010G10V from Omega
Engineering, Inc, Stamford, Conn., USA and the calibration certificate was
referenced to standards traceable to United States National Institute of Standards

Technology.

2.3 The certification of accuracy

The pressure sensor purchased for the laboratory work of this Thesis was
supplied with a calibration certificate (Figure 6). The report gave details of the

linearity, hysteresis and combined error.
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Omegadyne Inc.
PX209/219 Final Calibration Report

Serinl & 52736 Model # PXN218-010G10V
Job ¢ MLS4606 Range 10 BAR
Date 4/26/106

Final Calibration Data

12 osta | [ Thecostica | L Crvoe | PASSF AL Megaired  +
Zees 0.0133 0.0067 00034 0.0000  ©.0750
Uz Scae 500N 50025 0.0045
Ul Scakw 9.9550 09454 00034 10,0000
U2 Beoe 30055 50025 0.002%
Zers 0.0022 0.0087 0.0088
senlivly 99417 9.0u17 | pASS | 10.0000 04T

ty L My 'n}] | Combined

0.0298 £0.0180 -0.0453 PASS 0% s

This Callbraton was pariormad wiing Instruments and Standards that ore
taceable o e United Slates National Instihute of Standaras Technology.

Figure 6 the calibration certificate for the sensor used throughout in Part Il of the
Thesis.

The Linearity variation is best described as the difference between the straight
line representing the true pressure values and the line of the recorded output.
Hysteresis error in this situation is best described as the difference in given pressure
between that obtained with an ascending pressure and that obtained with a
descending pressure. The standard specified when purchasing the transducers was a

Combined Accuracy Specification of  +/- 0.25% Full Scale. However, the data
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sheet for this transducer shows the combined error to be well within the specified
limits. The linearity error was 0.0398%FS, the Hysteresis error was -0.0160% FS
giving a combined error of -0.0453%FS. The full scale is 0-1000KPa; the sensor
underestimates the pressure by 0.453KPa. A simple linear transformation was
performed; ‘true pressure’ is ‘given pressure’ minus 0.453KPa. It was possible to
achieve this linear transformation with the software supplied with the digital sampler

purchased with the pressure transducer.

The simple transformation produced a figure for ‘true’ pressure which, on
average, could be said to be accurate. However with the range of pressure output
shown on the data sheet there was potential for ‘imprecision’ of the data. Further
investigation of the ‘precision’ of the sensor was required. In addition to the sensor
there were other potential sources of ‘imprecision’. The output from the sensor is
analogue; it is transformed to a digital signal by the digital sampler (labelled B in
Figure 8 below). This transformation of the ‘pure’ analogue signal to a digital signal

may introduce a ‘precision’ error (see below).
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2.4 Definition of ‘accuracy’ and ‘precision’

Reference value

Probability Accuracy
density B >

-

< . *» Value
Precision

Figure 7 A diagrammatic representation of the definitions of accuracy and precision

The term ‘accuracy’ is defined as “the nearness of an observed value to its true
value” (Day 1999). The term ‘precision’ is defined as “the extent to which the
replicated measurements agree with one another” (Day, 1999). It is possible for a
measurement system to be accurate but not precise, precise but not accurate, neither,
or both. Figure 7 gives a clear illustration of these basic definitions. The copyright
graph (Figure 7) reproduced above is licensed under the GFDL by the original
author; and released here under the same GNU Free Documentation License. It was
sourced from the Wikipedia website on 17.8.10 2.5 Data collection for the precision

calculation

As described above, the accuracy of the pressure sensor was certified to a
satisfactory level; however the sensors only formed one part of the proposed
integrated data acquisition system. The remaining components for data acquisition
included the analogue to digital converter, the computer hardware and the
programme software. There was potential for the other components in the data
acquisition system to introduce precision errors in the measurement of the pressure.
Therefore an assessment of the precision of the whole integrated data acquisition

system was indicated.
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2.5.1 Components of the integrated pressure data acquisition system

The components of the data collection system are shown in Figure 8 below.
They consisted of A, the analogue pressure sensor; B the digital sampler of the
analogue output from the sensor; C the transformer (DC power source); and D the

computer with specialist software (Omegadyne Inc).

Figure 8 Components of the pressure recording equipment.

To estimate the precision of the integrated measurement system a 100 pressure
readings were taken at 10 different pressure settings. The pressure sensor was held
in turn at the nominal pressure of approximately 1000KPa, 900KPa, 800KPa,
700KPa, 600KPa, 500KPa, 400KPa, 300KPa, 200KPa, and 100KPa. The pressure
gauge used is shown in Figure 9 below.
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Figure 9 Combined pressure gauge and pneumatic hand pump used to hold the
sensor at standard pressures for the precision data collection.

The pressure gauge shown in Figure 9 above was certified as accurate to the
standard pressure reference held at the British Standards Institute. Although this
gauge was certified it could only read the pressure to the nearest Kilopascal (the
reading in Figure 9 above is 0.99Bar which is 99KPa). Thus the ‘gauge’ reading of
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pressure was only an approximation to the nearest kilopascal. The purpose of the
gauge was to hold the pressure steady at a nominal but constant pressure. The
pressure was approximate (not accurate) but constant (precise). With the pressure
held steady at a nominal pressure, the output from the sensor was captured via the
digital sampler and the software to the computer hard drive. At each nominal
pressure 100 datum points were sampled. The 10 nominal ‘gauge’ pressures used
were 100, 200, 300, 400, 500, 600, 700, 800, 900, and 1000 Kilopascals. Figure 10
below is a graph of the collected data from the 10 nominal pressures with 100 data

points for each pressure shown.
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Figure 10 Output from sensor at 10 nominal pressures.

2.6 Analysis of the output and estimation of precision error.

The 10 lines on the graph (Figure 10) above appear to be straight but on closer
inspection they are in fact fluctuating. In the graph (Figure 11) below the ‘Y’ axis
of the graph for 400KPa nominal pressure is expanded. The expanded graph
demonstrates the variation in output from the sensor; this is the imprecision of the

pressure measurement.
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Control Chart: 400 KPas
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Figure 11 Variation in digital output when sensor held at a nominal 400KPa The
bold horizontal line indicate mean and 2Standard deviation from the mean
(above and below).

The variation in output in Figure 11 above is given by the integrated pressure
measuring system and it demonstrates the precision error. A frequency histogram
(SPSS legacy histogram) of the 100 data points shown in Figure 11 above is shown
below in Figure 12; it is instructive to see the distribution of the data points about
the mean (see Figure 12 below). Compare this to the illustration of precision error

in Figure 7 in section 2.3 above.
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Figure 12 Precision error at a nominal 400KPa; a SPSS legacy histogram of 100
output data with the normal distribution curve superimposed.

The mean of the distribution shown in Figure 12 above is 405.615KPa, the
Standard Deviation is 0.162KPa. Since the data forms a normal distribution we
know from statistical theory that 95% of the observed values lie within + 1.96 times
the Standard Deviation of the mean. Thus if we pick a single datum output from this
sensor when it is held at a nominal 400KPa, we can estimate with 95% certainty that

it lies within + 0.318 KPa of the sample mean.

The summary statistics of the 100 data points for all the 10 nominal pressures
are shown in Table 5 below. The minimum, maximum, mean and standard

deviation are included together with the coefficient of variance (S.D. / Mean) which
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is a measure of the dispersion of the data. The small value of the coefficient of

variance shows little dispersion.

Nominal Std. Coefficient
Pressure N | Minimum | Maximum Mean Dev of variance

1000 KPa | 100 | 1004.007 |1004.915 |1004.459 |.2012 0.000200
900 KPa 100 | 904.030 904.784 904.441 |.1814 0.000201
800 KPa 100 | 803.899 804.683 804.302 |.1796 0.000223
700 KPa 100 | 705.120 705.956 705.496 |.1613 0.000229
600 KPa 100 | 604.937 605.701 605.360 |.1781 0.000294
500 KPa 100 | 504.939 505.776 505.475 | .1767 0.000350
400 KPa 100 | 405.232 406.015 405.615 |.1624 0.000400
300 KPa 100 | 305.307 306.194 305.707 |.2016 0.000660
200 KPa 100 | 205.742 206.507 206.137 |.1831 0.000888
100KPa 100 | 105.839 106.675 106.246 | .1742 0.001639

Table 5 Output statistics of 100 datum points for each of the 10 nominal pressures.

The classic SPSS generated frequency distributions (similar to Figure 12
above) for the remaining nominal pressures are appended to the Thesis (see
Appendix 1). The graphs suggest normal distributions. The Shapiro-Wilk Test of
Normality for each of the ten data sets is shown in Table 6 below. The results for
reference pressure 500 KPa shows a skewed distribution (skewness statistic -0.413
with a standard error of 0.241), but the remaining distributions cannot be shown to

be significantly different from Normal at the 0.05 level.
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Nominal Shapiro-Wilk
Pressure | Statistic Df Sig.
1000 .989 100 567
900 .980 100 .136
800 .986 100 .366
700 .986 100 .356
600 .980 100 128
500 .966 100 .012
400 .989 100 .566
300 .982 100 199
200 978 100 .100
100 993 100 .882

Table 6 Shapiro-Wilk Test for the data of each nominal pressure
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Similar calculations can be performed for each of the 10 nominal pressures.
Table 7 below gives the values, for the interval in which 95% of the observed values

lie at each nominal pressure.

Nominal Pressure N Mean Std. Dev | 1.96 times SD
1000 KPa 100 1004.45909 |.201227 +/- 0.3947205
900 KPa 100 904.44052 181381 +/- 0.3565848
800 KPa 100 804.30216 179567 +/- 0.3515319
700 KPa 100 705.49649 161251 +/- 0.3155012
600 KPa 100 605.36009 178139 +/- 0.3486389
500 KPa 100 505.47489 176677 +/- 0.3463555
400 KPa 100 405.61477 162389 +/- 0.3182726
300 KPa 100 305.70670 .201636 +/- 0.3941893
200 KPa 100 206.13658 183109 +/- 0.3585095
100KPa 100 106.24599 174184 +/- 0.3412144

Table 7 Raw data with a calculation of 95% Confidence Interval for the data
The average value, for the 10 intervals in which 95% of the observed values
lie, is +/- 0.353 Kilopascals. If this data is rounded to the nearest whole Kilopascal

the data may be said to be precise at that level.

2.7 Calibration and rounding used for the investigation of
impression pressure

The linear transformation of the output from the transducer proposed in section
2.2 above, corrected the known accuracy error of the transducer. The rounding of
the recorded digital data to the nearest whole kilopascal produced data that is precise

at that level.

For the investigation of impression pressure the output data was rounded to the
nearest kilopascal for all experiments throughout Part Il and Part I1l. Where, in Part
[1l, two sensors were used simultaneously to measure pressure the data was

transformed by applying the average accuracy error prior to rounding.
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Chapter 3
Cut-off force on the Lloyd universal testing machine (UTM)

3.1 The problem

The Lloyd Universal Testing machine (Figure 4 above) has an automatic
overload cut-off fitted. The ‘cut-off’ force can be set at a desired level and triggers
an immediate halt to the movement of the Lloyd machine. The cut-off force is the
force at which and above which the machine comes to an immediate stop. The force
is sensed by a transducer mounted above the experimental equipment; this

transducer can be seen in Figure 4 above.

As an impression is seated, an increased resistance would be expected from the
moment when the impression material comes into contact with the brass discs. As
the discs approximate at a constant velocity (set on the Lloyd machine) the force
required to overcome the resistance increases when more impression material comes

into contact.

It became apparent during preliminary tests that a low cut-off level (50
Newton) for the seating force on the Lloyd Universal Testing machine resulted in a

failure of the impression to seat down to the 0.5 mm stops; see Figure 13 below.
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Figure 13 above shows the silicone impression material covering the surface of the
steel stops at the end of the experiment.

3.2 Background

The early work of Frank (Frank 1969) had shown impression tray spacing to
be significant in varying the pressure of an impression in-vitro. In Frank’s
experiments (Frank 1969) he found that the greater the space beneath the impression
tray, the lower the recorded pressure. The intention in the experiments of Section Il
of this Thesis was to control the depth of silicone by the use of steel spacers of
known depth (0.5mm). The picture above (Figure 13) shows a failure to achieve this
objective. This failure to seat down onto the steel spacers meant that the space
between the brass discs was not directly controlled. Frank’s work suggests that this
lack of depth control could lead directly to variable pressure and so introduce a
potentially confounding variable; this was therefore unacceptable. The proposed
solution was to increase the cut-off force setting on the Lloyd machine until the
impression seated, i.e. the stops show through. The research question for the
experiment in this chapter was, ‘At what cut-off force do the steel spacers show

though the silicone?’
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3.3 Method

A series of experiments was carried out increasing the cut-off force on the
Lloyd machine until the steel spacers showed through the impression material. The
series of photographs below (Figures 14-18 below) show typical results from the
series of experiments. The experiment was repeated three times at each setting of

the cut of force.

i

Figure 14 Cut-off force 100 Newton



Figure 15 Cut-off force 200 Newton

Figure 16 Cut-off force 250 Newton
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Figure 18 Cut-off force 400Newton
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3.4 Discussion and conclusions

This experiment was simple and basic. It formed an early investigation into
the problems of measuring impression pressure in-vitro. Later in Part I,
experiments led to a greater understanding of the force required to eliminate silicone
from beneath the parallel surfaces of the steel spacer and the brass disc; at this early
stage in the experiments that understanding was absent. The drive here was to have
a known space between the brass discs; the solution proposed below achieves that

objective.

The purpose of this experiment was to determine at what cut-off force the steel
spacers showed though the silicone. The metal spacers were just visible at 200
Newton (Figure 15) and are clearly showing (with no silicone covering some of the
steel) at a cut-off setting of 300 Newton force (Figure 17). In order to eliminate this
potentially confounding variable it was postulated that an increase in the cut-off
force to a significantly higher level (1000 Newton) would have an advantage; it

would also have a disadvantage (see below).

In discussing the advantages and disadvantages, it is important to point out that
if steel hits brass at a certain cut-off force, increasing the cut-off force beyond that
level, does not alter the pressure recorded within the impression material. If a cut-
off force of 1000 Newton is used, the steel stops were expected to clearly show
through the impression material from when the force was 300 Newton and to be in
contact with the steel up until the force is cut at 1000 Newton. The increased force,
above 300 Newton, was expected to be taken by hard contact on the steel stops.
Since the steel cannot be compressed at these pressures, the space between the brass
discs does not decrease and so the pressure within the impression does not increase.
An increase to 1000 Newton for the cut-off force was not expected to affect the
recorded pressure within the impression material (above that recorded when the steel
stops first come into contact with brass). The Lloyd machine will still stop with the

brass plates 0.5mm apart.

There is a potential advantage in increasing the cut of force to 1000 Newton
for some experiments in Part 1l. With the conditions used in the pictures above (light
bodied silicone on a disc of 7cm), it wasn’t necessary to increase the cut-off force
above 300 Newton in order to seat the discs down to the steel stops. However, the

planned experiments in Part 1l include those where the viscosity of the impression
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material would be increased, where there would be a delay in seating the impression
material, where the impression material would be seated at a higher velocity and
include an experiment using a disc of wider diameter (10cm). In these planned
experiments the resistance to seating was expected to be higher than that shown
above. A higher cut-off force may be required to fully seat the impression. It was
estimated that a cut-off force of 1000 Newton would provide ample seating force to
accommodate all the conditions in the planned experiments of Part Il. It was
considered an advantage to set the same cut-off force (1000 Newton) for all
experiments in Part 1. It is important to state again this increase (above 300N) in the
cut-off force does not increase the pressure on or within the silicone impression

material, just the force on the steel stops.

A high cut-off force has a possible perceived disadvantage. 1000 Newton is
more force than would be used clinically to seat an impression. In setting a 1000
Newton cut-off force, the experiments could be open to the criticism that they are
not relevant to the clinical situation. This is partly a misunderstanding, it does not
take 1000 Newton to seat these impressions; the steel stops show through at just 300
Newton (as above). However, the criticism still holds since it is also true to say that

300 Newton is more force than that normally used clinically to seat an impression.

It should be stated here that Part Il of this Thesis attempts to eliminate
potentially confounding variables to investigate single issues; it does not attempt to
directly mimic the clinical situation (Part Il does partially, see below). The design
of Part 1l experiments to eliminate these potentially confounding variables led to
(among other things) the use of dry, flat, hard discs made of brass. The clinical
situation is wet, soft, compressive, visco-elastic, contoured mucoperiosteum. When
compared to the complex clinical situation, the use of the controlled conditions has
apparently led to a higher resistance to flow of the silicone impression material in
the narrowing gap between the approximating surfaces. This has necessitated a
higher seating force than used clinically. Indeed, if the cut-off force was set to a
clinical level when this high resistance to flow was encountered, the approximation
of the discs would stop before the discs seated onto the steel. With no steel contact
the seating force is entirely taken by the silicone. The approximating discs would
always stop at the same force (the cut-off) and so be likely to stop at the same

average pressure within the silicone (with no steel stop contact).



- 69 -

The high seating force is necessary to eliminate confounding variables but it
limits the clinical claims that can be made from any single experiment in Part 1l of
this Thesis. To look at a specific, more clinically relevant situation would require a

different approach; in Part 11 of this Thesis a different approach is used.

In Part Il of this Thesis, a specific clinical impression technique is
investigated and the maximum seating force in that situation could be reduced to
lower levels (50 Newton). The limited aim of Part Il of this Thesis was to
demonstrate a differential pressure across the experimental impression technique
used in Part IV of this Thesis. To achieve this limited aim, the force used to seat the
impression was kept near clinical levels, and the differential pressure within the
impression recorded. In Part I11 it became important to keep the overall seating force
to clinical levels to avoid the criticism that the results were not clinically relevant.
This is discussed further in Part 111 (Chapter 3, section 3.8, page 265).



-70 -

Chapter 4
Weight of impression material used in an experiment

4.1 The problem

The weight of silicone used in the experiments of Part Il of this Thesis
represents a potentially confounding variable which is difficult to control as the
silicone is dispensed. The manufacturers of the silicone give guidance that it is to
be seated within 30 seconds of mixing. It proved impossible to mix the silicone in
the usual manner (with a hand held dispensing gun) weight it, and then position the
silicone within the Lloyd UTM to seat over a distance of 15mm at a constant speed
(usuallyl20mm/min). To travel the 15mm at 120mm/min takes 7.5seconds, to mix
the silicone 10-15sec; there was no time to weight the silicone.

It would not be easy or convenient to control the amount of silicone with
precision prior to an experiment. Therefore it became important to understand the
effect of the weight of silicone in order to design an appropriate experimental
protocol. Alternative approaches to the protocol were possible. For example it may
have been possible to separate the base and the catalyst of the silicone and weigh
them individually before the experiment then mix the silicone by hand; but hand
mixing is imprecise and wasteful so the weight of the silicone actually used would
still vary. Alternatively a protocol involving weighing the actual silicone used after
the experiment was completed may have been possible; but this would necessitate
using a higher number of repeated experiments together with more complex analysis
(ANOVA with a factorial treatment structure) to account for the variation in weight
of silicone used within each arm of each experiment. Both these alternatives were

considered and both have disadvantages and some advantages.

The research question for this chapter was, ‘Does the weight of silicone affect
the pressure of impression with the in-vitro conditions used in this study?’ The Null
Hypothesis was that weight of silicone does not affect the pressure; the alternative
hypothesis was that weight of silicone does affect pressure. Subsequently subsets of
the data was analysed to test the Null Hypothesis that when the silicone overflows

the edge of the brass discs there is no effect of weight of silicone on pressure.
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4.2 Aim

The aim of the experiment was to investigate the effect of the weight of

silicone on the pressure at the centre of the impression.

4.3 Method

In this preliminary experiment a simple methodology was adopted. Differing
amounts of silicone were dispensed from a clinical hand-held dispensing pump. The
brass discs were approximated at 120mm/min, until they were 0.5mm apart and the
peak pressure recorded. After the silicone was set, it was removed and weighed on a
digital scale certified as accurate to four decimal places of grams. A note was made
of any overflow of the silicone beyond the edge of the brass discs. The results are
presented below in Table 8 and the graph in Figure 19.

For this early experiment the ‘measurement duration” of the analogue to digital
sampler was set at the default for the equipment. Figure 8 shows the analogue to
digital sampler. No change in the frequency of sampling was made before the
experiment was performed; and the output of the experiments showed a sample rate
of 10Hz. Although this was twice the frequency of the sampling rate used by
Komiyama et al (2004) and 100 times more frequent than the manual sampling of
Masri (2002) and Al Ahmad (2006), it is below the sampling rate (67Hz) used in the
later pressure experiments of Part Il of this Thesis; with a short duration of peak
pressure this may reduce the precision of the data. With hindsight it would have
been better to adjust the frequency of sampling to the faster rate used in the rest of
Part Il of this Thesis. Failure to do so may have reduced the peak of recorded
pressure and may have been expected to produce a higher than normal variance in

the output readings for this experiment.
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4.4.1 Raw data
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Nominal number of Voltage | Silicone weight Full overflow of
squeezes on silicone gun | output in grams silicone?
0.5 1.81 1.5786 No
0.5 1.89 1.9790 No
0.5 1.82 1.5595 No
0.5 1.63 1.4288 No
0.5 1.74 1.3338 No
1 3.26 3.7999 No
1 2.96 3.4921 No
1 2.63 3.5234 No
1 3.43 3.5876 No
1 2.98 3.5328 No
15 3.83 3.9550 Yes
15 3.59 3.8322 Yes
1.5 2.61 3.2524 No
1.5 3.53 4.1835 Yes
1.5 2.98 3.8125 No
2 3.89 8.6494 Yes
2 3.72 5.9866 Yes
2 3.67 6.0756 Yes
2 4.07 5.9696 Yes
2 3.96 6.1422 Yes
3 3.86 8.5363 Yes
3 3.65 8.4138 Yes
3 3.7 6.5264 Yes
3 3.8 8.4009 Yes
3 3.88 8.4916 Yes
4 3.8 10.9143 Yes
4 3.9 10.8797 Yes
4 3.75 10.6114 Yes
4 3.74 8.8548 Yes
4 3.91 10.7720 Yes

Table 8 Raw data
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4.5 Analysis of data.
4.5.1 Exploration of the Raw data
The results are tabulated above (Table 8) and explored by the scatter plot

(Figure 19) below.
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Figure 19 scatter plot of weight versus output of pressure sensor

Overall, Figure 19 shows a non-linear relationship between voltage and

weight.
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4.5.2 Correlation for overall weight and pressure

There was no expectation that the frequency distribution of the variable of
weight would be distributed normally. This was formally confirmed by Shapiro-
Wilk Test (Table 9 below).

Shapiro-Wilk
Statistic df Sig.
Volts .801 30 .000
Wt Grams 914 30 .019

Table 9 Shapiro-Wilk Test of normality for the variables weight and output voltage.

Since the distribution was not a normal distribution, Spearman’s correlation

was performed.

ALL Volts Wt Grams
Spearman's rho Volts Correlation Coefficient 1.000 857(**)
Sig. (2-tailed) .000
N 30 30
Wt Grams | Correlation Coefficient | .857(**) 1.000
Sig. (2-tailed) .000
N 30 30

Table 10 Spearman correlation for all the data. ** Correlation is significant at the
0.01 level (2-tailed).

Taking all the results there is a significant positive correlation between
pressure and weight of silicone; Spearman correlation coefficient = 0.857 (p<0.001).

4.5.3 Further exploration of the data

Exploration of the data by scatter plot of weight against output voltage of the
pressure sensor is shown above (Figure 19). About the weight of 5 grams and above
the graph appeared to flatten out.
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The data was separated into those pressure recordings where the silicone
overflowed the entire circumference of the lower brass disc and those results where
the silicone did not overflow. Table 10 above gives this information for the raw
data; this has been divided into the data sets in Tables 11 & 12 below. The scatter

plot of weight versus voltage output for each subset can be seen in Figures 20 and 21

below.
Nominal number of Voltage Silicone Overflow of
squeezes output weight silicone
1.5 3.83 3.9550 Yes
15 3.59 3.8322 Yes
1.5 3.53 4.1835 Yes
2 3.89 8.6494 Yes
2 3.72 5.9866 Yes
2 3.67 6.0756 Yes
2 4.07 5.9696 Yes
2 3.96 6.1422 Yes
3 3.86 8.5363 Yes
3 3.65 8.4138 Yes
3 3.70 6.5264 Yes
3 3.80 8.4009 Yes
3 3.88 8.4916 Yes
4 3.80 10.9143 Yes
4 3.90 10.8797 Yes
4 3.75 10.6114 Yes
4 3.74 8.8548 Yes
4 3.91 10.7720 Yes

Table 11 Data with silicone overflow
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Nominal number of Voltage Silicone Overflow of
squeezes output weight silicone?
0.5 1.81 1.5786 No
0.5 1.89 1.9790 No
0.5 1.82 1.5595 No
0.5 1.63 1.4288 No
0.5 1.74 1.3338 No
1 3.26 3.7999 No
1 2.96 3.4921 No
1 2.63 3.5234 No
1 3.43 3.5876 No
1 2.98 3.5328 No
15 2.61 3.2524 No
1.5 2.98 3.8125 No

Table 12 Data with no silicone overflow
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Figure 20 Scatter Plot of weight versus output voltage where there was no overflow
of silicone.
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Figure 21 Scatter Plot of weight v output voltage where was an overflow of silicone.

While the scatter plot where there is no overflow of silicone is suggestive of a
correlation, in contrast the scatter plot where there is an overflow of silicone appears
random. The two data sets were subjected to data analysis for correlation.
Frequency plots of the weight of silicone and the voltage output did not have a
normal distribution. Shapiro—Wilk test of normality for the subset of data showed a
significant difference from a normal distribution (Table 13 below). Therefore

Spearman’s correlation was used for the analysis of a correlation.
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Shapiro-Wilk
Variable | Statistic df Sig.
Volts 801 30 .000
Wt Grams 914 30 .019

Table 13 Shapiro-Wilk test
4.5.4 Correlation

Two data sets were defined by whether the silicone over ran the whole of the
circumference of the lower brass disc or not. These two data sets were analysed by

Spearman correlations; the correlation tables are shown below (Table 14 and 15).

WITH NO Volts Weight
OVERFLOW output |in Grams
Spearman's rho | Volts output Correlation 1.000 942(**)
Sig. (2-tailed) : .000
N 12 12
Weight in Correlation 942(**) 1.000
Grams Sig. (2-tailed) .000 .
N 12 12

** Correlation is significant at the 0.01 level (2-tailed).

Table 14 Spearman correlation table when there is no overflow of silicone.
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WITH Volts Weight
OVERFLOW output in Grams
Spearman’s rho | Volts output Correlation 1.000 .355

Sig. (2-tailed) 148
N 18 18
Weight in Correlation .355 1.000
Grams Sig. (2-tailed) 148
N 18 18

** Correlation is significant at the 0.01 level (2-tailed).

Table 15 Spearman correlation table when there is silicone overflowing the brass

disc

As can be seen above there is a statistically significant correlation when there

is no overflow of silicone over the brass; Spearman Correlation 0. 942 (p<0.001). In

contrast when the silicone overflows the brass there is no significant correlation;
Spearman Correlation 0. 355 (p=0. 148).
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4.5.5 The Relationship between the number of squeezes on the silicone
gun and weight of silicone
The weight of silicone dispensed from the hand held silicone ‘gun’ may be

expected to be proportional to the number of squeezes of the gun trigger. The

scatter plot, Figure 22, below explores this.

12.0000—
10.0000—
o
(o)
e
8.0000
%
IS
© o
o 6.0000 g
=
4.0000 8 8
o
2.0000 O
0.0000 T T T T T
0.00 1.00 2.00 3.00 4.00

Number of squeezes of dispensing gun

Figure 22 Scatter plot of weight versus number of squeezes on the dispensing gun
trigger

As may be expected the graph of number of squeezes against weight of
silicone suggests a linear relationship. A linear regression model was fitted with
dependant variable weight and explanatory variable number of squeezes. With the
assumption that weight equals zero when number of squeezes equals zero (no
constant in the equation) then the analysis by linear regression gave a relationship of
weight equals 2.74 times the number of squeezes with R? for this model of 0.98,
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p<0.001 and the 95% Confidence Interval for the parameter estimate of +/- 0.146.
This is relationship is depicted in the Stata Graph below (Figure 23 below).
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Figure 23 linear regression of weight by the number of squeezes of dispensing gun
trigger.

As may have been expected the regression data confirms a reasonable linear
relationship between the number of squeezes of the dispensing gun and the weight
of silicone. The relationship is not perfect but an estimate of weight can be made
from the number of squeezes of the gun trigger handle and the model with number
of squeezes as the predictor variable explains 98% of the variation in weight. For
practical purposes it would be useful to have as a guide, how many squeezes of the
trigger of the gun produces a predictable overflow of the silicone over the brass disc.
From the raw data above it is clear this occurs when the number of squeezes on the

trigger is two or more.

The analysis of weight versus number of squeezes above, suggests that the
possibility of using the number of squeezes of the dispensing gun trigger as a proxy
for weight in future experiments. This possibility was investigated. The relationship
between the number of squeezes of the trigger and the output voltage was explored

(Box plot Figure 24 below. The Null Hypothesis was that, for two or more squeezes
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of the trigger of the dispensing gun, the number of squeezes does not affect the

pressure of impression.
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Figure 24 Box and whisker plot of voltage output from the pressure sensor versus
number of pull of dispensing gun trigger

Figure 24 shows that median voltage increases as number of squeezes
increases up to two squeezes and then remains stable. Further analysis of the data
was now performed to test the correlation between the number of squeezes of the
trigger of the silicone gun and the output pressure. The research question was ‘if
two or more squeezes of the trigger on the silicone dispensing gun are used is there a
correlation between the number of squeezes on the trigger and the pressure?’. The
Null Hypothesis was that there was no correlation. The alternative was that there
was a correlation. The data where there were two or more squeezes on the trigger
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was separated out from the raw data to form a new data set. The data was explored
with a scatter plot (see Figure 25 below) and a Spearman correlation test.
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Figure 25 scatter plot of weight versus voltage output from the pressure sensor when
more than two squeezes of the trigger of the silicone dispensing gun were
used.



-85 -

Wt
Two or more squeezes Volts Grams
Spearman'’s rho Volts Correlation Coefficient 1.000 141
Sig. (2-tailed) . .616
N 15 15
Wt Grams | Correlation Coefficient 141 1.000
Sig. (2-tailed) 616
N 15 15

Table 16 The Spearman correlation output of weight versus voltage output when two
or more squeezes of the trigger were performed.

As can be seen from the Spearman correlation table above there is no
significant correlation between weight and pressure (Spearman correlation 0. 141,
p=0. 616) when two or more squeezes of the trigger of the silicone dispensing gun
were used confirming the pattern shown in fig 24. The Null Hypothesis, that there
was no correlation between voltage and number of squeezes with two or more

squeezes could not be disproved by this set of data.

4.5.6 ANOVA

Having failed to show a correlation between pressure and silicone weight
(when number of squeezes > 2) the final research question of this chapter was,
‘Could the data show a significant difference in pressure between two squeezes,

three squeezes, and four squeezes of the dispensing gun?’

Since the aim was to compare voltages in three groups with an outcome that is
normally distributed, ANOVA was used to test the Null Hypothesis that there is no
significant difference between the three levels. The grouping variable was number
of squeezes of the trigger of the dispensing gun. All groups where there were two or

more squeezes were included in the analysis. Data from all three groups could not
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be shown to deviate from normality assumption using Shapiro-Wilk tests. A Levene

test was conducted to check the homogeneity assumption for ANOVA.

4.5.6.1 ANOVA results of groups where two or more squeezes of the dispensing
gun were used

Mean
Sum of Squares | Df Square F Sig.
Between Groups .018 2 .009 .598 .565
Within Groups 177 12 .015
Total 195 14

Table 17 Results
No significant difference could be shown between the groups when two or

more squeezes of the trigger were used (F=0.598, P=0.565).

4.5.6.2 ANOVA results of groups where less than two squeezes of the dispensing
gun were used

Mean
Sum of Squares | df Square F Sig.
Between Groups 6.716 2 3.358 28.525 .000
Within Groups 1.413 12 118
Total 8.128 14

Table 18 Results

A significant difference could be shown between the groups (F= 28.525,

p<0.001) when less than two squeezes of the trigger were used.

4.6 Discussion

The research question for this chapter was ‘does the weight of silicone affect

the pressure of impression with the in-vitro conditions used in this study?’. The
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Null Hypothesis was that weight of silicone does not affect the pressure; the
alternative hypothesis was that weight of silicone does affect pressure. Overall, the
weight of silicone does affect pressure and the Null Hypothesis is rejected.
However, for the data recorded when the silicone overflowed the brass disc the Null

Hypothesis could NOT be rejected.

It is pertinent to consider the philosophical statement that it is not possible to
prove a negative when considering these results. The experiments in the data subset
where silicone overflowed were unable to show there was a correlation between
pressure and weight; also, in the overflow subset, the experiments were unable to
prove there was a pressure difference between the groups defined by numbers of
squeezes of the trigger. Of course this does not mean there wasn’t a difference; just

that the experiment couldn’t show it.

While it is tempting to say that once the silicone overflows the brass disc there
is no difference in pressure brought about by the additional weight of silicone, this

chapter has not proved that; just suggested it.
The positive findings of this chapter are:

1. There is a significant correlation shown between pressure and weight when

the silicone does not overflow the brass discs.

2. Similarly there is a significant difference in the pressure of impression
between experimental runs when less than two squeezes on the silicone gun

are used to dispense the silicone.

If consistent results are to be achieved in the experiments in Part 1l of this
Thesis it is important that conditions where the silicone does not overflow the brass
discs are avoided; when the separation between the discs is 0.5mm this can happen

when less than two squeezes of the silicone gun are used.

4.7 Conclusions

1. In these in-vitro experiments, inconsistent pressure readings may be
expected if the silicone does not overflow the brass discs at the end of the

experimental run.
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2. When there is 0.5mm gap between the discs at the end of the run, more than
two squeezes of the trigger of the silicone dispensing gun are required to

achieve consistent results.

3. In this in-vitro experiment, the weight of silicone was not demonstrated to

be correlated to pressure once the silicone overflowed the brass discs.

4. The number of squeezes of the trigger of the dispensing gun is a reasonable

proxy for the weight of silicone dispensed.

5. In all future experiments the amount of silicone used should be chosen to

easily overflow the edge of the discs.

4.8 Potential explanation for the results and implications for further
protocol designs

It is suggested that an explanation for these results may be found in
considering the resistance to the flow of the silicone before and after overflowing
the edge of the brass disc. The resistance from surface tension between the silicone
and the brass is expected to be proportional to the surface area of brass in contact
with the silicone; once the silicone reaches the edge of the disc and falls away there
is no further increase in area of brass in contact with the silicone. Adding more
silicone just means more overflows, it does not produce more silicone in contact
with more brass and so it does not increase resistance to flow and so does not
produce a higher pressure. This explanation is suggested by the experiments, but it
remains a hypothesis and further experimentation would be needed to prove or
disprove the hypothesis. The results do not prove the hypothesis; but they do
suggest it.

From a purely practical point of view it was clear from this experiment that
dispensing silicone from three squeezes of the trigger of the dispensing gun, when
the gap between the brass plates was 0.5mm, should produce consistent pressure.
Therefore the protocol for the experiments in Chapters 5 to 13 used this simple
practical empirical guideline to ensure adequate control of the potentially
confounding variable of the amount of silicone dispensed. When the protocol

required differing gaps between the brass discs or different diameters of brass discs
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(Chapter 14 &15), the practical approach adopted was to ensure ample silicone was

dispensed and it overflowed the edge of the brass discs.

Purely as a precaution, the prudent step was taken of recording the weight of
the silicone for the next experiment (Chapter 5). The later (much later in time,
during the write up of this Thesis) retrospective analysis of weight as an independent
variable was performed by factorial ANOVA together with the independent variable
under consideration (velocity). This is reported below (in Chapter 5, section 5.7,
pages 103-107).
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Chapter 5
Velocity of approximation

In 2008 the subject and result shown in this chapter were reported by the
author of this Thesis with his PhD supervisors and published in the Journal of
Prosthetic Dentistry (Hyde 2008). The issues discussed, and the work presented, in
the previous four chapters have facilitated the presentation of the work in the
published paper (the full article is Hyde 2008).

The author has chosen to re-use his own words from the published paper here,
but using the reference system and headings which conform to the Leeds Thesis
template and returning to English spelling (correcting the American spelling).

Where quotation marks are shown the words are reproduced from the published

paper.

5.1 Introduction

‘The amount and distribution of pressure beneath prosthodontic impressions
has been the subject of academic debate and research. Mucodisplasive (Fournet and
Tuller 1936), mucostatic (Addison 1944, Page 1951), functional (Chase 1961, Vig
1964) and differential pressure (Boucher, 9th edition, 1990) techniques have been
advocated. Many contemporary complete denture impression technigues aim to
reduce or control pressure. In this era of evidence-based dentistry, re-evaluation of
the evidence-based literature supporting clinical techniques is needed. Kydd et al
(Kydd 1967, 1969, 1971, 1974) demonstrated the physical properties of oral
mucosa. The importance of controlling pressure under complete denture impressions
is a consequence of these physical properties. The viscoelastic mucosa will distort
during the making of an impression; once distorted, the mucosa takes hours to return
to the rest position (Kydd 1967, 1974). An impression of distorted mucosa may
result in a denture that will load that mucosa in an unpredictable and potentially
undesirable way. For example, overloaded mucosa may be traumatized or
uncomfortable for the patient. Constant overload of mucosa may increase the rate of
bone resorption. EI-Khodary et al et al (EI-Khodary et al 1985) demonstrated that

dentures fabricated from impressions made under pressure are associated with an
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increased number of osteoclasts in the mucoperiosteum. Methods of controlling
pressure under impressions have been investigated. (Frank 1969, Masri 2002,
Komiyama et al 2004, Al Ahmad 2006). Frank (Frank 1969) demonstrated that, in-
vitro, the introduction of spacing and perforations reduced pressure under
impressions. Frank’s findings have largely been confirmed by Komiyama et al’s
work (Komiyama et al 2004) using modern impression materials. These practical,
in-vitro results provide an evidence base to validate current clinical practices. Mastri
et al (Masri 2002) and Al-Ahmad et al et al (Al-Ahmad et al 2006) have investigated
impression pressures in-vitro in the maxilla and mandible, respectively. The authors
used oral analogue models and manual recording of the pressures. Previous studies
(Frank 1969, Komiyama et al 2004) have used a constant velocity motor. Komiyama
et al et al (Komiyama et al 2004) reported using a press velocity at 1220mm/min, as
reported by Frank (Frank 1969). A review of the literature revealed no previously
published data on the relationship between seating velocity and the pressures
produced by an impression. The purpose of this study was to assess the relationship
between pressure and seating velocity when an impression material is seated onto a
die. The Null Hypothesis was that the seating velocity has no effect on pressure

produced.’

5.2 Materials and methods

‘Pressure was measured when silicone impression material was compressed at
different velocities. Vinyl polysiloxane impression material (Express, fast set, light
body; 3M ESPE, St. Paul, Minn.) was placed between two 7-cm-diameter brass
discs. At the centre of the upper disc, a 2mm diameter hole led to an analogue
pressure transducer (PXM209-010G10V; Omega Engineering Inc, Stamford, Conn).
The pressure transducer was directly connected to the brass disc via a one-quarter-
inch British Standard Pipe (BSP) screw thread sealed with plumber’s tape. The

connection to the pressure transducer was filled with water (Figures 26 & 27).
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Figure 26 Sensor attached to brass disc with 2mm hole at centre.

Figure 27 Lloyd Universal Testing Machine with brass discs and sensors attached.

The brass components of the experimental apparatus were manufactured by
Leeds Dental Institute (University of Leeds, Leeds, UK). The amount of material

used for each experiment was that dispensed by three full squeezes on the
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manufacturer’s mixing gun. After the material was polymerized, the weight of
impression material in each experiment was measured and recorded. The range of
the weight of impression material used was 4.3 g to 6.4 g, with a mean (SD) of 5.48
(0.53) g. A preliminary study indicated that within this range, there was little
correlation between the weight of impression material and the pressure recorded
when using this equipment (Pearson correlation = -0.301, P=.342). Three squeezes
on the dispensing gun provided ample impression material to overflow the edge of
the brass disc. The impression material was dispensed to the centre of the lower disc
from the manufacturer’s mixing gun over a period of approximately SiX seconds.
Data from the transducer was logged at a rate of 67 samples/s via a USB data
acquisition module (OMBDAQ- 55; Omega Engineering, Inc) to a computer using
associated software (Omega Engineering, Inc). The brass plates were approximated
at seven different velocities in a universal testing machine (Lloyd LR10K UTM;
Lloyd Instruments Ltd, Fareham, UK). The velocities were: 45mm/min (0.75mm/s),
60mm/min (Imm/s), 75mm/min (1.25mm/s), 90mm/min (1.5mm/s), 120mm/min
(2mm/s), 150mm/min (2.5mm/s) and 180mm/min (3mm/s). The initial spacing of
the brass discs was 15 mm. The approximation of the plates was carefully
coordinated to finish 30 seconds after the commencement of mixing the impression
material. This complies with the manufacturer’s recommendation that the
impression should be seated within 30 seconds of mixing. Completing seating of the
impression at a constant point in time ensured that the peak recorded pressure
occurred at the same time (relative to mixing) for all of the different velocities of
approximation. This allowed the peak pressures to be recorded with material at a
similar state of polymerization and, thus, a similar viscosity. The plates were
approximated until they were 0.5 mm apart, consistent separation was ensured by
the use of three steel spacers made from engineering feeler gauges (Safe and Sure
Feeler Gauge; Moore & Wright, Sheffield, UK) placed around the periphery of the
brass discs. The steel spacers prevented the brass discs from closing beyond 0.5mm.
Pressure sampling at 67Hz was continued for 5 minutes, after which the material
was polymerized to touch. Data was collected from five repeated experiments for
each of the groups. The sample size was determined based on the previously
mentioned preliminary study, which examined weight of impression material versus
peak pressure and showed a low variance in recorded pressure. A formal power

analysis was not performed. The peak pressure from each run was noted and
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recorded. Data was entered into a spreadsheet (SPSS 14.0; SPSS, Inc, Chicago, IlI).
Mean and standard deviation were computed for each seating velocity. Data were
analyzed with a 1-way ANOVA. When a significant group difference was found, the
homogeneity of the variances was tested using the Levene statistic. Levene's test of
equality of error variance, tests that the Null Hypothesis that the error variance of
the dependent variable is equal across groups. The Levene test had a P value of
0.076 suggesting possible marginal significance but not within the usual 0.05 level.
Subsequent post hoc testing used both Tukey B tests (which assume equal variance)
and Dunnett’s T3 tests (which do not assume equal variance) at the .05 level of
significance. Calibration of the sensor was certified by the manufacturers to have
used instruments and standards that are traceable to the United States National
Institute of Standards Technology (NIST). The assembled system, including the
data-logging via the software onto the computer, was tested for accuracy in-house
and compared to a pressure standard traceable to the British Standards Institute
(BSI).”
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5.3 Results

Approximation o
velocity (mm/s) Mean (KPa) Standard Deviation

0.75 239.66* 06.67

1.00 273.75* 14.89

1.25 347.27* 11.97

1.50 424.56* 19.73

2.00 487.32% 17.84

2.50 547.00% 21.25

3.00 623.76* 3260

Table 19 Mean and standard deviation at each velocity; *indicates that difference
was significant for p<.05

‘Table 19 provides the mean and standard deviation of the peak pressures for
each seating velocity. As the velocity increases, so does the recorded pressure
(P<.001). The highest pressure values are seen in the 180 mm/min (3 mm/s) group.
Typical time-pressure graphs from the 60 mm/min (1 mm/s), 120 mm/min (2 mm/s),

and 180 mm/min (3 mm/s) groups are shown in Figures 28 through 30, respectively.
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Figure 28 Single run showing time plotted against pressure at 1mm/s
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Figure 29 Single run showing time plotted against pressure at 2mm/s
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Figure 30 Single run showing time plotted against pressure at 3mm/s

These graphs represent individual experiments from each of the groups. These
particular graphs are chosen for illustration because the peak pressure measurements
are the closest to the mean for the group. Thus, they are representative of the
pressure-velocity relationship of the group. In this study, the recorded pressure
returned to a lower but sustained level (Figures 28 through 30) after the high of the
peak pressure. The pressure drops to a range within 3-12 KPa. For example, in

Figure 28, the end pressure recorded at 5 minutes was 10.62 KPa.

The 1-way ANOVA test was significant (P<.001). Both Dunnett’s T3 and
Tukey B post hoc tests showed that the difference of the means was significant at
the .05 level for all mean pairs (P<.045).

5.4 Discussion

‘The results indicate that the Null Hypothesis should be rejected. In rejecting
the Null Hypothesis that the seating velocity has no effect on pressure produced, the
alternative hypothesis that velocity affects pressure is favoured. The results concur
with a hypothesis that an increase in pressure occurs when the velocity of

compression is increased.
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The previous in-vitro studies of impression pressure (Frank 1969, Masri 2002,
Komiyama et al 2004, Al Ahmad 2006) all used oral analogues to simulate clinical
conditions; by doing so, the investigators introduced many confounding variables. It
is probable that the introduction of variables resulted in the contradictory findings
found between the studies. An obvious example of a contradiction would be the
difference in effect of impression tray perforations on pressure between studies by
Masri et al (Masri 2002) and Komiyama et al et al (Komiyama et al 2004). It is
probable that these different results occurred because the perforations in the two
experiments were different. The results are most likely explained by the different
position of the holes relative to the sensor, together with the different number and
size of the holes. Further experimentation is required to confirm this explanation. It
is more speculative to attempt to identify the confounding variables that explain
some of the other contradictions. For example, Masri et al (Masri 2002) found that
with unperforated, close-fitting impression trays and light-bodied vinyl
polysiloxane, palatal pressure was lower than ridge pressure; with a similar material
and conditions, Komiyama et al et al (Komiyama et al 2004) reported contradictory
results. The fundamental laws of fluid mechanics have not changed, so the
explanation of such contradictions lies in the introduction of uncontrolled, unknown
variables. Perhaps this particular contradiction is explained by post dam venting in
the analogue used by Masri et al (Masri 2002), but again, further experimentation
would be required to confirm this speculative explanation. Uncontrolled and
unknown variables are introduced when attempting, and perhaps failing, to simulate
the oral environment. The experimental design of the current study took a different
approach. The authors have eliminated known variables to allow a single issue to be
addressed, the velocity of approximation. The factors of uncontrolled topography, of
variable of border moulding of the impression tray (to develop border and facial
seal), ‘lifelike’ compressible silicone casts, perforations of variable size, position, or
number, variable space, and different impression materials were eliminated. By
eliminating these variables, the study was able to draw a single conclusion. Further
study is needed to understand the effect of each of these variables on the pressure

produced during impressions with different velocities.

It was known from the preliminary studies that the peak pressure occurred at
the last moment of approximation. The current study was designed so that the time

that approximation ended was the same in all the groups. By setting the same finish
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time for all the groups, the investigators ensured that the material in all groups was
at a similar point in the polymerization reaction, and, therefore, a similar viscosity,
at the final moment of seating. This allows for a true comparison of the effect of
velocity on peak pressure without the complicating variable of degree of
polymerization (viscosity). In order to end approximation at the same time, seating
was started at different times for the different groups. Further research is required to
investigate the effect of delays in seating on the pressure within impressions. In the
current study, the end pressure dropped to a range within 3-12 KPa. End pressures
reported in the literature range from approximately 0.1 KPa, as taken from Frank’s
graph (Frank 1969), to 517 KPa (Al-Ahmad et al 2006). This variation in end
pressures in the previous studies is not unexpected; it reflects the variations in
different models and equipment used. Impression material flows if the pressure is
sufficient to overcome the resistance. It stops flowing when the pressure is
insufficient to overcome the resistance. The reported end pressures are the residual
pressures at which the impression material stops flowing. If the oral analogues used
in the previous studies had a high resistance to flow, then the end pressure was high,
and vice versa. It would seem likely that uncontrolled variables within the previous
studies caused variations in the resistance to flow and, therefore, variations in the
recorded end pressures. For example, it is possible to speculate that the dry,
hydrophobic vinyl polysiloxane models used in some previous studies (Masri 2002,
Komiyama et al 2004, and Al-Ahmad et al 2006) have a high resistance to flow of

the impression material. Further studies are needed to confirm this explanation.

The work of Kydd et al (Kydd 1967, 1969, 1971, 1974, 1976, 1982) elucidates
the viscoelastic nature of oral mucosa. It is clear that once distorted by pressure, the
mucosa takes time to recover; this is especially true for older patients (Kydd 1974).
The recovery time for the mucosa is longer than the time it takes to complete an
impression (Kydd 1974). The mucosa is unlikely to recover before the impression is
removed. This implies that peak pressure is the most relevant, definitive measure to
determine how ‘mucostatic’ an impression is. The end pressures found with oral
analogues (or between brass plates) are unlikely to be as relevant clinically. Peak
pressure was the selected outcome measure for this study. The peak pressure
recorded in these experiments was of short duration. It is worth noting that the high
sample rate of the equipment used in this study (67 Hz) enabled accurate capture of

this peak pressure. Previous studies used lower sample rates. Masri et al (Masri
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2002) sampled the pressure every 10 seconds. If a similar sample rate of once every
10 seconds had been used for this experiment, the peak pressure would have been
missed. Even the 15Hz sample rate used by Komiyama et al et al (Komiyama et al
2004) would have been likely to result in a lower recorded peak pressure (with a

higher variance) if used for the current study.

An intriguing aspect of Frank’s study (Frank 1969) was the brief section on the
measurement of pressure during the manual seating of the impression. Various
colleagues were asked to seat impressions. Some of those colleagues managed to
seat the impressions at a consistent pressure when using materials of different
viscosities and in different types of impression trays. This suggests that individual
operator technique may be important. In view of the results presented in this article,
it is suggested that the colleagues mentioned in Frank’s study (Frank 1969)

produced consistent pressure by possibly varying the velocity of seating.

This study has limitations; most notably, it was an in-vitro study and only one
impression material was evaluated. However, many of the variables which are
introduced with intraoral impressions were absent. The in-vivo peak pressures may
be higher or lower than those produced here. Further research is required to
investigate this issue. The study design did not use a formal power analysis, and
with hindsight, this is regretted. The preliminary study indicated a low variance, and
the results of this study demonstrate a significant result. The estimation of the
sample size that was used was sufficient for this experiment; however, a formal

power analysis should have been performed.

It is intuitive for a clinician to assume that slower seating of an impression
material produces less pressure. This study demonstrates the truth of that clinical
assumption. In view of these findings, clinicians should consider and adjust the
velocity at which the impression is seated in order to control the overall pressure of
a particular impression technique. The results from this study may provide clinical
insight for dentists. It is important that the velocity of seating is controlled. If the
pressures produced by seating at 2mm/s are considered acceptable, then the
guideline for dentists should be to seat to the depth required for the impression
(which could be 10 mm) over an appropriate time (5 seconds). As a dentist becomes
more experienced, encouragement to feel the resistance to seating at this standard

velocity should be given to help develop the technique while controlling the overall



-101 -

pressure as the impression is seated. Ultimately, the dentist may be able control the
overall pressure by varying the velocity of approximation during impression

seating.’

5.5 Conclusions

‘Within the limitations of this in-vitro study, it was observed that varying the
velocity of compression has a significant effect on the peak pressure produced in the
impression material. A faster velocity of compression results in a significantly

higher pressure.’

Please note that the quotation from the published paper ends at this point in the
Thesis.

5.6 Further details of the statistical analysis

The details of the statistical exploration and analysis are given below these
details were not published in the paper (Hyde 2008).

5.6.1 Raw data

At each velocity of approximation five individual experimental runs were
performed. Each experimental run recorded the pressure via an analogue sensor
with digital sampling of the pressure 67 times a second for 5 minutes. The
individual experiments produced data for 5 minutes and peak pressure was recorded.
The table below lists the individual readings recorded for the different velocities of
approximation. These are the peak pressure data recorded from each of the
experiments. Each result listed in the table is one datum point (the peak) taken from
5 minutes of recording the data of the pressure at 67Hz. A sample of the raw data
from an individual experimental runs is printed out from the excel file and presented
in Appendix 2. This is a sample of 100 data points that include the peak pressure of
that experiment and a graph of the pressure variation. This is the data from which

the typical graph (Figure 29 above) is taken.
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The peak pressure from each experiment was recorded and is presented in
Table 20.

Peak pressure in Peak pressure in
Velocity kilopascals Velocity kilopascals
(rounded) (rounded)

45 241 120 486
45 247 120 490
45 239 120 502
45 229 120 501
45 242 120 458
60 258 150 550
60 262 150 532
60 282 150 574
60 273 150 521
60 295 150 558
75 345 180 602
75 340 180 629
75 355 180 581
75 363 180 662
75 333 180 646
90 390

90 439

90 433

90 432

90 429

Table 20 Raw data
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5.6.2 Data exploration
The data was explored using SPSS. The descriptive statistics are summarized
in Table 21.

5.6.2.1 Descriptives
Pressure in kilopascals

95% Confidence

Interval for Mean

Std. Std. Lower Upper

N | Mean Dev Error | Bound Bound | Mini | Maxi

15 5 | 239.60 6.618 2.960 231.38 247.82 229 247
1.00 | 5 | 274.00 | 15.050 6.731 255.31 292.69 258 295
125 | 5 | 347.20 | 11.925 5.333 332.39 362.01 333 363
150 | 5 | 424.60 | 19.680 8.801 400.16 449.04 390 439
200 | 5 | 487.40 | 17.827 7.972 465.26 509.54 458 502
250 | 5 | 547.00 | 20.976 9.381 520.95 573.05 521 574
3.00 | 5 | 624.00 | 32.734 | 14.639 | 583.36 664.64 581 662
Total | 35 | 420.54 | 134.804 | 22.786 | 374.24 466.85 229 662

Table 21 Descriptives
In the Table 21 above the Confidence Intervals for the means of each velocity

can be seen. There is no overlap seen between the 95% C.1.’s of the means for each

group.

5.6.2.2 Shapiro-Wilk

The result of Shapiro-Wilk tests of normality for each velocity group is shown
in Table 22. All the velocity groups showed no significant difference from a normal
distribution except the velocity group 1.5mm/sec. It is not known why the
experiment at velocity 1.5mm/sec produced a non-normal distribution; but it was
speculated that perhaps it is a combination of the small sample size with the outlier
shown in the box plot (Figure 31 below). The Shapiro-Wilk test of normality was
repeated without the outlier and the results are shown below in Table 23.
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Shapiro-Wilk

Velocity in mm/sec | Statistic df Sig.

Pressure in KPa 75 919 5 522
1.00 955 5 75

1.25 976 5 911

1.50 126 5 .017

2.00 .850 5 193

2.50 979 5 927

3.00 969 5 871

Table 22 Shapiro-Wilk tests of normality of distribution of each velocity group

Shapiro-Wilk
Statistic df Sig.
Pressure KPa at 1.5mm/min eliminating
. 939 4 .650
outlier

Table 23 Shapiro-Wilk tests of normality of distribution for velocity 1.5mm/min

eliminating the low outlier.

When the outlier is eliminated the data cannot be shown to have a significantly

different distribution to that of a normal distribution.




5.6.2.3 Box and whisker plots
Box and whisker plots of the results are shown below. Figure 31
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Figure 31 Box and Whisker plot of velocity versus pressure

Each box plot gives a summary that describes the data of the variable by

plotting five numbers; the minimum of the range, the maximum, border of the lower

quartile, the medium and the border of the upper quartile.
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5.6.2.4 Levene test

Levene's test of equality of error variance, tests that the Null Hypothesis that
the error variance of the dependent variable is equal across groups and is shown in
Table 24

Levene Statistic dfl | df2 Sig.

2.186 6 28 075

Table 24 Levene test statistic, pressure in kilopascals

The significance of the Levene statistic was above the usual 0.05 threshold.
The Null Hypothesis was not disproved and this prerequisite for an ANOVA
analysis fulfilled. However, for post hoc analysis it was decided, for prudence sake,
to use two types of post hoc tests, one (Bonferroni) which relied on homogeneity of
variance and corrects for multiple comparisons and one (Dunnett T3) which did not

rely on the homogeneity of variance.

5.6.3 Analysis

5.6.3.1 ANOVA
Pressure in kilopascals

Sum of Mean
Squares Df Square F Sig.
Between Groups | 607334.29 6 101222.381 | 269.505 .000

Within Groups 10516.40 28 375.586
Total 617850.69 34

Table 25 ANOVA results
The overall ANOVA analysis shows a significant difference between the
groups (F=269.5, p<0.001)

5.6.3.2 Post hoc
Post hoc Analysis showed significant differences between all the groups with

both Bonferroni and Dunnett T3 test. Please note that SPSS produces post hoc tables
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with each comparison produced twice once as A compared to B and then B

compared to A; for the sake of space the duplicated results have been removed

throughout this thesis.

5.6.3.2.1 Bonferroni correction at the 0.05 level

95% Confidence

() : (J). Interval
Velocity | Velocity Mean
in in Difference Upper Lower
mm/sec | mm/sec (1-J) Std. Error | Sig. Bound Bound
.75 1.00 -34.400 12.257 189 -75.34 6.54
1.25 -107.600(*) 12.257 .000 -148.54 -66.66
1.50 -185.000(*) 12.257 .000 -225.94 -144.06
2.00 -247.800(*) 12.257 .000 -288.74 -206.86
2.50 -307.400(*) 12.257 .000 -348.34 -266.46
3.00 -384.400(*) 12.257 .000 -425.34 -343.46
1.00 1.25 -73.200(*) 12.257 .000 -114.14 -32.26
1.50 -150.600(*) 12.257 .000 -191.54 -109.66
2.00 -213.400(*) 12.257 .000 -254.34 -172.46
2.50 -273.000(*) 12.257 .000 -313.94 -232.06
3.00 -350.000(*) 12.257 .000 -390.94 -309.06
1.25 1.50 -77.400(*) 12.257 .000 -118.34 -36.46
2.00 -140.200(*) 12.257 .000 -181.14 -99.26
2.50 -199.800(*) 12.257 .000 -240.74 -158.86
3.00 -276.800(*) 12.257 .000 -317.74 -235.86
1.50 2.00 -62.800(*) 12.257 .000 -103.74 -21.86
2.50 -122.400(*) 12.257 .000 -163.34 -81.46
3.00 -199.400(*) 12.257 .000 -240.34 -158.46
2.00 2.50 -59.600(*) 12.257 .001 -100.54 -18.66
3.00 -136.600(*) 12.257 .000 -177.54 -95.66
2.50 3.00 -77.000(*) 12.257 .000 -117.94 -36.06

Table 26 Bonferroni post hoc tests: * the mean difference is significant with the
Bonferroni correction at the .05 level.
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95% Confidence

) . (J). Interval
Velocity | Velocity Mean
in in Difference Upper Lower
mm/sec | mm/sec (1-J) Std. Error | Sig. Bound Bound
15 1.00 -34.400(*) 7.353 .049 -68.64 -.16
1.25 -107.600(*) 6.099 .000 -134.58 -80.62
1.50 -185.000(*) 9.285 .000 -230.52 -139.48
2.00 -247.800(*) 8.504 .000 -288.77 -206.83
2.50 -307.400(*) 9.837 .000 -356.13 -258.67
3.00 -384.400(*) 14.935 .000 | -462.30 | -306.50
1.00 1.25 -73.200(*) 8.587 .001 -108.76 -37.64
1.50 -150.600(*) 11.080 .000 | -196.70 | -104.50
2.00 -213.400(*) 10.434 .000 -256.31 -170.49
2.50 -273.000(*) 11.546 .000 -321.52 -224.48
3.00 -350.000(*) 16.112 .000 -424.31 -275.69
1.25 1.50 -77.400(*) 10.291 .003 -122.07 -32.73
2.00 -140.200(*) 9.592 .000 -181.02 -99.38
2.50 -199.800(*) 10.791 .000 -247.29 -152.31
3.00 -276.800(*) 15.580 .000 | -352.12 | -201.48
1.50 2.00 -62.800(*) 11.875 012 -111.38 -14.22
2.50 -122.400(*) 12.863 .000 -174.93 -69.87
3.00 -199.400(*) 17.081 .000 -273.67 -125.13
2.00 2.50 -59.600(*) 12.311 .020 -110.20 -9.00
3.00 -136.600(*) 16.669 .002 -210.65 -62.55
2.50 3.00 -77.000(*) 17.387 .043 -151.61 -2.39

Table 27 Dunnett’s T3 post hoc tests; * the mean difference is significant at the
0.05 level (continued from previous page)
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5.7 Retrospective review of the potentially confounding variable of
the weight of silicone used

The previous chapter investigated the effect of weight on impression pressure
and for those experiments where the silicone overflowed the edge of the brass discs,
were unable to show a significant correlation between weight and pressure. The
experiment in this chapter above ensured that there was sufficient silicone dispensed
to overflow the brass disc. The assumption was made that the weight of the silicone
would not affect pressure. The published paper from the work of chapter 5 made no

further analysis of the weight.

However the weight of silicone was actually recorded for this experiment.
Retrospective analysis of the affect of weight was therefore possible via factorial
ANOVA,; it would seem sensible to return and retrospectively check the effect of
weight in a live experiment. After the use of ANOVA with a factorial treatment
structure became familiar to the writer (factorial ANOVA was first used later in
chapters 12-15 below) it was decided to re-analyse the data to reinvestigate the
effect of weight within this velocity experiment. The Null Hypothesis was that
weight had no effect on the pressure. The alternative hypothesis was that weight
affected pressure.
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5.7.1 Raw data
The variable of weight was divided into two groups; those values above the

median and those values at the median or below.

5.7.2 Normality test
The histogram (Figure 32 below) shows the frequency distribution of the

weight of silicone used with a superimposed normal distribution curve. The

histogram is suggestive of an overall normal distribution of the weight of silicone.

12,54 /\
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Frequency
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2.5

Mean =5.51
Std. Dev. =0.535
N =35
0.0 T

I I I I I
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weight rounded to nearest half gram

Figure 32 Plot of frequency versus weight categories (SPSS legacy histogram)
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Shapiro-Wilk test of normality was unable to show a difference from normal
for the distribution of weight (Table 28 below).

Shapiro-Wilk
Statistic df Sig.
Weight in Grams .965 35 320

Table 28 Shapiro-Wilk test of normality for the distribution of weight.
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5.7.3 Analysis with factorial ANOVA
The results of the Factorial ANOVA analysis of the significance of the

independent variables of Velocity and Weight are given in Table 29 below.

Obs
Type 111 Sum Mean Power
Source of Squares | Df Square F Sig. (@)
Corrected
608869.44(b) | 10 60886.94 162.704 | .000 | 1.000
Model
Intercept 5729254.80 1 | 5729254.79 | 15309.908 | .000 | 1.000
Velocity 528089.88 6 88014.98 235.197 | .000 | 1.000
Weight 530.05 1 530.05 1.416 246 .208
Velocity *
i 1011.51 3 337.17 901 455 217
Weight
Error 8981.25 24 374.22
Total 6807821.00 | 35
Corrected
617850.69 34
Total

Table 29 Factorial ANOVA, Dependent Variable: Pressure in kilopascals, ‘a’
Computed using alpha = .05

These results indicate that the overall model is statistically significant (F =
162.704, p < 0.001). The main effects of velocity is statistically significant (F =
235.197, p < 0.001).

significantly different pressures when ignoring the weight of the silicone used.

These results show the different velocities produce

The variable weight and the interaction between velocity and weight cannot be
shown to be significant (F = 1.416, p = 0.246 and F = 0.901, p =0.455 respectively).
The different values of weight cannot be shown to affect pressure; furthermore, the
interaction between velocity and weight cannot be shown to be significant so that,
within each velocity groupings, the weight used cannot be shown to have a
significant effect on pressure. The lack of interaction also shows that the effect of

velocity does not depend on weight.
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5.7.4 Conclusions for retrospective review of the potential confounding
variable of weight

The Null Hypothesis was that weight makes no difference to the pressure of
impression. The Null Hypothesis cannot be shown to be untrue by this experiment.
This confirms the findings of Chapter 4. Weight of silicone cannot be shown to be

significant when the silicone overflows the edge of the brass discs.

This retrospective confirmation is reassuring; weight cannot be shown to affect
pressure in this experiment. For the remainder of the experiments in Part Il of this
Thesis the silicone overflowed the edge of the brass discs and the weight of silicone

was not considered as a confounding variable.

5.8 The next experiment

The paper (Hyde 2008) raised questions about other variables invo