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Abstract

Part | of thisThesisgives abrief outline of the history and evidence for
impression techniques f@ompkte dentures. The literature review suggested there
was a paucity of high qualityevidencefor impression techniques for complete
denturesespecially in the form afandomised controlled trialdokstad et a2002,
Harwood 2008).

The literature revaw from Part Isuggested thaegective pressure impressions
for complete denturegquiredevidence on threkevels; firstly, in-vitro evidence on
the numerous factors that affect pressure, secondly evidence that within a specific
impression techniquéhe pressure is relistributed, and thirdly evidence thtte
specificimpression technique provides patient beneftart I, Ill and IV of this
Thesisaddress each of these issues in tuRart Il of theThesisuseslaboratory
basedn-vitro impressiorpressuraesearch tanvestigaé new issues ance-address
old controversiesvhere the evidence in the literatusas conflictingor deficient
Part Il investigatesthe specific distribution of pressure within the impression
technique used for the clinicédial of Part IV, concluding that the pressusas
distributed in a specific angseful waywhich was clinically significant.

The Clinical Trial reported in Part IV of thi$hesis had theprimary objective
of assedgsg patient preference for apecific selective pressure impression for
complete denturesThecrossover, randomised, controlled, clinical tr@CT) was
performed comparm a selective pressure impressionth a placebo and an
alternative method of redistributing pressureatientswho hal showna specific
pressure related clinical problenere recruited for the studyl'he resultshow that
the preference for the selective pressure impression was greaterathainttie other
two techniques

The work of this Thesis introduces dentistsot a successful impression
technique angbrovidesthemwith clear,clinically relevantand usefulevidence for
thatimpression technique.
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Chapter 1
Introduction

Selective pressure impression techniques have been widely advocated for
complete denturetsee 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 gam the evidencéase, research was required on
threelevels. First a series d@fl laboratory experiments were required to investigate
individual variables that may affect the pressure. Secondly a laboratory
investigation was required to simultaneously measure the pressts® @abints
within a seletive 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 ofhe impression technique. These thegeas of investigation
are presented in Parts lll and IV of this Thesis Part Il investigates the factors
that affect the pressure within prosthodontic impressions. Part Il investigates the
differential pressuravithin a specific selective pressure impression technique. Part
IV reports a randomised clinical trial of the selective pressure technique.

The overall research question for tlbesisis, ds a specifically designed
selective pressure impression teclugiceffective® This over all research question
is then dividednto the thregoarts. In Part Il the primary research questiod/ighat
factors alter pressure within impressionssitro?0 In Part Il the primary research
guestion is,ds the intended nessure differential physically produced within a
selective pressure impressimavitro?d In Part IV the primary research question is
@do patients receive a benefit from the selective pressure impredsiblowever,
before these investigations beganmweeded to consider the academic background to
the research project. The review of the academic literature forms the basis of Part |
of theThesis






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

In 1951 Carl Boucher, who was well known for his prosthodontic text book
and who many consider an authority within prosthodontics in the@6tury, stated
Orhere are far too many impression techniques to consider each one separately.
(Boucher 1951). Since that date further impression techniques and many more
variatiors on impression techniques have been reported in the literature. Boucher in
his paper (Boucher 1951) showed profound insight into the subject of denture
impressions andient 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 dentue rather, it looks at the origird the various types of impressions
(or i mpressions Ophilosophies®6) with pa

impression.

Impressions for dentures have a long history. Lufkin (1948, p229% stated
t h at ter@fPRaris svas first suggested for impressions in 1844 and was soon in
gener al usebo. Later beeswax, ot her wax:¢
were developed to overcome the O6m#any di
wasnot u lnat makterials €eRile ehough to be removed undistorted from
undercuts (the colloid agaigar) became available (Lufkin 1948). The contemporary
list of available impression materials was completed by the introduction of Zinc
oxide/eugenol, irreversible hyatolloids (algirates), polysulphides, polyetiseand

polyvinylsiloxanes (silicone).

In addition to the numerous variations of available materials, impressions can
be classified by the relative amount and distribution of pressure exerted on the
underlyingt i ssues. | mpressi ons ma y be des
O6mucodi spl asivebo6, Omucostaticé, or Of unc

look at the origins of thedeur types of impression.
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2.1 Origins of ®lective 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
i mpressions. Stansberyodos (1925) el egant
of approximatd discs influenced future discussions over pressure distribution. The
high central pressure has been partially confirmed by direct observatiotvivoin
experiments Mouglas et all1964, and Rihani 1981). However somevitno
experiments seem to partay contradict Stansberyds pr
in 2002 and Frank in 1969 are both reported to have found the reverse but only with
unperforated closétting special trays (see later discussiorcirapter 4 below and
Part Il chapter7). Stansbed s (1925) paper describes
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 olactive pressure impression was one of

the earliest impression philosophies to be defined and advocated.

The techniquedescribed by Stansbery (1925) svatwo phase impression.
Phase 1 was a compound impression whicls wat 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 complated, the principles it expounds lay a basis for much of the
academic debate over the next hal f cent
eventual devel opment of o6pal at al relief
Unfortunately the paper prests no hard evidence of thdinical success (or
otherwise) of the clinical technique. The successful redistribution of the pressure is
not physically demonstratedithin an impressionit is assumed. Furthermore the
assumptions that it is right to diktute 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 comparsim be made between impression techniques. This
paper by Stansbery (1925) remains the f ¢
techniques and stands the test of time where contemporary papers seem dated.
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2.2 Origins of high pressure, mucodisplasivémpressions

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 th@aper involved high pressure. The technique was described by
ot hers -asmpmauxoi ved until the inherent ¢
to the professions attention by Addi son
term of 0 mu c osdgpgestpdl aa ani alteenétivevbyp 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 denturé&$-Khodary et al1 9 8 5) . The 06c¢
castdé6 techniqgue for free end saddle pa

contempoary use of deliberately high pressure impressions.

2.3 Origins of mucostatic mpressions

Addi sonods OMucostat i c drittep avgheut for(nd 9 4 4)
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 (1944rates a low pressure

or OMucostaticd technique. Al t hough t h
until 1946, he is credited by Addison (1944) with being the originator of the
mucostatic i mpression O6principl etas Pag

reputed to have presented his mucostatic principle to the profession as early as 1937
(Lee 1980) . By 1951 Pageds mucostatic
an impression and denture base that are accurate negatives of the ridge tissues in
their natur al passive formé (Page 1951).
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.

Theidemof taking an i mpression of the ti s
of Omucostaticséo. -elBgtic nsucosagKyddil974 & 1976hiat t |
allowed to return to its undistorted shape prior to taking an impression. Lee (1980)
statestt8 aspect of mucostatics succinctly
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 untikhe inflammatory condition has subsided. If this not be convenient,

a tissue conditioner might be used under the existing denture to reduce
infl ammati onod. Lee (1980) does not say
t he t i ssues s anoimplicatiensthabtthe ude hofear tissuei conditioner is

second best to leaving the denture out.

2.4 Origins of functional impressions

Lytl edsd 1957 paper points out the in
or al ti ssues 06 an dentste fromithe murastatic schoaltnor thee i t h
mucodi spl asive camp would want to take &
1957 p323 3) . This concept of preparation or
definitive impressions is taken up in prosthotimtext books (Boucher 14edition
p219; andBasker and Davenpo2002, 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
condtioned 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 ledtitin for a period of B days
(this step was repeated until the denture were satisfactory for the patient); then a
final wash with the same material worn foi54hours, after which the definitive

casts was poured from the impression in the dentures. Chase (1961) called this the

odynamptiad stresso6 method of taking i mj
out t hat 6t he or al ti ssues assume a di f
claim that 6we assume it i s beneficial 6

0 Dent u e erscasisgdured in these dynamic impressions were, in general,
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superior to those made from our wusual [
of his O&6dusual i mpressions® technique.
with the developmerdnd 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 hamscthieomane &anolwins als porf ais s

just simply as OFunctional 6 i mpressions.

2.5 Contemporary impression pocedures

Most modern British standard textbooks recognize the variation in academic
opinion on impressions. Each offers various materialstachiques for different
clinical situations. Watt and McGregor (1986) described both impression compound
and irreversible hydrocolloid (alginate) primary impressionsfandbasic materials
for secondary impressions and an additidina 6 s p e c i &ued Basker arfd n
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) recommendeithreeprimary impression materials and a total of 7 téghes
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 unique among the major textbooks in only advocating one standard
impressiontechnique for final impressions and not recommending any specific
i mpressions material s. The phrase Ot he
when the final impression technique is described. Although Boucher discusses
plaster, zinc oxideugenal irreversible hydrocolloid and elastomeric impression
materials, in the 18 edition (Boucher 1997) of the text book the editors defer the
choice of i mpression materials saying @&
dental materials science foradetadl descri pti on of i mpress
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 semce on the choice of materials was
removed, but rather than any firm new g1
of c¢choi c e 6Practigiones tstill indke thes @wvh choice; in thé K Hydebs
survey of 1999 showeithe choice of material was often alginétsyde 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 inee 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 arndchniques for impressions
continued to contribute to the sum of academic knowleBgesll and Koumjian
pointed out in 1992 that: O&érecent report
is the best method of making impressions for complete dergud . This deve
consensus towards selective pressure impressions did not stop new applications for
materials and variations in selective pressure impressions techniques being
advocated in the literatur&lein and Bronerl985, Hyde 2003Duncan et ak004,

Lynch and Allen2006,Massad et @006 & 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 authotso ok up the O0selective pre
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 impressiont is useful to classify these opinions. Some
authors advocate placing pressure to effetention others to distributesupport
others forocclusal stability, and (later) others to prevergsorption These four
differing priorities for placing presse partly explain the numerous differing
techniques for impressions advocated in the literature. It is instructive to look at

thesefour possible reasons for placing pressure in turn.
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2.7.1. Priority retention

I f oneds rgantiomtrem dng wold peshaps advocate placing some
pressure at the peripheflyrank 1970 p 457to give an improvedperipheral seél
(later known asb b o r d @.r Pespheaal gealvas consideredmportant but it
should be noted that the work of Rihani (1981) seems tstiqueif 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
materal (see discussion below page).2Erank (1970) makedé 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 relativelyehigtessure at the
periphery is not tested; nor can it be assumed to be the case framvitie work
of Frank (1969).

It could be argued that at the periphery of a denture all that is needed (and
maybe all that 1 s act uahidug)isa cldse agdaptatdn v i a
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 tlimdf 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 periosteurnebticcal alveolar ridge
and increase alveolar resorption. Further research is required to investigate this

possibility.

2.7.2. Priority occlusal stability

| f oneds priority for sel ecthhbility@e pr es s
may advocate low pssure over the relatively non compressible tissue of the palatal
midl i ne to avoid a Opal atal rockingd mot
we have seen this was first suggested by Stansbery 1925, taken up by Boucher
(1944, 1951) and widely hetlto be true by academics over many years. In 1970
Collett (p259) debated the validity of this hypothesis based on the experinmental
vitro work of Frank (1969) but after this discussion, Collett concluded and
advocated a Ol argef hohe tmaydhet padalladwr

escaped6 and oO0reduce unwanted pressure |
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relevance, accuracy and possible errors of experimental measurements of palatal
pressureversusridge pressure are discussed furtheder chapter 4 below and in

Part Il chapter 7

2.7.3. Priority support

If one was using a selective pressure technique in order to gain the best
supportthen one may choose to put the pressure on minimally compressible tissues.
The original window techgue of Watson (1970) and the variations in the technique
(e.g. Lynch and Allen2006) aim to achieve this effect. Alternatively one may
routinely choose to |l oad the so called
certain areas arye sduepsp ogrntateerde aass6 Oaprre nhirf
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 disssion above on occlusal stability. There has
been some debate in the Jliterature as
supporté areas. Stansbery 1925 says 0t
masticationo; Boucher re8bdual 477d@agr e g s
denture bearing aread but only in the
suggests O6the buccal shel f éis ideal f ot
1951, p 478); Collett (1970) agrees and says the lowembshelf, 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 areaapbears to miss the
irony that preferentially | oading the ri
resorption. I nto the Il ate 197006s there
primary support area of choice in the upper arch is the ridgenathe 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 O6primary s upp o dacobsar andkgahalengetitbeve v e r
consensus by saying that the sloping palate (but not mid line or incisive papillae) is
the primary support arealgcobson and Krol983a,Jacobson and Krol983b,
Jacobson and Krdl983c).



-14-

2.7.4. Consideration of alveolar esorption

AlthoughBarcher had advocated relief of th
bl ood and nerve supply that emerges th
placing of impression pressure specifically to protect the blood supply or prevent
resorptionis a relatively modern conceptlacobson and Krdl1983c) concludes

0t hose [regions] that are |l ess resistani
stress should be relieved of Jacabsoeansi ve
Krol 1983 p 3 2) . Hi s description of Opri mary

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 theesreas are to be foundacobsonand Kréls di agr am
upper primary support aredacobson and Krol983, Figure 9, p 311) suggests
loading the area of the emergence and distribution of the greater palatine artery.
Research is still required to showethenefit 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 Ill oftiegsmay
represent the first publication to give esmte of deliberate and successful pressure
variation within an impression; Part IM this Thesispresents original research to

demonstrate the patient benefit of pressure distribution.

As Coll ett (1970) points out 0Al I
disadrantages. 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 compromisebo. This stat
phil osotpditeg@desnt t hat oédwhat has been will
be done again; there is nothing new und:¢

not used by Collett (1970) as a reason for no further enquiry. Indeed in his critical
analysis of theareas 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 evidemequired 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 allegressure 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 leasi in-vitro.
Secondly, evidence is required on the outcome of any advocated impression
technique. The fact that an impression techniquéisteibutes pressure does not
automatically mean that the impression technique produces a better denttwee for t
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 unddower complete dentur@iyde 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) materialgHyde 2003) The technique fodistributing pressure has been
further developed and reported hynch and Allen(2006) in a new application.
However he published paper (Hyde 2Qdacked the fundamental evidence detailed
above. As we have seen this is unfortunately not unusuakifieal of reporting
clinical impression techniques. The overall aim of this PhD is to investigate the
effectiveness of a selective pressure impression technique (Hydgi2@@3vering

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 | ate Carl Boucher

i mpressions based on the anatomy of t h
appliedanatomy ofthe socalle 6 dent ur e TBhe 8944 papgr (Bouclkeea s 6 .
1944)follows the joint anatomical paper he wrote wattatomist L FEdward on the

anatomy of the mouth in relation to complete dentures (Edward and Boucher 1942)
Bouchefs definition of the denture beag area(Boucher 1944)s 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 prosthodontitke classic anatomical

di ssection photogr ap BauchersOglYhelp to deBne the her 6
detail of the structure and features of the denture bearing areas of the upper and

lower jaws.

References that repodissections to investigatie applied anatomy of the
edentulous denture bearing am@ fewin the literature. A review of the dental
literature has yielded no other paper which reports anatomical dissections of the
whole denture bearing areaAfter Boucher the applied anatomy is investigated by
dissection only in relation to specific areas (i.e. not the whdtey. example Nairn
(1965)shows a dissection of the retro molar e histopathology of a transverse
section of the posterior linguatlcus;Preiskei (1968pives a detailediscusgon of
the gross anatomy of th@osterior lingualsulcus Shannob s di ss®8-ct i on
cadaverdss instructiveto examinethe mentalis insertiofShannon 1972) These
papersilluminate understanding dfpecifc aspects othe denture bearing ares
defined by Boucher. Edwards andB o u c h e r éasd Bouchevkuse of it
(Edwards and Boucher 1942, Boucher 198ducher1951) reman the standard

references fothe appliecanatomy of th@ormalle dent ul o @es béade mmng 6 ¢

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

modern anatomy textbosklluminate the underlying general anatonfyoremost
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amongst theseBerkovitz et al (Berkovitz et al 2002) discusses the gross anatomy,
innervations vasculatureand mucosal histologyof the area and the adjacent
structures with good illustrations, dissections and a clear writing. stiderton
(2007) and Johnson (1988sogive good groundings in the subject

Prosthodontic textbooks are more helpful in confirming the outline of the
denture bearing areaT he | at est editi oBaskerkt alBfasker o
edition 2011) concus with Boucheron the outline of the area and gives clear
anatomical diagrams fbustrate its extent (Basker et df &dition pages 13035).

Although Boucher is credited here for his anatomical witris important for
the reader to di st i n gfdactgrém hB opinomsdecduse pr e
they are delivered in theasne authoritarian style of writing. For example his
description of the histology of the palatal mucosa (Boucher 1951, page 476) is
detailed and accur at e; hobtheancigve papillas st at
absolutely essential because thesiva papilla is found on or near the crest of the
al veol ar ridge, and IS very softeée. .pr.
supplyé..this relief mu s t be made mecha
by Boucher with little or no direct evidence to pog it. It would not be considered
best practice in the 2kcentury dentistry; but this is minor criticism of the immense
contribution to Prosthodontic dentistry by Carl Boucher. Overall, he advocated
understanding and knowledge to inform appropriatecision making for
individual s; for example in 1951 he st a
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

anal ysis of the requirements of the pati

Designirg 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 Tinesis with the aim of

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

Standard textbooks give good descriptions of the histology of the denture
bearing area. The readerreferredto Berkovitz et al (2002) and to Johnson and
Moore (1998) for details of the mucopesteum 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) saysQAll complete and most removable partial prostheses
must rest upon the mucoperiosteum of the residual ridge and@atiteocclusal
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 wrk 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 Kyltl(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 materialdaboratory, 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 castfrom hydrocolloid impression of twénfive 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 theai nor
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 ref@rtdeacy for
soft tissueto return to their normal form will be referred to as tissue recovéery.
the modern reader the paper was, amongst other things, an early demonstration of

the visco elastic recovery of oral muperiosteum.

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

results of fresh sample of mucosavitro alongside the compressive test results.
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His resultsfound that human gingival gave an anisotropi@sponse, therefore the

results are given dew moduliandhigh moduli When plotted this tissue generated
an Sshaped cuné@(Kydd 1967). This was the first indication that the complex
compound biological tissue mucosa could not be assdsgetsimple, single,

modulusof elasticity.

The classic 1971 paper by Kydd plotted the thickness of the oral
mucoperiosteum using an intraoral ultrasonic depth gaog®/o. The thinner
mucoperiosteum over the midline of the palate and thicker mucopenosteu
elsewhere in the palate was shown clearly in this éaywo work of Kydd (1971).
TheFigures obtained still represent the best evidence of in the vivo depth of denture
bearing area despite some later and cruder attempisvato depth measurements

using sharp probes (Warsswapati N, 2001).

Kyddodés 1974 paper built on hi=®lasgecar |l i e
nature of human soft tissue. The delayed recovery time and the effect of aging were

clearly shown
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Figurel Reporting Kyddés findings in the st
0typical d results published by Kydd (.
followed bytherelease ofoad;the graph follows the resulting mucosal
thickness as a percentage of totacosal 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 thiShesisis 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)
reprsented the o6typical d recoveryC&bh ol de
represented the O6typical d recovery in a
quickly but only to a maximum of 85% of their original depth (in the older patients
therewasnuch | ess o6initial6é elastic recover

their full (preload) 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 pressusgthin 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 thegsures 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 aubsafmmary of his findings and

philosophy derived from many years of research on the subject.

El-Khodary et a1985) took the histopathology further in his 1985 paper and
looked at the effect of high pressure impressions, and the subsequent wearing of
denturs 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 astidraws 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 prosthodonticgaptice 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 a(1964).Douglas et a(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/squainch (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. Intheirdissusi on t he authors suggest tha
Sshould be assessed in the | aboratoryo.
studied impression pressureviitro (Frank 1969, Masri 200Komiyama et ak004,
Al-Ahmad et aR006, Hyde 2008).

Douglas et a[1964) reportedesults from onlytwo 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
numerais variables 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-givan
direct measurenm¢ (see later discussion on this issl&st Il chapter ¥ The
inconsistency of the ranking of insertion pressure of the 7 pastes betwe®ro the
different patients is remarked upon within the paper. This may be because variables
were not understood aontrolled; 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 byDouglasetahad @84bB0chB thick brass diaphra
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 danmgeof short duration peak pressure
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readings would be constant across the study; but the study may then timdéees

all the O6peakd pressures.

Frankdos 1969 paper requires detail ed
work of the 28 century on impresion pressures. ZTentury papers (Masri 2002,
Komiyama et aR004,Al-Ahmad et al2006 and Hyde 2008) all refer back to this

original work and advance knowledge with modern impression materials.

Fr ankwist rion experi ments u shecdnsisied of@mo r a |
edentul ous cast constructed in silicone
was tested by comparing pressure readings taken on it with those obtained with the
same measuring apparatus ugedivo on the patient from whose dehtast the
analogue was constructed. Frank (1969) used a constant velocity motor which later
Komiyama et a(2004) tells was set at 120mm/min. The measuring apparatus used
by Frank (1969) was completed by 6an un
pesti c tubing then to brass tubing which
rubber me mbr aneo. The tubing wa s fil
particularly the o6flexible rubber membr ¢

peak recording fogpressure on the oscilloscope.

Frankds (1969) met hodol ogy <canaybe <co
papers. For example in those 4oligital days he used analogue equipment. An
analogue pressure transducer connected to an oscilloscope gave a comgadous
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 andAl-Ahmad et alcould only observe the
pressure meters every 10 seconds anmidaphave missed peak pressurésen the
digital capture of data biomiyama et a(2004) may be inferior since it used a low
digital sample ra of the analogue signal (@tz) which may be too slow to capture
accuratelythe true peak presre A 5Hz sample ratéKomiyama et al2004) is
likely to have resuld in a lower recorded peak pressure mean (with a higher

variance).

FraniGs (1969) resudt were presented fiour sections; determined by whether
they were oO6initiald pressures or 0end?o

manually produced. 6l nitialé pressure i
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These 0i ni tasaificantsince theswonk ef Kydad (L967, 1969, 1974 &

1976) tells us that once distorted the viscoelastic mucosa will not rebound to its full
depth or original shape for hours. 6l n
pressur es. eisth&resitidal ppessers a which the impression material

does not overcome the frictional resistance to movement over the analogue. In
Frankdés (1969) paper the results for t}
pressure was obtained with therieas impression materials. The results suggest a
possible correlation between the pressure and the viscosity of the materials.
Perforations reduced oinitialéo pressur e
pressure. The figures for spacing may reftbe larger peripheral vent in a spaced

tray on the invitro model; this may or may not happieravivo and is discussed later

(seePart Il Chaptes 14 &15).

I n Frankés (19609) paper t he manual S
consistent resultbetween dentists. One dentist in particular was able to make
impressions with alfour 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) discussd®ettheory that the centre of the palate has high
pressure relative to the residual ridge, he statesrthab (kl®s6 9) o&ér esear c
this belief to questiond. Ri hani (1981
ridge crest received muchmoremasr e t han did the pal atebo
Frankbdbs paper shows no statistical di f f
unperforated close fitting trays. Furthermore Frank is actually contradictory on this
point, during tlhiedisectoifont hoen atnhael owee 6 |
were recorded in the palatal area than
This issue of high palatal pressure relative to ridge pressure was unresolved. The
lower palatal pressure with closeifith g t r ay s i nvitrégstuayn(k9693 mai 1
may be explained by unaccounted venting
vitro model the pressure was lower, that is relieved more, or vented more, in the
palate. A venting of impression materigr@ss the post dam rather than sideways
across the residual ridge is one possible explanation of how the palatal pressure
could be | ower. Whet her post dam vent.i
more crucially, whether post dam venting occursiwo is currently unknown and
would require further investigation. This reminds us that ultimatelytio models

only tell us about irvitro impressions. As we have seen (pa8a@bove)Douglas et
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al (1964) had already compared palatal verse ridge peesswuivo. He found
palatal pressure higher, but his study was onlijwanpatients 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 1hi4981.

Rihani 1981, studied relative pressure across the palat&o. 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 righshufrthex
tray each had a strand, similarly the left and right edentulous ridges each had a
strand, and the finawo strands were placed on the left and right sloping palate.
The flexible hollow plastic tubes were filled with water and connected to akertic
glass tubes. The displacement of the water within the tubes was measured when the
special tray impression was insertedvimo. This allowed the relative pressure
across the palate, measured as displaced mm of water, to be recorded. He measured
pressire onthree patients with an open mouth impression and one patient with a

closed mouth impression.

Ri hani 6s equi pment wa-eral face lndwespist evale wi t
and 7 vertical monometers all physically attached to the intra oral, clase, fitt
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

tabulatedorm and are worth reporting in full s@ablel 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 -

Tablel reporting Rihani 6s r eRiuh dpapeil98l.t he s

Rihani concludes that these results show the pressure is not even across the
palate, that it is greater at thentre, 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 Stansbémy1925 and shown to be expected by
Bi kerman (1961, p54) from the first pri
showed that if the assumption that viscosity is independent of the rate of flow is
correct (i.e. the fluid is not neNewtonian), then Rissure = K(Xi 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 I
chapter 13 below. A literature search has rieceao evidence of an investigation
of the assumption that setting dent al [
' i qui dso. The debate on the distributi
continued in some papers but the distribution demondtiateRihani was assumed
to be the correct pressure distribution in much of tHe@mtury denture literature.

Ri hani 6s paper was a useful confirmatior

Later papers rgnite this issue of ridgeersuscentral palate pressure. Masri
2002 f ouneds stuhraets é6pver e al ways | ower on t
pressure on the r i ghkibomiyamadet alfoand the neverdeg e s 0 .
stating 6mid palatal i mpression pressur e

similar to the pressureath e r i dge crest 6. The funda
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have not changed, so the explanation of such contradictions lies in the introduction
of uncontrolled, unknown variables. These latewitro studies of impression
pressure used oral analogues simulate clinical conditions; by doing so, the
investigators may haventroduced confounding variabledt is probable that the
introduction of these variables resulted in the contradictory findings found between
the studies. This particular contradictiis 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 engl venting was eliminated from

the model.

Masri (2002) investigatedpt he pressure exerted by
impressions composed dfiree commonly used impression materials using four
di fferent 1 mpression tr ayrkwasimitrowgithanat i on ¢
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 atthree points; left and right edentulous ridges and thetre¢malate.
Pressure was measured via water filled tubes connected to pressure transducers the
out put of whi ch, gthreebperators athreedocadonsroa the r d e d
or al analogueé. . The resultant pressur e
change in pressure was detected and the
(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 paicular the peak of the pressure may be missed.

There is some initial confusion over the impression materials Masri tested. In
t he abstract w e are told t he 03 i mpr e
hydrocolloid, lightbody and mediunbody polywiny | si | ox ane, and p
(Masri 2002). However, in the method sectidaéri 2002, Table 1, p157) Masri
reports that thehreemat eri al s tested were O6Pol yeth
and |light body and Pol ys uldfcandusién sdctid@ss r i :

Polyether is not reported.

Masri (2002) found tray perforations and relief beneath the special tray (space)
did not affect pressur e. I n his concl L

was not important in changing the amouhpressure produced during impression
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maki ngo. The role of perforations in r
Il chapters8 to 11), but it is worth noting here that Masri (2002) used small
perforations which were some distance frompghessure 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 isgo@ pressure. The main
thrust of the Masri (2002) conclus®mwerethat the material used in taking the
impression was the most important factor for changes to the pressure of the

i mpression, concluding O6The i mpr#thssi on
pressure produced than the tray design. The use ofblaght 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 prodict i on of accurate impressions of n
2002).
Masr i (2002) states OA Satec wuniversa

constant pressure of 2 kg/cm, seating tF
This is fundametally different from other studies which used a constant speed
motor to seat the impression (Frank 1969, Hyde 2008, and prdkafriiyama et al

2004, see below). In constant pressure testing, as the impression is seated and
resistance encountered, theivemsal 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 pressf 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 (stheespeed 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
material s/ tray combi nat i onsgest Alterdatvaelyy hi o n
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
procedur e. Clearly this methodol ogy, u

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 imitro impression pressure.
Unfortunately there is some confusion in the reported methodology. In the abstract
Komiyamaetabst at es 6 The cast ahedmeterrfoaapplymga e at
continuous isotonic force of 5,0Kf and compressive speed
expression O6continuous isotonic forcebod
agai n, I n the method secti oncetwasesetptaper
5.0kgf and the press speed at 120mm/ min
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 thé&mmiyama et al(2004) figures for velocity and
force of seating represent either the maximum force of approximation or the
maximum \elocity 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. Correspondemavith 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 botdld @irristsiualeé arPdhal| @d mal press
ridge pressure. An increase in the size of the hole showed a larger effect in pressure

reduction.

Komiyama et alnvestigated the effect of spacing beneath the impression tray
on pressure within themipr es si on. Quot e: 60Three type
wax spacer Coe Ssheet wax (... 0.36 mm
t hi ck) 6 KomyBmaetead bynd t hat the | arger the
the pressureKomiyama et alconcludes 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 bl ocked bkyd tbhoer daedrd imoiuolnd ionfg .o g
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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.

Komiyamaeta@ s (2004) paper contai disheda mi s
OFi gur eKodiyamaetahs OFi gur e HkKomiyamalet aRd03)b | e 3
show, the end pressures in the BS20H groups, point P (palatal) had a significantly
lower pressure than point R (ridge). Figure 5 and Tal{lkeoBniyama et aR003)
showthis palataversusr i dge o6end pressured result i:
no space and no perforations (NSNH). TRigure4 is incorrect for BS20H but is
correct for NSNH.

For 0i ni t Keniyamp eteslsss ured®ul t s support St
theory of high palatal pressutéomiyamaetal 2004) st ates O6data
P showed significantly higher va-RbGes ¢éGé
However for O0end pressured some of thes
resuls of Komiyama et al2004) add further confusion to the long standing ridge
pressureversuspalate pressure debate; overall the results are different (and different
in different ways) f r -wimowbri tAbnoted ahavitked s a n ¢
fundametal laws of fluid mechanics have not changed, so the explanation of such
contradictions lies in the introduction of uncontrolled, unknown variables from the
useofsecal |l ed oOo0r al anal ogues©o. I n partic
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 thelips and cheeks affect peripheral ventingvivo, the peripheral venting at
the post dam and the buccal reflection in the clinic on patients will be different to
t hat of any o6or al anal ogued. As this
unknown variéles are introduced when attempting, and perhaps failing, to simulate

the or al environment . 0

Al-Ahmad et al(2006) used very similar methodology to Masri 2002; Masri
was a ceauthor onAl-Ahmad et @ s 2 0 0 &l-Apnaag et a2006) looked at
the presste generated under lower arch impressiomsitro. As Al-Ahmad et al
(2006) states: 0The main differenlboe bet

addition, he pressure transducer usedAiRAhmad et & study was a different
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model than that useh the Masri study, and this may have played a role in the
difference between the recorded numbe®slso, 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/cfrto 1 kg/cnid Al-Ahmadetads ( 2006) study ap
used a constant pressure of approximation rather than a constant speed of
approxi mati on. Similar problems to Masr
seconds between the sampling of the pressure. The resulteeandnclusion are

distinct from those of Masri (2002). Firstly, in agreement with Masri (20QR),

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 dgmaalucing

the highest pressure. However, in contrast to Masri (2002\hmad et al(2006)

shows that tray modification (perforations and relief space) significantly affects
pressure when Vviscous i mpression fater:i
materials).Al-Ahmad et ads (200 6) result i's the 06ex|
principles of fluid mechanics. The question is not why AlidAhmad et al(2006)
conclude this but rat her why didnot Ma
conclusions? The answer i s probably bec
trays were far away from the sensors whetadhmadetads per f or at i on
either diretly 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

pressue recorded by the sensor.

This literature review has revealeik papers which measured impression
pressure;Douglas et al(1964), Frank (1969)Rihani (1981), Masri (2002),
Komiyama et a(2004) andAl-Ahmad et a(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
whethertray modification (via perforations and relief space) effected changes in
impression presire, andwhetherpalate pressure was higher than ridge pressure.

These contradictions required further investigation.

In 2003 Hyde proposed a selective pressure technigyele 2003. It was
proposed to use that technique in the RCT incorporated iPtiils Hy d e ds ( 200 .

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, furthatrmresearch was needed.
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Chapter 5
Randomised controlled clinical tials of impression techniques

Randomi sed Clinical Trials (RCTs) are
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 gbublished a critical review of RCTs in prosthetic dentistry. They
reviewed 92 papers reporting Prosthodontics RCTs. In the discussion section they
s t a the resulboT this investigation causes concern, since it points out the lack of
sound evidence on a number of common procedures in prosthodaatgs,

di fferences between i mpression materi al
RCTs is low, and the metholbgical quality of the reporting of these trials seems
highly wvariableéé Thus, I n conclusi on,
prosthodontics where wedlesigned and reported RCTs may document therapeutic
gains of new materials, techniques, and edures compared to traditional

i nt er v dokstad et #@02. 0

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 impressa techniques for complete dentures are relevant to

this thesis.

In 2006 Carlsson correctly states tha
articles on I mpression material s and
referencing the paper of Firtell and Kuojian (1992) which is reported below in this
chapter. However, Carlsson (2006) then appears to question the potential for the
success of RCTo6s of i mpressions. He s
differ in many respects and there is a wide vgrigf 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. o Thi s secondHerdyges mopdteni on
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, Z#¥9yood
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qguality 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 0i t I'sS not prc
gahered.

In his 2009 review Carlsson (2009) uses very similar referenced material to his
2006 paper adding McCord et alods study
complete dentures (McCord et2009.

In 2009 Carlsson goes on to cite (again) thekvad the candidate (Hyde 1999)
and uses Hydebs paper to report that de
at that time normal practice in the UK. Having quoted good evidence that it was
normal practice, he then goes on to imply that becausendgrisal practice to use
alginate, it is equivalento (or betterthar) other materials. In contrast to this
opinion, the paper he quotes (JHyde and McCord 1999) takes the opposite view,
saying in the discussion section that the impressions techniquelyugelGDPs in
the survey fihave to be viewed with conc
GDPs in the survey will not be equivalent to those recommendedriigmporary

expert opinion.

As Carlsson (2009orrectlypoints out, it is indeed unfortureathat 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 disahis
without higher quality contrary evidence. In this context the lack of high quality
RCT evidence is best used as a spur to rhagk quality (RCT) research. New
research may confirm expert opinion or the expert opinion may indeed be shown to
betheerant &édogmadéd Carl sson suggests it m:

gual ity r esear ovitlillumninatectHe discussiap R CT 6 s )

Harwood 2008 looked in detail at the RCT evidence base for current practice
in Prosthodontics. Harwood (2008) did tndifferentiate between partial and

compl ete denture i mpression techniques &
materials and techniqgues, only two compe
Thus in prosthetic dentistry generall

(Jokstad eal 2002,Carlsson 2006,2009 and 20Hzarwood 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 whenlooking 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 ontwo Randomised Controlled Trials (RCTs) which have

investigated clinicaimpressions for complete dentures.

Firtell and Koumjian1992 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 mawfeifnpressions 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 scho®ldtropoulos et &003), althogh 1% of specialist
prosthodontists in the USA reported using it in 200%etfie et al 2005).
Polysulphide rubber is widely advocated in the UBAtrie et a[2005) reports that
64% of dent al schools use polysulfgrhi de

complete dentures.

The outcome of treatment was assessddriell and Koumjiaw s paper (19
by counting the number of adjustments to the finished dentures that were required
for each side of the trial. No statistical difference was found betweetwo
impression materials using this assessment tbBotell and Koumjian (1992)
concludes, 6fluid waxé can be used as

i mpression material for making i mpressic

Firtell and Koumjia® s 92) peaper 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 aredskStacet al2002). The assessmentFftell and
Koumjiantb s p ap er Jokstad 2t2af2002) ys given in tabular form and
summarized in Table 2 below by the same critdadlkstad et alised. Jokstad et al
(2002) reports the number of patients incorrecly?2d; 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

. Independen{ Unclear Parallel 22

Koumijian 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 usediogtad et a2002) of
compliance with CONSORT guidelines.

In comparison to the accepted CONSORT standards for reporting RCTs,
Jokstad et al(2002) makes valid criticisms oFirtell and Koumjia® s (1992)
description of the power calculation, of the randomisation, of the inclusion/exclusion
criteria, of the compason 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 pbs$nsertion adjustments visits as the primary outcome
measure may have been inadequate and therefore inappropriate to detect a difference
between the groups. Notwithstanding this criticigtinfell and Koumjiad@ s 1 9 9 2
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 ain 2005 reported a double blind cross over randomized controlled
trial in 11 paients looking athreeimpression materials. Each patient receitrede
lower dentures, each constructed from a different impression material. The paper
post dateslokstad et a{2002) and so is not assessed in that review. It is however
useful to evluateMcCordetabs ( 2005) paper in the man
Jokstad et al20002) 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 | cdculation

McCord etal | 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 dicCord et al2005) paper compared to Consort standards in
the style ofJokstad et &2002).

A power calculation is not mentioned McCord etadbs ( 2005) pap:¢
patients were inadequate to delineate the preferred impression materiatlokethe
used in the stud There were particular problems with randomization method
which prodeed a lopsided distribution of the order in which the dentures were
given to the patientMcCord et aldescribes a prejudice amongst the patients against
the first denture, statinggi t was a clinically signific
denture initially caused most discomfor:t
in six out of the eleven patients (54%) there was clear potential for bias against
Provilinthisstudy. T dent ures made from the compo
first on two out of eleven patients; there is clear potential for bias in favour of the

O0Admi x6 dentures in this study.

The results oMcCord etabs st udy (2005) showed th
Zinc Oxide/Eugenol impression material were never the most preferred denture.
There was no detected difference between the dikerimpression materials.

McCord etal( 2005) concludes O6The need for | a
clear from the findings ahis study and, the basis that the fingirn denture always

produced most discomfort , the need for



-39-



-40-

Part Il
Laboratory investigations of variables that affect the

pressure ofimpressions
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Chapter 1
Outline and background

1.1 Introduction

Chapter 4 of Part | of thiFhesisreviews the academic literature on the
experimental evidence of pressure, and pressure variation, within impressions.
From that literature review, it was clear that ¢hesere two broad issues that needed
to be addressed; two areas where further investigation was needed. Firstly there
were variables that hadnot been invest.i
variables had been investigated but the investigationdtedsin 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 impresson pressure; and the effect on pressure

of border moulding the impressidray to developborderand facialseal

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 2002Kardiyama et ak004); an on
going controvesy over ridge pressureersuspalatal pressure in the upper arch
(Frank 1969, Masri 200Komiyama et akR004); 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 plibhed paper from the work of thighesis(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 uncontrd/lenknown variables from the
use of secal | ed 6or al anal ogueso. Uncontr
introduced when attempting, and perhaps failing, to simulate the oral environment.
Rat her than attempt, and fesianld,ntrato@h-pr odu
vivo conditions, the series of experiments in Part Il has taken a deliberate and

different approach.

The approach for Part Il follows the classic scientific methodology to study the
effect of a single variable in each separate erpamnt. 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, variableperipheral venting, variable bad adaptation of the
impression trayand difelike6 compressible silicone casts. In this section of the
Thesis experiments were specifically designed to isolate the individual variable
under investigation. Potential confounding variables were eitharinglied 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 Il of thisesisare shown below isection 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 thighesiswere tested; thus a single type of negsion
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 variabées wer
usually set at a default setting. The default settings for these variables are listed in
theTable4 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 withmpagssion.
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 Thesisincluded, velocity ofapproximation, delays in seating, position of
sensor, perforation position, perforation number, perforation size, space under the
special traypf border moulding of the impression trég developborderand facial
sea), viscosity of the impression maiar and speed of set of the impression

material. One variable was investigated at any one time.



Variable Default Setting
Velocity of approximation 120 mm/min
Delay in seating impression 20 seconds
Position of sensor Centre
Number of perforations None
Size of perforations 2mm
Position of perforations 10mm from central sensor

Space beneath t h|{05mm

Borderadaptation None
Diameter of discs 70mm
Viscosity of impression material Light bodied (regular set), Express 3M

Speed of set of impression material| Regular set (Express 3M)

Table 4 the default setting of variables assessed in Part |l dfitegss

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 Il dhis Thesiswere to investigate;

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

3. The &ect of velocity of approximation on impression pressure

4. Theeffect of delays in approximation on impression pressure

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

pressure

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

impression pressure
7. The &ect of the number of perforations on impression pressure
8. The dfect of the size of a perforation on impression pressure

9. Theeffect of the space under a special trayhere there is ndorder

adaptationon impression pressure

10. Theeffect of the pace 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 #ect of the speed of set of an impression material on impression

pressure



-46-

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

The brass disc shown in Figure 2 belo
in many of the experiments described in Chapids15b e | o w. This i s
of whichaninpr essi on was taken. This particu

connected to a pressure sensor. The central hole is the point at which the pressure
within the I mpression material was recor
from the surfae 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 salampeed (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 theobjecbowhi ch i s t o have an O6i mpression
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Figure nBprlerssd on trayd used to carry i mp
steel O6éspacersd6 made from engineersod
The disc above (Figure 3) is an examp

i mpression materi al i hichavasdoohave ancimpressiont h t

taken. The steel 60stops6 used to spac

O.5mm sections cut from an engineer6s
superglue. Thénhreesteel stops and the unset superglue wengcessed 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 chap&r8, 10, 11, 14 & 1below). Thesize, number

and position of perforations in an 6i m
which were investigated for the effect they had on the recopiedsure; see

Chapters 8.1 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
approxi mate the impression materi al on
gave precise control of the distance travelled, the alignment of the discs, the velocity
of approximation, and the rga 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 nalin
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Figure 5 close up of the brass discs on the Lloyd 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 Paf 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 dfO0KPa (0-1 Bar) were unexpectedly
overloaded and destroyed. Therefore the sensorechtx Part Il of thisThesis
had a range of 0 to 1000Pa which is 310 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 thiéhesisthis single sensor & used. The sensor was
an analogue pressure transducer; catalogue number PX02@10V from Omega
Engineering, Inc, Stamford, Conn., USA and the calibration certificate was
referenced to standards traceable to United States National Institute of @&tandar
Technology.

2.3 The certification of accuracy

The pressure sensor purchased for the laboratory work ofTt@siswas
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

Scrinl & 52736 Model # PXM218-010G10V
Job ¢ MLS4606 Range 10 BAR
Date 4/26/086
Final Calibration Data
[Com ] [ Thecostica | [ o ] PASSFAL Megaires  +*
Zaes 0.0033 0.0067 00034 0.0000 60750
U2 Scae 500N 50025 0.0045
PullScam 99350 99954 00034 10,0000
2 Btae 50055 50026 0.002%
Zers 0.0222 0.0067 ©.0045
Senstily | O9.9417 90017 | PASS | 10,0000 DATER

——— i - — Combirac Azoumgy SpeG
Llrmartt Fhatocess R :
J, L My | Combined |

0.0298 00180 -0.0453 0% | NFB

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 teensor used throughout in Paroflthe
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

CombinedAccuracy 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-iw8360% FS

giving a combined eor of -0.0453%FS. The full scale isIMOKPsg the sensor
underestimates the pressure by OKIB& A simple linear transformation was
performed Otrue pressur ed | sKPa dtiwaseossibiertoe s s ur
achieve this linear transformation tithe software supplied with the digital sampler

purchased with the pressure transducer.

The simple transformation produced a
average, could be said to be accurate. However with the range of pressure output
shownonhe data sheet there was potenti al i
investigation of the Oprecisiond of the
there were other potenti al sources of O
analogueijt is transformed to a digital signal by the digital sampler (labelled B in
Figure 8 bel ow). This transformation of

may introduce a Oprecisionb6 error (see L
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24Def i nition of rebssonbcur acy 6 and
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density B >

-

< . *» Value
Precision

Figure 7 A diagrammatic represtation of the definitions of accuracy amegsion

The term 6daccuracy©6 i s bstreedd vauetditsaue @At h
valued (Day 1999). The term Oprecisiond is define
replicated measuree nt s agr ee w({Dayhl999)n & is possble forear 0
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 cdpyrigh
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 17.8219Data collection for the necision

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 analogudo 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 prenigib 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 sersdhe 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 tirdegrated 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 KI®8 90KPa 80KPa
700KPa, 60KPa 50KPa 40KPa 30KPa 20KPa and100KPa The pressure

gauge used is shown in Figure 9 below.
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Figure 9 Combinedngssure gauge and pneumatic hand pump used to hold the
sensor at standard pressures for the precision data collection.

The pressure gauge shownHigure 9 above was certéd 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 inFigure9 above is 0.99Bar which is B3 . Thugedhe edagang
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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 nhominal but constant pressure. The
pressure was approximate (not accurate) but constant (precise). With theepress

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 sampl ed.
were 100, 20, 300, 400, 500, 600, 700, 800, 900, and 1000 Kilopas€adgire 10

below is a graph of the collected data from the 10 nominal pressures with 100 data

points for each pressure shown.

Voltage Output at diferent pressures

[EEN
[EEN

[EEN
o

¢ 1000 KPas
® 900 KPas
800 KPas
700 KPas
x 600 KPas
® 500 KPas
+ 400 KPas
- 300 KPas
200 KPas
PPN RN 100 KPas

Voltage output

O P NN W Pk~ 01 OO N 0o ©

o

20 40 60 80 100
Time

Figure10 Output from sensor at 10 nominal pressures.

2.6 Analysis of the output and estimation of precision error.

The 10 lines on the graffRigure10) above appear to be straight but on closer
inspection they arenifact fluctuating. In the graplirigurell)b el ow t he O6Y©d
of the graph for 40Q0Pa nominal pressuras 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

406.2—
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Figurell Variation in digital output when sensor held at a nominak®a@ he
bold horizontal line indicate meamd 2Standard deviation from the mean
(above and below).

The variation in output ifrigure 11 above is given by the integrated pressure
measuring system and it demonstrates the precision error. A frequency histogram
(SPSS legacy histogram) of the 100adpbints shown ifrigure11 above is shown
below inFigure12; it is instructive to see the distribution of the data points about
the mean (seBigurel12 below). Compare this to the illustration of precision error

in Figure7 in section 2.3 above.
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Figurel2 Precision error at a nominal 40®g a SPSS legacy histogram of 100
output data with the normal distribution curve superimposed.

The mean of the distribution shown figure 12 above is 405.6¥8a the
Standard Deviation is 0.1BPa Since thedata forms a normal distribution we
know from statistical theory that 95% of the observed values lie withi®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 KB&, we canestimate with 95% certainty that

it lies within + 0.318KPaof the sample mean.

The summary statistics of the 100 data points for all theabfinal pressures
are shown in @ble 5 below. The minimum, maximum, mean and standard

deviation are included ¢ether 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

1000KPa | 100|1004.007 |1004.915 |1004.459|.2012 |0.0002D0
900KPa |100|904.030 |904.784 |904.441 |.1814 |0.000201
800KPa |100|803.899 |804.683 |804.302 |.17/% 0.000223
700KPa |100|705.120 |705.956 |705.496 |.1613 0.000229
600KPa |100|604.937 |605.701 |605.360 |[.1781 |0.000294
500KPa |100|504.939 |505.776 |5054%k |.176/ 0.0003%
400KPa |[100|405.232 |406.015 |405.6b |.1624 |0.0004€0
300KPa |100|305.307 |306.194 |305.70d |.2016 |0.0006®
200KPa | 100|205.742 |206.507 |206.1F |.1831 |0.000888
10KPa 100|105.839 |106.675 |106.26 |.174& 0.001639

Table5 Output statistics of 100 datum points for each of the 10 nominal pressures.

The classic SPSS generated frequency distributions (simildfigiare 12
above) for the remaining nominal pressures are appemdethe Thesis (see
Appendix ). The graphs suggest normal distributiorihe ShapireWilk Testof
Normality for each of the ten data sets is shown in Télidelow. The results for
reference pressure 5@0Pashows a skewed distribution (skewness statiétid13
with a sandard 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

Table6 ShapireWilk Testfor the data of each nominal pressure
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Similar calculations can be performed for eachth&f 10 nominal pressures.
Table7 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
1000KPa 100 1004.45909 |.201227 | +/-0.3947205
900KPa 100 904.44052 |.181381 |+/-0.3565848
800KPa 100 804.30216 |.179567 |+/-0.3515319
700KPa 100 705.49649 |.161251 |+/-0.3155012
600KPa 100 605.36009 |.178139 |+/-0.3486389
500KPa 100 505.47489 |.176677 |+/-0.3463555
400KPa 100 405.61477 |.162389 |+/-0.3182726
300KPa 100 305.70670 |.201636 |+/-0.3941893
200KPa 100 206.13658 |.183109 |+/-0.3585095
10KPa 100 106.24599 |.174184 |+/-0.3412144

Table7 Raw datawith a calculationof 95% Confidence Interval for the data
The average value, for the 10entals in which 95% othe 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 pressire

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 Ill. Where, in Part
lll, two sensors were used simultaneously to measure pressure the data wa

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

3.1 The problem

The Lloyd UniversalTesing machine Figure 4 above) has an automatic
overloadcutoff f i t t e dutoff6 Ther ®e can be set at a ¢
an immediate halt to the movement of the Lloyd machine. clireff force is the
force at which and above which the machine comes to an immediate stop. The force
is sensed by a traducer mounted above the experimental equipment; this

transducer can be seenFigure4 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 dscs. A
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 lowoffutevel (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$iigaee13 below.



Figurel3 above shows the silicone impression material covering the surface of the
steelstops at the end of the experiment.

3.2 Background

The early work of FrankFrank 1969) had shown impression tray spacing to
be significant in varying the pressure of an impressiowitro. In Fr ank 6 s
experimentsKrank1969) he found that the greatbe space beneath the impression
tray, the lower the recorded pressure. Ttterition in the experiments of Section II
of this Thesiswas to control the depth of silicone by the use of steel spacers of
known depth (0.5mm). The picture abo¥églire 13) slows 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. Bsamérk suggests that this
lack of depth control could lead directly to variable ptee and so introduce a
potentially confounding variable; this was therefore unacceptable. The proposed
solution was to increase ttoait-off force setting on the Lloyd machine until the
impression seated.e. the stops show throughThe research questidior the
experi ment i n t thwhat cutoffi f@rpet de the sieel spacs shéw
though the silicone?6
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3.3 Method

A series of experiments was carried out increasing theftdbrce on the
Lloyd machine until the steel spacers showed thradbhghmpression material. The
series of potographs belowHgures 1418 below) show typical results from the
series of experimentsThe experiment was repeated thtieges at each setting of

the cut of force.

i

Figurel4 Qut-off force 100Newton
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Figure16 Qut-off force 250Newton
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'.

Figurel8 Cutoff force 400Newton
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3.4 Discussion and@nclusions

This experiment was simple and lgas It formed an early investigation into
the problems of measuring impression pressurevito. Later in Part |,
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 inthe experiments that understanding was absent. The drive here was to have
a known space between theass disgsthe solution proposed below achieves that

objective.

The purpose of this experiment was to determine at eutadff force the steel
spacers showed though the silicone. The metal spacers were just visible at 200
Newton(Figure15) and are clearly showing (with no silicone covering some of the
steel) at aut-off setting of 300Newtonforce Figurel7). In order to elinmate this
potentialy confounding variable it was postulated that an increase ircuheff
force to a significantly higher level (1009ewtor) would have an advantage; it

would also have a disadvantage (see below).

In discussing the advantages anddisantagest is important to point out that
if steel hits brass at a certain @it force, increasing the cwff force beyond that
level, does not alter the pressure recorded within the impression materiatutif a
off force of 1000Newtonis used, he steel stops were expected to clearly show
through the impression material fnowhen the force was 300 Newtand 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 takemdrd 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 tlheit-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 advagi in increasing the cut of force to 108@wton
for some experiments in Part Il. With the conditions used in the pictures above (light
bodied silicone on a disc of cdtofffiorce It w
above 300 Newton in order to sehetdiscs down to the steel stops. However, the

planned experiments in Part Il 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 materialulkbbe 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 highercut-off force may be required to fully Sethe impression. It was
estimated that aut-off force of 1000Newtonwould provide ample seating force to
accommodate all the conditions in the planned experiments of Part Il. It was
considered an advantage to set the sameoff force (1000 Newton) forall
experiments in Part Il. It is important to state again this increase (above 300N) in the
cutoff force does not increase the pressure on or within the silicone impression

material, just the force on the steel stops.

A high cutoff force has a possiblperceived disadvantage. 108@wtonis
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 isrfhpaa misunderstanding, it does not
take 1000 Newton to seat these impressions; the steel stops show through at just 300
Newton (as above). Howevehe criticism still holds since it is also true to say that

300Newtonis more force than that normallyadsclinically to seat an impression.

It should be stated here that Part Il of tAikesis attempts to eliminate
potentially confounding variables to investigate single issues; it does not attempt to
directly mimic the clinical situation (Part Il does pally, see below). The design
of Part Il experiments to eliminate these potentially confounding variablet® led
(among other things) the use of dry, flat, hard discs made of brass. The clinical
situation is wet, soft, compressive, visglastic, contour@ 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. Thisd@sssitated a
higher seating force than used clinically. Indeed, if dheoff 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. Watheh@ontact
the seating force is entirely taken by the silicone. The approximating discs would
always stop at the same force (th-off) and so be likely to stop at the same

average pressure within the silicone (with no steel stop contact).
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The highseating force is necessary ébminate confounding variabldsut it
limits the clinical claims that can be made from any single experiment in Part Il of
this Thesis To look at a specific, more clinically relevant situation would require a
different appoach; in Part Ill of thiF hesisa 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 (50Newtor). The limited aim of Part Il of this Thesiswas to
demonstrate a differential pressure across the experimental impression technique
used in Part IV of thihesis To achieve this limited aim, the force used to seat the
impression was kept near clinical levels, ahd differential pressure within the
impression recorded. In Part Il 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 ICiapter 3, section 3.8, page 965
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Chapter 4
Weight of impression nmaterial used in anexperiment

4.1 Theproblem

The weight of silicone used in the experiments of Part Il of Thissis
represents a potentially confounding variable which is difficultdatrol 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, andot¥sition 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 1@l5sec; 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 approacké¢o 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 tveight 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 experimtargsther withmore complex analysis
(ANOVA with a factorial treatment structyr® 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 sometages.

The research question for this chapter , wasé@dxhe weight of silicone affect
the pressure of impression with timevittoc ondi t i ons usEeNuli n t hi
Hypothesiswas that weight of silicone does not affect the pressure; the ailternat
hypothesis was that weight of silicone does affect pressure. Subsequently subsets of
the data was analysed to test Mhall Hypothesisthat when the silicone overflows

the edgeof the brass discs there is riteet 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 disgpged from a clinical hardeld 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 accurateftmr decimal places of grams. A note was made
of any overflow of the silicone beyond the edge of the brass discs. The egsults
presented below ifiable8 and the graph ifigurel9.

For this early experiment t heodigitaleasur
sampler was set at the default for the equipméngure 8 shows the analogue to
digital sampler. No change in the frequency of sampling wadenhefore the
experiment was ptarmed; and the output of the experiments showsdnaple rate
of 10Hz. Although this was twice¢he frequency ofthe sampling rate used by
Komiyama et a2004) and 100 times more frequent than the manual Isaygf
Masri (2002) and Al Ahma (2006), itis below the sampling rate (6ZHused in the
later pressure experagnts of Part Il of thisSThesis 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 thisThesis 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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Nominal number of Voltage | Silicone weight Full overflow of
squeezes on silicone gurl 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
1.5 3.83 3.9550 Yes
1.5 3.59 3.8322 Yes
1.5 2.61 3.2524 No
15 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

Table8 Raw data
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4.5 Analysis of data.
4.5.1 Exploration of theRaw data

The results are tabulated abovialjle 8) and explored by the scatter plot

(Figure19) below.
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Figurel19 scatter plot of weight verswutput of pressure sensor

Overall, Figure 19 shows a nctinear relationship between voltage and

weight.
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4.5.2Correlation 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 confirmgdShapire
Wilk Test(Table9 below).

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

Table9 ShapireWilk Testof normality for the variables weight and output voltage.

Since the distribution was not amnal distribution Spearmaé correlation

was performed.

ALL Volts Wt Grams
Spearman's rhg  Volts Correlation Coefficien{  1.000 .857(**)
Sig. (2tailed) .000
N 30 30
Wt Grams| Correlation Coefficien{ .857(**) 1.000
Sig. (2tailed) .000
N 30 30

Table10 Spearman correlation for all the datg Correlation is significant at the
0.01 level (2tailed).

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

4.5.3Further exploration of the data

Exploration of the data by scatter plot of weight agamgput voltage of the
pressure sensor is shown abovig(re19). 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. Tablk0 above gives this information for the raw
data; this has lem divided into lte data sets inables 1 & 12 below. The scatter

plot of weightversusvoltage output for each subset can be seéiiguares 20 and 21

below.
Nominal number of Voltage Silicone Overflow of
squeezes output weight silicone
1.5 3.83 3.9550 Yes
1.5 3.59 3.8322 Yes
15 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 3.7 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

Tablel1l1 Datawith 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

Table12 Data with no silicone overflow




-77 -

3.50-
f¢)
o

3.00 P o)
-
>S5
s
>S5 lo) (@)
o
0 2.50—
=
o
>

2.00

o
)}
(o]
(e]
1.50 T T T T T T T
1.00 1.50 2.00 250 3.00 3.50 4.00

Weight in Grams

Figure20 Scatter Bt of weightversusoutput voltage where there was no overflow
of silicone.



-78-

4.10
(@]
4,00
(@]
(@)

3.90 o (@]
"5‘ (@)
o (@]
5
O O
2 380 o o
>
S

o (@]
(@]
3.70 O
(@]
(@]
3.60 o
(@]
3.50 T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00

Weight in Grams

Figure21 Scatter Bt of weight v output voltage where was an overflow of silicone.

While the scatter plot where there is no overflow of silicone ggsstive of a
correlation, in contrast the scatter plot where there is an overflow of silicone appears
random. Thetwo data sets were subjected ttata aalysis for correlation.
Frequency plots of the weight of silicone and the voltage output did not have a
normal distribution. Shapit@Vilk testof normality for the subset of data showed a
significant difference from a normal distributigifable 13 below) Theaefore

Spearmads 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

Table13 ShapireWilk test

4.5.4Correlation
Two data sets were defined by whether ghieone over ran the whole of the
circumference of the lower brass disc or not. These two data sets were analysed by

Spearman correlations; the correlatiahles are shown belowdble ¥ and15).

WITH NO Volts Weight
OVERFLOW output |in Grams
Spearman's rh{ Volts output Correlation 1.000 .942(**)

Sig. (2tailed) . .000
N 12 12
Weight in Correlation .942(**) 1.000
Grams Sig. (2tailed) .000
N 12 12

** Correlation is significant at the 0.01 lev@-tailed).

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

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

** Correlation is significant at the 0.01 level@iled).

Tablel15 Spearman correlation table when there is silicone overflowing the brass

disc

As can be seen abotere 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. 3§5=0. 148).
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4.5.5The Relationship between the number of squeezes on the silicone
gun and weight of dicone
The weight of silicone dispensed fro t he hand hel d sil i c

expected to be proportional to the number of squeezes of the ggartrighe

scatter plotFigure22, below explores this.
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Number of squeezes of dispensing gun

Figure22 Scatter plot of wightversusnumber ofsqueezesn the dispensing gun
trigger

As may be expected the graph of number of squeezes against weight of
silicone suggests a linear relationship. linear regression model was fitted with
dependntvariable weight and explanatory variable number of squeeaath the
assumption that weightquals zero when number sfjueezesquals 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 WitlorRhis model of 0.98,
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p<0.001 and the 95% Confidencednal for the parameter estimate of ©/146.
This is relationship is depicted in the Stata Graph bekigufe23 below).

N
—

10

95% ClI Fitted values

° Weight

Figure23 linear regression of weight by the numbesaieezesf 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 numbenof squeezes of the gurigger handleand the model with number
of squeezes as the predictor variable explains 98% of the variation in wéight.
practical purposes it would be useful to have as a guide, how sqaegzesf the
trigger of the gun prodes a predictable overflow of the silicone over the brass disc.
From the raw data above it is clear this occurs when the numBgueézesn the

trigger istwo or more.

The analysis of weight versusimber ofsqueezesbove, suggests that the
possibilty of using the number dfqueezesf the dispensing gun trigger as a proxy
for weight in future experiments. This possibility was investigated. The relationship
between the number sfjueezesf the trigger andhe output voltage was explored

(Box plotFigure24 below. The Null Hypothesis was that, for taromoresqueezes
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of the trigger of the dispensing gun, the numbesaieezesloes not affect the

pressure of impression.
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Figure24 Box and whiskerlpt of voltage output from the pressure sensrsus
number of pull of dispensing gun trigger

Figure 24 shows that median voltage increases as punuh squeezes
increases up to twequeezes and then remains stable. Furth&lysisof the data
was now performed ttestthe correlation between thmumber ofsqueeze®f the
trigger of the silicone gun and the output pressufeh e r esear ch quest
two or more squeezes of the trigger on the silicone dispensing gun are used is there a
correlation between the numbersifueezesn the triggea nd t he pressur
Null Hypothesiswas that there was no correlation. The alternative was that there
was a correlatin. The data where there were tailomoresqueeze®n 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 (sdéigure25 below) and a Spearman correlatiest
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Figure25 scatter plot of weightersusvoltage output from the pressure sensor when
more thartwo squeezesf the trigger of the silicone dispensing gun were
used.
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Wit
Two or more squeezes Volts Grams
Spearman'srhg  Volts Correlation Coefficien| 1.000 141
Sig. (2tailed) . .616
N 15 15
Wt Grams| Correlation Coefficien 141 1.000
Sig. (2tailed) .616
N 15 15

Table1l6 The Spearman correlation output of weigbtsusvoltage output whetwo
or moresqueezesf the trigger wer@erformed

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) wheniwo or moresqueeze®f the trigger of the silicone dispensing gun
were usecdonfirming the pattern shown in fig 24The Null Hypothesis that there
was no correlatiorbetween voltge and number of squeezes with tao more

squeezesould not be disproved by this set of data.

4.5.6ANOVA

Having failed to show a correlation between pressure and silicone weight
(when number ofqueezes> 2) the final research question of this chapter,was
0 Quld the data show a significadifference in pressure between twqueezes

threesqueezesandfoursqueezes f t he di spensing gun?2o

Sincethe aim was to compare voltages in three groups with aometthat is
normally distributedANOVA was used tdestthe Null Hypothesisthat there is no
significant difference between tllereelevels. The grouping variable wamimber
of squeezes of the trigger of the dispensing gith groups wherghere werdgwo or

moresqueezesvere included in the analysis. Data frofhtlree groups could not
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be shown to deviate from nornitglassumption usinghapireWilk tess. A Levene

testwas conducted to check the homogeneity assumption for ANOVA.

4.5.61 ANOVA results of goups wheretwo or more squeezef the dispensing
gun were used

Mean
Sum of Squares| Df Square F Sig.
Between Group:s .018 2 .009 .598 .565
Within Groups A77 12 .015
Total 195 14
Table17 Results

No significant difference could be shown between the groups wWwheror
moresqueezesf the trigger were used (F=0.598, P=0.565).

4.5.62 ANOVA results of goups where less thariwo squeezeof the dispensing
gun were used

Mean
Sum of Squareg df Square F Sig.
Between Groups 6.716 2 3.358 28.525 .000
Within Groups 1.413 12 118
Total 8.128 14
Table18 Results

A significant difference could be shown between the groups (F= 28.525,
p<0.001) when less thawo squeezesf the trigger were used.

4.6 Discussion

The

the pressure of impression with thevittoc ondi t i ons

research question for this chapte

used i n tF
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Null Hypothesiswas 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 tell Hypothesisis rejected.
However for the data recoet when the silicone overflowed the brass disd\ihi

Hypothesiscould NOT be rejected.

It is pertinent to consider the philosopdl statement thait is not possible to
prove a negative when considering these results. The experiments in the dsita subs
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
squeezesfthe tri gger . Of course this does nao
that the experiment couldndét 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 additionglhivef 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. Similaly there is a significant difference in the pressure of impression
between experimental runs when less thao squeeze®n the silicone gun

are used to dispense the silicone.

If consistent results are to be achieved in the experiments in Part lIsof thi
Thesisit is important that conditions where the silicone does not overflow the brass
discsare avoided; when the separation between the discs is 0.5mm this can happen

when less thatwo squeezesf the silicone gun are used.

4.7 Conclusiors

1. In theg 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 squeezesf the tigger of the silicone dispensingun are required to

achieve consistent results.

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

be correlated to pressure once the silicone overflowed thedisass

4. The number o$queeesof 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 frofacitension 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 cométt 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 suggeste@ lexpleriments, 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 thiseskpent that
dispensing silicone frorthreesqueeze®sf the trigger of the dispensing gun, when
the gap between the brass plates was 0.5mm, should produce consistent pressure.
Therefore the protocolof the experiments in Chapterst® 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



-89-

(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 silicane for the next experimenChapter 5). Ta later (much later in time,
during the write up of thi¥hesig retrospective analysis of weight as an independent
variable was performed by factorial ANOVA together with the independent variable
under consideration (velocity).This is reporteelow (in Chapter 5, section 5.7,
pages 103407)
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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 thisThesiswith his PhD supervisors and published in the Journal of
Prosthetic Dentistry (Hyde 2008). The issues discussed, and the work presented, in
the previousfour chapters have facilitated the presentation of the work in the
publisred paper (the full articless Hyde 2008.

The author has chosen touse his own words from the published paper here,
but using the reference system and headings which conform to the Tleesis
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

O6rhe amount and distribution of pressure beneath prosthodontic impressions
has been the subject of academic debate and research. Mucodisplasivet 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 techniques aim to
reduce or control qgssure. In this era of eviderbased dentistry, fevaluation of
the evidencéased literature supporting clinical techniques is needed. Kydd et al
(Kydd 1967, 1969, 1971, 1974) demonstrated the physical properties of oral
mucosa. The importance of casitng 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, 147 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 mucosaimeease the rate of
bone resorptionEl-Khodary et alet al El-Khodary et al1985) 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 aflloantr
pressure under impressions have been investigdfgdnk 1969, Masri 2002,
Komiyama et ak004, Al Ahmad 2006). Frank (Frank 1969) demonstrated ithat,

vitro, the introduction of spacing and perforations reduced pressure under

i mpr es s i o findings Have dangkl\ [sen confirmed Bypmiyama et & s

work (Komiyama et a004) using modern impression materials. These practical,
in-vitro results provide an evidence base to validate current clinical practices. Masri
et al (Masri 2002) andl-Ahmadet alet al Al-Ahmad et aP006) have investigated
impression pressurés-vitro in the maxilla and mandible, respectively. The authors
used oral analogue models and manual recording of the pressures. Previous studies
(Frank 1969Komiyama et ak004) hae used a constant velocity motgomiyama

et alet al Komiyama et ak004) reportd using a press velocity at I2én/min, as
reported by FranKFrank 1969). A review of the literature revealed no previously
published data on the relationship between isgavelocity 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. TheNull Hypothesiswas that the seating velocity hae 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, Migpnwas placed between two-cidiameter brass
discs. At tle centre of the upper disc, a 2ndiameter hole led to an analogue
pressure transducer (PXM2020G10V; Omeg&ngineeringnc, Stamford, Conn).

The pressure transducer was directly connected to the tissvia a onequarter
inch British StandardiPpe ( BSP) screw thread seal ed

connection to the pressure transducer was filled with watenr@si@6 & 27).
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Figure26 Senspattached to brass disc witimgh hole at centre.

Figure27 Lloyd Universal Testing Blchine 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 experime was that dispensed bthree full squeezeson the
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manufacturerdds mixing gun. Af ter t he m
impression material in each experiment was measured and recorded. The range of
the weight of impression material used was 4t8 §.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 correlatio®.301, P=342). Threesqueezes

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 manufacturerds mi Xi nsyxsegonds. over
Data from the transducer was logged at a rate of 67 samples/s via a USB data
acquisition module (OMBDAQS55; Omega Engineering, Inc) to a computer using
associated software (Omega Engineering, Inc). Thesljjates were approximated

at seve different velocities in a universal testing machine (Lloyd LR10K UTM;
Lloyd Instruments Ltd, Farehg UK). The velocities were: 45mm/min (0.75mm/s),
60mm/min (Imm/s), 75mm/min (1.86n/s), 9Gnm/min (1.5mm/s), 120mm/min
(2mm/s), 150nm/min (2.5nm/s) and 18@&m/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
materi al. Thi s compl i es wi t h tthttee manu
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 othreesteel 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 tisss from closing beyond 0.5mm.
Pressure sampling at BZ was continued for 5 minutes, after which the material
was polymerized taouch. Data was collected from fivepeated experiments for

each of the groups. The sample size was determined based on the previously
mentioned preliminary study, which examined virtigf 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 chun,G).

Mean and standard deviation were computed for each seating velocity. Data were
analyzed with a-lvay ANOVA. When a significant group difference was found, the
homogeneity of the variances was tested uiiegLevene statistic. Leveneaéstof
equality of error variancdagess that theNull Hypothesisthat the error variance of

the dependent variable is equal across groups. L&kenetesthad a P value of
0.076 suggesting possible marginal significance but not within the usual 0.05 level.
Sulsequent post hoc testing used both Tukdgd® (which assume equal variance)
and Dunndt 6T8 tess (which do not assume equal variance) at the .05 level of
significance. Calibration of the sensor was certified by the manufacturers to have
used instrumes and standards that are traceable to the United States National
Institute of Standards Technology (NIST). The adsdenh system, including the
datalogging via the software onto the computer, was tested for accurdmuse

and compared to a pressurenstard traceable to the British Standards Institute
(BSI).6
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5.3 Results

Approximation o
velocity (mms) 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* 21.95
3.00 623.76* 32 60

Table19 Mean and standarcediation at each velocity indicates that difference
was significant for p<.05

Orable 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 timepressure graphfsom the 60 mm/min (1 mm/s), 120 mm/min (2 mm/s),

and 180 mm/min (3 mm/s) groups are showRigures 28 through 30, respectively.
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Figure28 Single run showing time plotted agaipstssure at 1mm/s
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Figure29 Single run showing time plotted against pressure at 2mm/s
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Figure30 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 fitwstration because the peak pressure measurements
are the closest to the mean for the group. Thus, they are representative of the
pressurevelocity relationship of the group. In this study, the recorded pressure
returned to a lower but sustained levi@g(ires 28 through 30) after the high of the
peak pressure. The pressure drops to a range withih KPa For example, in

Figure28, the end pressure recorded at 5 minutes was K@&2

The Tway ANOVA testwas significant (P<.001). Botbunnet G6T8 and
Tukey B post hoctests showed that the difference of the means was significant at
the .05 |level fom all mean pairs (PO. 04F°¢

5.4 Discussion

drhe results indicate that tidull Hypothesisshould be rejected. In rejecting
the Null Hypothesisthat the seatig 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 previousn-vitro studies of impression pressure (Frank 1969, Masri 2002,
Komiyama et aR004, 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 introdtion 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) andomiyama et alet al Komiyama et al2004). It is
probable that these different results occurred because the perforationstuo the
experiments were different. The results are most likely explained by the different
position of the holes relative to the sensogether 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 examplesiat al (Masri 2002) found that
with unperforated, closhtting impression trays and lightodied vinyl
polysiloxane, palatal pressure was lower than ridge pressure; with a similar material
and conditionsKkomiyama et akt al Komiyama et aR004) repated 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 damgvient
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 oralenvironment. 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 topogcdphy,
variable of border moulding of the impression tr@typ developborderand facial
sea), difelikedcompressible silicone casts, perforations of variable size, position, or
number, variable space, and different impression materials were eliminated. By
eliminating thee 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 thhé 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 thamiiterial 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 vasiabf 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 witipiressions. In the
current study, the end pressure dropped to a range withthk¥a End pressures
reported in the literature range from approximately KPh, as taken from
graph (Frank 1969), to 51KPa (Al-Ahmad et al2006). 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 whie® 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 esglpz 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 speculatéhehdry,
hydrophobic vinyl polysiloxane models used in some previous studies (Masri 2002,
Komiyama et aR004,and Al-Ahmad et al2006) 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 reovery 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 howdmucostatié 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 experimentaswof 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 everysg&fonds. If a similar sample rate of once every
10 seconds had been used for this experiment, the peak pressurehaxailbeen
missed. Even the Hy sample rate used omiyama et akt al Komiyama et al
2004) would have been likely to result in a lowecorded peak pressure (with a

higher variance) if used for the current study.

An intriguing aspect of Frankdés study
measurement of pressure during the manual seating of the impression. Various
colleagues weresked 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 partant. In view of the results presented in this article,
it i s suggested that the <coll eagues m

produced consistent pressure by possibly varying the velocity of seating.

This study has limitations; most notably, iasvanin-vitro study and only one
impression material was evaluated. However, many of the variables which are
introduced with intraoral impressions were absent. ilhavo peak pressures may
be higher or lower than those produced here. Further reseandquged 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 estingdtitre
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 stugiyahstrates 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 resulbenfithis study may provide clinical
insight for dentists. It is important that the velocity of seating is controlled. If the
pressures produced by seating anrf/s are considered acceptable, then the
guideline for dentists should be to seat to the depthinest 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 @dnt the overall
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pressure as the impression is seated. Ultimately, the dentist may be able control the
overall pressure by varying the velocity of approximation during impression

seatingd

5.5 Conclusions

dwithin the limitations of this ivitro 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 pressuré.

Please note that the quotation frtme published paper ends at this point in the

Thesis.

5.6 Further details of the statistical aalysis

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

5.6.1Raw data

At each velocity of approximation fivendividual 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 experimats produced ata for 5 minutes anpeak 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 theléals one datum point (the peak) taken from
5 minutes of recording the data of thegsure at 84z. A sample of theaw data
from anindividual experimental runs is printed out from thxeea file andpresented
in Appendix 2 This is a sample of 100 @dapoints that include the peak pressure of
that experiment and a graph of the pressure variafibis. is the data &m which

the typical graphKigure29 above) is taken.
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The peak pressure from each experiment was recorded and is presented in
Table20.

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

Table20 Raw data
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5.6.2 Data exploration
The data was explored using SPShe descriptive statistics are summarized
in Table21.

5.6.2.1 Descriptives
Pressure inilopascals

95% Confidence
Interval for Mean
Std. Std. Lower Upper
N | Mean Dev Error Bound Bound | Mini | Maxi
75 | 5 | 239.60| 6.618 2960 | 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| 11925 | 5333 | 332.39 | 362.01 | 333 363
150 | 5 | 424.60| 19.680 | 8.801 | 400.16 | 449.04 | 390 439
200 | 5 | 48740 17.827 | 7.972 | 465.26 | 509.54 | 458 502
250 | 5 | 547.00| 20976 | 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
Table21 Descriptives
In the Table21 above the Confidence Intervals for the means of each velocity
can be seen. There Iis no overlap seen |
group.

5.6.2.2Shapiro-Wilk

The result ofShapireWilk tess of normality for each velocity group is shown
in Table22. 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 Mecity 1.5mm/sec produced a noormal distribution; but it was
speculated that pleaps it is a combination of the small sample size with the outlier
shown in the box plotRigure 31 below). TheShapireWilk testof normality was

repeated without the outlier and the results are shown heldable23.
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Shapiro-Wilk

Velocity in mm/sec| Statistic df Sig.

Pressure ilKPa .75 919 5 522
1.00 .955 5 75

1.25 976 5 911

1.50 7126 5 .017

2.00 .850 5 193

2.50 979 5 927

3.00 .969 5 871

Table22 ShapireWilk tess of normalityof distribution of each velocity group

Shapiro-Wilk
Statistic df Sig.
Pressur&KPaat 1.5mm/min eliminating
. .939 4 .650
outlier

Table23 ShapireWilk tess of normalityof distribution for velocity 1.5mm/min
eliminating the low outlier.

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

different distribution to that of a normal distribution.
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5.6.2.3 Box and whisker fots
Box and whisker plots of the results are shown bekigure31
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Figure31 Box and Whisker plot of velocityevsuspressure

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 tipper quartile.
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5.6.2.4Levenetest

Levene'stestof equality of error variancdess that theNull Hypothesisthat
the error variance of the dependent variable is equal across groups and is shown in
Table24

Levene Statistic dfl | df2 Sig.

2.186 6 28 .075

Table24 Leveneteststatistic, pressure inikopascals

The significance of the Levene statistic was above the usualtlr@shold
The Null Hypothesiswas not disproved and this prerequisite for an ANOVA
analysis fulfilled. However, foposthoc analysisit was decided, for prudence sake,
to usetwo types ofpost hoaess, one (Bonferroni) which relied on homogeneity of
varianceand corrects for multiple comparisoasd one (Dunnett T3) which did not

rely on the homogeneity of variance.

5.6.3 Analysis

5.6.3.1 ANOVA
Pressure ikilopascals

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

Table25 ANOVA results
The overall ANOVA analysisshows a significant difference between the
groups (F=269.5, p<0.001)

5.6.3.2Post hoc
Post hocAnalysisshowed significant differences between all the groups with

both Bonferroni and Dunnett Tt8st Please note that SPSS produces post hoc tables
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with eat 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.

5.6.3.2.1Bonferronicorrection at the 0.05 level

95% Confidence
() @) °

Velocity | Velocity Mean Interval
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

Table26 Bonferronipost hodess: * the mean difference is significantth the
Bonferroni correctiorat the .05 level.
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5.6.3.2.2 Dunnett T3

95% Confidence

% . ) . 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(*) 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

Table27D u n n e t posh lwaeFs3 * 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 onfounding variable of
the weight of silicone sed

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 possébliactorial
ANOVA; it would seem sensible to return and retrospectively check the effect of
weight in a live experiment. After the use ANOVA with a factorial treatment
structurebecame familiar to the writer (factorial ANOVA was first used later in
chapters 125 belav) it was decided to ranalyse the data to inwestigate the
effect of weight within this velocity experiment. TiNull Hypothesiswas that
weight had no effect othe pressure. The alternative hypothesis was that weight

affected pressure.
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5.7.1Raw data

The variable of weight was divided inte/o groups; those values above the

median and those values at the median or below.

5.7.2 Normality test

The histogam Figure 32below) 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.
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Figure 32Plot of frequencyersusweight categories (SPSS legacy histogram)
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Mean =5.51
Std. Dev. =0.535
N =35
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Shapro-Wilk testof normality was unable to show a difference from normal
for the distribution of weighfTable28 below).

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

Table28 ShapireWilk testof normality for the distribution of weight.
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5.7.3 Analysis with fctorial ANOVA
The results of the Factorial ANOVA analysis of the significance of the

independent variables of Velocity and Weight are givehainle 29%elow.

Obs
Type lll Sum Mean Power
Source of Squares | Df Square F Sig. (@)
Corrected
608869.44b) | 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 *
. 1011.51 3 337.17 901 455 217
Weight
Error 8981.25 24 374.22
Total 6807821.00 | 35
Corrected
617850.69 | 34
Total

Table29 Factorial ANOVA, Dependent Variable: Pressur&ilopascals @b
Computed using alpha = .05

These results indicate that the overall model is statistically significant (F =
162.704, p < 0.001).The main effects ofvelocity is statistically significant (F =
235.197, p < 0.001). These results show the different vetms produce

significantly different pressureshen ignoring the weight of the silicone used.

The variable weight and the interaction betweelocity and weight cannot be
shown to be significant (F = 1.416, p = 0.246] F= 0901, p=0.455 respectivg).
The different values of weight cannot be shown to affect pressure; furthethere
interaction between velocity and weight cannot be shown to be sigrnioahat
within each velocity groupingsthe weight used cannot be shown to have a
significant effect on pressur@he lack of interaction alsoshows that the effect of

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

The Null Hypothesiswas that weight makes no difémce to the pressure of
impression. Th&ull Hypothesiscannot 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.dis

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
Thesisthe silicone overflowed the edge of the brass discs and the weight of silicone

was not considered as a confounding variable.

5.8 The next &periment

The paper (Hyde 2008) raised questions about other variables involved in the
pressure of impressions. Among these was the time delay after mixing of the
impression material which in o is related to the viscosity of the material. As the
paper (Hyde 2008) say&he experiment was carefully designed so that the time that
approximation ended was the same in all the groups. All the groups finished seating
at 30 seconds. By ensuringthiae groups finished at the same time we ensured that
they were at the same point of set and so the same viscosity. This allows a true
comparison of speed on peak pressure without the complicating variable of degree

of set (viscosityp

In order to @d approximation at the same time, seating was started at different
times for the different groups. A separate experiment was now required to

investigate the effect of delays in seating on the pressure within impressions.
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Chapter 6
Delay

6.1 Introduction

The protocol for the laboratory experiments that was discussed and developed
in Chapters 4 above, became established in the work related in Chapter 5, and
could be adapted and applied to investigate other variables involved in the pressure
generagd within prosthodontic impressions. The next variable to be investigated

was the effect of delay in seating the prosthodontic impression.

6.2 Background

The setting reaction of an impression material means that a delay in seating an
impression may be expected to increase the viscosity of the impression material. An
increase in the viscosity of the impression material is expected to cause an increase
in the force required to seat that impression. Most manufacturers give a working
time for impression materials. At the end of the working time, it is expected that the
impression material will be viscous and unusable. Advice is given by manufacturers
that an inpression should not be seated after the working time has been exceeded.
This experiment quantifies the change in pressure when there is a delay in seating an

impression material both within and immediately after the working time.

6.3 Aim

The am of this study is to assess the relationship between pressure and the
timing of the seating of the impression. A search of the available literature has not
revealedpublished data on the effect délays on the pressure within impressions.
The Null Hypothesiswas that a delay in seating did not affect the pressure of

impression.



-115-

6.4 Materials and nethod

Impression material was placed betwésa discs Figures 34 & 35 below) on
a Universakesing Machine. The arrangement of the discs was similar to the set up
for the velocity experiment (Chapter 5). Atetltentre of the upper disc, a 2mm
diameter hole led to an analogue pressure transducer (PXMII@10V; Omega
Engineering, Inc, Stamford, Conn). The pressure transducer was directly connected
to the brass diswia a onequarterinch British Standard Pipe (BSP) scréwead
sealed with plumberés tape. The connect

with water.

The discs were 15 mm apart at the start of the experiment and were set to
approximate at 2mm/sec. tould take 7.5 seconds approximate the discs. The
sevengroups had delay times of 15secs, 30secs, 45secs, 60secs, 75secs, 90secs, and
105secs. The peak pressure within the impression was recorded. At each timed

delay,five individual experiments werperformed.

Figure33T he di sc used for the o6delayd i mpr ec
attached.
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Figure34T he Oi mpression trayd for the d6del a\)
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6.5 Detail of statistical aalysis

6.5.1Raw data

Each experirantal run recorded the pressure via an analogue sensor with
digital sampling of the pressure 67 times a seconfiierminutes. The individual
experiments recorded data fiwe minutes; the peak datum pressure points were
used for analysis. The peakepsure from each experiment was rdedr and is

presented in TablgO0.

Delay Pressure Delay Pressure
Seconds| Kilopascals Seconds| Kilopascals
15 507 60 601
15 504 60 633
15 499 60 591
15 496 60 634
15 490 60 592
30 514 75 663
30 521 75 674
30 522 75 661
30 528 75 651
30 514 75 660
45 561 90 700
45 565 90 714
45 563 90 720
45 561 90 761
45 572 90 801
105 926
105 934
105 1250*
105 1750*

Table30 Raw data * Data is outside the calibrated range of the sensor

The recording at 105 seconds delay exceeded the calibrated range (and the safe
operating range) of pressure for the transducer. The viscosity of the silicone

increases as it sets. The experiment was stoppedtlaeeruns due to concerns
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over possibledamage to the sensor (again). The 105 second delay group was not

included in the analysis. A graph of all the recorded data including the 105 second

delay results is shawbelow Figure 35. It demonstrates the increasing pressure
(and the trend of incesing variance of the groups).

Delay in seating V Pressure
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Figure35A1 | t he results fr omversaggressucke !l ay 6

The choice of method for the statistical analysis was determined first by the
exploration of the data; specifically bytestof normality (Shairo-Wilks) followed
by theLevenetestof homogeneity of the error variance of the dependant; ANOVA
and Bonferroni were planned if there was homogeneity, Kruskal Wallis and Dunnett
T3 if not.

e X [
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6.5.2 Data eploration
The data was explored using SPSS. The descriptive statistics, Box plots,

ShapireWilk and Levenetess are summarized below.

6.5.2.1 Descriptives

95% Confidence

Interval for
Mean

Delay Std. Std. Upper | Lower
secs | N | Mean Dev Error Bound | Bound | Mini Max
15 5 | 499.20| 6.686 | 2.990 | 490.90| 507.50| 490 507
30 5 | 519.80| 5.933 | 2.653 | 512.43| 527.17| 514 528
45 5 | 564.40| 4.561 2.040 | 558.74| 570.06| 561 572
60 5 | 610.20| 21.626| 9.672 | 583.35| 637.05| 591 634
75 5 | 661.80| 8.228 | 3.680 | 651.58| 672.02| 651 674
90 5 | 739.20| 41.336| 18.486 | 687.87| 790.53| 700 801
Total | 30 | 599.10| 86.134| 15.726 | 566.94 | 631.26 | 490 801

Table31 Descriptives
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6.5.2.2Shapiro-Wilk
The result ofShapireWilk test of normality for each velocity group is shown
in Table32.

Delay from start of Shapiro-Wilk

mixing Statistic df Sig.

Pressure ikilopascals 15.00 979 5 .929
30.00 .897 5 391

45.00 .823 5 124

60.00 791 5 .069

75.00 947 5 713

90.00 901 5 415

Table32 ShapireWilk tess of normalityof distribution of each group

The Shapirewilk testfor each group was unable to demonstrate a deviation
from normality at the 0.05 level. Normality of variances for each group could
therefore be assumgedhis fulfils one criterion for the use of ANOVA as an
appropriatetestto compare the means of the groups. The other prerequisite for
ANOVA is an equality of dependant variance across the groups, for this the variance
shown visually by the Box and Whisker plot together with LeGese st &$ti st i C

was used.



6.5.2.3 Box and wisker plots
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Box and whisker plots of the results are shown bekgufe 36.
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Figure 36Box and whisker plot of each group for the delay in seating
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6.5.2.4Levenetest

Levene'stestof equality of error variance, tests that thell Hypothesisthat

the error variance of the dependent vddab equal across groups; it is shown in

Table33.
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Levene Statistic

dfl

df2

Sig.

10.765

24

.000016

Table33 Levenetest pressure ikilopascals

The Homogeneity of variances of the groups is not shown; therefore the
overall assesment of thestatistics was pésrmed with a nofparametri¢ Kruskal
Wallis testand thepost hodests used the robust Dunnett T3 analysigh of which

do not require or assume equivalence of variance.

6.5.3 Analysis
6.5.3.1Kruskal Wallis test

Pressure in
Kilopascals
Chi-Square 28.238
Df 5
Asymp. Sig. .000033

Table34 Kruskal Wallis testgrouping variable: élay from start of mixing

The overall significance of the Kruskal Wallis non parametric test gives a p
value of less 0.0001. There issaynificant difference in the pressure outcome
within the data from the different delay times in the experiment.

with the robst post hocDunnet t 6 s fofimgd taviavestigate where the

differences lay.

Further analysis
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6.5.3.2Post hoc
Post hocandysis showed significant differences between all the groups with
Dunnett T3tess, except betweethe 45 & 60 second delay groups and the 75 & 90

second delay groups (see TaBEbelow).

() Delay | (J) Delay 95% Confidence

from from Mean
start of | start of | Difference | Std. Upper Lower
mixing mixing (1-J) Error | Sig. | Bound Bound
15 30 -20.600(*) | 3.997 | .011| -36.22 -4.98
45 -65.200(*) | 3.619 | .000| -79.82 -50.58

60 |-111.000(*)| 10.123| .001| -158.76 | -63.24
75  |-162.600(*)| 4.741 | .000| -181.27 | -143.93
90 | -240.000(*)| 18.726 | .001| -334.04 | -145.96
30 45 | -44.600(*) | 3.347 | .000| -57.87 | -31.33
60 | -90.400(*) | 10.029| .004 | -138.51 | -42.29
75 |-142.000(*)| 4.537 | .000| -160.15| -123.85
90 |-219.400(*)| 18.676| .002 | -313.73 | -125.07

45 60 -45.800 | 9.884 | .062| -94.54 | 2.94
75 | -97.400(*) | 4.207 | .000| -115.12 | -79.68
90 | -174.800(*)| 18.598 | .005 | -269.59 | -80.01
60 75 | -51.600(*) | 10.348 | .035| -98.75 | -4.45
90 | -129.000(*)| 20.863 | .008 | -217.99 | -40.01
75 90 -77.400 | 18.849| .096 | -170.79 | 15.99

Table35Posthoavi t h Dunnett 6 s T3 ;withithe DunmettT3es si g
testat p< 0.05.
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6.6 Summary of results

The mean pressures for each group were 499KPa, 520KPa, 564KPa, 610KPa,
662KPa, 739KPa, and 1215KPa. TKwmiskal Wallis testvas significant (P€.001)
with all individual results showing significant difference with fhest hocDunnett
T3 correction (p<0.05), except between the 45 & 60 second delay groups and the 75
& 90 second delay groups.

6.7 Discussion

The Kruskal Walllis test(6.5.3.1 abog) demonstrated a significant difference
(p<0.0001). TheNull Hypothesisis rejected in rejected theNull Hypothesis the
alternative hypothesis is proposed that the delay in seating the impression affected

the pressure of impression.

The high variabiliy of the pressure after a delay of 105 seconds is presumed to
be due to the final 6snapbd set of the
manufacturers (30 seconds) appears to be adequate; but it must be remembered that
this experiment was condudtan-vitro at a specific, environmentally controlled,

room temperature of 24

The ranges of values for the indirect variables in the previous chapter and this
(velocity and delay) were chosen to represent the extremesnimiatlpossibility.
The depedent variable was the same, the experimental conditions were similar but
never reproduced (see chapter 11 below). Direct comparisons between the results in
each chapter are therefore uncertain (also see the discussion at the end &f t@apter
& 11).

6.7.1 Comment onthe comparison of similar data points obtained in the
velocity study and the delay widy

There is a reasonable correlation between the output of this study and the
previous velocity study, but it is important to note that there is no iexgetal run
which causes a repetition of recording pressure at exactly the same delayatiching
velocity. The nearest correlation would be the datum points from the velocity study
result of 2mm/second, with the delay resuftd® seconds or 30 secondsa. The
relevant figures are a mean of 499KPa for the delaysadetonds, and a mean of
520KPafor the delayof 30 seconds, compared with the velocity experiment result
where the mean was 487KRafor the 2mm/second approximation.

n
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6.8 Clinical implications

Taken together this study and the previous velocity study suggests trat
impression is delayed after mixiniyshould be seated even more slowly to produce
an acceptable (lower) impression pressure; the clinical advice should be rush to get
it there but seat it slowly.

The start of approximation in the 2mm/min velocity study was at 22.5 seconds
(to ensure the final moment of seating wasoodinated within the velocity study to
happen at 30 seconds). It would be expected that the figur@.is@cond delay
would lie between the figure for the 15 second and 30 second delay. It is
disappointing tht the independent experiments kot have a directly comparable
set of results. In later studies (looking at perforations) this apparent ineoiayiss
greater. This issue of an apparent inconsistency in the results is discussed in greater
detail in Chapter 11 below.
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Chapter 7
The position within an impression of the measurement of the
pressure

7.1 Background

The dichotomy of opinion in thetdérature is epitomized by the following

quotes:

QuoteKomiyamaetal 2004 ) : O Wi t hi nin-vitto study, it mi t at
was found that initially, migbalatal impression pressure using a tray with no spacer,
a sheet wax spacer and no hole, or arags hole 0.5 mm in diameter, was

significantly higher (P< 0.001) than or

Quote Masr.i (2002) : éd&dywenyl palysilexane gnd o d u ¢
polysulfide impression materials were always lower on th&t@ahen compared to
the pressure produced on the right and left ridges with a tray that had no holes and

no relief. 0

The ridge verse palate pressure was first discussed in the early paper by
Stansbery (1925). His elegant demonstration of high pressutiee acentre of
approximated discs influenced future discussions over pressure distribution. This
next experiment was a mere confirmation of his results, nearly 90 years later, with

modern impression materials, digital equipment and statistical techniques

7.2 Statement of poblem

Many dentures are mucosa supported. Clinicians often aim to distribute
occlusal pressure from these dentures as evenly as possible across the denture
bearing area. In order to achieve this, they hope to have a uniform presss® a
the working impression. The laws of fluid mechanics suggest that uniform pressure

is unlikely to be achieved spontaneously.

The research question for this chapterds,all confounding variables are
removed or controlled, is the pressure of impi@s even across the width of the

impressio@ The Null Hypothesisis that it is not possible to detect a difference
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across the impression. The alternative hypothesis is that it is possible to detect a

difference in pressure across the impression.

7.3 Aim

The purpose of this study is to investigate the distribution of pressure across an

impression.

7.4 Materials andmethod

Impression material was placed betwedvo approximating discs on a
Universal Testing Machine. The pressure witthie impressiorwas recorded at

five evenly distibuted points across the digésgure 37below).

Figure 37disc used for the experiment to investigate the position of the pressure
sensor within the impression

Five separate recordings were made at each positiortistis& analysis was

performed using SPSS.



7.5 Statistical analysis

7.5.1Raw data
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Distance from edge | Pressure Distance from edge| Pressure

of disc in mm KPa of disc in mm KPa
10 250 40 588
10 256 40 590
10 198 40 593
10 199 40 601
10 267 40 597
20 448 50 631
20 441 50 630
20 454 50 649
20 423 50 627
20 426 50 614
30 485
30 496
30 492
30 492
30 502

Table36 Raw data
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7.5.2 Data exploration

7.5.2.1 Descriptives

95% Confidence
Interval for Mean

Mean | Std. Std. Lower | Upper
Mm N KPa Dev | Error | Bound | Bound | Mini Max
10 5 [234.00] 32.977|14.748] 193.05 | 274.95 198 267
20 5 [438.40| 13.539| 6.055| 421.59 | 455.21| 423 454
30 5 1493.40| 6.229| 2.786| 485.67 | 501.13| 485 502
40 5 [593.80] 5.263| 2.354| 587.27 | 600.33| 588 601
50 5 ]630.20] 12.518| 5.598| 614.66 | 645.74| 614 649
Total 25 |477.96| 143.695| 28.739| 418.65 | 537.27 198 649

Table 37 Descriptives
7.5.2.2Shapiro-Wilk
No statistically significant difference from a normal distribution for any of the

groups could beemonstrated by the Shapiro Wilks statistic at the 0.05 level.

Shapiro-Wilks
Distance from edge of disq Statistic | Df Sig.
Pressure 10.00 .817 5 A11
20.00 916 5 504
30.00 .969 5 .870
40.00 963 5 .829
50.00 .936 5 .641

Table38 ShapireWilk
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7.5.2.3Box plot
The box plots Figure 38 suggest that the group 10mm from the edge of the

disc has a higher range or spread than the other groups.

700.00-
23
*
)
*
600.00— =
500.00- %1
o =
S
2
& 400.00
(0]
p—
o
300.00-
200.00- ﬁ
100.00-
I I I I I
10.00 20.00 30.00 40.00 50.00

distance from edge of disc

Figure 38Box plot of results; distance from the edge of the disc against pressure.
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7.5.2.4 Levene test

Levene Statistic dfl | df2 | Sig.

12.094 4 20 |.000

Table39 The Levene tesbf Homogeneity of variances.

The Levene tesbf homogeneity of vaainces is shown above in Tal3@ The
Homogeneity of variances of the groups is not shown; therefore the overall
assessment of the statistics weessformedwith a NonParametricKruskal Wallis
testand thepost hodests used the robust Dunnett T3 analysis both of which do not

require @ assume equivalence of variance.

7.5.3Data analysis
7.5.3.1 Kruskal Wallis

Pressure
Chi-Square 23.086
Df 4

Asymp. Sig. 0.000122

Table40 Kruskal Wallis testgrouping variabledistance from edge of disc

Kruskal Wallis analysis demonstratessmnificant difference between the
groups (p<0.0001). Further analysis was indicated to investigate precisely where the

differences occurred.



7.5.3.2Post hoc

Dunnett T3testshowed a significant mean difference between all groups at the
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0.05 level, se@able41 below.

0 %) 95% Confidence
distance | distance Mean Interval
from edge | from edge | Difference | Std. Lower Upper
of disc of disc (1-3) Error Sig. Bound Bound
10 20 -204.400(*) | 15.942| .000 -271.39 | -137.41
30 -259.400(*) | 15.009| .000 -329.07 | -189.73
40 -359.800(*) | 14.935| .000 -429.82 | -289.78
50 -396.200(*) | 15.775| .000 -463.46 | -328.94
20 30 -55.000(*) | 6.665| .002 -82.38 -27.62
40 -155.400(*) | 6.496 | .000 -182.98 | -127.82
50 -191.800(*) | 8.246 | .000 -222.03 | -161.57
30 40 -100.400(*) | 3.647 | .000 -113.85 -86.95
50 -136.800(*) | 6.253| .000 -162.07 | -111.53
40 50 -36.400(*) | 6.073| .010 -61.80 -11.00

Table41 Dunnett T3post hocAnalysis *themean difference is significant at the
.05 level.

7.6 Summary of results

The mean of the recordguessures for each position was 231KPa, 438KPa,
493KPa, 59KPa and 630KPa (sed-igure 39 below).

respectively, at 10mm, 20mm, 30mm, 40mm and 50mm from the periphery of the

These results are,

100mm disc (the 50mm result is at the centre of the disc).seThesults show a
significant difference at the 5% level of significance (with Kruskal Wallis and with
all Dunnett T3 comparisons). Tinull Hypothesisis rejectedlin rejecting theNull
Hypothesis the alternative hypothesis is proposed that it is plessdp detect a

difference in pressure across the disc.
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Position v Pressure
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Figure 39The mean of pressure recorded at each position

7.7 Corclusion.

If all other variables are equal, the tissues at the centre of an impression will

endure a higher pressure than those apéhniphery

7.8 Clinical implications.

This invitro study demonstrates a gradient in pressure from the centre of an
impression towards the peripheral venfThis uneven loading madistort the
mucosa and the distortion mhag transferredia thecast intothe shape of the fitting
surface of thesubsequent dentureClinicians may wish to have a moeven
distribution ofimpression pressure in order to achieve a more distribuion of

occlusal load under the denture

7.9 Next experiment

To distribute pressure more evenly, one possible solution is the introduction of
additionalventing in the form of perforations in the special trajhese prforations
may change the impression pressure. Further experiments were required to
determine the effct of perforations, including the effect of the different properties

of those perforations.
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Chapter 8
Perforation position

8.1 Background

The research literature differs on the importance of special tray perforations in
reducing impression pressure. Qnevitro study Komiyama et aR004) reported
that perforationsn special trays reduce pressubmwever another (Masri 2002)
found that perforations in special trays have little effect on pressinay
perforations vary and it is likely that the varaats in the tray perforations explain
the difference between the results reported in the literature. Perforations have a
number of variables and these inclutlee distance of a perforation to a pressure
sensor, the size of a perforation and the total raxnolb perforations. This study

looks at the perforation position relative to the pressure sensor.

8.20bjectives

The aim of the study is to investigate the pressure of an impression when a
perforation in the 0t rTagNGll Hypsthesids thatthé f er e r
position of perforation does not affect the pressure of an impression. The
Alternative Hypothesis is that the position of perforation affects the pressure of an

impression.

8.3 Method

Vinyl polysiloxane impression materialx@gress 3M) was placed betwesvo
approximating discs on a universal testing machine and the pressure generated at the
centre of the upper disc was recorded (fégure 40. The lower disc was
perforated at the centre and at 3, 6, 9, 12, 15, 18, 21, &2#om the centre with
2mm perforations (seeigure 4). The perforations were sealed. Each perforation,
in turn, was unsealed and the peak impression pressure as the discs were
approximated was recorded fdive approximations. Data was analyzed by
ANOVA with post hocmultiple comparisons (Bonferroni) at the 0.05 level of

significance.
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Figure 40The standard disc with sensor attached

Figure 41T he 6i mp rée Siron hter ay s tegpprecnent t o a per



8.4 Statistical analysis
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8.4.1Raw data
Distance to a Pressure Distance to a Pressure
perforation mm KPa perforation mm KPa
0 67 15 320
0 75 15 326
0 72 15 311
0 86 15 306
0 85 15 318
3 166 18 340
3 182 18 348
3 186 18 341
3 185 18 334
3 164 18 340
6 224 21 372
6 213 21 365
6 207 21 348
6 225 21 356
6 206 21 346
9 255 24 385
9 259 24 395
9 247 24 378
9 255 24 366
9 268 24 370
12 304 none, 35mm to edg¢ 381
12 294 none, 35mm to edg¢ 420
12 279 none, 35mm to edg¢ 353
12 290 none, 35mm to edg¢ 380
12 282 none, 35mm to edgs 357

Table42 Raw data
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8.4.2 Data exploration

8.4.2.1 Descriptives

95% Confidence
Interval for
Mean

mm to a Std. Std. | Lower | Upper
perforation | N | Mean | Dev. Error | Bound | Bound | Min | Max
0 5| 77.00| 8.276 3.701| 66.72| 87.28 | 67 86
3 51176.60| 10.714| 4.792| 163.30| 189.90| 164 | 186
6 51 215.00f 9.083| 4.062| 203.72| 226.28 | 206 | 225
9 51256.80| 7.629| 3.412| 247.33| 266.27 | 247 | 268
12 51289.80| 9.960| 4.454| 277.43| 302.17| 279 | 304
15 5 |316.20| 7.823| 3.499| 306.49| 325.91| 306 | 326
18 5| 340.60| 4.980| 2.227| 334.42| 346.78| 334 | 348
21 5| 357.40| 11.082| 4.956| 343.64| 371.16| 346 | 372
24 5 |378.80| 11.649| 5.210| 364.34| 393.26| 366 | 395
no perfor35 | 5 | 378.20| 26.659| 11.922| 345.10 | 411.30| 353 | 420
Total 50| 278.64| 94.923 | 13.424| 251.66 | 305.62| 67 | 420

Table43 Descriptives
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8.4.2.2Shapiro-Wilk
ShapireWilks tess show no significance from normal distributions of the
groups. The SPSS table is shown belahle44.

Shapiro-Wilk

Distance to a perforation mm | Statistic | df | Sig.
Pressur&Pa 0 .907 5 | 451
3 .803 5 |.086

6 .848 5 |.189

9 957 5 |.784

12 960 5 |.805

15 977 5 |.918

18 919 5 | .521

21 931 5 |.603

24 .966 5 | .847

no perforation; 35 mm to edg{ .891 5 |.361

Table44 ShapireWilk
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8.4.2.3Box plot
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Figure 42Box plotof resul ts for the O6distance to
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8.4.2.4L evene test

Levene Statistic| dfl | df2 | Sig.

1.872 9 | 40 |.085

Table45 Levene Statistic

The Levene statistic was unable to show a significant variation in the variance
of the depemant within the groups (p>0.05). h@&refore it was decided to use
ANOVA for the overall results and the Bonferroni correctiongost hocanalysis

both of which assume homogeneity of variance.

8.4.3Data analysis
8.4.3.1 ANOVA

Sum of Squares| df |Mean Square F Sig.

Between Groups 435597.920 9 48399.769 |327.379] .000
Within Groups 5913.600 40 147.840
Total 441511.520 | 49

Table46 ANOVA output

The ANOVA analysis shows the significance of the ovetidierence between
the groups(p<0.001). We reject thBlull Hypothesisthat there is no difference in
pressure with an increase in the distance to the sensor. The alternative hypothesis is
proposed that distance to the perforation affects the pressure; the further the
perforation is fom the sensor the higher the pressure.
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8.4.3.2Post hoc
Bonferroni post hocAnalysis shows a significant difference between ALL
groups up to the perforation at 12mm from the sensor. Thereafter the Bonferroni

tess show significance summarized below.
Bonferroni shows no significant difference between:
12mm and 15mm
15mm and either 12mm or 18mm
18 mm and either 15mm or 21mm
21mm and 18mm or 24mm or no perforation
24mm and either 21mm or no perforation

No perforation and either 21mm or 24mm.

Looking at the Confidence Intervaldgble 46 above) and thepost loc
analysis the trend appears to be that there is little or no difference between groups
when the perforation is more than 18mm or 21mm ftbensensor. It is useful in
these circumstances to turn Tou k e y j@ost hoBtest a test which groups the
similar variables into homogeneous subsefs.u k e y @nalysiBof this data is
shown below (Tablet7). With T u k e y d@nalysiBthe groups with perforations
more than 21mm from the sensor form a homogeneous subgroup. It would appear
that (for a perforation of this size with this material in thigseitro experimental
conditions) when the perforation is more than 21nmomfthe sensor there is little or

no effect on the pressure
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Distance subset for alpha = 0.05

to
perfor.
mm

0 77.0
3 176.6
6 215.0
9 256.8
12 289.8
15 316.2
18 340.6
21 357.4| 357.4

no perfor 378.2

oo o0 g o0 o0 o o0 ;o o0 a2

24 378.8

Table47 Tukeyd B analysis of distance to a perforation in mm, using SPSS
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8.5Summary of results

Distance to a L
_ Mean Std. Deviation
perforation
Opposite sensor 77.00 8.276
3 mm 176.60 10.714
6 mm 215.00 9.083
9 mm 256.80 7.629
12 mm 289.80 9.960
15 mm 316.20 7.823
18 mm 340.60 4.980
21 mm 357.40 11.082
24 mm 378.80 11.649
no perforation; 35 mm
378.20 26.659
to edge

Table48 Summary of results

The peak pressure means (S.D.) were 77 (S.D. 8), 177 (11), 215 (9), 257 (9),
290 (8), 316 (8), 341 (5), 357 (11), 379 (11), and 379 KHa (seeFigure 43
below). There was a significant difference between the groupd.Q@X). The
Tukey-B showed significant difference for each of the holes up to and including the
hole 15mm from the centre (alpha=0.05). The holes at 18 and 21mm and the holes

at 21, 24mm & 6no holed formed homogenol
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8.5.1 Graph of nears of goups
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Figure 43plot of means of the results

8.6 Conclusion

In thisin-vitro experiment, perforations have a decreasing effect on impression
pressure as they become more distant from the sensor. At distances greater than

21mm the effect of the perforan is not statistically different from no perforations.

8.7 Clinical implications

The nearer to a perforation, the lowas the impression pressure. Thus
although a perforation reduced impression pressure, it also introduced a new
pressure gradient.

8.8 Next experiment

A clinician wishing to have a more even distribution of impression pressure
may wish to introduce multiple perforations. Further experimentation was therefore
indicated to investigate the effect on pressure of multiple perforations.
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Chapter 9
Perforation number

9.1Background

The research literature differs on the importance of special tray perforations in
reducing impression pressure. Both Frank (Frank 1969) kordiyama et al
(Komiyama et al2004) reported that perforations in special trays reduce pressure;
however Masri (Masri 2002) found that placing perforations in special trays had
little effect on pressure. Tray perforations vary and it is likely that the variations in
the tray perforabns explain the difference between the results reported in the
literature. Perforations have a number of variables and these include the distance of
a perforation to a pressure sensor, the size of a perforation and the total number of
perforations. Theaim of this study is to investigate the effect of number of tray
perforations on impression pressure. The Hypothesis is that the number of
perforation affects the pressure of an impression. NuleHypothesisis that the

number of perforation does ndtext the pressure of an impression.

9.2 Objectives

The research literature differs on the importance of special tray perforations in
reducing impression pressure. Oimevitro study reported that perforations in
special trays reduce pressure; howevertlarofound that perforations in special
trays have little effect on pressure. The aim of the study is to investigate the effect

of increasing the number of tray perforations on impression pressure.

9.3 Method

Vinyl polysiloxane impression material (expse3M) was placed betwedwo
approximating discs on a universal testing machine and the pressure generated at the
centre of the upper disc was recorded (Begure 44. The lower disc had 12
perforations located equidistant from the centre in the pogifidthe numbers of a
clock face (se€&igure 45. The perforations were sealed. First one perforation then
2, 3, 4, 6 and12 perforations were uncovered and the impression pressure as the

discs were approximated was recordedfificg approximations. Data was analyzed
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by ANOVA with post hoc comparisons using the Bonferroni correction at the 0.05

level of significance.

Figure 44standard impressed disc with sensor attached

Figure 456 i mpr essi on trayd faonentt he number

of



9.4 Statistical analysis

9.4.1Raw data
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Number Pressure Number Pressure
of holes Kilopascals of holes Kilopascals
0 238 4 115
0 229 4 103
0 232 4 104
0 226 4 113
0 227 4 113
1 218 6 87
1 186 6 91
1 195 6 89
1 193 6 87
1 220 6 91
2 148 12 64
2 156 12 58
2 143 12 62
2 145 12 62
2 163 12 57
3 136
3 138
3 135
3 133
3 141

Table49 Raw data
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9.4.2 Dataexploration

9.4.2.1 Descriptives

95% Confidence
Interval for
Mean

No. of Std. Std. Lower | Upper
perfor. | N Mean Dev | Error | Bound | Bound | Min Max
0 5 230.40 | 4.827| 2.159 | 224.41| 236.39| 226 238
1 5 202.40 | 15.534| 6.947 | 183.11| 221.69| 186 220
2 5 151.00 | 8.337| 3.728 | 140.65| 161.35| 143 163
3 5 136.60 | 3.050| 1.364 | 132.81| 140.39| 133 141
4 5 109.60 | 5.639| 2.522 | 102.60| 116.60| 103 115
6 5 89.00 | 2.000| 0.894 86.52 | 91.48 87 91
12 5 60.60 | 2.966| 1.327 56.92 | 64.28 57 64
Total | 35| 139.94 |57.315| 9.688 | 120.25| 159.63 57 238

Table50 Descriptives

9.4.2.2Shapiro-Wilk
No significancedifference from a normal distribution was shown at the 0.05

level for any group.

Shapiro-Wilk
Number of

perforations Statistic df | Sig.

Pressure 0 905 5 436
1 .849 5 192

2 915 5 497

3 981 5 .940

4 .810 5 .097

6 821 5 119

12 .897 5 391

Table51 ShapireWilk
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9.4.2.3Box plot
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Figure 46Box plots of results for the number of perforations experiment

9.4.2.4lL evene test

Levene Statistic| dfl | df2 | Sig.

12.664 6 | 28 |.000

Table52 Levene

The Homogeneity of variances of the groups is not shown; therefore the
overall assessment of the statistics wasformedwith a NonrParametricKruskal
Wallis testand thepost hodests used the robust Dunnett T3 analysis both of which

do not require orssume equivalence of variance.
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9.4.3Data analysis
9.4.3.1 Kruskal Wallis

Pressure
Chi-Square 33.352
Df 6
Asymp. Sig. .000009

Table53 Kruskal Wallis testgrouping variableNumber of perforations,

Overall Kruskal Wallis analysis showedsanificant difference between the
groups (p<0.001). Further analysis was indicated to investigate precisely where the

differences occurred.

9.4.3.2 Post bc
Post hoc DunnettT3 tests show significant differences; the significance results

are summarizetelow Table 54.
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95% Confidence

(1 ()
Interval
Number | Number Mean
of of Difference | Std. Lower Upper
perfor. perfor. (1-J) Error Sig. Bound Bound
0 1 28.000 7.275 | .126 -8.12 64.12
2 79.400(%) 4308 | .000 60.52 98.28
3 93.800(*) 2553 | .000 82.81 104.79
4 120.800(*) | 3.320 | .000 107.17 134.43
6 141.400(*) | 2.337 | .000 130.38 152.42

12 169.800(*) | 2.534 | .000 | 158.83 | 180.77

1 2 51.400(*) | 7.884 | .008 | 16.26 | 86.54
3 65.800(*) | 7.080 | .005 | 28.79 | 102.81
4 92.800(*) | 7.391| .001 | 57.05 | 128.55

6 113.400(*) | 7.004 | .001 75.93 150.87
12 141.800(*) | 7.072 | .000 | 104.75 | 178.85

2 3 14.400 | 3.970| .145 | -4.78 | 33.58
4 41.400(*) | 4501 | .001 | 22.29 | 6051
6 62.000(*) | 3.834| .000 | 42.32 | 81.68
12 90.400(*) | 3.957 | .000 | 71.19 | 109.61
3 4 27.000(*) | 2.867 | .001 | 14.24 | 39.76
6 47.600(*) | 1.631| .000 | 40.63 | 54.57
12 76.000(*) | 1.903 | .000 | 68.24 | 83.76
4 6 20.600(*) | 2.676 | .007 | 7.60 | 33.60
12 49.000(*) | 2.850 | .000 | 36.24 | 61.76
6 12 28.400(*) | 1.600 | .000 | 21.60 | 35.20

Table 3 Post hod u n n e t; ¢ the mearBdifference Egnificant at the .05
level.

Post hoctests showed significant differences (p<0.05) between the groups
except between no perforation and gregfaration and between groups with two and

threeperforations.
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The peak pressure means (S.D.) were 230(S.D. 5), 202(16), 151(8), 137(3),
110(6), 90(2) and 61(3) respectively.

showed a significant difference between the results (p<0.G@kt hoctests with

Dunnettds T3

(p<0.005) with the exceptions of betwevo holes andhreeholes andbetween 0

showed a

In a non parametric keaskal Wallis

statistical/l

and 1 hat. TheNull Hypothesisis rejected;in rejecting theNull Hypothesisthe

alternative hypothesis is proposed that number of perforations affects pressure of the

impression.
Mean
Number of Std.
_ Pressure .
perforations Deviation
KPa
0 230 5
1 202 16
2 151 8
3 137 3
4 110 6
6 90 2
12 61 3

Table55 Summary of results
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9.6 Conclusion

In this invitro experiment, the impression pressure decreased as the number of

perforations increased.

9.7 Clinical implications

The more perforations there are in an impression tray, the lower the impression
pressure. If a clinician wishe treduce the impression pressure multiple
perforations are a valid method of achieving that aim.
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Chapter 10
Perforation size

10.1 Background

It is often recommended to place perforations in custom impression trays for
prosthodontic impressions. Oreason for doing so is to reduce the pressure of the

impression.

However, the research literature differs on the importance of special tray
perforations in reducing impression pressure. Both FrankKamdiyama et al
reported that perforations speciatrays reduce pressurepwever Masri found that
placing perforations in special trays had little effect on pressure. Tray perforations
vary and it is likely that the variations in the tray perforations explain the difference
between the results reported the literature. Perforations have a number of
variables and these includihe distance of a perforation to a pressure sensor, the
size of a perforation and the total number of perforations. This study investigated

perforation size.

10.2 Aims and Obgctives

The aim of this study is to investigate the effect of size of tray perforations on
impression pressure. The Hypothesis is that the size of perforation affects the
pressure of an impression. TNell Hypothesisis that the size of perforation does

not affect the pressure of an impression.

10.3 Method

Vinyl polysiloxane impression material (express 3M) was placed bettween
approximating discs on a universal testing machine and the pressure generated at the
centre of the upper disc was recordéde lower disc hagix perforations located
so that the centre of each perforation was equidistant from the centre of the disc (see
Figure 49below). The perforations were 0.5 mm, 1Imm, 1.5mm, 2mm, 2.5mm and

3mm in diameter. The perforations were seale@&ach perforation in turn was
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uncovered and the impression pressure as the discs were approximated was recorded
for five approximations. Data was analyzed by ANOVA with post hoc comparisons

using the Bonferroni correction at the 0.05 level of signittean

Figure 48The standard upper disc with sensor attached
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Figure4%t he O0i mpression tray6 for the perfor



10.4 Statistical analysis

10.4.1Raw data
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Perforation | Peak Perforation | Peak
size pressure size presaure
KPa KPa
3.0 219 1.5 243
3.0 203 1.5 238
3.0 203 1.5 218
3.0 191 1.5 261
3.0 202 1.5 260
2.5 212 1.0 298
2.5 192 1.0 275
2.5 196 1.0 275
2.5 214 1.0 280
2.5 195 1.0 274
2.0 219 0.5 291
2.0 235 0.5 291
2.0 206 0.5 288
2.0 215 0.5 288
2.0 226 0.5 297
0.0 296
0.0 302
0.0 302
0.0 292
0.0 294

Table56 Raw data




10.4.2 Dataexploration

10.4.2.1Descriptives
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95%
Confidence
Interval for
Mean
Std. Std. | Lower | Upper
Size | N Mean Dev. | Error | Bound | Bound | Mini Max
.0 5 297.20 | 4.604| 2.059| 291.48| 302.92| 292 302
5 5 291.00| 3.674| 1.643| 286.44| 295.56| 288 297
1.0 5 280.40 | 10.114| 4.523 | 267.84| 292.96| 274 298
15 5 24400 | 17.734| 7.931| 221.98| 266.02| 218 261
2.0 5 220.20 | 10.986| 4.913 | 206.56| 233.84| 206 235
2.5 5 201.80 | 10.354| 4.630| 188.94| 214.66 192 214
3.0 5 203.60 | 9.990| 4.468 | 191.20| 216.00 191 219
Total | 35 | 248.31| 39.920| 6.748 | 234.60| 262.03 191 302

Table57 Descriptives
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10.4.2.2Shapiro-Wilk testof normality

All the perforation size groups showed no significant difference from a normal
distribution except thgroupwith a perforation sizeof 1Imm. It is not known why
the experiment with 1mm diameter perforations produced a non normal distribution;
but it wasspeculated that perhaps it is a combination of the small sample size with
the outlier shown in the box plofFigure 50below). The ShapireWilk test of
normalitywas repeated without the outlier and the results are shown belol&58

with outlierwithout

Size of Shapiro-Wilk
perforation in
mm Statistic Df Sig.
Pressure itKPa 0.0 .868 5 .257
0.5 .833 5 146
1.0 .719 5 .015
15 913 5 .486
2.0 .996 5 .996
2.5 .818 5 112
3.0 .890 5 .358
Shapiro-Wilk

Statistic Df Sig.

Presure inKPa 1.0 outlier

o 773 4 .062
eliminated

Table58 ShapireWilk repeated eliminating outlier in the 1mm group
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10.4.2.3Box plot
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Figure 50Box plots of results for the perforation size experiment

10.4.2.4L evene test

Levene'stestof equality of error variance, tests that thell Hypothesisthat
the error variance of the dependent variable is equal across groups. The Levene
statistic showed no statistically significant difference in homogeneity of variance
therefore ANOVA was used for the overall assessment and the Bonferroni

correction wasised inpost hocanalysisto correct for multiple testing

Levene
Statistic dfl df2 Sig.
1.828 6 28 130

Table59 Levene tesbutput
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10.4.3Data analysis
10.4.3.1 ANOVA

Mean
Sum of Squares df Square F Sig.
Between Groups 51066.743 6 8511.124 | 76.460 .000
Within Groups 3116.800 28 111.314
Total 54183.543 34
Table60 ANOVA Output

Overall ANOVA analysis showed a significant difference between the groups.
Further analysis was indicated to investigate precisely where the differences

occurred.
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10.4.3.2Post hoc

Post hocanalysis with Bonferroni correction showed mean differences of

significance at the 05 level as detailed ihable61 below.

95% Confidence

() Size of | (J) Size of | Mean Interval
perforation | perforation Diff. Std. Lower Upper
in mm in mm (1-J) | Error Sig. Bound | Bound
.0 .5 6.2 6.673 | 1.000 | -16.09 28.49
1.0 16.8 | 6.673 | 0.374 | -5.49 39.09
1.5 53.2*) | 6.673 | 0.000 | 30.91 75.49
2.0 77.0(*) | 6.673 | 0.000 | 54.71 99.29
2.5 95.4(*) | 6.673| 0.000 | 73.11 | 117.69
3.0 93.6(*) | 6.673 | 0.000 | 71.31 | 115.89
.5 1.0 10.6 | 6.673 | 1.000| -11.69 32.89
1.5 47.0*) | 6.673 | 0.000 | 24.71 69.29
2.0 70.8(*) | 6.673 | 0.000 | 4851 93.09
2.5 89.2(*) | 6.673 | 0.000 | 66.91 | 111.49
3.0 87.4(*) | 6.673 | 0.000 | 65.11 | 109.69
1.0 1.5 36.4*) | 6.673| 0.000 | 14.11 58.69
2.0 60.2(*) | 6.673 | 0.000 | 37.91 82.49
2.5 78.6(*) | 6.673 | 0.000 | 56.31 | 100.89
3.0 76.8(*) | 6.673 | 0.000 | 54.51 99.09
1.5 2.0 23.9*) | 6.673 | 0.028 1.51 46.09
2.5 42.2(*) | 6.673| 0.000 | 19.91 64.49
3.0 40.4(*) | 6.673 | 0.000 | 18.11 62.69
2.0 2.5 184 | 6.673 | 0.213 | -3.89 40.69
3.0 16.6 | 6.673 | 0401 | -5.69 38.89
2.5 3.0 -1.8 | 6.673| 1.000| -24.09 20.49

Table61 Post hoavith Bonferronicorrection,* the mean difference is significant
at the .05 level
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10.5Summary of results

The peak pressure means (S.D.) were 297 (5) for no perforation, 291 (4) with
a 0.5mm perforation, 280 (10) for 1mm, 244 (18) for 1.5mm, 220 (11) for 2mm, 212
(11) for 2.5mm, ad 203 (10) for 3mm (sedable 62 and Figure 51 below).
ANOVA showed a significantitference between the results (p<0.0001). Nud
Hypothesisis rejected in rejecting thidull Hypothesisthe alternative hypothesis is

proposed that the size of the perforation affects the pressure of impression.

Size of Mean pressure | gi4 peviation
perforation KPa
None 297 S
5 mm 291 4
1.0 mm 280 10
1.5 mm 244 18
2.0 mm 220 11
2.5 mm 202 10
3.0 mm 204 10

Table62 Summary of results

Size of perforation v Pressure
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Figure 51Plot of means of results for the perforation size experiment
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106 Discussion

Previous results in this series of experiments have shown a reduction in
pressure when the numbers of perforations increase and when the distance from a
perforation to the pressure sensor decreased. The results from this series of
experiments are suffiant to explain the differences between the results reported in
the literature. When compared Komiyama et aland Frank the perforations
reported by Masri appear to be smaller, further away from the sensor and fewer in
number than those in the other sagli Impression pressures remain important when
constructing mucosal borne restorations. Clinically dentists need to be aware of
these factors when attempting to control impression pressure. It is particularly
relevant when developing differential presstechniques for complex prosthodontic
cases.

Within the confines of this hvitro experiment there appears to be a limited
range of perforation sizes which are effective in changing the pressure. A decrease
in perforation size below 1mm does not ince@ressure significantly. An increase
in perforation size above 2mm dadesrease pressure significantly.

10.7Conclusion

In this invitro experiment, the impression pressure decreased as the size of

perforations increased.

10.8 Clinical implications

Within the confines of this kvitro experiment, a perforation size of 2mm
would appear to be sufficient to reduce the impression pressure to an optimum for a
relatively mucostatic impression. Althoughnical in-vivo experiments would be
required to cofirm the precise figure; it is reasonable to suggest from this evidence
that, for this impression material, 2mm perforations may be optimunnfaro
pressure reduction.
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Chapter 11
Reducing inconsistencies in perforationtsidies

11.1 Background andstatement of poblem

The experiments that have investigation the effect of perforations on
impression pressure have used similar methodology. This is by design with the aim
that the results would be consistent and comparable. The individual experiments
have an internal consistency and are valid for the limiteditin experimental
conditions that prevailed in each experiment. It was expected that there would be a
consistency across the experiments such that where each experiment looked the
same conditins similar pressure would be recorded. This has not occurred. There
is an obvious inconsistency ihg results with no perforations. ddn pressure with
no perforationsin the disc used for the size study wasKPd for the number of
perforation studyit was 230KPa and for the disc used for the position of the

perforations it was a remarkable 3¥Ba

There are less obvious but important further inconsistencies across the results,
for example in the size study a single perforation 10 mm from theatesgtnsors
had a mean pressure of KBy whereas in the number study a similar single hole
had a mean pssure of 202KPa  The Table below (Tables63) hasthese
inconsistenciekighlighted

The laboratory experiments in Part Il of this work have nakedeliberate
approach which aimed to eliminate uncontrolled variables for each experiment. This
has been successful within individual experiments but not for comparisons between

experiments. These inconsistencies required investigation.
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Number of Mean Distance to| Mean Size of Mean
2mm Pressure a2mm pressure ' Pressure
perforations KPa perforation KPa Perforation KPa
No No No
. 230 . 378 . 297
perforation perforation perforation
1 202 24 379 .5 mm 291
2 151 21 357 1.0 mm 280
3 137 18 341 1.5 mm 244
4 110 15 316 2.0 mm 220
6 89 12 290 2.5 mm 202
12 61 9 257 3.0 mm 204
6 215
3 177
0 77

Table63 Summary raw data of data from the previous 3 chapters

11.2 Aims and djectives

11.2.1 Aim
The aim of this chapter was to identify a feasible hypothesis for the differences

highlighted in the introduction and test the hypothesis.

11.2.2 Objectives
1. Identify a feasible uncontrolled variable

2. Eliminate that uncontrolled variable

3. Rerun peforation experiments and-gssess outcomes to test hypothesis

11.3 Method

The impression material, upper brass discs, the pressure sensing equipment,
the timing of the approximation, the recorded room temperature and the Lloyd

universal testing machineere identical in all thehree perforation studies. The
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6trayso6 (the brass di scs which <carried
between thethree perforation studies. Théehree discs used in the different

perforation studies are shownFkigures 54 and 55 below.

Figure 52The disc for the distance study is on the left the disc for the size study is in
the centre and the number study on the right.

From above Figure 53 the discs appear to be very similar, apart from the
configuration of the vaous holes. However when viewed from the skigure 53
there were apparent differences. The 6c
in construction with more robust supports. The technician whose considerable skill
was used to construct thiéscs had taken the precaution of constructing more careful
support for the O6distancebd disc because
the pattern of the perforations. On measuring the thickness of the top platform of
the discs with a micrometente di scs were similar but w

marginally thinner.
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Figure 53The disc for the number study is on the left, the size study is in the centre
and the distance study is on tinght.

The hypothesis was proposed that the differemeebe construction of the
lower brass discs had resulted in the recorded differences in the recorded pressure
between thehreestudies. To test the hypothesis theeediscs were r&ngineered,
and the experiments in chapter 7, 8 & 9 were repeatadce $he purpose of the
repeated experiments was to test the hypothesis abovejvanfactors (5 different
levels of variablee.g. number of holes used or the size of the holes used) were
required for each experiment. The previous results were usgmdse appropriate

levels for the factors used for each disc.

The chosen factors for the experiment
15mm 21mm and no perforation. The chos
perforation, Imm, 1.5mm 2mm and 3mmh &€ chosen factors for
per for as waenrd palforatians, ongerforation, two perforations,four
perforations andix perforations. The rengineered discs can be seen in Figbe
to 59 below.
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Figure 55 The three discs aftalteration
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Figure 55Disc for the distance to a perforation study

Figure 56Disc for the size of a perforation study

Figure 57Disc for the number of perforations study
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11.4 Statistical analysis

The choice of method for the statistical analysis was determined first by a test
of normality (Shapiréwilks) followed by theLevene teshomogeneity of the error
variance of the dependarANOVA followed by post hoc tests witBonferroni
correction for multiple testingere used if there was normality and homogeneity
variance Kruskal Wallis and Dunnett T8vere only used if the conditions required
for ANOVA were not satisfied

11.4.1 Resultsraw data

Study of perforation
Number study position from Size study
central sensor
Number of Distance to
Pressure Pressure Size of the | Pressure
2mm azmm
KPa KPa perforation KPa
Perforations perforation
No 232 No 234 No 252
perforation perforation perforation
1 174 21 mm 233 1 mm 237
2 119 15 mm 202 1.5 mm 218
4 75 9 mm 163 2 mm 180
6 73 3mm 135 3 mm 166

Table64 Means of the new experiment with the altered discs
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11.4.2 Data &ploration
11.4.2.1 Descriptives

11.4.2.1.1 Descriptives falistance to a perforatiofrom the central sensor

95% Confidence
Interval for
Mean

Dist. in Std. Std. Lower | Upper
mm N Mean Dev. Error Bound | Bound Mini Max
3 5 | 134.80| 5.805| 2.596 | 127.59| 142.01 126 141
9 5 | 163.00|13.058| 5.840 | 146.79| 179.21 151 177
15 5 | 201.60| 7.021| 3.140 | 192.88| 210.32 194 213
21 5 | 232.60| 3.286| 1.470 | 228.52| 236.68 230 238
35 5 | 233.80| 7.596 | 3.397 | 224.37| 243.23 225 246
Total | 25 | 193.16|40.444| 8.089 | 176.47| 209.85 126 246

Table 65Descriptives for tstance
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11.4.2.1.2 Descriptives faumber ofperforations

95% Confidence
Interval for
Mean

Std. Std. Lower | Upper
Num. N Mean Dev. Error Bound | Bound Mini Max
0 5 | 232.20|10.474| 4.684 | 219.20| 245.20 216 245
1 5 | 174.20|13.846| 6.192 | 157.01| 191.39 159 189
2 5 | 118.80| 4.087| 1.828 | 113.73| 123.87 112 122
4 5 74.80 | 2.387| 1.068 | 71.84 77.76 72 78
6 5 7280 | 4.764| 2.131 | 66.88 78.72 67 79
Total | 25 | 134.56|62.942| 12.588 | 108.58 | 160.54 67 245

Table 66Descriptives fomumber




-177-

11.4.2.1.3 Descriptives forze of perforations

95% Confidence
Interval for
Mean

Size Std. Std. Lower | Upper
mm N Mean Dev. Error Bound | Bound Mini Max
.0 5 | 252.00|11.314| 5.060 | 237.95| 266.05 237 267
1.0 5 | 237.20|17.297| 7.736 | 215.72| 258.68 208 252
15 5 | 218.20|10.498[ 4.695 | 205.17| 231.23 210 236
2.0 5 | 180.40| 13.993| 6.258 | 163.03| 197.77 166 199
3.0 5 | 162.00|11.832| 5.292 | 147.31| 176.69 148 177
Total | 25 | 209.96 | 36.657| 7.331 | 194.83| 225.09 148 267

Table67 Descriptives for ize
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11.4.2.2 Shapiro-Wilk

11.4.2.2.1 ShapirdVilk for dstance to a perforatiofrom the central sensor

Shapiro-Wilk
Distance | Statistic df Sig.
Pressure ilKPa 3.00 927 5 574
9.00 797 5 077
15.00 .904 5 433
21.00 .845 5 179
35.00 .874 5 .281
Table68 ShapireWilk for distance
11.4.2.2.2ShapireWilk for number of perforations
Number of Shapiro-Wilk
perforations | Statistic df Sig.
Pressure ilKPa 0 934 5 .621
1 .880 5 .308
2 .813 5 103
4 974 5 .899
6 978 5 .924

Table69 ShapireWilk for number
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11.4.2.2.3ShapircWilk for size ofperforation

Size of Shapiro-Wilk
perforation | Statistic df Sig.
Pressure itKPa .0 997 5 .998
1.0 .837 5 158
15 .816 5 109
2.0 914 5 494
3.0 .956 5 779

Table70 ShapireWilk for size
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11.4.2.3. Box fots

11.4.2.3.1 Distanc® a perforation from the central sensor
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Figure 58Box plots of results for the distance to a perforation
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11.4.2.3.2 Number of perforations
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Figure 59Box plots of results for the number perforations
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11.4.2.3.3 Size of perforation
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Figure 60Box plots of results for the size of a perforation
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11.4.2.4 evene test
Levene'stestof equality of error variance, tests that thell Hypothesisthat

the error variance of the dependent variable is equal across groups.

11.4.1.4.1 Distareto a perforation from the central sensor

Levene Statistic dfl df2 Sig.

3.580 4 20 .023

Table71 Levene, dstance to a perforation

Table 71 above shows thed.evene testf o r t he o0Di stanceb
Homogeneity of variances of the groups is not shown; therefore the overall
assessment of the statistics weessformedwith a NonrParametricKruskal Wallis
testand thepost hodests used the robust Dunnett T3 analysis bbthhich do not

require or assume equivalence of variance.

11.4.2.4.2 Number of perforations

Levene Statistic dfl df2 Sig.

4.036 4 20 .015

Table72 Levene, mmber of perforations

Table 72 above shows the.evene testf or t he ONumber 6 C
Homogeneity of variances of the groups is not shown; therefore the overall
assessment of the statistics ywasformedwith a nonparametridruskal Wallis test
and thepost hoctests used the robust Dunnett T3 analysis botiwloth do not

require or assume equivalence of variance.
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11.4.2.4.3 Size of perforation

Levene Statistic dfl df2 Sig.

.316 4 20 .864

Table73 Levene, ie of perforations

Table73 above shows theevenetest or t he &6si zed dat a.
of a significant difference in homogeneity of variance between the groups; therefore
ANOVA was used for the overall results apodst hocanalysis was with the

Bonferroni correction.

11.4.3Data analysis

11.4.31 ANOVA and Kruskal Wallis test of overall significance

11.4.3.1.1 Kruskal Wadhj distance to a perforation from the central sensor

Pressure inKPa

Chi-Square 22.020
Df 4
Asymp. Sig. .000199

Table74 Kruskal Wallis; dstance to a perforation

Table74 shows an overall statistical significance p<0.0skal Wallis test

grouping variable: idtance.
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11.4.3.12 Kruskal Wallis, amber of perforations

Pressure inKPa

Chi-Square 22.039
Df 4
Asymp. Sig. .000197

Table75 Kruskal Wallis, mmberof perforations

Table75 shows an overall statistical significance p<0.0skal Wallis test

grouping variablenumber of perforations.

11.4.3.1.3 ANOVAize of perforation

Sum of Mean
Squares | df Square F Sig.

Between Groups| 28756.160| 4 7189.040| 41.165 .000
Within Groups | 3492.800| 20 174.640
Total 32248.960| 24

Table76 ANOVA size of perforation

Table76 above shows an overall statistical significance p<0.001

For each variable investigated the overall analysis (by Kruskal Wallis or
ANOVA) showed a significant difference between the groups. Further analysis was
indicated to investigate precisely where the differences occurred.
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11.4.3.2Post hoc

11.4.3.2.1 Distance to a perforation from the central semdaunnett T3

95% Confidence

0] () Mean Interval
Distance | Distance | Difference Std. Lower Upper
to pref. | to perf. (1-J) Error Sig. bound bound
3.00 9.00 -28.200(*) | 6.391 .038 -54.63 -1.77

15.00 | -66.800(*) | 4.074 | .000 | -81.86 51.74
21.00 | -97.800(*) | 2.983 | .000 | -109.53 | -86.07
35.00 | -99.000(*) | 4.276 | .000 | -114.94 | -83.06

9.00 15.00 | -38.600(*) | 6.630 | .008 | -64.96 | -12.24
21.00 | -69.600(*) | 6.022 | .001 | -96.85 | -42.35
35.00 | -70.800(*) | 6.756 | .000 | -97.22 | -44.38

15.00 | 21.00 | -31.000(*) | 3.467 | .001 | -45.19 | -16.81
35.00 | -32.200(*) | 4.626 | .001 | -49.16 | -15.24
21.00 | 35.00 -1.200 | 3.701 | 1.000 | -16.59 14.19

Table77 Post hodest with Dunnett T3 * denoteghatthe mean difference is
significant at the .05 level.
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11.4.3.2.2 Number of perforatisyDunnett T3

95% Confidence

() ) Mean Interval
Number | Number | Difference | Std. Upper Lower
of perfs. | of perfs. (1-J) Error Sig. Bound Bound

0 1 58.000(*) 7.764 .001 29.01 86.99

2 113.400(*) | 5.028 .000 92.07 134.73
4 157.400(*) | 4.804 | .000 135.44 | 179.36
6 159.400(*) | 5.146 .000 138.21 180.59
1 2 55.400(*) | 6.456 | .003 26.75 84.05
4 99.400(*) 6.283 .000 70.06 128.74
6 101.400(*) | 6.548 | .000 73.00 129.80
2 4 44.000(*) | 2.117 | .000 35.73 52.27
6 46.000(*) | 2.807 | .000 35.66 56.34
4 6 2.000 2.383 | .983 -7.62 11.62

Table78 Post hodest with DunnetT3; * denoteghatthe meardifference is
significant at the .05 level.
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11.4.3.2.3 Sizef perforationBonferroni

95% Confidence

Mean Interval
() Size | (J) Size | Difference Std. Upper Lower
of perfs. | of perfs (1-J) Error Sig. Bound Bound
.0 1.0 14.800 8.358 918 -11.56 41.16
1.5 33.800(*) | 8.358 .006 7.44 60.16

2.0 71.600(*) | 8.358 .000 45.24 97.96
3.0 90.000(*) | 8.358 .000 63.64 116.36

1.0 15 19.000 8.358 342 -7.36 45.36
2.0 56.800(*) | 8.358 .000 30.44 83.16
3.0 75.200(*) | 8.358 .000 48.84 101.56

15 2.0 37.800(*) | 8.358 .002 11.44 64.16
3.0 56.200(*) | 8.358 .000 29.84 82.56
2.0 3.0 18.400 8.358 .396 -7.96 44.76

Table79 Post hodest withBonferronicorrection * denoteshatthe mean
difference issignificant at the .05 level.
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11.5Summary of results

11.5.1 Summary of the results obtained before trimminghte discs (chap 8

to 10above
Number of Mean Distance to| Mean Size of Mean
2mm Pressure az2mm pressure _ Pressure
perforations KPa perforation KPa Perforation KPa
No No No
. 230 . 378 . 297
perforation perforation perforation
1 202 24 379 .5 mm 291
2 151 21 357 1.0 mm 280
3 137 18 341 1.5 mm 244
4 110 15 316 2.0 mm 220
6 89 12 290 2.5 mm 202
12 61 9 257 3.0 mm 204
6 215
3 177
0 77

Table80 Previous results
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11.5.2 Summary of the results obtained after trimming the discs

Number of Distance to _
Mean Mean Size ofthe | Mean
2mm 2mm _
, Pressure , Pressure perforation | Pressure
perforations perforation
No No No 252
, 232 . 234 ,
perforation perforation perforation
1 174 21 mm 233 1 mm 237
2 119 15 mm 202 1.5 mm 218
4 75 9 mm 163 2 mm 180
6 73 3 mm 135 3 mm 166

Table81 New results

11.5.3.Analysis of the results when there were no perforations open on
the three discs

The Table81 above highlights in blughreemeans which are the results from
the three separate experiments when all the perforations orthie discs were
sealed (no perfations). These means each come ffm@6ér uns 6 (i . e. ex
where the peak pressure was recorded. These results have been explored and

analysed for comparisorf the means using ANOVA in SP8ppendix 3.

No significant difference can be seerivibeen the mean pressure generated on
the 6numbersé disc and the o6di stanced di
di fference in the mean pressure gener at
6numbemd@ dihsec 6ali st ancAppenddd.sc (P<0.05) (

11.5.4. Analysis of the results with one 2mm perforation at 10 mm from
the sensor

TheTable81 above highlights imed two means which are the results from the
two separate experiments when there was one 2mm perforation 10mm from the
pressue sensor. These means each come freem6r uns 6 (i . e. exper
the peak pressure was recorded. These results have been explored and analysed for

comparison of the meansiag independenttest in SPS$Appendix 9.

There is a statistically gnificant difference in the mean pressure generated
bet ween t haen db stihzee 66 nduinsb¢seeAppeddixg.c ( p<0. 05)
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11.6 Discussion

The conclusions of chapters ® 10 are confirmed by these repeated
experiments. That is to say in thesevitro experiments the increase in the size, and
the number of perforations decreasespgtessure of impression amah increase in
the distance to a perforation increases the pressure of an impression. The aim of the
experiments of this chapter was to identifyeasible hypothesis for the differences
highlighted in the introduction (11.1 above) and test that hypothesis. The
hypothesis tested was that the differences in the construction of the lower brass discs
had resulted in the recorded differences inrdeorded peak pressure between the
threestudies. To test the hypothesis the discs were made as near identical as was
possible with the engineering equipment and technical skill available at Leeds

Dental Institute.

The results outlined above show a greatkegree of inter experiment
consistency after the | ower Oi mpressior
similar thicknesses and given similar !
original discs reduced the thickness of each disc and the width of the ee 61 e g
supports on each disc. The machining of each disc may also have reduced the

surface roughness of each disc.

The results do not show complete conformity of results between the discs.
Whil e the &énumber sé and uitsd(ses seationcld6.3 di s ¢
above) the O6sized disc does not (see se
remachining of the O6sizebdb disc has redu
original 0si zebd disc exper i mpressuregtpbe0 . 05)

similar to the other discs when similar circumstances occur.

This partial success in eliminating the differences between the discs was
frustrating but illuminating. It is instructive to note that minor differences between
the experimerati conditions prevalent in these-vitro experiments can affect the
recorded pressures. It did not prove possible to eliminate uncontrolled variables. It
would seem likely that any vitro experiment would have such variables, unknown

and possibly uncoratled.

In 1964 Douglas et alcarried out ground breaking-vivo experiments
investigating pressure within impressions. In his discussion in his paper réhsays

behaviour of {impression} pastes should be investigated in the laboi@atatythe
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time this was good advice but the results from thasétro experiments and other
in-vitro studies Komiyama et aMasri and Ahmad) suggest this advice should be
re-considered; if further studies on impression pressure are to be clinically
meaningful it is nav time to go back to intra oral measurements. It would seem
unlikely that invitro experiments can quantify the exackvivo pressure of
impressions; the-vitro work only shove the trends thamnayoccurin-vivo (or only
identify variables thatmay have an effectin-vivo). The work in this chapter
reinforces the view that the inconsistencies in the literaturm-@itro impression

pressure may be causeglimknown confounding variables.

On a more positive note the clear trends that size, number aaitiop of
perforations have an effect on the pressure of an impression is consistent across

these experiments.

11.7 Conclusions

Within the limitations of thesen-vitro experiments the size, number and
relative position of impression tray perforationéfeet the pressure within

impressions.

In-vitro experiments only quantify the effect of variables in the very specific

in-vitro conditions prevalent during the experiment.
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Chapter 12
Category of silicone; viscosity and speed of set

12.1 Background

The paper ofFrank from 1969 identified differences in the pressure of
impressions when different impression materials were usedtfo). The materials
used were very different in composition and chemistry; they had different rates of
set, different sddace tensions and differences in affinity for tire\({itro) model used
by Frankin his experiments. Perhaps the most significant difference between the
impression materials used was the viscosity of the materials. The reported results
place the impregsn materials in an order which clinical experience would suggest

is the order of their increasing viscosity.

While it would be of interest to investigate the pressures créatétto with
all clinically available impression materials, it is clearly twey the scope of this
Thesis As we have seen in chapter 11 above, unknown and uncontrolled variables
confoundin-vitro experiments. When the chemistry of the materials is also variable,
further physical differences occur between materials; in particular, the varying
affinity of different materials for moist oral mucosa may make anyihyitro

experiments irrelevant tie clinical situation.

This Thesishas as it central aim the investigation of a specific impression
technique used in Part IV for a randomised controlled clinical trial. The clinical trial
in Part IV used a particular brand (Express from 3M) of polysgitoxane (silicone)
as the impression material of choice (Hyde 2003 and Hyde 2010). In these
circumstances it was reasonable to limit the investigation of Part Il and Part Il of
this Thesisto that brand of impression material. Therefore, all ieitro
experiments of part Il and Il of thi$hesisused the brand of polyvinylsiloxane
material used in Part IV of thiShesis namely Express 3M. The use of a single
brand of impression material (Express 3M) reduces variables for all the experiments
but also allows an investigation of differences introduced by the particular type or

6categoryd of material within that branc

The broader problems with the relevanceirevitro testing to the clinical

situation will still apply in this study. However vahbles are reduced by keeping to
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one brand of impression material. The chemistry of a brand is likely to be similar
for all categories (of viscosity and speed of set) of the single brand. Similarly the
chemical affinity of the branded polyvinylsiloxaner filne impressed object (moist
oral mucosa for Part IV, brass for Part II, acrylic for Part Ill) may be similar for all
viscosities of the material. By keeping to a single brand and so a similar chemistry
of the tested materials, it is anticipated (or ppshhoped) that ranking (but not the
magnitude) of particular materiails-vitro are likely to reflect then-vivo situation

(but see discussion section 11.6).

12.2 Statement of problem

Most dental materials manufacturers produce a range of viscositiea and
choice of the speed of set of their particular brand of impression materials. The
i mpression materials are wuswually said t
bodiedd or Oputtyo. These terms descri

there does not appear to be any standard range of viscosity for these descriptive

ter ms. I n addition there is usually a
describe the speed of the chemical sett
typesd6 or 6categoriesd of an i mpression

categories of viscosity and speed of set have potential to change the impression

pressure.

In part Il of thisThesiswe have used light bodied, regular set Express from
3M as thestandard material. The clinical trial in Part IV used medium bodied,
regular set Express and light bodied, regular set Express both from 3M ESPE. An
investigation was indicated to investigate the effect on pressure of these different
types or 6 6odt etghoeri ®adsme brand of i mpr es

pressure.

12.3 Aim and hypothesis

12.3.1 Aim
The aim of the experiment was to investigate the effect of the category (as
defined by viscosity and speed of set) of the same brand of impressioraimater

the pressure produced by a standarditro impression.
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12.3.2 Hypothesis
The Null Hypothesiswas that impression pressure is unaffected by the
category of the impression material used. The alternative hypothesis was that the

impression pressurgas affected by the category of the impression material.

12.4 Materials and nethod

Impression material was placed betweo brass discs on a Universal
Testing Machine. The arrangement of the discs was similar to the set up for the
velocity experimen{Chapter 5). At the centre of the upper disc;rar@-diameter
hole led to an analogue pressure transducer (PXM20%10V; Omega
Engineering, Inc, Stamford, Conn). The pressure transducer was directly connected
to the brass disc via a ogearterinch British standard pipe (BSP) screw thread
sealed with plumberds tape. The connect
with water. The discs were 15 mm apart at the start of the experiment and were set
to approximate at 2mm/sec. Approximation of the slisas started 20 seconds after
the start of mixing of the impression material. The peak pressure within the
impression was recorded. Impression materiathreedifferent catalogue types or
6categoriesd weré@metdeisune dh o dsidehdd y réeegrug hatr
fast set 0; and o6l ight bodi ed, regul ar

impression materiafijve individual experiments were performed.

Variable Setting for viscosity experiment
Velocity of approximation 120 mm/min
Delay inseating impression 20 seconds
Number of perforations None
Border adaptation None
Diameter of discs 70mm
Position of pressure sensor centre of disc
Height of stops; space beneath the trf 0.5mm

Table82 default settings
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12.5Statistical analysis

12.5.1Raw data

Impression material PressureKPa
light bodied regular set 426
light bodied regular set 437
light bodied regular set 423
light bodied regular set 435
light bodied regular set 451

light bodied fast set 486
light bodied fast set 490
light bodied fast set 502
light bodied fast set 501
light bodied fast set 458
medium bodied 526
medium bodied 535
medium bodied 547
medium bodied 562
medium bodied 536

Table83 Raw data
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12.5.2 Data exploration

12.5.2.1 Descriptives
Peak pressure kilopascals

95% Confidence

Interval for
Mean ]

Min | Max

Std. Std. Lower | Upper

N [ Mean Dev Error | Bound | Bound
Light, regular set| 5 | 434.4| 10.991 | 4.915| 420.75| 448.05| 423 | 451
Light, fast set 5 |487.4| 17.827 | 7.972| 465.26 | 509.54 | 458 | 502
medium bodied | 5 | 541.2| 13.809 | 6.176 | 524.05| 558.35| 526 | 562
Total 15| 4877 | 47.081 | 12.156| 461.59 | 513.74 | 423 | 562

Table84 Descriptives

12.5.2.2 Shapiro-Wilk

Category of Shapiro-Wilk
impression
material Statistic Df Sig.
Peak pressure in  Light, regular set .936 5 .637
kilopascals Light fast set .850 5 193
medium bodied .943 5 .689

Table85 ShapireWilk

ShapireWilks test shows that data is normally distributatl the 0.05 level
(Table 85)
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12.5.2.3Box plot
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Figure 61Box plotof the results; category of material against pressure
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12.5.2.4 evene test
Levene'stestof equality of error variance, tests that thell Hypothesisthat

the error variance of the dependent variable is equal across groups.

Levene
Statistic dfl df2 Sig.
337 2 12 721

Table86 Levene

The Levene statistic shows no violations of the homogeneity of variance
assumptionisce the p value greater thardb.therefore ANOVA was used for the
overall results and post hoc tests used the Bonfecmnected p values for multiple
testing

12.5.3Data analysis

12.5.3.1 ANOVA
Peak pressure inlkpascals

Sum of Mean
Squares Df Square F Sig.

Between Groupg 28516.133] 2 14258.067| 67.971 .000
Within Groups | 2517.200| 12 209.767
Total 31033.333] 14

Table87 ANOVA output

Overall ANOVA analysis showed a significant difference between the groups
(p<0.001). Further analysis was indicated to investigate precisely where the
differences occurred.
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12.5.3.2Post hoc aalysis

95% Confidence
(1) Category  (J) Category Interval

Mean

of material of material Diff. Std. Lower

Upper
(1-J) Error | Sig. | Bound | Bound

light reg set  Light, fast set | -53.0(*) | 9.160 | .000| -78.46 | -27.54
light reg set Medium -106.8(*) | 9.160| .000 | -132.26 | -81.34

Light, fast set Medium -53.8(*) | 9.160| .000 | -79.26 | -28.34

Table88 Post hodBonferroni; * denoteghatthe meardifferenceis significant at
the .05 level.



-202-

12.6Summary of results

Viscosity Mean PressureKPa SD
light bodied regular sej 434.40 * 10.991
light bodied fast set 487.40 * 17.827
medium bodied 541.20 * 13.809

Table89 Summary of resulis* denoteghatthe meardifference is significant at the
.05 level.

12.7 Discussion

The results show statistically significant differencesQ(@5) in impression
pressure between thhreedifferent types of silicone impression material used in
this in-vitro study. TheNull Hypothesisis therefore rejected; in rejecting thiill
Hypothesis the alternative hypothesis is proposed that the oategf the
impression material affects impression pressure. Specifically it is suggested that
increasing either the viscosity or the speed of set of this brand of impression material

increases the impression pressure.

The results for the increase in pese with the increase in viscosity are as
expected and most clinicians may be expected to know this intuitively. However the
increased pressure with the o6fast setd
expected. The effect size was large hesein-vitro experiments and there is
therefore potential for this to be clinically significant.

Before this experiment was performed the result expected by many clinicians,
would have been that both light bodied materials would have a similar impressio
pressure and the medium bodied material to have a higher pressure. While the
experiment confirms the expected result for the viscosity of the material, the

significantly higher pressure for the faster setting material is an important finding.
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12.8Clinical i mplications.

The results of thign-vitro experiment confirm that increasing the viscosity of
an impression material increases impression pressure. It is reassuring to know that a
clinician wishing to change the pressure of impression may chaoseitable

viscosity of impression material.

The choice of speed of set of the impression material also changed the pressure
of an impression in thim-vitro experiment. Clinicians should be aware of this

unexpected issue.

12.9 Conclusion.

In this in-vitro experiment increasing the viscosity of an impression material
and increasing the speed of set of an impression material increased the pressure of

impression.

12.10 Further investigation

These results are achieved at under standardised conditiorierind\lthe
standard conditions is likely to change the pressures involved. Flow rate and
viscosity are related. It is worth considering if an increase or decrease in flow rate
of the impression material, brought about by an increase in the velocity of
approximation may change the ranking order of the categories of impression
material. Does variation in velocity of approximation vary the results of pressure

ranking order for these impression materials? Further investigation was indicated.
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Chapter 13
Category of silicone with velocity of approximation

13.1 Background

60Sheer thinningd and o6ésheer thickenin
viscosity of a fluid at different rates of sheer. This happens in complex (also called
Non- Newtonian) liquds. With sheer thickening the liquid becomes more viscous
with a higher rate of sheer, and with sheer thinning the opposite. In such fluids a
constant coefficient of viscosity cannot be given. It is said to be a common property
among polymers. The gibbne materials used clinically in dentistry may be
susceptible to viscosity changes with different rates of sheer; this phenomenon may
be independent of but complicated by the setting reaction of the impression material.

If such a material is made to ¥lofaster, for example with different velocities
of approximation,and sodifferent rates of sheey the viscosity of the liquid may
change. Such a change in viscosity may affect the pressure of a dental impression.
In chapter 12 above the differenceshe pressure of different categories of a brand

of impression material were only compared at a constant velocity of approximation.

The focus of thiShesisis clinical; material science is fascinating and useful in
gaining understanding, but the clinicdfeets are the prime interest here. Further
investigations are limited to the potential clinically relevant effects to impression
pressure. If they are Nedewtonian the relative viscosity of impression materials
may change with rate of sheer. Clinigahis has the potential to alter the ranking
order of the materials when it is defined by the viscosity (and so pressure produced)
at different rates of sheer. This would be unfortunate since it would make the

properties of the impression material unpctable.

13.2 Statement of problem

The previous chapter ranked the categories of the impression material by the
pressure they created during a standarditro impression at a single velocity of
approximation. A ranking order can be given to the materithat material
demonstrating the highest pressure of impression can be ranked 1, the material

demonstrating the lowest pressure of impression ranked 3, and the other ranked 2.
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The research question for this chapter Gdoes changing the velocity of
approximation change the ranking order of the categories of impression material
The Null Hypothesiss that changing the velocity of approximation does not change
the ranking order of the materials. The alternative hypothesis is that changing the

velodty of approximation does change the ranking order of the impressions.

The clinical significance of the experiment is that if ranking order changed at
different velocities, the relative pressures from each category of material would be
unpredictable in cfiical use.

13.3 Aim

The aim of the experiment was to investigate the changes in pressure within

each category of impression material as the velocity of approximation changed.

13.4 Materials and nethod

Standard set up of the experimental equipment wed tm this experiment.
The three materials used in the previous chapter were tested with the standard
equipment under standardized conditions (Bakle 90 below). Each of th¢hree
materials was tested at 7 different velocities of approximation (asinsshapter 5
above). The output data from the experiments was entered into an SPSS spreadsheet
and explored to deduce the suitability of further statistical analysis.
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Liaht bodied fast set Medium baodied rea set Liaht bodied rea set
Velocity | Pressure Velocity Pressure Velocity | Pressure
45 241 45 264 45 214
45 247 45 272 45 244
45 239 45 230 45 212
45 229 45 263 45 201
45 242 45 240 45 222
60 258 60 317 60 278
60 262 60 297 60 270
60 282 60 317 60 278
60 273 60 325 60 258
60 295 60 320 60 260
75 345 75 380 75 297
75 340 75 398 75 304
75 355 75 371 75 309
75 363 75 379 75 311
75 333 75 379 75 299
90 390 90 427 90 393
90 439 90 425 90 380
90 433 90 437 90 349
90 432 90 431 90 340
90 429 90 429 90 352
120 486 120 526 120 426
120 490 120 535 120 437
120 502 120 547 120 423
120 501 120 562 120 435
120 458 120 536 120 451
150 550 150 617 150 470
150 532 150 614 150 464
150 574 150 616 150 468
150 521 150 626 150 464
150 558 150 630 150 491
180 602 180 733 180 550
180 629 180 717 180 538
180 581 180 702 180 537
180 662 180 745 180 541
180 646 180 730 180 560

Table90 Raw data
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95% Confidence

PressurekPa Interval for Mean

Lower Upper

Material Velocity | N | Mean S.D. Bound Bound
Light bodied | 45.00 | 5 | 239.6 | 6.61816 | 231.3825| 247.8175
fast set 60.00 | 5 | 274.0 | 15.04992| 255.3131 | 292.6869
75.00 | 5 | 347.2 | 11.92476| 332.3934 | 362.0066
90.00 | 5 | 424.6 | 19.679939 400.1641 | 449.0359
120.00 | 5 | 487.4 | 17.82695| 465.2649 | 509.5351
150.00 | 5 | 547.0 | 20.97618| 520.9546 | 573.0454
180.00 | 5 | 624.0 | 32.73377| 583.3557 | 664.6443
Medium bodied 45.00 | 5 | 253.8 | 17.86617| 231.6162 | 275.9838
regularset | go00 | 5| 315.2 | 10.68644| 301.9310| 328.4690
75.00 | 5 | 381.4 | 9.96494 | 369.0269 | 393.7731
90.00 | 5 | 429.8 | 4.60435 | 424.0829 | 435.5171
120.00 | 5 | 541.2 | 13.80942| 524.0533 | 558.3467
150.00 | 5 | 620.6 | 6.98570 | 611.9261 | 629.2739
180.00 | 5 | 725.4 | 16.44080| 704.9860 | 745.8140
Light bodied | 45.00 | 5 | 218.6 | 16.05615| 198.6637 | 238.5363
regularset | go00 | 5| 268.8 | 9.54987 | 256.9423 | 280.6577
75.00 | 5 | 304.0 | 6.08276 | 296.4473 | 311.5527
90.00 | 5 | 362.8 | 22.55438| 334.7950 | 390.8050
120.00 | 5 | 434.4 | 10.99091| 420.7530 | 448.0470
150.00 | 5 | 471.4 | 11.26055| 457.4182 | 485.3818
180.00 | 5 | 545.2 | 9.73139 | 533.1169 | 557.2831

Table91 Descriptives
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In the descriptiveTable 91 above; within each material category, there is no
overlap in the 95% Confidence Intervals of the means of the pressure produced by

the 7 different velocities used.

13.5.2.2.Shapiro-Wilk testof normality

Velocity of Shapiro-Wilk
approximation

Material Category mm/min Statistic | df Sig.
Light bodied fast set 45.00 919 5 522
60.00 .955 5 775

75.00 .976 5 911

90.00 726 5 .017

120.00 .850 5 193

150.00 979 5 .927

180.00 .969 5 .871

Medium bodiedegular 45.00 .890 5 .356
60.00 .818 5 113

75.00 .833 5 .146

90.00 .943 5 .685

120.00 .943 5 .689

150.00 872 5 275

180.00 973 5 .897

Light bodied regular 45.00 .932 5 .607
60.00 .853 5 .203

75.00 .928 5 .582

90.00 .896 5 .390

120.00 .936 5 .637

150.00 742 5 .025

180.00 .873 5 278

Table92 ShapireWilk

The results of theShapireWilk test show no significant deviation from a
normal distribution except for the results of light bodied regular set silicone at

150mm/min and light bodied fast set silicone at 90mm/min. Both of these data sets
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have outliers (see box plots below); the outliersenadiminated for the figures and
the ShapireWilk testre-run. The results of eliminating the outliers are shown in
Table93 below.

Shapiro-Wilk
Statistic df Sig.
light bodied fast set 90mm/min no outlie] .939 4 .650
light bodied reg set 150mm/miro outlier 732 4 .026

Table93 ShapireWilk without outliers

These results show that there remains a significant difference at the 0.05 level
from a normal distribution with the results of the light bodied, regular set silicone
approximated at 150mm.min even when the outlier is eliminated. This is
disappointing buhot unexpected given the 21 categories and the test level of 0.05 (1
in 20).
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13.5.2.3Box plots

13.5.2.3.1 Light bodied regular set
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Figure 62Box plotof results for the light bodied regular set silicone; velocity
against pressure
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13.5.2.3.2 Medium bodied regular set
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Figure 63Box plotof results for the medium bodied regular set silicone; velocity
against pressure
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13.5.2.3.3 Light bodied fast set
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Figure 64Box plotof results for the light bodied fast set silicone; veloaigginst
pressure
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13.5.3Data analysis

Data analysiss by Factorial ANOVA.AA factorial ANOVA has two or more
categorical independent variables (either with or without the interactions) and a
single normally distributed interval dependent variai®oted from: Introduction
to SAS UCLA: Academic Technology Services, Statistical Consulting Group.

Accessed October 10 2010 frohttp://www.ats.ucla.edu/stat/sas/notes?/.

SPSS outpubf data analysiss in Table 94below:

Type Il Sum of

Source Squares Df | Mean Square F Sig.
Corrected Model | 2042671.714(a) 20 102133.586 | 435.069 | .000
Intercept 18506883.086| 1 |18506883.08¢ 78835.76( .000
Velocity 1838359.848 6 306393.308 | 1305.177| .000
Category 156637.086 2 78318.543 | 333.622 | .000
Velocity * Category| 47674.781 12 3972.898 16.924 | .000

Error 19719.200 84 234.752

Total 20569274.000| 105

Corrected Total 2062390.914 | 104

Table94 Tests of betweesubjects effects, dependent variablegsure irKPad a 6
R Squared = .990 (Adjusted R Squared = .988)

These results indicate that the overall model is statistically significant (F =
435.069, p < 0.001).The variablesvelocity and categoryare also independently
statistically significant (F =1305.177, p < 0.001 and F = 333.622, p < 0.001,
respectively). The interaction betweervelocity and category is statistically
significant (F = 16.924, p < 0.001).These results show the different velocities
produce significantly different pressures, ewehen ignoring the materialé. when
the mean values of the different material categories are used). Similarly the
different materials produce significantly different pressuresavhen ignoring the
velocity. Having a significant interaction also sfsothat the effect of velocity alters

with category and vice versa.

The significant value of the interaction of velocity and category requires
further investigation. Pairwise comparisons were used to determine where the

differences lay. First the corapson was made of the different velocities with each
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of the other velocities within each category of material. The resultant Pairwise table
is large andherefore it isappended to th&hesis(Appendix §. Suffice to say here

that every comparison proded a significant result at the 0.05 level.

The second Pairwise comparison is between categories of material at each of
the velocities used. The remubre shown below (see Table) 9Differences could
not be detected between judiiree sets of resultsmediumbodiedregularset
silicone and lightodiedfastset at both 45 and 90 mm per minute; and the two
light-bodied silicones at 60mm per minute. All other results show a significant

difference.

On the graph of the mearBigure 69 below, thethreenon significant results

are thethreepoints where the lines approach (but do not cross) each other.
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Dependent variablerpssure irkKPa

95% Confidence
Interval for

Vel Mean Difference(a)
mm per () J) Diff Std. Lower | Upper
min Category Category (1-J) | Err. | Sig. | Bound | Bound

45 Medium Light fast 142 | 9.69| .147| -5.07 | 33.47

Medium Light reg 35.2(*)| 9.69 | .000| 15.93 | 54.47

Light fast Lightreg | 21.0(*)| 9.69 | .033 1.73 | 40.27

60 Medium Light fast | 41.2(*)| 9.69| .000| 21.93 | 60.47

Medium Lightreg | 46.4(*)| 9.69| .000| 27.13 | 65.67

Light fast | Light reg 5.20 | 9.69| .593| -14.07 | 24.47

75 Medium Light fast | 34.2(*)| 9.69| .001| 14.93 | 53.47

Medium Lightreg | 77.4(*)| 9.69| .000| 58.13 | 96.67

Light fast | Lightreg | 43.2(*)| 9.69 | .000| 23.93 | 62.47

90 Medium Light fast 5.2 9.69 | .593 | -14.07| 24.47

Medium Lightreg | 67.0(*)| 9.69| .000| 47.73 | 86.27

Light fast Light reg 61.8(*)| 9.69 | .000| 42.53 | 81.07

120 Medium Light fast | 53.8(*)| 9.69 | .000| 34.53 | 73.07

Medium Lightreg | 106.8(*| 9.69 | .000 | 87.53 |126.07

Light fast Lightreg | 53.0(*)| 9.69| .000| 33.73 | 72.27

150 Medium Light fast | 73.6(*)| 9.69| .000| 5433 | 92.87

Medium Lightreg | 149.2(*| 9.69 | .000 | 129.93|168.47

Light fast Lightreg | 75.6(*)| 9.69| .000| 56.33 | 94.87

180 Medium Light fast | 101.4(*| 9.69 | .000| 82.13 |120.67

Medium Lightreg | 180.2(*| 9.69 | .000 | 160.93|199.47

Light fast Lightreg | 78.8(*)| 9.69| .000| 59.53 | 98.07

Table95 Pairwise comparisons of thesults Based on estimated marginal means
* denoteghatthe meardifference is significant at the 0.0&vel. a
Adjustments for multiple comparisons were carmeth LeastSignificant
Difference(LSD, equivalent to no adjustments)

In the Table 95 above Least Significant Difference is used to calculate the

significanceof multiple comparisons at the 0.05 level. A more robust analysis may

be had by applying Bonferroni correction on sé@ values. After applying a
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Bonferroni correction for multiple comparisonghe results still demonstrate

significance at the 0.05 level.

13.6Summary of results
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Figure 65graph of means
The graph above illustrates the results; the predictable response of each
impression category to different velocities of approximation is seen. The analysis of

the results with factorial ANOVA confirms the statistical significance of the results.

At any given velocity of approximation, the medium bodied material produces

the highst pressure and the light bodied regular set material the lowest pressure.
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13.7 Conclusions.

1. In this inrvitro experiment both the category of impression material and the

velocity of approximation produce a significant effect on the outcome pressure.

2. The materials behaved in a predictable way; the ranking order (as defined by
pressure produced) did not change with velocity of approximation. Nuie
Hypothesidgs not disproved. The alternative hypothesis that the different velocity of
approximation changes the ranking order of the pressure generated by the

impressions is rejected.

13.8 Clinicalimplications.

Since the velocity of approximation does not change the ranking order of the
materials, the materials can be said to behave in a predigtalgle For example
medium bodied silicone can be expected to produce a higher impression pressure
(no matter what the speed of approximation) than either light bodied fast set silicone
or light bodied regular set silicone. Similarly light bodied regutaisgicone can be
expected to produce a lower pressure of impression (no matter what the speed of

approximation) than either medium bodied silicone or light bodied fast set silicone.

Clinically it is useful to know that the materials behaved in thisliptable

manner.
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Chapter 14
Space with noborder adaptation of the impression tray
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14.1 Background

Frank ( 1 96 9) had shown that 0spacebd ben
impression pressure in his-vitro experiments. Masri found that the design of the
impression tray did not significantly affect the pressure inmigtro experiments;
he says 6Iln this study, we believe that

controlling the pressureprodsdd , contrary to Frankos fin

14.2 Statement of problem

There is a contradiction in the literature on the importance of tray design on
impression pressure. An experiment to investigate the effect of space beneath a tray
was indicated.

14.3 Aim and hypothesis

14.3.1 Aim
The aim of this study was to investigatevitro the effect of the space beneath

the impression tray on the pressure of an impression.

14.3.2 Hypothesis
The Null Hypothesiswas that the space beneath an impressionicayd not
affect the pressure of impression. The alternative hypothesis was that the space

beneath an impression tray would affect the pressure of impression.

14.4 Materials ard method

Impression material was placed betwemo brass discs on a Universal
Testing Machine. The arrangement of the discs was similar to the set up for the
velocity experiment (Chapter 5). The d
above Figure3 in Part lISection 1.3 above). At the centre of the upper disg, a 2
mm-diameter hole led to an analogue pressure transducer (PXBIPDS10V;

Omega Engineering, Inc, Stamford, Conn). The pressure transducer was directly
connected to the brass disc via a-goarterinch British standard pipe (BSP) screw
t hread seal esdapevyThe bhonnpdtion nokthe préssure transducer was

filled with water. The discs were 15 mm apart at the start of the experiment and
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were set to approximate at 2mm/sec. Approximation of the discs was started at 20
seconds after the start of mixing dfet impression material. The peak pressure
within the impression was recorded. The space beneath the impression tray was
determined by the use of met al Ospacer 6
was stopped afour different heights, 0.5mm, 1mni,.5mm and 2mm. At each
height,five experiments were performed. The peak pressure from each experiment
was recorded for analysis.Statistical analysisvas determined by thieevene test
homogeneity of the dependant (ANOVA and Bonferroni if there wasogeneity,

Kruskal Wallis and Dunnett T3 if not).

Variable Setting for space experiment
Velocity of approximation 120 mm/min
Delay in seating impression 20 seconds
Number of perforations None
Border adaptation None
Diameter of discs 70mm
Position ofpressure sensor centre of disc
Category of impression material light bodied, reg. set Exprestiyl ESPE

Table96 default settings
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14.5 Results

14.5.1Raw data

Nominal
Space (mm) | PressureKPa
0.5 384
0.5 367
0.5 359
0.5 362
0.5 352
1 100
1 102
1 104
1 108
1 94
15 48
15 50
15 49
15 45
15 46
2 27
2 26
2 28
2 24
2 26

Table97 Raw data



14.5.2 Data exploration

14.5.2.1 Descriptives

Pressure ilkKPa
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95% Confidence

Interval for Mean

Nom.

Space Std. Std. Lower | Upper
mm N | Mean Dev. Error Bound Bound | Min Max

5 51 364.80| 12.029| 5.380| 349.86 | 379.74| 352 384

1.0 5] 101.60| 5.177 | 2.315 95.17 108.03 94 108
15 51| 4760 | 2.074 927 45.03 50.17 45 50
2.0 51| 26.20 | 1.483 .663 24.36 28.04 24 28

Total | 20| 135.05| 139.116| 31.107| 69.94 200.16 24 384
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14.5.2.2 Shapiro-Wilk

Nominal Shapiro-Wilks
Space in o _
mm Statistic Df Sig.
Pressure ilKPa 0.5 .930 5 .595
1.0 .984 5 .955
1.5 .952 5 754
2.0 .956 5 J77

Table99 ShapireWilk

ShapireWilk test did not show a significance deviation from a normal
distribution.
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14.5.2.3Box plot
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Figure 66Box plotof results space under the impression tray against pressure
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14.5.2.4 evene test

L e v e tesd squality of error variance, tests that tell Hypothesisthat

the error variance of the dependent variable is equal across groups.

Pressure ilKPa

Levene
Statistic dfl df2 Sig.
3.588 3 16 .037

Table100Levene test
Table100TheLevene testwas statistically sigificantat the 005 level.

The Homogeneity of variances of the groups is not shown; therefore the
overall assessment of the statistics wasformedwith a NonParametricKruskal
Wallis test and the posbh tests used the robust Dunnett T3 anglysth of whth

do not require or assume equivalence of variance.

14.5.3Data analysis
14.5.3.1 Kruskal Wallis

Pressure inKPa
Chi-Square 14.296
Df 1
Asymp. Sig. .000

Table101Kruskal Wallis testgroupingvariable, pace in mm

The between group analysisruskal Wallis demonstrates a statistically
significant difference (p< 0.001). Further analysis was indicated to investigate

precisely where the differences occurred.



14.5.3.2Post hoc
Dependent variablerpssure irKPaDunnett T3
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95% Confidence
() Nominal Mean Interval
Space (J) Space| Difference | Std. lower upper
in mm in mm (1-J) Error | Sig. bound bound
5 1.0 263.200(*) | 5.857| .000 | 240.95 285.45
1.5 317.200(*) | 5.459| .000 | 294.07 340.33
2.0 338.600(*) | 5.420| .000 | 315.30 361.90
1.0 1.5 54.000(*) | 2.494| .000 44.40 63.60
2.0 75.400(*) | 2.408| .000 65.64 85.16
1.5 2.0 21.400(*) | 1.140| .000 | 17.46 25.34

Tablel02Posthod u n n e t t dermtedhdthe neardifference is significant at
the .05 level.

Dunnett T3 post hoc analysiemonstrates a statistically significant difference

between all the groups (p<0.001)
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14.6 Summary of results

Space mm Mean Std. Deviation
.5 364.80 (*) 12.029
1.0 101.60 (¥) 5.177
1.5 47.60 (¥) 2.074
2.0 26.20 (*) 1.483

Table103Summary statistics; tlenoteghatthe meardifference is significant at the

.05 level.
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14.7 Conclusion.

In this in-vitro experiment an increase in the unrestricted space beneath the

me an

pressur e

impression tray decreased the pressure of impression
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14.8 Discussion and clinical implications.

On the basis of these results tell Hypothesids rejected and the alternative
hypothesis istterefore proposed that in thisvitro experiment increasing the space

beneath the tray decreases the pressure of impression.

On the face of this evidencErank (1969) andKomiyama et al(2004)
assertions that space beneath the tray reduces pressurenfirmmexd by this
experiment. However caution should again be expressed when drawing clinical
implications from thisin-vitro experiment. In this case foremost among concerns
was the unrestricted venting of the impression material at the periphery iof the

vitro models. Is this rproducedn-vivo?

Certainly in-vitro, it is clear that increasing the space beneath the tray
dramatically increases the size of the peripheral vent. The increase in the surface
area of the peripheral vent would be expectedollow a simple mathematical
transformation from the original vent size present at 0.5mm. Two questions now
arose. The first question was, does this reduction in impression pressure, when there
was an increase in the space beneath the impressionstilédygccur with the
common clinical practice of Oborodtker moul
periphery of an impression tray (see chapter 15 below); or does border moulding
block the peripheral verdnd increase press@eThe second questiahat arose
was, O6is there | i kirvivgwhenahe boft tissuasroktisetsulci c t e ¢
are in close proximity to the peripheral
guestion can only be tested in a relevant wayiyivo measuremas, and is
beyond the scope of this PhD. The first question of the affect of border moulding on

pressure is investigateéwtvitro in chapter 15.

14.9 Regression analysis

In the graph of the resuliSigure 67above, as space increases @essure
decreaes and vicewersa,; this is suggestive of an inverse relationship between the
space and the pressure. To test the hypothesis of a predictable inverse relationship
the results require a regression analysis. Odéwene tesabove (sectiorl4.5.2.4
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demons r ates the variance of errors differ

called heteroscedasticity. Classically an assumption of homoscedasticity is desired

for regression analysis.

There are two differing ways to approach the use of regressierevihere is
heteroscedasticity; accept or transform. It was instructive to look at the divergence
of opinion. According to Berry and Feldman (1985) and Tabachnick and Fidell
(1996) a slight heteroscedasti civalupg has
from theLevene tesfrom this data was not extreme (p=0.037); this approach has

therefore been followed in section 14.9.1 below.

An alternative approach was to perform a suitable transformation of the data to
reduce the heteroscedasticity. Thip@ach was followed iAppendix 6 A natural
log transformation produced homoscedasticity, allowing a linear regression to be
performed The results mayhen be back transformedn the usual way This
appro&h was acceptable but it was less clinicaflievant It is therefore appended
to theThesisrather than used as the main analysis fAgg@endix §. The Appendix
6 holds the results of the linear regression of the log transformed data and

demonstrates a significance of p<0.001.

14.9.1 Regressionsing pressure.

A regression was performed on the untransformed data (accepting the slight
heteroscedasticity). To test the hypothesis of a predictable inverse relationship the
results were therefore assessed using the SPSS regression curve estini#ion fac
SPSS software provides a facility to eliminate the constant from the predicted
equations; this function effectively derives the best equation to fit the results which
does not have a constant in the equation. It allows estimation of the bgeafiba
where the prediction does not cross the axis. It is useful to use this facility where it
is known that a negative values of y (in this case pressure) or x (in this case space)

are not feasible.

The SPSS output for the predicted curves are repeaduncTable104 below

(these are all the types of predictive equations that are available in SPSS).
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Model Summary Parameter Estimates
R

Equation | Sqd. F dfl | df2 | Sig. bl b2 b3
Linear A51 | 3389 | 1 | 19| .081| 54.373

Log 281 | 7442 | 1 | 19| .013| -191.414

Inverse | .920 | 218.347] 1 | 19 | .000 | 153.840
Quadraticc .551 | 11.041| 2 | 18 | .001 | 409.169 | -212.877
Cubic 897 | 49537 3 | 17 | .000 | 1259.457| -1519.896| 450.195
Comp 646 | 34606 1 | 19| .000| 14.185

Power .001 .014 1|19 .907| -231

S 914 | 202.186 1 | 19 | .000| 3.622

Growth | .646 | 34606 1 | 19| .000| 2.652

Expon 646 | 34606 1 | 19| .000| 2.652

Logistic | .646 | 34.606| 1 | 19 | .000 .070

Table104Output of theS P Siggre§siort u r v e e sThd indepéndentn 6 .
varialde is Space in mm. Dependesatriable: pessure irKPa

The best fit (as shown by’Ralues) is the inverse equation with amvBlue of
0920(p<0. 001) and a formula of O6Pressureb

of the fit of predicted curve against the actual results is showigure 68below.
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Figure 68Scatter plot of pressure with the inverse regression curve superimposed;
the independent variable is Space in mm.

14.10 Conclusion of regression analysis of space beneath the
impression tray

The regression curve estimation by SPSS demonstrates thahtthes chot
inconsistent with an inverse association of the space between the brass discs and the
resultant recorded pressure. This has important clinical implications see section
14.11.2 below.

14.11 Discussion of regression analysis

Regression analysis possible with the data from most of the experiments in

Part Il of thisThesis For example the velocity study has a reasonable fit for a linear
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relationship between the factor and the pressufeq(®57). The remainder of the
studies show factor v prasre graphs with a variety of different curves suggesting

more complex relationships.

A poster, entitled o6l mpression pressu
and derived from the work of Chapi@iof this Thesiswas presented at PEF IADR,
London, D08. It was entered into the poster competition of that society in order to
obtain maximum available peer review of the work. It was suggested by a judging
dentist (who had an interest in statistics) that the study depicted on the poster should
(indeed nuist) be subjected to a regression analysis as the assumptions for regression
were fulfilled in the data from the experiment. It was a useful exercise to subject
the work of theThesisto such peer review. The advice was considered in detail and
in consutation with expert statisticians at Leeds University. The advice to use
regression analysis for the o6distance t
14.11.1 below for reasons). Furthermore, having assessed the advantages and
disadvantages afegression analysis, the decision was taken not to use regression
analysis for the majority of the chapters in Part Il. The reasons for the decision not
to use regression analysis for other chapters in Part Il are listed below (see section
14.11.1).

This chapter, detailing the investigation into space beneath an impression tray,
is an exception to that general decision. The relationship between pressure and
6spacebd6 has been analysed by regressior
potential for a preiction with aclinical significance (see section 14.11.2 below for
details). In reaching this decision | was aware that this is a clinicallPeBisand
clinical significance is central to the enquiries; therefore an exception to the general

avoidance bregression analysis was indicated for this chapter.

14.11.1 Advantages and disadvantages of regression analysis for the
remainder of Part Il of this Thesis

Regression models of relationships between variables can be illuminating in
specific incidencesRegressions are useful where predictions are required or where
the significance of potentially confounding variables needs to be taken into account.
Where a regression analysis results in an insight whiclinisally revealing it is to

be commended. Hweever there are sound reasons NOT to subject all data in this
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Thesist o anal ysis by regression; just becau
reasons why regression analysis has not lsed in all the experiments irai Il

and Il of thisThesisare perhaps best understood by considering an example.

For example, it is possible to express the relationship between pressure and the

distance to a perforation by the best fit regression of a cubic transformation thus:

P=115.885 + 4.9918¢ 0.123¢-0.005d where P equals pressure and d is the
distance to a perforation. This regression produces=8.R863,suggesting thahis
regression formulaccurately describesser 96% of the results

The methodology gbrodudng this regression is accuratedanot incorrect but

there are sound reasons not to do so:

1 There is no reason to predict pressure values beyond the
experimental limits; and projection of the results beyond the limits

is bad statistical practice.

2 There is no reason to predict pressureuesl within the
experimental limits. For example in the example above there is no
reason to wish to calculate a prediction of the pressure that results

when a perforation is at a distance of 8mm.

3 There is no reason to define a precise mathematical equétibe
relationship between pressure gmerforations since it will only
predict the pressure in these precise sperifidtro experimental
conditions. Thesén-vitro experiments show the trend or ability
for a variable to affect pressure, but we hagen in the series of
experiments on perforations that even minimal variations in
conditions affect the results. These experiments do not precisely
predict the clinical situation merely show the trend or possible

effect.

4 Complicated statistics may not henderstood by target clinical
audience for this research (GDPOGs

5 Compared to the regression analysis and the predictive equations,
the one way ANOVA statistics are easier to explain to the target

audi ence of GDPO6s wh o may be [
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undersanding of p values, and may even understand Confidence

Intervals.

6 Mathematically the ANOVA uses the same mathematical
assumptions and indeed many of the same equations as the
regression modelling (the Generalised Linear Models equally

accurate andobust.

7 Many of the experiments in theThesis do not show
homoscedasticityand complex transformations would be required.
The transformationsare less easily understood by the target

audience.

14.11.2 Discussion of the potential clinical significana# results of the
regression analysis of O&éspaceb

The regression analysis of the space study above suggests an inverse
relationship between pressure and space, so that as the space underneath the
impression tray approaches to zero, the pressure of an Bigorésnds to infinity.

This is easy to understand in timvittoe nvi r onment since as t
the tray reduces so the peripheral vent for the impression material reduces in size.
The smaller the vent the larger resistance to flow of thassion material through

it and the higher the pressure required to move the impression material through it.

Many clinicians use close fitting special tray for prosthodontic impressions. A
typical and common example would be zinc oxide eugenol impressaterial in a
close fitting, unperforated tray for a lower complete denture. If such an impression
is fully seated, the analysis above suggests the pressures of impression will be high.
Of course clinically this would distort the mucosa; indeed ifrthecosa (and the
special tray) was incapable of distortion, it would require an infinite pressure to seat
a close fitting tray; clearly this does not happen. Further investigation of the

pressuren-vivo of close fitting trays is required.

Three working hypothesises are suggested to explain the clinical situation with
close fitting trays; first it may be that the tray made from a primary impression is not

a close fit to the shape of the relaxed mucosa (allowing venting to occur where it
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doesnot fit), or secondly the mucosa may distort as the impression is seated and so
the distorted shape of the mucosa is no
(all owing venting to occur where it doe
seated by the clinician, that is tray approximation is stopped before the gap from the
tray to the mucosa is too small. In practice all these explanations may be expected

to happen at the same time. Of theeehypothesis perhaps the third explanati®n i

the o6preferred compromised in order t o
undistorted mucosa (that may go on to provide a comfortable prosthesis).

In any prosthodontic impression of mucosa there are two topographical
surfaces that can change shapgt of the impression material and that of the
mucosa. If all other factors are constant and an unrestricted peripheral vent, a close
fitting special tray may result in higher pressure and more mucosal distortion than a
spaced tray iy $batyecdde both o6full
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Chapter 15
Space withborder adaptation of the impression tray

15.1 Background

Franks 1970 paper, describing his clinical impression technique, followed on
from hisin-vitro experiments presented in his scientific paper of 1969. In the 1970
paper he advocates the use of border moulding with green8akler moulding of
the impression tragcarried outo developborderand facial sealmay affect thesize
of the peripheral vent for escaping impression material. If it does this maynn tur
affect impression pressure. The use of border mouldirkgdnyk (1970) may negate
the affect of spacing the tray to reduce the impression pressure. Border moulding is
considered good practice and widely advocatBdsker and Davenpor2002
Basker et B2011, Watt and MacGregot996,Grant et all994, McCordand Grant
2000, Boucher 2004); the effect of border moulding on impression pressure has not
been investigated in the prosthodontic literature. Further investigation was therefore
indicated.

15.2 Satement of problem

In-vitro experiments of Frank andomiyama et alsuggest that space under
impression trays reduces the pressure of impression. However the experiments
which found this outcome did not use any border moulding which can affect the size
of the peripheral verih-vitro. It is common practice to border mould prosthodontic
impressions with compound or silicone (Drago 2003). The research question for
this chapter is 6does the border Nwioul dir
Hypothesis is that border moulding the periphery does not affect the impression
pressure; the alternative hypothesis is that border moulding the periphery thect

impression pressure.

15.3 Aim

To i nvestigate the effect orft ondtheo r d e r

impression pressure when the space under the tray varies.
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15.4 Materials and nethod

15.4.1 Background to methodology adopted for this study

Preliminary in-vitro experiments, using green stick border moulding of the
Oi mpr essi on tsrirvestiatiah, psoves to fbe difficuit.n The major
problem was the manipulation of the green stick to a precise uniform height at the
periphery of the trays. Compressing the green stick to a uniform height was possible
using the Lloyd machine set withhégh cut-off force and steel spacers. However
the difficult heating of the green stick and application onto a cold and heat
conductive metallic surfaces was time consuming. The green stick needed to be
applied fresh for each experimental run since dueach run it frequently fractured
or adhered to the silicone and/or the opposing disc. Although this was a purely
practical, mechanical problem it led to difficult and time consuming problems with
the reproducibility of experimental conditions. The usegadenstick to border
mould the impression disc was considered impractical for theseétro

experiments.

Polyvinylsiloxane (silicone) has been proposed as an alternative impression
material forborder moulding of the impression trétp developborderand facial
sea) and investigateth-vivo by Drago(Drago 2003). A retrospective clinical study
of the silicone border moulding technique showed no difference in the number and
complexity of post treatment denture adjustments from the use of greerDstigo (
2003). A survey byetrie et a(2005) of American experts in prosthodontics (ACP
members) shows 1 in 5 prosthodontists advocating silicone or polyether as the
primary material of choice for border moulding and a further 29% of ACP members

using these materials as an alternative bard®riding materialRetrie et aR005).

Preliminary studies showed the use of silicone as the border moulding material
for this experiment to be simple and efficient. This use of set silicone for the
restriction of the peripheral vent simplified the esipental design and improved

the precision (and so the reproducibility) of the results.

The methodology used for this experiment (see section 15.4.3 below) required
the disc used for the O0i mpression trayo
exact position for each sequential experiment. The disc used for the simple
unrestricted 69 phaptee B4 Kigure enr Fartile Chapser 18
above) was freestanding and unsuitable because the precisioralfnraent
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proved to be impossible.hTer ef or e a new O&6i mpressi on
was directly attached to the Lloyd machine to give the necessary reproducibility of
alignment. We have seen how a slight alteration in the impression trays affects the
pressure in the perforation stesl above (chapte8 to 11). It was therefore
anticipated that the results from the unrestricted space studies to these new border

moulded studies would not be directly comparable.

15.4.2 Standardised experimental methodology.

Variable Setting for spaceexperiment
Velocity of approximation 120 mm/min
Delay in seating impression 20 seconds
Number of perforations None
Diameter of discs 70mm
Position of pressure sensor centre of disc
Category of impression material light bodied, reg sdExpress3M ESPE
Table105default settings

15.4.3 Sequential acquisition of data

Data collection was conveniently facilitated by sequential building of the
border adaptatian Initial impression was taken with 0.5mm spacers between the
discs; this is similar to the other experiments above (as seEigune 3 above).
The pressure of this initial impression was recorded but it did not form part of the
experimental analysisof reason given below (section 15.5.11). After the initial
impression was taken, the resulting silicone was 0.5mm thick and spread across the
disc. This silicone was cut back so that only the silicone at the periphery remained.
This peripheral siliconavas 4mm across; this was achieved by cutting around a
template with a scalpel blade. With the silicdrederadaptationin placethree
additional 0.5mm spacer where placed on top of the original 0.5mm spacers to
create 1mm space between the discs anfimid peripheral silicone. The first

experimental impression was taken and the pressure recorded.

t
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After the first experimental impression was taken the depth of the silicone over
the brass was 1mm. This silicone was cut back so that only the silicone at t
periphery remained. This peripheral silicone was 4mm across; this was achieved by
cutting around a template with a scalpel blade. With the silibongeradaptation
in placethreeadditional 0.5mm spacer where placed on top of the original 0.5mm
spaers to create 1.5mm space between the discslamd peripheral silicone. The

second experimental impression was taken and the pressure recorded.

After the second experimental impression the silicone was again cut back,
additional 0.5mm stops placed anthad impression taken with a 1.5mm periphery

and 2mm space between the discs.

After the third experimental impression all the silicone was removed the forth
impression taken at 2mm space without peripheral silicone. After the forth
impression, the silane was again removed and the top 0.5mm steel spacer was
removed for the fifth impression at 1.5 mm space and no peripheral silicone, the

sixth impression followed at 1mm space with no peripheral silicone.

The sequential acquisition of data described abeas repeatefive times to

produce the raw data of peak pressure listéithirie 106 below

15.4.4 Statistical methods

The data collected will be explored with SPSS including test of normality and
equivalence of variance. Following exploration appropriate statistical instruments
will be used to analyse and evaluate the main effefctie independent variables

O0spacéeé@a@mbddt othe tnht eerr awittilons (i f any) of



15.5 Results

15.5.1Raw data
Pressure ilkKPa
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0.5mm gap no border

0.5mm gap 1.5mm 0.5mm gap no border 1.5mm | n° border

1mm spacg space |[2mm spacg2mm spacq space |lmm space
Run 1 192 140 147 26 32 81
Run 2 173 121 104 21 35 40
Run 3 185 144 139 24 34 75
Run 4 172 143 101 28 44 61
Run 5 219 139 137 24 29 55

Table106 Raw dataof peak pressure froifive runs of sequential data collection.

15.5.1.1 Chart of means of pressurdata for each group

Pressure KPas/100
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0.5
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e

e 0 o

2

3
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4

Figure 69Series 1 is results from impressions with boatiaptatiorto create
peripheral gap of 0.5mm; series 2 is with an unrestricted periphery.
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In the graph above the series 2 is equivalent to the data in Chapter 14 above. It
is a collection of similar data; as mentioned above in section 15.4.1 the data in
chapter 14 uses a different I mpression
comparable, twever the trends and values are similar. The categories of space are
1=0.5mm, 2 = 1mm, 3 =1.5mm and 4 = 2mm. The results for the 0.5mm space are
without any borderadaptationand therefore fit into series 2. These results for
0.5mm space are also leas 0.5mm peripheral gap and so could be said to fit into
series 1. However the peripheral gap is with brass rather than silicone; the contact
angle between the materials will be different. Furthermore the brass is inflexible
and unlike the siliconewihave no 6égi veod. This makes
material over the peripheral vent dissimilar; these results for 0.5mm space and no
borderadaptatiorare therefore eliminated from the further analysis.



15.5.2 Data exploration

15.5.2.1 Descriptive
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95%
Confidence
Interval for
Mean
Std. Std. | Lower | Upper
Group N | Mean | Dev. | Err. | Bound | Bound | Min | Max
Space 1mm,
. 5] 188.2[19.149| 8.564 | 164.42| 211.98| 172| 219
peripheral ga®.5mm
Space 1.5mm,
. 51 137.4| 9.397 | 4.202 | 125.73| 149.07| 121 | 144
peripheral ga@.5mm
Space 2mm,
. 51| 125.6 | 21.443| 9.590 | 98.98 | 152.22| 101 | 147
peripheral ga®.5mm
Space 1mm,
. 5| 62.4 [16.303] 7.291 | 42.16 | 82.64| 40 | 81
gap unrestricted
Space 1.5mm,
: 5| 34.8 | 5630 | 2518 | 27.81| 41.79| 29 | 44
gap unrestricted
Space 2mm,
, 5| 24.6 | 2608 | 1.166 | 21.36 | 27.84| 21 | 28
gap unrestricted
Total 30| 95.5 [61.640(11.254| 72.48 |118.52 21 | 219

Table107Descriptives
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15.5.2.2Box plot
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Figure 70Box plots of results

The box plot aboveHigure 70 suggests that there may be a difference in the
variance of the dependant variable pressure with the different categories of space
and gap. ALevene tesof equality of error variance was therefgerformed
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15.5.2.3Levene test
Levene'stestof equaliy of error variance, tests that thill Hypothesisthat

the error variance of the dependent variable is equal across groups.

F df1 df2 Sig.

4.413 5 24 .005

Table108Levene test

The results shown in Tabl&08 above show that there is a statistically
significant difference from Homogeneity of the dependant variable (pressure) across

the groups.

ANOVA with a factorial treatment structusssumes equality of variance and
should not be used where equality is demonstrated. In the general linear model,
the residals can be plotted (see graplgure 71below). The divergence of the
residuals as the pressure increases suggests an increasing variance of the dependant
pressure. In these circumstances a logarithmic transformation of the dependant
variable pressure can often achieve an equality of variainitee dependant. A log
transformation of the dependant was therefpeeformedthe results are shown
below. A non parametric equivalent to Factorial ANOVA is not available; a

transformation of the data was indicated.
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Figure 71Residuals against predicted pressure using the SPSS factorial ANOVA
general linear model (glm) software.

15.5.24 Log transformation of pressure
The results of the log transformation of pressure are shown in Tebkeelow

0.5mm gap|0.5mm ga,[0.5mm gap|No border, (Mo border,|No border,

Imm 1.5mm 2mm 2mm 1.5mm Imm

space Space Space space space Space
Runl 5.26 4.94 4.99 3.26 3.47 4.39
Run?2  5.15 4.80 4.64 3.04 3.56 3.69
Run3 5.22 4.97 4.93 3.18 3.53 4.32
Run4 5.15 4.96 4.62 3.33 3.78 4.11
Runb5  5.39 4.93 4.92 3.18 3.37 4.01

Table109Results of logransformation of the variablegssure
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15.5.2.5Levene testof transformed data
The Levene tesbf equality of the transformed data was explored. The results

are shown imMable110below.

F df1 df2 Sig.

2.153 5 24 .093

Table110 Levene tesbf the equalityof the error variance with the dependent
variable: log of pressure.

The error variance of log of pressure cannot be shown to be different from
homogenous across the groups.

15.5.2 6Shapiro-Wilk testof normality for log of pressure.
ANOVA also requires a normal distribution; therefore a Shapifitk testof

normality wagperformedthe results are shown irable111below.

Shapiro-Wilk
Category Statistic df Sig.
space 1mm, gap.5mm .889 5 354
space 1.5mm, gap0.5mm .735 5 .022
space2mm, gap 0.5mm .817 5 110
spacelmm, gap unrestricted| .949 5 729
space 1.5mm, gap unrestrict .935 5 .634
space 2mm, gap unrestricte( .964 5 .836

Tabe 111 ShapireWilk of thelog of pressure

The ShapireWilk testof normality shows no statistically significant variation
from normality for any group except t he
group had an outlying result (see box plot below). The Shajillo testwas rerun

without theoutlier; the results are shown belowTiable112
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Shapiro-Wilk
Statistic df Sig.
Log pressure
, ) space 1.5mm, gap0.5mn  .911 4 .488
with no outlier

Table112ShapireWilk without outlier

15.5.3Data analysis
The prerequisite tests for ANOVAre found to be acceptable for the log

transformation of the dependant variable of the log of pressure. Analysis of the
results was therefore performed by Factorial ANOVA of the dependiagtof

pressuréwith the factor of space and peripheral gap.

15.5.3.1Main effects
The results of Factorial ANOVA analysis (via SPSS Univariate General Linear

Model withtwof i x ed Factors of O&éspaced and O6garg

pressure) are shown Trable113below.

Type Il
Sum of Mean
Source Squares Df Square F Sig.
Corrected Model 16.794(b) 5 3.359 126.510, .0000
Intercept 555.436 1 555.436| 20921.105 .0000
Space 2.251 2 1.126 42.397| .0000
Gap 14.239 1 14.239 536.312 .0000
space * gap .304 2 152 5.721| .00=B
Error .637 24 .027
Total 572.867 30
Corrected Total 17.431 29

Tablel113Factorial ANOVA, dependent variable: log of pressuoenputed using
apha= . 05; &6béb R squauaredi=098560 . 963 (adj u
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These results(table 113)indicate that the overall model is statistically
significant (F = 126.510, p< 0.001) .
statistically significant (F =42.397, p < 0.001 and F = 536.312, p < 0.001,
respectively). The interaction between space apdgalso statistically significant
(F =5.721, p < 0.01)Since thanteraction is significanthe effect of space depends
on peripheralgap and vice versa.Pairwise compasons of two way means are
indicated

Further analysis was indicated to show vehttre significant differences lay.

15.5.3.2 Pairwise comparisons of o6gapé

Pairwise comparison was used to analyse the effect on impression pressure of
the presence or absence of a restricted peripheral gap at different values of th
vari able 6dspaced.

95%
Confidence

Interval for

Space 0 ) Mean Difference
under | Peripheral | Peripheral Diff . Std. | Sig. | Lower | Upper
the tray gap gap (1-9) Err. | (@) | Bound | Bound

1Imm | 0.5mm gap a| unrestricted

_ _ 1.130(*) | .103 | .000 | .917 | 1.342
periphery periphery

1.5mm | 0.5mm gap a| unrestricted

, _ 1.381(*) | .103 | .000 | 1.168 | 1.594
periphery periphery

2mm | 0.5mm gap a{ unrestricted

, _ 1.623(*) | .103 | .000 | 1.410| 1.835
periphery periphery

Tablel14Pairwise comparisons

Table 114 has the dependent variable lofy of pressure. The table shows a
Pairwise assessment of the difference in the means of the different peripheral gap at
each of the values for space under the tray. * indicates where the mean difference is
signficant at the 0.001 level (also note thBet95% confidence intervatio not

Cross zero).
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The results in Pairwise TablEl4 above show that within the groups shown
(Imm space, 1.5mm space, and 2mm of space) the presence or absence of a
restricted periphery always has a statistically significafecefon log of pressure
(p<0.001).

Subsequent application of a Bonferroni correction to thiggares was
indicated to correct for multiple comparisonshe Bonferroni correction is applied
by taking the level of significance amlividing by the number of comparisangf
the p value of the test is less than this figure the test is said to be significant at the
original l evel of significance Owith a
Bonferroni correction is p=0.08ivided by 3 comprisonsequals0.0166. All the p
values obtaied in Table 114 are below this level. Thereforéemapplyinga
Bonferroni correction for multiple comparisons, the results still demonstrate

statisticalsignificance(at the 0.05 levelwith a Bonferronicorrectior).
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15.5.3.3 Pairwisec mpari son Ospaced within dédgapb g
Pairwise comparison was used to analyse the effect on pressure of the space

beneath the tray within the groups defined by the presence or not of the peripheral

silicone.
95%

Confidence

Interval for

Peri- (I) Space (J) Space Mean Difference
pheral under the under the Diff. Std. | Sig. | Lower | Upper
gap tray tray (1-J) Err | (a) | Bound | Bound
0.5mm | 1mm space| 1.5mmspace| .313(*) | .103 | .006 | .100 | .525
g9ap | 1mm space| 2mm space| .413(*) | .103| .001| .200 | .625
1.5mm space 2mm space | .100 103 | .341| -.113 | .313

un- 1mm space | 1.5mm space .564(*) | .103 | .000 | .351 | .777
restricted|  1mm space| 2mm space | .906(*) | .103 | .000 | .693 | 1.118
9 | 15mm spacd 2mm space | .342(*) | .103 | .003| .129 | .554

Tablel15Pairwise comparisomiependent ariable: log of pressure’ indicates
where the mean difference is significant at the 0.05 level.

The Table 115 shows a Pairwise assessment of the difference in the means of

t he val t he ¢

ues for O6spaced for each of

The results in Pairwise Tablel5 above show that within the groups shown

(restricted or unrestricted periphgry t he O6spaceb6 is signific
all groups except when 1.5mm and 2mm space are compared in the unrestricted

peripheral gap group.

Subsequent application of a Bonferroni correction to these figures was
indicated to correct for multiple comparisonsAfter applying a Bonferroni
correction for multiple comparisons, the results that are marked by * in the table still

demonstratstatistcal significance(at the 0.05 levél
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15.5.3.4Post hocanalysisof space (without differentiating out and considering
the peripheral gap)

95% Confidence

(J) Space Mean Interval
(I) Space under the | Difference| Std. Lower | Upper
under the tray tray (1-J) Error Sig. | Bound | Bound
1mm space 1,5mm
under the tray| space undel 0.4383(*) |.07287| .00001| .2508 | .6259
the tray

1mm space | 2mm space
under the tray| underthe | 0.6591(*) |.07287| .00000| .4716 | .8467
tray

1,5mm space| 2mm space
under the tray| under the | 0.2208(*) |.07287| .01732| .0333 | .4084
tray

Table116 Post hoanalysiswith Bonferronj dependentariable: log of pressure,
based on observed means. * indicates the mean difference is significant at the
0.05 level

The results for post hoc test of thariable space by Dunnett T@stare shown
in the table above (Tabl#16). This analysis does not take into account whether
there was a restricted periphery present or not. That is to say no account is taken as
to the presence ofthéboedattsmobtibdi eqaé&h a
compared with al/l the results of each of
all significant at the 0.05 level. This confirms the findings of the main effect of the
factorial ANOVA section 15.5.3.1 abev
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15.5.3.5Independentt est of variable O6gapd (withou
The dependant variable for this analysis is pressure measukdehinin the
raw data half the runs have a 0.5mm gap at the border and half the runs have no

peripheral border ggriction. For clarity the data are rearrange@aible117below.

Pressure with border Pressure with no border
(0.5mm gap) (unrestricted periphery)

81 192

40 173

75 185

61 172

55 219

32 140

35 121

34 144

44 143

29 139

26 147

21 104

24 139

28 101

24 137

Table117This data was analysed with an independé¢est.

Levene tesfor equalityof Variancesdid not show a significant difference See
Table118below.
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Levene'stestfor Equality of Variances
F Sig.
3.155 .087
Tablel18Levene

Independent samplegdst, dependant variable pressure:

95%
Confidence
Interval of the

Std. Difference

Sig.2 | Mean | Err. | Lower | Upper
T Df | tailed | Diff. Diff. | Bound | Bound

Pres. Equal
in variances |11.318| 28 |.0000| 109.8 | 9.702|89.927| 129.673

KPa assumed

Equal
variances |11.318| 22.58| .0000| 109.8 | 9.702 | 89.710| 129.890

not assumed

Table119Independent samplegedst

The analysis in th&able119above shows a statistically significant difference
between a restricted and an unrestricted periphery (p<0.001). This analysis was

performed without considering the space between the discs.
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15.6 Summary of results

Estimated Marginal Means of log of pressure

5.50]
Peripheral gap
5.007 —— 0.5mm gap at periphery
1) — unrestricted periphery
c
@®
Q
=
< 4.50-
=
(@]
S
]
=
ie)
% 4.00—
E
=
n
L
3.50]
3.00]

T T T
1mm space under the 1,5mm space under the 2mm space under the
tray tray tray

Space under the tray

Figure 72Estimated marginal mean

The plot above gives a summary of the results for baadaptation There is
a significant difference between the results of the top line (with badkgptation
and the results of the bottom line (no borddaptatioh Furthermore each of the
three vertically related pairs of points (one from each lisepws a statistically

significantdifference in pressure.
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15.7 Statistical gynificance.

The conclusions that can be made from itHgitro experiment are:

1. Looking at the overall model frometfactorial ANOVA (section 15.5.3.1)

a.

2. Loo

3.Loo

The overall model is statistically significant (F = 126.510, p<
0.001).

The variabl e Ospace under t he i
significant (F = 42.397, p < 0.001).

The vari abl e Oper i yhsgnifieant (Fg=a p 6 [
536.312, p < 0.001).

. The interaction between space and gap is statistically significant (F

= 5.721, p = 0.009).

king at the variable O6Peripheral

There was a statistically significant difference in the pressure
betweentheawos peci fi ¢ val ues for Operirg
the variable space was not taken into account (i.e. without
considering the different spaces between the discs) (section
15.5.3.5, p<0.001).

For each | evel of O6spacdeogdfithameat h
pressure of impression showed a significant difference with each
diff erent type ddsectiani=e532,p0dH0lpnl gapb

king at the variable of OGéspace be

Analysis of the mean of the log of pressure stobimat there was a
significant difference between e:;:

peripheral gap (section 15.5.3.4, p < 0.05).

Space affects pressure, but when the baadaptatiorwas absence
a significant difference was not detected in this experirbetween
the means of the 1.5mm space group and the means of the 2mm

space group.



- 256-

15.8 Conclusion

TheNull Hypothesighat borderadaptatiorof the periphery does not affect the
impression pressure is rejected (p< 0.001). In rejecting\Ntile Hypothesisthe
alternative hypothesis that bordeataptatiorof the periphery affects the impression
pressure is proposed.

15.9Clinical implications.

The border adaptationf the impression traincreases the internal pressure of
the impressionn-vitro. The in-vivo situation is more complicated with the lips,
tongue and cheeks having potential to further restrict the peripheral vent of the
impression.In-vivo the trend will be similar but the actualvivo effect size cannot
be deduced from these-vitro experiments. Furthen-vivo experiments would be
required to investigate then-vivo effect of spacing and border moulding on

impression pressure.

These experiments suggest that decreasing the space beneath the impression
tray will increase the presre of impression. This trend was shown even when the
peripheral vent was kept at a constant 0.5mm. Clinicians will notettiese
experiments confirnthe traditional practice of spacing impression trays to reduce
impression pressure; however the dffsize of the peripheral ventegtricted by
borderadaptatioh is much larger and produces a more consistent effect in these

experiments than the space beneath the tray. This has not been shown before.

Clinicians should note the potentially clinicallelevant information that
border moulding will reduce the peripheral vent, and so increase the pressure of
impressions. This has not been shown befdkdaptation of special trays may be
desirable clinically to enhandmorder andacial seal. Howeverf ia low pressure
(mucostatic) impression is required and the impression tray is border moulded, care
must be taken to reduce the impression pressure in other ways for example

perforations and/or the use of a lower viscosity impression material.
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Part Il |
An investigation of the pressure differential within a specific

impression technique
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Chapter 1 Outline and background

Part Il of this Thesis investigated the effect of individual variables on
impression pressure. The variables investigated where chosen because they were
considered relevant to clinical dentistry. Each of the variables investigated are
relevant to clinical impressions and wetewn to affect impression pressure in the
in-vitro environment used in the studies. Part IV of Thesisgoes on to investigate
a specific impression technique (Hyde 2003) which was said to distribute pressure

unevenly within the clinical impression.

The clinical impression technique investigated in Part IV of Thissisused a
two stage impression (see Part IV chaf@gesection 3.2, page 3L6The final wash
of that impression was designed to selectively distribute the impression pressure.
Three features of the final wash impression aimed to give the desired selective
pressure. Firstly the tray was spaced over the area where low pressure was desired
and close fitting in areas where a higher load was required; chiaptdrPart 1l
demonstrated #t increased spacing reduces pressure. Secondly the area of low
pressure had an unrestricted periphery; chdi@af Part 1| demonstrated that lack
of borderadaptatiorreduces pressure. Thirdly the tray was perforated in the area
where low pressure waequired and unperforated in areas where a higher load was

desired; chaptei®to 11 of Part Il demonstrated that perforations reduce pressure.

Part 1l of theThesisdemonstrated that the features introduced for the clinical
selective pressure impressiof Part IV have the potential to redistribute pressure,
but with flat brass discs in the restrictedvitro environment of the laboratory
studies. The hvitro studies of Part Il eliminated or controlled potentially
confounding variables (see Part écton 1.1). This was undertaken deliberately in
order to avoid the conflicting evidence found in earlier studies (Masri 2002,
Komiyama et ak004,Frank1969; see Part Il section 1.1). A direct consequence of
the methodology used in Part Il is the miainamount of evidence of the effect of

combinationf the known variables which were shown to affect pressure.

In the oral environment all the variables investigated in Part Il have the

potential to simultaneously affect the impression pressure; they da effect in
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combination with each other. In addition within the oral environment there are more
potentially confounding variables such as the force of approximation, the overall
topography of the area, the surface detail, the visco elastic natine wiucosa, the
amount of moisture on the mucosal sur f a
saliva, the surface tension of mucosa (Vv
the impression material). As discussed (Part Il Chéfdtesection 156 page 18P

ultimately the only way to investigate the total combination of all variables is to
measure the impression pressurevivo, however, it remained possible to

investigate the combination of some of these variahlggro.

In Part Il of ths Thesisthe variables investigated in Part Il are combined and
fixed into the specific combination used for the impressions in Part IV. In addition
the variables of force of approximation, overall topography and surface detail are
fixed to the conditiongxperienced in the clinical situation encountered in Part IV.
Where the potentially confounding variables encountaredivo could not be
duplicated they were controlled by fixing them to a known but nominal state. For
example, the investigation couldthduplicate than-vivo conditions of the visco
elastic nature of the mucosa, the moisture on the mucosal surface, the nature of
saliva, nor the surface tension of mucosa. These conditions were not duplicated; the
conditions that were not duplicated weiged at a nominal level. Failure to
duplicate requires limitations to be expressed for the clinical relevance of the

investigation.

Part I1ll of this Thesisinvestigates the pressure distribution of the clinical
impression used in Part IV of thi$iess. Where it is possible Part Ill, replicates the
conditions used in the clinical impression, where it is not possible to duplicate the

in-vivo conditions they are fixed at a known but nominal level.

The research question fora® Ill of this Thesisi s e%® tthed impression
technique used in Part IV of thiBhesis produce,in-vitro, a differential in the
impression pressure between the areas in the impression that are designed to be high

pressure and the areas that are designec
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Chapter 2 Aims and objectives of the study

2.2 Aims

To investigate,in-vitro, the distribution of pressure within an impression
which has been taken following the clinical methodology used in Part IV of this

Thesis

2.2 Objectives

To produce a cast whiagleplicates the surface topography and surface detail of
the lower denture bearing area of a patient who has a palpable mental foramen on

the denture bearing surface of the lower ridge.

To use a spaced unperforated acrylic special tray to take a mediued bodi
silicone impression of the test cast, recording the pressure of that impression as a

secondary Comparative outcome measure.

To simultaneously measure the pressure of the final light bodied silicone wash

impression in the areas of the mental foramendditide buccal shelf.
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Chapter 3 Methods and naterials

3.1 The cast of the edentulous area

Part 1ll of the Thesis introduces three new independent variables to be
considered in the assessment of impression pressure. These are the force of
approximation, the overall topography of the lower denture bearing area and the
surface detail of the area. See section 3.8vbétw discussion of the maximum
force of approximation. For the other two new variables, it is possible, with careful
methodology, to reproduce the clinical conditions of these variables by using dental
casts. A dental cast from the clinical study intPdrof this Thesiswas selected for
this study; it was considered to be typical of the natural topography of the patients

treated in the clinical trial. The cast was duplicated in heat cured acrylic.

3.2 Pressure sensors attached

Following the reproduabin of the clinical cast, two pressure sensing points
were developed in the cast. These were positioned over the area of the mental
foramen and over the buccal shelf. The sensor points were 2mm in diameter and
drilled into the model parallel to the patif approximation used during when
making an impression. One half inch British Standard Pipe (BSP) couplings were
tapped into the side of the acrylic cas
holes and communicating with them. Pressure transduwees inserted in to the
half inch BSP couplings. During the experiments, water filled the pressure sensing

hole, the BSP couplings and the transdugeito the sensor diaphragm.

3.3 The pressure recording apparatus

The pressure recording equipment usedPart 1l of thisThesiswas adapted
for this study. The components of the data collection system are shéwgune 73
below. They consisted of A, the analogue pressure sensors; B the digital sampler of
the analogue output from the sensor; C the toansfr (DC power source); and D

the computer with specialist software (Omegadyne Inc).



- 265-

Figure 73the pressure sensing equipment

For Part Il of this Thesiswo pressure sensors were used simultaneously to
measure the pressure of impression. @reasured the pressure at the mental
foramen area and the other on the buccal shelf area. In order twaipeessure
sensors the digital sampler (of the analogue signal from the sensor) used a sample
rate of 37Hz. This was the maximum frequency of sdimgp possible with this
system when two sensors were used simultaneously. This is less than that used in
Part Il where only one sensor was used. With this reduced sampling frequency there
is potential for the recorded peak of pressure to average aValuer with a higher
variance (as discussed in the velocity study in part II). In order to compensate for a
possible increase in variance of the output of peak pressure, it was felt prudent to
increase the sample size of the study ffova impressions (sed throughout part 11)
to 10.

3.4 The special tray

A 2mm spaced unperforated special tray with acrylic stops was made from
light cured acrylic on a cast of the edentulous lower ridge. The construction of the
special tray followed normal clinical practi. The tray had no handle.
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3.5 Articulation

The Lloyd Universal Testing Machine (UTM) used in Part Il of thigesis
was used as a constant speed motor to approximate a special impression tray to a
dental cast. The special tray and the edeuosilcaswere articulated ontbrass
discs on the Lloyd machine by the use of light cured acrylic.

Initially, light cured acrylic (used for the construction of clinical special trays)
was cured and so chemically bonded to the special tray. The acrylic was
simutaneously adapted to the shape of the brass disc. The acrylic did not chemically
bond to the brass, so the cured acrylic was attached with superglue to the upper brass
disc. The brass discs used here were thoseaused t he O0i mpressed ol
the &1 mpr e dnsParblhof thisThegis(ds lshown inFigure 2 of Part 1),
they, in their turn, attached by a bolt and screw mechanism to the Lloyd machine.
The brass attachment was screwed onto the Lloyd machine in the usual way.

The lower edetulous cast was then attached under the special tray with sticky
wax in the desired (clinical) position. The brass disc was attached to the lower arm
of the Lloyd machine in the usual way. The brass disc was covered with unset light
cured acrylic materla Thetwo arms of the Lloyd machine were then approximated
until the base of the edentulous cast seated into the unset acrylic and the automatic
cut-off of the Lloyd machine was triggered. With the cast held securely, embedded
in the light cured acrylicon thelower arm of the Lloyd machine hand held curing
light was used to cure the acrylic. After curing the acrylic, the sticky wax which
held the special tray to the cast was removed and the arms of the Lloyd machine
opened, taking the special trayvay from the cast on a designed predetermined

linear vector.

3.6 The medium bodied base impression

3.6.1 Background

The impression technique used in part IV of thisesiswas a two stage
impression. The first stage was to take an impression that was designed to be
relatively mucostatic (that is low pressure) in medium bodied silicone. The medium

bodied impression was then adapted @ag IV, chapter3, section 3.2 pag816)
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and a final light bodied silicone wash impression was taken. The final wash
impression used the first stage medium bodied silicone as a close fitting special tray

(apart from the small area of theedium bodied impression that sveut away).

The medium bodied silicone was designed to be a relatively low pressure,
relatively mucostatic impression (see discussion se@i8telow for the reasons
behind this). To test the assertion that the first stage impression is relatively low
pressure, the prsgre of impression within the medium bodied silicone was

measured as a secondary outcome measure for this study.

3.6.2 The control of variables for the medium bodied silicone base
impression
Part Il of thisThesisdetermined several variables which aféetpressure. For
this in-vitro assessment of the clinical impression technique these variables were

controlled. The setting for each of these variables is given ifiahke120below.

Setting for in-vitro assessment of the

Variable clinical wash impression
Velocity of approximation 120 mm/min
Delay in seating impression 20 seconds
Position of sensors Over mental foramen and the buccal sh

Number of perforations in special tray] None
Space beneath themp r e s si 0| 2mm
Border adaptation None
Viscosity of impression material Medium bodied, Express 3M

Speed of set of impression material | Regular set, Express, 3M

Table120Default settings used

3.6.3 The measurement of pressure
The pressure afmpression was simultaneously measured at the position of the
mental foramen and the posterior buccal shelf, during the taking of the medium

bodied silicone impressionising the equipment methodology given in sections 3.1
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to 3.5 above. It was expectecttimedium bodied silicone impression would be low
pressure; new lower pressure, KB& (1 bar) pressure sensors were used to measure
the pressure of this impression. The calibration of the sensors is reported below
(Part Ill, Chapter, Section 4.2, pagerR).

3.7 The control of variables for the final wash impression

Part Il of thisThesisdetermined several variables which affected pressure. For
this in-vitro assessment of the clinical impression technique these variables were

controlled. The settingpf each of these variables is given in Tladle121 below.

Setting for in-vitro assessment of the

Variable clinical wash impression
Velocity of approximation 120 mm/min
Delay in seating impression 20 seconds
Position of sensors Over mental foramen aritle buccal shelf

Number of perforations in special | One

tray
Size of perforation 2mm
Position of perforations Mental foramen

Space beneat h t h2mm space overthe mental foramen but
6close fittingd el s

Borderadaptation None
Viscosity of impression material Light bodied, Express 3M

Speed of set of impression materia| Regular set, Express, 3M

Table121Default settings used
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3.8 Thecut-off force used for the final wash impression

Chapter 3 of Part Il discusses the issues of the setting auttadf force of
approximation on the Lloyd machine. Thetoff force is the force at which ¢h
Lloyd UTM trips out and ceasde approximate the two arms of the machine. As
two objects wih impression material between them approximate, resistance to the
approximation is encountered. In this situation either the force of approximation has
to increase or the velocity of approximation slows down (until the impression
material spreads and thiesistance reduces). In all the work of thisesis the
Lloyd UTM acted as a constant speed motor, that is to say as the resistance to
approximation increased the velocity of approximation remained constant. To keep

the velocity constant, the force gi@oximation increased.

As discussed in Chapter 3 of Part Il of tiisesisin order to keep the final
space between the approximating discs at a known and constant level, a high setting
for the cut-off force was used for all the experiments of Part [The majority of
experiments in Part |11 also used a set
of O. 5mm. I n contrast i n Part [ 1 we

final impression of the edentulous cast.

As we saw in Chaptdof Part ||l as the distance
tends to zero the force of approximation and pressure of impression tend to infinity.
The use of a close fitting special tray can lead to higher impression pressures
(Chapterl4, Part Il above,). @ fully seat a close fitting tray may take a high seating

force.

Part Ill of this Thesisinvestigates the clinical impression technique. To be
relevant to the clinical situation tloeit-off force for the Lloyd UTM was set at the
value of the estimatemaximum clinical force of approximation. This was deemed
to be 50Newton (5.1Kgf). This setting was compared to the forces used in the

literature forin-vitro testing of impression pressure.

The force used (50N) was approximately equal to the setépgrted by
Komiyama et a2004)which was 5Kgf. This contrasts witfrank (Frank 1969)
who did not report aut-off setting for the motor he used. Sireankdid not use a
Universal Testing Machine it is assumed the motor did not have a known maximum
force or an automaticut-off facility. In these circumstances the modest force

proposed here in Part 1l (3®ewton) is likely to be considerably less than the force
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used byFrank(Frank1969). In contrast again 30ewtonis likely to be more than

the force resulting from the motor used by Masri (2002). Masri set his motor at

6 2 K g’ ¢ mKRap(which is a constant pressure rather than constant force); we

do not know the size of the surface on which this pressure dxtediven the size

of the dental cast Masri used, and assuming this is spread over the whole, this may
be approximately equivalent to a force of 0.2KgiN@wton) or less. It may take a

longer time to seat such an impression and, because there is lartiimeith the
changing viscosity of a setting 1 mpress

interpretation (see chaptéiPartl above).

3.8.1 Consequences of setting a lawt-off force.

The depth of the final wash impression will be a direstseguence of the
height at which the Lloyd machine halts. The impression depth will therefore be
determined by the setting of that-off force on the Lloyd UTM at 568lewton The
depth of the final wash impression was not predetermined in this experifiist
has advantages and disadvantages; on one hand this introduces a potential
confounding variable, on the other hand it reproduces the clinical situation. It is
important to asseshese disadvantages while accepting the advantages.

The risk of intoducing a potentially confounding variable was thought to be
minimal; the height of the final wash was determined by the santreff setting in
all experiments, therefore, it was likely to be consistent and therefore at a controlled
value as a variable tnin the experimental design. Even though it is not
predetermined, if it is consistent, it would be a controlled variable (albeit indirectly
controlled) and not a confounding variable. To assess the potential for the depth of
the wash impression to be apnfounding variable the depth of the final wash
impression was recded for all the experiments iraR 1ll. This was achieved using

the position sensor on the Lloyd UTM.

The Lloyd UTM automatically recorded the height of the finished position of
the appoximation. Using this information the heights of the medium bodied base
impression, and the corresponding final wash impression were recorded. The depth
of the final wash impression was the difference between these two recorded heights.
The depth of théinal wash impression was measured and analysed to determine if it

was constant across the experiments (see results and discussion below).
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Clinically an impression is seated until the clinician is happy with the position.
This is clinical judgement; it iW vary from one clinician to another. The force a
clinician uses to seat the impression is also an individual judgement. Clinically, in
close fitting trays, where there iIs no
determine the depth of énimpression. If theut-off force is set at the maximum
clinical level of the expected force of seating then the depth of the wash silicone will
be minimum and determined by similar criteria to the clinical situation. It was
considered an advantage &produce in this way, the clinical situation encountered

with the final wash impression.

3.9 Pressure sensors

The light bodied silicone wash was expected to be higher pressure in the
posterior buccal shelf and lower pressure in the mental foramen akegaressure
sensor with a range of-T00KPa was used for the mental foramen sensor and a

sensor with a range of ID0OKPawas used for the posterior buccal shelf.

3.10 Sequence of impressions

The 10 impressianfor the medium bodied silicone base impressi were
made first, recording the pressure simultaneoustyatpoints; one point over the
mental foramen and one over the buccal shelf. After each impression the silicone
was carefully removed from the Lloyd machine marked with a reference number and

stored. No silicone adhesive was used.

After all the base impressions were made, the posterior sensor was changed to
the 10 bar sensor (the same sensor used in Part Il offltesig. This was in
anticipation of high pressures under the posterior vimghession. Following the
reemounting of the impression tray and lower model on the Lloyd machine, the
silicone from the first run was returned onto the special tray and the first wash
impression taken. Each subsequent wash impression was takethasignbered

sequence of base impressions.

The fifth wash impression to be taken had trapped air within the chamber of
the sensor; this results in a dampening of the output pressure. The recording from
this experiment was discarded without reading.eAéll the air had been removed

from the system, a new medium bodied silicone base impression was taken (without
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pressure recording) and the new base impression produced was used for the new

wash impression pressure recording.

3.11 Statistical analysis

3.11.1 Primary outcome

The primary outcome was the differential pressure within the final wash
impression. The pressure was measured simultaneously at two points for each of 10
impressions. The data was explored and analysed with SPSS software using paired

t-tests for the final analysis.

3.11.2 Secondary outcome

The results of all the recorded pressures within both the base impression and
the final wash impression were explored and analysed with SPSS software using
either oneway ANOVA or Kruskal-Wallis (as indicated by the result of the tests
normality and for the equality of the error of variance of the dependant). Post hoc

tests were to be with either Bonferroni or Dunnett T3 (also as appropriate).
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Chapter 4 Accuracy and pecision; the calibration of the new
sensors

4.1 Introduction

The clinical impression under investigation was a lower arch impression; no
single point is further than 10mm from the periphery of the impression. CHapter
of Part llabove demonstrated the distribution of presswr@ss an impression; the
nearer the peripheral vent, the lower the pressure. The initial base impression was in
a 2mmspaced custom tray. Chapterdf4Part Ilabove demonstrated that the larger
the space beneath a tray the lower the pressure of sigumesThe impressions used
were not initially border moulded; one of the purposes of the base impression was to
provide the border moulding. Chapter 15 Part Il above showed that without
border moulding the pressure of impression is lower. Takinthede factors into
account, it was anticipated that the pressure of impression in the initial (base)

impression would be low.

The final wash i mpression was O06cl ose
but spaced 2mm and perforated over the mentahien area. Chaptersto 15 of
Part Il demonstrated the expected consequences of these conditions. It was
anticipated that the final wash impression would be low pressure over the mental

foramen and higher pressure elsewhere.

As a consequence of thetigipated pressure$yo new pressure sensors were
purchased for the experiments in Part Ill. The new pressure sensors had a range of
0-10KPa(0-1Bar). The new sensors were used for both sensor points in the initial
(base) impression and in the mentakimen area in the final wash impression. The
second sensor for the final wash (placed in the buccal shelf area) wasGaek®a

(0-10 bar) sensor used in Part Il, and was calibrated above (cBdpaer ).
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4.2 Calibration of the sensors

The newsensors were calibrated. The methodology of the accuracy and

precision calculations followed that of Chapter 2 in Part Il of Tiissis for a full

explanation of the methodology please refer back to that chapter.

4.2.1 Accuracy and precision dfinitions

The definitions of accuracy and precision are given in chapter 2.3.2 of Part Il

of this Thesis The graph below summarizes the definitiofsggre 745.

It is

reproduced below (Licensed under t8EDL by the original author; and released

here under the san@&NU Free Document®n Licensé is sourced from the 17.8.10

Wikipedia website.

Probability
density

Reference value

o

Accuracy

-

Precision

Figure 74Summary of accuracy and precision of measurement.

4.2.2The certification of accuracy

4.2.2.1 Sensor used over the mental foramen in all tests for Part Il

>

* Value

An example of the certificaggurchaseavith the transducer is shown figure

6 above (Part I, Chapter 2, section 23age42). The data sheet for this transducer
gavethe combined error as 0.0879% FS (Full Scale =1bar oKR&0so this is

0.087KPa A simple linear transformation wa®rformed

6true

pressur e

pr essur e 6KPa lit was pdssib® 8 achieve this linear transformation with

the software supplied with the digital sampler purchased with the pressure

transducer.


http://commons.wikimedia.org/wiki/GFDL
http://commons.wikimedia.org/wiki/GNU_Free_Documentation_License
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4.2.2.2 Sasor used over the buccal shelf in the base impressions

The data sheet for this transducer gives the combined error as 0.0946% FS
(Full Scale =1bar or 10(Pa) so this is 0.0946Pa A simple linear transformation
pr eseswrug @ 0i PPadlpvasOEosBiltiel r6

to achieve this linear transformation with the software supplied with the digital

wasperformed 6t r ue

sampler purchased with the pressure transducer.

4.2.3 Precision assessment

4.2.3.1 Sensor used over the mental foramen in all impresss for Part 11|

Coefficient of
Nominal Std. 1.96 times variance
pressure N Mean Deviation SD (SD/Mean)
10KPa 100 100.2739 | 0.043904 0.086051 0.000438
90KPa 100 91.14288 | 0.049333 0.096693 0.000541
80KPa 100 80.77134 | 0.050588 0.099153 0.000626
70KPa 100 70.78103 | 0.048321 0.094708 0.000683
60KPa 100 60.83168 | 0.049139 0.096312 0.000808
S0KPa 100 50.83587 | 0.050071 0.098139 0.000985
40KPa 100 41.49663 | 0.048369 0.094803 0.001166
30KPa 100 31.26238 | 0.049103 0.096241 0.001571
20KPa 100 21.25019 | 0.048561 0.095179 0.002285
10KPa 100 11.22957 | 0.046411 0.090965 0.004133

Table1l22mean and standard deviation from 100 data point with pressure held at
approximately the nominal pressure

ShapireWilk testof normality did not detect a variation from Normality for
the data that gave the means listedTable 122 above. Therefore the method
detailed in Part 1l Chapter 2 was used to calculate the average of the 95%
Confidence Intervals of the means for tiedata sets ifable 122 above; for the

mental foramen sensor this was 094K Pa
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It is reasonable to round the output from the mental foramen sensor to the

nearest tenth of a Kilopascal.
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4.2.3.2 Sensor used over the buccal shelf for the base impressio Part Il

Coefficient of
Nominal Std. 1.96 times variance
pressure N Mean Deviation SD (SD/Mean)
10KPa 100 | 100.1373| 0.040333 | 0.079053 0.000403
90KPa 100 | 90.35629| 0.040488 | 0.079357 0.000448
80KPa 100 80.6041 | 0.043593 | 0.085442 0.000541
70KPa 100 | 70.42262| 0.044517 | 0.087253 0.000632
60KPa 100 | 60.56266| 0.038995 | 0.076431 0.000644
S0KPa 100 | 50.70966| 0.044113 | 0.086461 0.00087
40KPa 100 | 40.98024| 0.041749 | 0.081827 0.001019
30KPa 100 | 31.26497| 0.04357 0.085397 0.001394
20KPa 100 | 21.03702| 0.040506 | 0.079392 0.001925
10KPa 100 | 10.79018| 0.041803 | 0.081934 0.003874

Table1l23mean and standard deviation from 100 data point with pressure held at
approximately the nominal pressure

ShapireWilk testof normality did not detect a variation from Normality for
the data that gave the means listedTable 123 above. Therefore the method
detailed in Part Il Chapter 2 was used to calculate the average of the 95%
Confidence Intervals of the means for thedata sets iTable 123 above; for the
mental forame sensor this was -H0.084KPa (with the maximum recoded 95% C.I

of +/- 0.08%KP3).

It is reasonable to round the output from the mental foramen sensor to the

nearest tenth of a Kilopascal.
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Chapter 5 Results

5.1 Depth of the wash impression

The results of monitoring the depth of silicone under the final wash impression

were an average silicone depth0d#87mm, standard deviatin (0.03mm)

5.2 Primary outcome

The primary outcome was the differaitipressure within the final wash
impression. The pressure was measured simultaneously at the mental foramen
region and on the buccal shelf. 10 sets of observations were obtained within 10

impressions of light bodied silicone.

5.2.1Raw data

The resultscorrected for accuracy and rounded for precision are shown below.

Position KPa Position KPa
Wash mental foramer 3.5 Wash buccal shelf 16
Wash mental foramef 3.8 Wash buccal shelf 12
Wash mental foramel 3.4 Wash buccal shelf 13
Wash mental foramer 3.3 Wash buccal shelf 11
Wash mental foramef 7.3 Wash buccal shelf 13
Wash mental foramer 3.3 Wash buccal shelf 13
Wash mental foramer 3.5 Wash buccal shelf 17
Wash mental foramer 3.4 Wash buccal shelf 11
Wash mental foramef 3.8 Wash buccashelf 18
Wash mental foramer 2.8 Wash buccal shelf 12
Wash mental foramer 3.5 Wash buccal shelf 16

Table124Primary esults raw data



5.2.2 Exploration of data

5.2.2.1Descriptives
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N Minimum | Maximum | Mean | Std. Dev.
wash mental

10 2.8 7.3 3.810 1.2583
foramen
wash posterior 10 11.0 18.0 13.600| 2.5033

Tablel125Descriptives
5.2.2.3 Box plots

20

Final wash mental foramen

Figure 75Box plotsof the pressures from the final wash at mental foramen and the

buccal shelf

The box plot(Figure 75 suggested an outlier in the data for the pressure at the

mental foramen

Final wash buccal shelf
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5.2.2.4Shapiro-Wilk testof normality

ShapireWilks was used to test if thedadiibution differed from normality.

5.2.2.4.1 All results
The initial; assessment included the outlier and are presenté&dbie 126

below

Shapiro-Wilk
Statistic df Sig.
Wash mental foramer] .578 10 .000
Wash posterior .861 10 .079

Table126 Shapird Wilks of primary outcome (outlier included)

The results ofShapireWilk testsuggests that the distribution of the pressure
recorded over the posterior sensor did not differ from normal. However the pressure
over the mental foramen sensor shoveesignificant difference from normal. As
mentioned above the box plots suggested an outlier, this was now removed from the

calculation andhe ShapireWilk testrepeated.

5.2.2.4.2ShapireWilk without outlier

Shapiro-Wilk

Statistic Df Sig.

Wash mental foramen

: . .894 9 221
(without outliep

Table127 ShapireWilk testof primary outcome without outlier.
Without the outlier the distribution of the pressures recorded over the mental
foramen cannot be shown to differ from a normal distributvgh the ShapireNilk

test
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5.23 Analysis
95%
Confidence
Interval of the
Std. Difference Sig.
Std. | Err. | Lower | Upper 2-

Mean | Dev | Mean | Bound | Bound t df | tailed

Pair Mental

1 forameni -9.79 | 2.78| .88 |-11.776|-7.804| -11.15| 9 | .000
Posterior

Table128 Students pairedtest for equality of rans

There is a statistically significant difference (p<0.01) between the pressures

recorded at the mental foramen and the pressures recorded at the buccal shelf.
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5.3 Secondary outcome

5.3.1Raw data

Position KPa Position KPa
Base mental foramen 11.5 Base buccal shelf | 11.1
Base mental foramen 12.2 Base buccal shelf | 11.5
Base mental foramen 13.3 Base buccal shelf | 10.7
Base mental foramen 12.0 Base buccal shelf | 12.3
Base mental foramen 12.7 Base buccal shelf | 12.1
Base mental foramen 12.0 Base buccal shelf | 10.4
Base mental foramen 12.0 Base buccal shelf | 10.4
Base mental foramen 12.3 Base buccal shelf | 11.3
Base mental foramen 10.3 Base buccal shelf | 11.2
Base mental foramen 11.8 Basebuccal shelf 10.1
Position KPa Position KPa
Wash mental foramer 3.5 Wash buccal shelf 16
Wash mental foramer 3.8 Wash buccal shelf 12
Wash mental foramer 3.4 Wash buccal shelf 13
Wash mental foramer 3.3 Wash buccal shelf 11
Wash mentaloramen| 7.3 Wash buccal shelf 13
Wash mental foramer 3.3 Wash buccal shelf 13
Wash mental foramer 3.5 Wash buccal shelf 17
Wash mental foramer 3.4 Wash buccal shelf 11
Wash mental foramer 3.8 Wash buccal shelf 18
Wash mental foramer 2.8 Washbuccal shelf 12

Table129the raw data for the base and wash impressions



5.3.2 Exploration of data

5.3.2.1Descriptives
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95% Confidence

Interval for
Mean
Std. Std. | Lower | Upper
N | Mean | Dev | Error | Bound | Bound | Min | Max
Base mental
10 | 12.01| .781 247 11.45 12.57 10.3 | 13.3
foramen
Base
) 10 | 11.11| .730 231 10.59 11.63 | 10.1|12.3
posterior
Wash mental
10| 3.81 | 1.258| .398 2.91 471 28 | 7.3
foramen
Wash
, 10 | 13.60| 2.503| .792 11.81 15.39 | 11.0|18.0
posterior
Total 40 | 10.13| 4.069| .643 8.83 11.43 | 2.8 |18.0

Table130 Descriptives
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5.3.2.2Box plot

20.00-
15.00—
03
R =
E I
09
S 10.00
25
U *
R
5.00
E %
0.00-
I ! ! !
medium silicone 2mm medium silicone 2mm wash mental foramen wash posterior
mental foramen posterior

Group

Figure 76Box plotsof the pressures from thaseimpression and the final wash.
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5.3.2.3Shapiro-Wilk

ShapireWilk tess were used to assess the normality ofdis&ibution of the

results.

Shapiro-Wilk
Statistic | df Sig.
Basemental foramen .920 10 .360
Base posterior .952 10 .689
Wash mental foramen 578 10 .000
Wash posterior .861 10 .079

Table131 ShapireWilk testof normality

The mental foramewash had an outlier (see Box plot abovEéhe outlier was
above the remaining 9 results. It was eliminated an&ktapiroWilk testrepeated

(see below).

Shapiro-Wilk

Statistic df Sig.

Wash mental foramen

.894 9 221
(without outlie)

Table132ShapireWilk testof normality without outlier.
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5.3.2.4Levene test

Levene
Statistic dfl df2 Sig.
6.698 3 36 .001

Table133Levene testor equality of variance
Levene teswvas unable to demonstragquality of variance, therefore-Wallis

was used for the overall significance ar

5.3.3Analysis

5.3.3.1Main effect; Kruskal -Wallis non parametric

PressureKPa
Chi-Square 22.393
Df 2
Asymp. Sig. .000

Table134Kruskal Wallis test

The KruskalWallis test showed a statistically significance difference in the
overall effect. Further analysis was indicated to determine where the differences

l ay. Dunnettdéds T3 was wused.
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5.3.3.2 Post hoc Dunnettodos T3

95% Confidence

Mean Interval
Diff. (I- Std. Lower | Upper
(1) Group (J) Group J) Err. Sig. | Bound | Bound
Basemental | Baseposterior | 0.900 .33793 | .0863 | -.0904 | 1.8904
foramen Wash mental | 8.200(*) | .46831 | .00 | 6.7984 | 9.6016
Wash posteriol -1.590 .82925| .3586| -4.2069 | 1.0269
Baseposterior] Basemental |-0.900 33793 | .0863 | -1.8904 | .0904
Wash mental | 7.30qQ*) 45993 | .00 | 5.9159 | 8.6841
Wash posteriol -2.490 .82455 | .0640 | -5.1021| .1221
Wash mental| Basemental |-8.20Q*) | .46831| .00 | -9.6016 | -6.7984
foramen Baseposterior | -7.30Q*) | .45993 | .00 | -8.6841 | -5.9159
Wash posteriol -9.79(0*) | .88600 | .00 | -12.4885| -7.0915
Wash Basemental | 1.590 .82925| .3586| -1.0269 | 4.2069
posterior | Baseposterior | 2.490 82455 | .0640 | -.1221 | 5.1021
Wash mental | 9.790%) .88600 | .00 | 7.0915 | 12.488

Tablel35Posthodunnett 6s

T3;

, lependent dagiablgressuet ¢ o me

KPa * denoteghatthe meardifference is significant at the .05 level.

The

impression at the mental foramen are significantly different than the other

impression pressures. They are significantly lower. No significant differences can

be shown between the other impresgioessures in this analysis.

D u n nresults 8hew tfaB the results for the pressure of the wash
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Chapter 6 Discussion

6.1 Historical lack of evidence

Differential pressures within a prosthodontic impression have been advocated
from the earliest timesSt ansberyodés (1925) paper desc
designed to eectively load mucosa under an impression. Although the scientific
evidencepresented by Stansbeyr his selective pressa technique wakmited, the
paper deranstratedthat the concept of a selective pressure impression was one of
the earliest impregsn philosoples to be defined and advocated (see section 2.1 of

Part | for further discussion of Stansbury).

Selective pressures have been advocated continually since this time and it has
been considered the impression technique of choice by many sxpkrt1992
Firtell and Koumjiansays6ér ec e n't reports i n the | ite
pressure is the best method of making impresdfionr comp |l e Mevinglent ur
into the 21" century the established practice of selective pressures impregsions
still being developed for modern materials and advocated in the academic literature:
Hyde 2003Duncan et a004, Lynch and Allen2006,andMassad et &2006.

Despite the many clinical reports and case histories a literature search has not
providedany actual evidence (since the early limited demonstration by Stansbury in
1925) of differential pressures that may occur within any of the advocated
impression techniques. Do these advocated techniques produce a differential in
pressure across an impries® Evidence was required; this investigation (Part 111)
is an attempt (perhaps the first) to do so within any particular impression technique.

6.2 Cut-off force and variance in depth

The setting for theut-off force on the Lloyd Universal Testing machiwas
50N throughout Part Il of this study. This was considered the maximum force that
could be exerted clinically for any impression. The depth of the wash impression
was not directly controlled; this mimics the clinical situation. The depth obséic

was measured and the results show an average dep@®8@mm (S.D. 0.039
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Compared to the designed space difference between the mental foramen and
the buccal shelf (2mm), the variation in the depth of the wash is small. However, if
the pressure tepace relationship is inverse (as in Chapter 14 of Part Il) such small
variation has the potential to make a large difference to the pressure. It is noted that
the variation in the recorded pressure of the close fitting area of the final wash
impressionon the buccal shelf is larger than elsewhere. If the buccal shelf figures
are removed from analysis l&evene tesfor the equality of variance changes in
significance from p=0.001 to p=0.831 demonstrating that the buccal shelf is
responsible for the noronformity of variance. This can be visualised in box plot
Figure 76section 5.3.2.2 above. In these circumstances, an hypothesis may be
suggested that the variation of the buccal shelf pressure may be caused by the lack
of control of the depth of impression.

An hypottesis could be proposed that the buccal shelf vaniatiay be due to
the O6close fittingd nat ur;éurtherfinvestipationsva s h
would be required to test this hypothesis. Tinportantquestion here wasloes
this buccal shelf variance matter? In answer to that question thiets peere
considered. Firstly, the differences demonstrated by the primary outcome are large
in comparison to the difference shown within the buccal shelf pressure readings
(which may @ may not be caused by a variation in the depth of silicone). Segtondl
the variation experienced has nondered it impossible to analyshe results.
Finally, the use of theut-off level to determine the depth of silicone mimics the
clinical technigue. Taking these three points into consideration, it was considered
that the variation in the depth of silicone wasther an important nax statistically

significant confounding variable.

6.3 The base impression

The results suggest the base impressiowrlirgcally adequate; it has the
following desirable properties:

1. ltis relatively low pressure, relatively mucostatic.

It is important the base impression does not produce a hightpdisplasive
impression since we know from the work of Kydd (1974) (see section 3.2, Part |
above) that viscoelastic recovery will not occwithin the timescale of the

impression appointment.The results suggest the pressure of impression for the



-292-

medium bodied base impression is not significantly different fromatlvepressure
of the light bodied silicone wash imngssion over the buccal shdgsee section
5.3.32Posthoc Dunrmaove). 6s T3

2. It loads the mucosa relatively evenly

The differential pressures within the base impression are not significantly
different from each other (see section 5.3;3&s suggests relatively even loading
of the mucosa under the impression.

3. It provides adequatborder moulding of the impression tray to develop
borderand facial seal

The use of silicone to border mould impressions is becommoge popular
amongspecialiss (Petrie et ak005) (although not yet the dental schools who lag
behind) as an alternative to traditional green stick tracing compolineéquires a
different technique tadapt theborderof an impression trayith silicone. The
border mouldingnay be best applied in défent ways in the upper and the lower
arches. In the upper arch placing the silicone on the periphery is easy and quick. In
the lower arch, if one restricts the application of the silicone to the borders of the
special tray, it inevitably spreads to cowauch of the mucosal surfacd the
denture bearing areduring hie moulding. In the hands of theperator, the easiest
technique to border mould with silicone in the lower arch is to spread the silicone
over the entire lower impression and take the border moulding impression. The final
impression is then a wash impression, using the set silicotie dfase impression
as the border moulding.

4. It provides a close fitting special tray that is not made from a poorly

adapted (potentially high pressure) primary impression.

The base impression carried out in a spaced special tray is relatively
mucostéic with even loadingand good border moulding. This provides a surface
upon which a close fitting wash can be taken. This surface for the wash impression
is expected to be superior to that of a close fitting special tray made from a primary
impression. As discussed in sectidi.11.2of Part Il above, a special tray from a
primary impression is unlikely to be a good fit, it has potential therefore
preferentially load and distort the mucosa. The surface from the medium bodied
silicone impression iskely to be superior in thiareeways shown above.

5. It was easy to adapt.
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6.4 The primary outcome

The paired studenttest showsa statistically significant difference between
the mental foramen pressure and the buccal shelf pressure. The mental foramen
pressure is lower. This is in contrast to the base impression where the same pressure
points showed no statisticdifference with the Dunnett T3 posbd test in section
5.3.3.2. This is the desired pressure differential that the impression technigjue wa

designed to produce.

6.5 Limitations on interpretation

The usual limitations oin-vitro experiments need to be emphasized for the
interpretation of these results. in the oral environment there are more
potentially confounding variables such as ¥iseo elastic nature of the mucosa, the
amount of moisture on the mucosal sur f a
saliva, the surface tension of mucosa (Vv
the impression material). As discuss@&airt il section 11.6 abovyeultimately the
only way to investigate the total combination of all variables is to measure the

impression pressuig-vivo.
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Chapter 7 Conclusionof Part Ill

Within the limitations of thisn-vitro experiment there is a differentressure
between the buccal shelf and the mental foramen in this impression technique. The

lower pressure is recorded over the mental foramen.
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Part IV

The clinical assessment of an impressioecthnique
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Chapter 1
Aims and dbjectives
1.1 Aim

Theaim of Part IVwas to conduct a &xdomized Controlle€linical Trial to
determine patient preference for treatment modalities which distribute pressure

under a lower denture

1.2 Objectives
The objectives of Part IV are:
1. To identify appropriate resezh participants with a specific clinical need.

2To adapt Hydebds 2003 impréssiomi@lydeo2003s el ec

to the clinical problem.
4.To choose an appropriate primary outcome measure for the trial

5. To devisea method of producinthree dentures for each patient which are

very similar apart from the impression surface.

6. To testfor accuracy, the method of reproducing the occlusion ofhtee

dentures.
7.To design an appropriate protocol for the conduct of the trial.

8. To run therial, collect data and undertake appropriate statistical analysis of

the results.

9. To disseminate the results for the trial.



- 299-



- 300-

Chapter 2
Introduction; the background to trial specific issues

2.1ldentifying a specific clinical need

The Adult Dental Health Survey for thdK (Kelly 1998) showed that 34% of
patients over 64 years of age were edentulous. In northern England, in patients over
the age of 75 years, in social cld¥sandV, the edentulous figure rose to 63% for
men and 73%or women. Many of these patients have been edentulous for decades.
There are particular problems providing dentures for patients who have been
edentulous for many years. These problems are associated with severe alveolar
bone resorptiofBudtzJgrgense 1999). It is the lower edentulous arch, and so the
lower denture, where these problems are more pronoungeshme patienisas the
mandible resorbes down to basal bone the mental foramen becomes involved in the
denture bearing are@oucher 2004) The subsequent crushing of the emerging
nerve by a functioning lower denture can cause pain and discofBasker and
Davenport2002). These patients may benefit from the use of a selective pressure
impression which reduces impression pressure in theotea mental foramen and

ultimately reduces the pressure from occlusal load under the subsequent denture.

fA survey by the candidate and the local consultants of the clinics at Leeds in
2005 suggested that there were high numbers of patients with niersaien
problems in Leeds. The high numbers of patients with mental foramen problems in
the audit may have been due to a concentration of these patients within the Leeds
Dental Institute or alternatively the sample used for the audit may be reflective o
under diagnosis of mental foramen problems in the edentulous population.

Leeds Dental Institute is a centre of excellence and a referral centre for the
regi on. Referrals of 6chronicbé dentur
concentration of tbse technicallynore difficult complete denture patients on the
Institute waiting lists. However it remains possible that the mental foramen problem
is prevalent in larger numbers within the edentulous population than has been hereto
realised. Further search would be useful on this topic. Whatever the cdose
high numbers of patients with a mental foramen problemLeeds in 2005 was
sufficient for furthemresearch to be considered.
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2.2 Treatment @tions for patients with mental foramen problems

The McGill consensus statemeiite(ne et al2002) for the treatment of the
edentulous mandible states that the minimum standard of care for the treatment of
the edentulous mandible should be the provision of astegrated dental implants
to support andetain the complete lower denture. This approach is supported, as far
as finances allow, within Leeds Dental Institute.the UK the 2008 conference of
the BSSPD fully debated the advantages imparted by implant supported lower
complete denturesThe resilting York Consensus as published by Thomason et al
(2009) strongly advocated the use of implgitsomason 2008 The author of this
Thesisis credited as a eauthor of the Thomason et al papeut(please note, it is a
joint paper with many crediteauthors and is not the sole work of any author; it does

not form any part of thi¥hesis and it ismentioned foreference only).

There are, however, barriers to treatment with implants; notably cost and
surgical risk.Esfandiari et a(2009) provides iright into the effect of financial cost
in deterring patients from accepting implan®alton and MacEnte@005)showed
that even when there is no cost, a prop:
most common and highly rated reason for thisigal was the perceived surgical
risks Walton and MacEnte2005,Esfandiari et a2009).

Patients, who have a mental foramen within the denture bearing area,
necessarily have very little height to their mandible. This lack of bone would
usually indicatebone enhancement prior to implant provision. Medical and social
problems may counter indicate autogenous bone transplants for many of the more
frail older patients. Others may refuse because they do not accept ther cost
surgical risk(Esfandiari et ak009, Walton and MacEnte2005). In patients for
who implant treatment is counter indicated or refused, conventional complete

dentures remain the best option for treatment.

If conventianal dentures are to be provided and the problem is undiagnosed it
is common for a conventional impression to be used/hen the problem is
diagnosed, a traditional way of relieg pressure over the mental foramen hamnbe
advocated in standard textbogdcCord and Grant2000) A metallic foil placed
on the working caspver the area of the mehfaramen, provides space dar the

lower denture in this areal'he space is said to provide local relief from pressure on
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occlusal load. An alternative way of dealing with the problem, by a selective

pressure impression, wasw@roposed by Hyde.

2.3 The need for a randomised clinicalrtal

Jokstadetal 2002) stated: OA randomi zed cort
scientifically sound method to detect small therapeutic gains, as long as it has been
properly designed t o miAsirepated i@ thdliteetsire ( s y st
review (Part I, Clapter 5 Page28), within the prosthodatic literature, there is a
paucity of high quality evidencein the form of RandomisedControlled Trials
(RCTs) for any specific impression technique for complete denturés.new
development of selective pressure regsions has been advocated by Hydgdg,

2003. Evidence was required to validate the technigda.RCT of the impression
technique was therefore proposed usiag subjectspatients who had a problem
with an emerging mental nerve on the denture bgarea of the lower edentulous

ridge.

2.4 Grant application and funding

Clinical trials are expensive to rustudies which are underfunded run the risk
of having too few patients and so being underpowereco r exampl e, Mc
2006 paper appears talf into this trap. It was necessary to apply for and obtain
appropriate resources for the projedtunding for the trial was applied for from
Dunhill Medical Trust Appendix 3. As the PhD supervisor, Prof Brunton kindly
agreed to be the Principle Investigator (PI) for the grant applicatitowever, a
the application was written by Mr T Paul Hydes the principle authomwfth
assistance from PhD supervigoitsis appended tohis Thesis The referees for
Dunhill Medical Trust made several helpful suggestions (see section 2Th8e
were addressed, and additional funding for a quality of life assess@idii-(4)
was included in the final grant.

2.5 Selection of an appropate primary outcome measure.

In order to avoid an indiscriminate outcome of the trial, particular care was
needed in the selection of the primary outcome meas8mme previous studies
have been unable to detect a differerfeetéll and Koumjian1992, Frank 2004).
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This inability to differentiate maybe because there was really no clinically
significant difference or this failure to differentiate may be because the outcome
measure used was insufficiently sensitive to be able to detect the diffe Epadly
important is that the chosen outcome measure is able to correctly select negative
outcomes. The outcome measure should be sensitive (i.e. not miss positive results)
but it should also be selective (i.e. not give false positivéisjvas appropriatéo

review outcome measures used in previous studies.

To facilitate selection of an appropriate outcome medasurestrategies were
proposed.Fi r st , the evaluation of the primar
of impressions (see section 2.5.1) andosecdd , evaluating the u
primary outcome measures in the papers that used OHIPs in any RCTs (see section
2.5.2). The summary and conclusion aliscussed in section 2.5.3. below

2.5.1. Evaluation of primary outcome measures used ifive papers
reporting RCTSs involving dental impressions

2.5.1.1 Firtell and Koumjian (1992)

Firtell and Koumjiad s (199 2) study has (Partlen di s
chapter %it is one of only two papers that investigate complete denture impressions
with RCTs. He usedthe number of adjustments to the finished denture as the
primary outcome assessment for the stutie was unable to detect a difference
between the impression materials. The study also appears to be underpowered with
only 15 patients for each €df the parallel RCTAs Jokstad (2002) reports Firtell
and Koumjia® s (1 9 9wg notdlinded (see Part 1, Chaptearial Table 2
The under powering and the weak outcome measure may both have contributed to
the inability to detect a difference this study. The number of adjustments was

rejected as an outcome measure for the RGhRisThesis

2.5.1.2Millar et al (1996)

Millar et al (1996) investigated the use of a topical surfactant on the quality of
polyvinylsiloxane impressionis-vivo in asplit mouth RCT of dentate patientkle
assessed the quality of the impressions by subjective examinatibrebgp e x per t s 6 .
A statistically significant difference was found between the treated and untreated
sides of the impressiond he assessment waeported to be blindReproducibility

in the form of inta and inter examiner agreementswaot reported. This study
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suggests that expert opinion is sufficiently discriminatory in assessing perceived
quality of impressions. However for the proposed RCof selective pressure
impressions in thiFhesisthe visual assessment of the impression by experts would
not be enough to establish that the subsequent denture was beneficial.

2.5.1.3.Hochman and Yaniv(1998)

Hochman and Yaniy 1 9 9 8) | o otkée dofatc atheael téfdhr ome
constructed on casts made from either irreversible hydrocolloid or condensation
cured polyvinylsiloxane impression€ustomized special trays do not seem to have
been used in the studyThe study design was cross over wW2h patients. The
technicians who made theo frameworks werélind, the patients were blind;is
unclear whether the dentists performing the assessments wereTiimassessment
was stated as: Ot he exami fmhesrwasachieveddy ed t |
assessing the framework on the cast (with numerous criteria), in the mouth (with
numerous criteria) and by asking the patient about comforis unclear how the
numerous assessments were correlated to arrive at the final decision ohtingeexa
Nevertheless the opinion of the examiner produced a statistically significant result
which was that the alginate impressions were superi@eproducibility of the
assessment was not testedAlthough (structured) dentist opinion has (again)
producel a clear outcome for this study, it was felt dentist opinion was not an
appropriate primary outcome measure for the RCT ofTthesissince it would not
establish the benefit to the patient, nor be respected for reproducibility.

2.5.1.4 Frank et al (2004)

Frank et al(2004) conducted a parallel, double blind, randomised, controlled,
clinical trial to compare altered cast impressions of free end saddles with secondary
impressions in well fitting, customised, border moulded, special tray using polyether
material (Impregm). Frank etad oes not speci fy a Opri ma
There were at least 16 different assessment criteria listed in the method section in
addition to a questionnaire given to the patient that fiais distinct questions and
twod open eastobresdl'vo offthe outcome measures used gave statistically
significant results; the remainder gave no statistical differefitere is a problem
with statistical analysis which uses multiple testiriig20 outcomes are analysed in
a study, each at @6% significance level, then it would be expected that on average

(over a large number of such studies) the tests would yield one out of the 20 as a
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false positive resultin Franketads st udy (2004) 2 out of .
further statisti@l analysis would be necessary to determine if such a result is within

a reasonable confidence interval of a chance occurreiicank et aldoes not

comment on this statistical dilemméa:rank et alconcludes that the two positive

results were natlinically significant.

It is good practice when establishing any outcome measure, to set the level of a
6clinically significanté result before t
power calculation; retrospective setting of the value of clinicalifstgnce is
respectedess. It is unclear when the level 6fc | i ni cal si gtrharfki canc
et afs study (2004).

The use of multiple assessment tools can be useful if used in a preliminary
study where they can be evaluated for their role asgpyimutcome measures in the
definitive study. Howe v er such &6fishing tripsd ne
Consideration should be given to whethreanketad s (2004) study ca
a oO6fishing trip6) t o eval measuees ferdutuei t i Vv e
studies.

The two measures which gave positive resultsFiank et add s paper (20
were considered as potential outcome measures for this PhD. They were the
measurement of the depth of fit checker beneath the acrylic fitting swfabe
dentures, and the visual assessment of the position of the border of the denture by an
expert. For the RCT in thifhesisthe visual assessment of the border of the lower
complete dentures was considered too subjective, too difficult in the liagleais,
and largely irrelevant to the success of the dentures in patients with mental foramen
problems. It was therefore dismissed.

InFrank etads study (2004), the depth of e
greater in dentures which were not made fadtared cast impressions. The use of
6fit checkerd under the free end saddl e
assessment tool féirank et als study because the metal framework could be fully
seated on the anterior teeth, and any gap posteErithe last abutment assessed.
However for complete dentures this method of assessment has prodlbere. is
no tooth borne 6stopd in complete denturt
dependant (among other variables) on the pressure aigeéiced on the denture.

This method of assessment had potential for relevance for patients with mental
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foramen problemsHowever the inability to reproduce consistent puesdetween
different dentures and amongst differgrdtients could not be ovenme easily.
That is to say intra and inter patient reproducibility were expected to be Tow.
method was therefore rejected for use in Tiissis

2.5.1.5.McCord et al (2005)

McCordetabs study (2005) has been discuss
it is one of only two papers that investigate complete denture impressions with
RCTs. The study was underpowered &edause of a lack of control of the order of
delivery it waspotentialy bi as i n favour of Ibfaledio x 6 ar
discriminate the best impression material of ttmeeused butelucidated the worst
material (zinc oxide eugenol) with a statistically significant resuthe primary
outcome measure wastpeat i ent s6 pr ef e ritesmemarkalflectirat t h e
so simple an outcome measure could discriminate a statistically significant result

with just 11 subjects in the trial.

Patient preference appeared to be a sensitive assessmentFtoopatiems
with mental foramen problems, the patient is the best (and only) one to determine
the comfort of the dentureAs an outcome measure, patient preference is relevant
for the RCT of thisThesis

2.5.2. Evaluation of OHIPs as primary outcome measures

Oral Health Impact Profile (OHIP) questionnaires have been established as one
of the more widely used patiecentred quality of life (QoL) assessment tools
available in dentistry. Over 230 published papers mention OHIP questionnaires in
the dental literatw . The number of papers ment.i
journal sé by year o fTabeddsbbelow.aManyohthesean b e
papers are cross sectional studies or use OHIPs for an overall view of a study rather
than as a primary outcome. it | i terature search i s |

Clinical Trials6é6 only 29 published paper
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Number of Number of

published published
Year | dental papers Year | dental papers

mentioning mentioning

OHIPs OHlIPs

1993 1 2002 9
1994 2 2003 18
1995 1 2004 16
1996 0 2005 17
1997 2 2006 23
1998 1 2007 33
1999 4 2008 37
2000 2 2009 35
2001 6 2010* 29

Table136 Number of publishegapers mentioning OHIPs by yeawyear to
December

A survey of the published papersthat ¢l P6s i s i ndicated.
here intotwo sections. Kstly those papers published prior to the protocol design.
Secondly those papers published after the protocol had been \butterthin the
period where the trial was underway. The sequand of this review was undertaken
to monitor the use and progress of OHIPs within the reseamimuaaity. Only
papers reporting the use of OHIPs as the primary (or equal first) outcome measure in
Randomised Clinical Trials are reported here.

2.5.2.1 OHP evaluation prior to protocol design

2.5.2.1.1Wolfart et al(2005)

Wolfart et al (2005) reports the pilot study of a multi centre, randomised
clinical trial of two treatment modalities of the shortened dental arch using OHIPs as

an assessment tool-or statistical methodologWolfart et alr e por t s : 6The
were scaled using-poi nt scal es: 6never 06, 6rarely
oftend and d6all of the timed. Consequen

Subscale and sustoreswee cal cul ated by adding the
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However in the statistical analysis section he states that pair wise analysis with
Wilcoxon was also used. Thus he appears to use both common methods of
assessing OHIPsWolfart et alr e p oNotsignificard difference could be reported
between the two therapy concépt3here may be no difference or the OHIP failed

to detect any difference.

2.5.2.1.2. The Papers which have JS Feine as the corresponding author

The papers oAwad et al(2000 & 2003)and, Heydecke et af2003 & 2005)
report trials conducted in Montreal and share authorship with JS Feine who is the
corresponding author for all papers. All the papers report parallel sided RCTs
looking at the difference between lower conventia@hplete dentures (CD) and

implant retained lower complete dentures (I0OD).

Taking the earliest paper firgkwad et al(2000) reports 102 patientages 35
to 65 yrs)with 54 in the implan{lOD) group, and 48 in the conventional denture
(CD) group. Theyuse OHIP as the outcome measurdor analysis they
manufactured a dichotomous variablBo achieve this those patients who answered
6rarelyd6 or O6éneverd were said to have 0
then compared numbers of patientswitihh o negati ve i mpactoé o66b
both the 10D group and the CD group-t e st s wer e used for ea
with Bonferroni correction for multiple testing. They concl ude: Opa
receive implant treatment experience more improvenmertheir perceived oral
health than do patient s wHhlbis wasea pogitvee c on

result for the use of OHIPOGS as a primar

In 2003Awad et alreports a similar study; this time with just 60 older patients
aged65-70 (30 per group). They used general satisfaction wittviaual analogue
scale YAS) as the primary outcome measure and both @8Rnd OHIPEDENT
as secondary outcome measurd$e treatment assessment was carried otwat
months. They gave thesix possible answers to the OHIP questions arbitrary score
of 1-6 and performed analysis on the scores with independesstst They
conclude: patients Gvho received a mandibular overdenture retained by ball
attachments on two implants opposed by a maxillconventional denture had

significantly better oral function than those who were given mandibular and
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maxil |l ary convdmtisomwals de rptowsrigsov.e r esul

as a primary outcome measure.

Heydecke et al2003) appears to regdhe same trial a8wad et al(2003), 60
patients aged 630 divided into two groups. This time the study is reported using a
20 item version of the OHIP (OHIE0) and the study measured post treatment
assessment at 6 mon t-hepestianharaAgadysisdvas bgg g e n e
adding up t b é-6)QHithReprésented theandard answers to the
guestions. Pairedtests were used to compare the baseline witlsithenonth post
treatment scoresThey also manufactured a dichotomouscouate, by comparing
the number of patients who answer O&éno i
They c o seniorupdtients inéthis trial whoeceived mandibular implant
overdenturessix months before had significantly better oral health status than
patients givenconventional removable denture$his was a positive result for the

use of OHIPG6s as a primary outcome meas.tL

Heydecke et a(2005) investigated 102 patients in a parallel RCT looking at
removable complete lower dentures with and withoutlants. This appears to be
the same study aswad et al(2000). They report r esubdcial of wu
Impact Questionnaite ( S| Q)maih @autcomedh ea n6d t h dherepbre 4 9 .
carrelations between th&vo surveys usindgs p e a r coarelaba. For example
they foundthat if the denture were rated as unstable (@HIP) there was a
correlation witha negative impact on sexual activities (via SI@Both types of
survey conveyed a significant inguement in overall patient weélking post
treatment (for both the implants group andimgplants group).For sexual activities
O0ki ssingd and O6sexual rel ationsé the SI
They do not report whether there were any significant findings using the foHIP
the difference between the implant group and non implant grétdgmwever, this
appears to be reported separately inAtvad et al(2000) paper (see above). They
conclude O6The i mpact of conventional an
activitesi s not fully captured by anTheyarée st i nc
emphasizing that the SIQ is better at differentiating improvements in sexual quality
of life than the OHIP, rather than sayitigitthe OHIP is ineffective.
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2.5.22 Monitoring the performance of OHIPs in using publications pst 2005

(during the running of the trial)

In |l ate 2008, a search of the dent al
revealedfive further papers that had been published during the course of the trial
and hat assessed therapeutic interventions with OHIPs as the primary outcome.
These studies cover all areas of dentistry. An evaluation of the effectiveness of the

OHI P6s as an outcome measure in these st

2.5.22.1 Gil-Montoya et a(2008
Gil-Montoya et al(2008) carried out a randomised, double blind, coes

pilot study. This study evaluated the clinical efficacy of a mouthwash and an oral

gel in elderly individuals with dry mouthAn OHIP-14 was used as one fife
outcomeassessments. The OHIP was the only outcome measuexdrd any
significant result. ldwevert he OHI P O6f ound the i mpact
group in both i nThey ocorlodethaotnhael spteurdiyo d&yoi. e
posi ti ve r e ghislwassnbcpntrastioesintar publeshee studieslt is

di fficult to see this study as a valid:

measure.

2.5.22.2.Ozcelik et al2007)
Ozcelik et al(2007) found that an OHIP could discriminate the differeince

the quality of a patientdés |ife in the
or non surgical treatment.Patients who had surgical intervention had a worse
guality of life in the week after treatmenfThis is a positive result for the use of

OHI P6s as a primary outcome measur e.

2.5.22.3. Suttorand McCor@2007)
Suttonand McCord(2007) used OHIR20 to assess patient quality of life in a

cross over trial following treatment witthree different arrangements of occlusal
form. The Wilcoxontestwas used to assess the median values of the OHIP scores.
Wilcoxon found statistically significant differences in 5 out of 60 assessments;
however the issue of multiple testing clouds these resuitsa 95% confidence
level it would be expected théttreeout of 60 results would return a statistically
significant result by random choicés the CONSORT Statemesdays,0A common

but misleading approach is to compare P values for separate analyses of the
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treatment effect in each grouft.is incorred to infer a subgroup effect (interaction)
from one significant and one naignificant P value. Such inferences have a high
false positive raté.(Consort Group, 2010, Methods sectionr1lZh, additional
analysis).

It is interesting to note that the othmaper bySutton et a{2007a) published in
the Journal of Dental Research reporting this same (PhD) study and with the
respected statistician Helen Worthington as auwaihor does not report the OHIP
results. The Journal of Dental Research pafeitton etal, 2007a) used patient
preference expressed in Visual Analogue Scales (VASs) using ANOVA and
appropriate statistical treatment of repeated measures. For the purpose of this
discussion on OHIPs as primary outcome measirés instructive to noté¢rom
Sut t RhD papers (2007 & 2007a) thie patient preference outcome assessed
by Visual Analogue Scal es ( &d®asseportgudr o d u

in a high quality journal.

2.5.22.4. Baker et al(2006)
Baker et al(2006) investigated a shoiform OHIP-14 compared to another

guestionnaire (OIDP) as part of a RCT of reservoir bite guard in patients with
xerostomia. This study did not use an OHIP as an outcome measure in a RCT, and
is therefore irrelevant to an evaluation of OHIPs for primartig@me measurement,

but of interest in assessing the value of OHIPs compared to other measures of

outcome.

Quantifiable measurements of the severity of the xerostomia were obtained
from the patients together with symptoms seen on clinical examination. The
patients were then given the questionnaire to take home and fill in during a one
week period. 60This study aimed to eval
in a specific clinical Bakartee at2006); tlep t | e n t
c o nc | Uhe dindingsd suggest that both OHIZ and OIDP have good
psychometric properties and are useful measures of OHRQoL in xerostomia.
Overall, however,the OHIR 4 per f or med b e fThisestudy didhrotn di d
report an OHIP as a primary outcomeasure in a RCT, hower the superiority of
the OHIR14 over another quality of life assessment tool was worthy of note.

2.5.22.5. Allen et al(2006)
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Allen et al (2006) compared implant and conventional mandibular dentures
within a parallel designed, rdamised clinical controlled trial using OHIP as the
primary outcome measuie Allen et alst at es: 0There were nc
treatment differences between the groups, but a treatment effect may be masked by

application ofdntention to treaianalyss 6 .

This trial (Allen et al2006)used the Ointention to
analysis; it would be interesting to know the results of an analysis based on actual
treatment received. Asking for analysis on the basis of actual treatment received
would beagainst normal convention for an RCT and such an analysis needs to be
carefully interpreted. OnE hwidely CeComBiénéd g u i
way to handle such issues is to analyze all participants according to their original
group assignment, regess of what subsequently occurred. Téigentionto-
treab strategy is not always straightforward to implement. It is common for some
paients not to complete a studihé¢y may drop out or be withdrawn from active
treatmentand thus not be assessedhatend. Although those participants cannot be
included in the analysis, it is customary still to refer to analysis of all available
participants as an intentigo-treat analysi& and goes on to sa
analysis can be restricted to only papants who fulfil the protocol in terms of
eligibility, interventions, and outcome assessment. This analysis is knowrdas an
treatmend or der protocad analysis. Sometimes both types of analysis are
presented. 6 end201§.u Pdarhaps botyPés DOaRAysis would
have improved thallen et al(2006) paper.

In the end there was no difference detected; there may be no difference or the
OHIP failed to detect any difference.

2.5.3. Discussiomf the assessment of possible primary outcome measures

Section2.5.1 above looked at various outcome measures in previous RCT of
impressionsFive Papers highlighted some possible outcome measuwef the
papers Firtell and Koumjian(1992) andrFrank et al (2004) failed to elucidate any
difference. After careful consideration, the outcome measures used intwese

papers were dismissed as unsuitable for this study.

Three papers produced a significant outcome for RMikkar et al (1996),
Hochman andraniv (1998), andVicCord et al(2005). BothMillar et al (1996) and
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Hochman and Yaniv(1998) used careful assessment by experts as outcome
measur es. There were concerns that O6exp:
in the proposed study. Of morenoern was the consideration that the purpose of
performing an RCT was to provide a standard of evidence for clinical practice that
was above the | evel of Oexpert opiniono
and effective Oexpeartt ogpinniommd ,s ewesre do fc oc
an RCT. 6 Expert opiniond was <considered 1in

measure for this study.

McCord et al(2005) used patient preference for the finished denture as the
primary assessment toollhis sinple measure was, at least partially, effective.
was also considered sensitive, given the small number of participants in the trial
(McCord et aR005).

The two papers by Sutton in 2006@ntrast (within the same PhD study) the use
of patient preferete Sutton et al2007a) and the use of an OHIP (Suttmmd
McCord2007) as outcome measures. Patient preference was decisive as an outcome

measure, the OHIP was indecisive.

Section25.2consi ders the wuse of OHIPG6s as
the 9 paers that used OHIPHreepapers of the papers, nam@&ji-Montoya et al
(2008), Allen et al (2006), andWolfart et al (2005), found no evidence of a
difference, 1 paper (Suttoand McCord2007) used multiple analysis and may
therefore have made errors the statistical analysis. 1 paper does not fully report
the results for the OHIRHEeydecke et a2005) andour papersOzcelik et al(2007),
Awad et al(2000), Awad et al(2003), andHeydecke et a{(2003) report positive
results for the use of OHIPs.

The studies with positive outcomes have in common dramatic differences
between thetwo sides of the trials. Surgical intervention against no surgical
intervention, and measured during the week after surggzgelik et al2007) is a
dramatic difference beteen thetwo treatment modalities Similarly lower implant
retained over dentures against conventional lower dentures is a dramatic difference
between théwo treatment modalities. Maybe where there is a dramatic difference
between tawo side of the tal, OHIPs are ablé detect the difference. However
an hypothesis that only a dramatic difference can be detected by an OHIP is

speculative and should be tested; it must also be consideredlldratt alin 2006
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failed to detect such difference betwen traditional dentures and implant retained
dentures with a®HIP.

The four paperswhich had JS Hee as the corresponding authare
noteworthy. Thehreeearlier papersAwad et al(2003 & 2000) andHeydecke et al
(2003) had resultehich were able taliscriminate between 2 sides of the tralng
an OHIP and yet this group of researchers felt it necessary to investigate an
alternative to OHIPs in their later papdfefydecke et alk005). This is not
unreasonable since the OHIP was not designed ¢gthjirassess sexual well being.
They conclude that the difference they
by an existing OHOQBbdydeckeea &200%5).e, t he OHI PO

Statistical 6regression to theHlfheand
guestionnaires (Heydeck 2003, Sl ade 199
the mean can be observed if an outcome measurement is repeated, often resulting in
values closer to the population mean. This phenomenon has also been reported for
the OHIPQuesti onnaire (Slade 1998).0 Heyd
results o6lt is possible that regression
that mean subscale and total OF® scores in both groups were lower than at the
2-month followup6 . Al t hough the term O6regress
technical definitions in statistics, it may have different interpretations in different
contexts. It is usual to use the term to explain an artificial difference occurring
between two non randoamples thaare imperfectly correlated; if the original
sample is skewed a repeated sample may be expected to regress toward the
population mean. The question tiimore perhaps more relevasitdvhat made a
sample skewed? e&pressed in non tecioal termsaf there is a shift in patient
response, why was there a shift in the respdns@&fe problem expressed by
Heydeck (2003) and Slade (1998) as 0Oreg
complication for the use of OHIPs for outcome measurése proposed study.

The related problem of questionnaire fatigue also needed to be considered; if
we were to use OHIP gquestionnaires as a primary or secondary outcome measure for
the proposed study, we would need a totdbaf OHIPs (a baseline OHI&ndthree
trial denture OHIPs). This may cause questionnaire fatigue. The patient would also
need to wear each denture for a sufficiently long period prior to the OHIP

assessment; this would lengthen the trial.
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It should be noted that in the studgsign stage of the planning for the RCT,
this Thesisdid not have the benefit of the later papers published after 2005 (later
papers were not available during the planning stages). These later papers are more
negative in their evidence for the ability 6HIPs to provide usefuoutcomes.
Overall, heevidence from the literature for the effectiveness of OHIPs as a primary

outcome measure in clinical trials is ambivalent.

2.5.4. Decision ovethe primary outcome measure

The Randomised Clinical TrigRCT) for this Thesischosehe useob pat i en't
preferenced as the primary outcome. Thi :
the patients in the decision making process. The evidence sugyestedtient
preference was sensitive and easy to use. dtralguired a short assessment period,

which was considered an advantage.

The use of an OHIP as th@imary outcome mease was rejected for this
study. However the referees of the grant funding agency (Dunhill Medical Trust)
asked us to reonsider theuse of an OHIP as an additional outcome measure.
Aware of the issues discussed above and in particular that the sensitivity of the
measure may be low there were reservatiofsirthermore to have included an
assessment of the impact of each dentureondpant 6 s qual ity of |
an OHIP) would have required a lengthening of the assessment period for each
denture to a minimum of 8 weeks. Unless adjustments could be made to the fitting
surface of the dentures, this would have potential tante®mfortable (impossible)
for at least some of the participants. It would be unethical to ask the patients to wear
a denture for 8 weeks if it caused ulceration. However, adjustments to the dentures
before the patient ds ddpuipaseofthefstudysimeiur e
would alter the impression surface. Consideration was given to whether an
adjustment could be made to one denture and the same change made to each of the
other dentures, but this seemed impractical. The lengthy asseg@riedtrequired
for an OHIP, and the necessity not to change the fitting surface prior to the choice of
preferred denture by the patient, made the use of an OHIP as an outcome measure
impractical for this study. The request from the Dunhill reviewersafolOHIP

remained a potential obstacle to funding.

A compromise was reached; changes were made to the protocol to include an

OHIP-14 to monitor the overall changes in the research participants quality of life
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brought about by their participan in the tral. This was nothe use of the OHR4
as an additional, albeit secondary, outcome measure. The baselinelOMis
completed before any intervention, and the second €HMIRvas returnedhree
months after the patient had chosen, and had started getheir preferred denture.
The OHIP score was not a direct outcome measure. Rathasitsed to assess the
patients overall improvement or deterioratiorgumlity of life. It was alsgossible
to use the before and after scores of the OHIPs in &inomial logistic regression
to check for parity between the experimental groups.

At the time of the design of the protocol for the clinical trial, the Qefdent
and the OHIP14 were both considered as potential candidates for the assessment of
the overdloutcome. The OHHedent had been introduced in 2002 (Allen 2002) but
had only been reported to have been used in one other publication (Awad 2003) at
that time. In contrast the OHHE} had been reported as being used ip@#dlished
papers at that time For the overall assessment it was preferred to have a well
reported assessment tool. The OHW was chosen for the assessment of the
overall outcome of the trialAt the time of this thesis being written up there are 11
published papers which repanse of the Ohigedent.  With this hindsight the
decisionover which Ohip to useould haveneead more careful consideratignit

may have been reversed.

The Randomised Clinical Trial for thiehesischose to aim to gain sensitivity
from the tsenof prleéedopaced as the pri mat
of an OHIP questionnaire was madehe final planning stages at the suggestion of
the Dunhill Reviewers (with additional funding granted for the inclusion of the
OHIP, see 2 above). This addition of the OHIP was used as an assessment of

overall i mpact of the trial on particiope

2.6 The decision to use a cross over or parallel design for the trial.

It is (again) useful at this point to review the literature on ipres/trials (see
Part 1 chapter 5) with more attention to the exact study design that was used in each
study. Firtell and Koumjian(1992) used a parallel design Randomised Controlled
Trial (RCT) forthe first RCTstudy of removable prosthodontic impressio With
this type of study design, an intervention is applied to the two separate groups of

patientson thetwo sides of a triaand they are statistically comparedhe Firtell
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and Koumjian(1992) study failed to differentiate a statistically significaesult.

The parallel RCT protocol haslucidated significant differencas other areas of
research, but has sdidvantagesThe two major disadvantages of a palell design
arewith ensuring that théwo sides of the study are carried out on simildsjects

and providing enough subjects to have a satisfactory statistical power for the study
If the two sides of the study are not similar then any detected significant outcome
between théwo sides may be due to the difference between the participatogsg

and not due to the variable under investigation. For this reason, a prottca
parallel design may nedd have large numbers of randomised research participants
(to reduce thigpotential for bias) or requirde careful matching (pairing) dfi¢ two
groups of patientsr require allocation bgtratificationor Minimization (with large
numbers) rather than simple randomisatiohhe analysis of a parallel designed
study should also include an analysis of potentialvamants to exclude the
posgbility that a coevariant has influenced any detected statistical significance
between théwo sides of the study.

Sutton et al20079 andMcCord et al(2005) have used a modified research
protocol for prosthodontic research, using a cross over desigs.type of protocol
has some advantages and some disadvantages. A classic problem with a cross over
designis t he potenti al requirement for a 06w,
the first treatment has ceased prior to the assessment of dmel segatment. This
is a particular problem with drug trials. For R&C®f dentures, the wash out
procedures simplified but not entirely eliminatedy the removal of the dentures
from thep a t i raonith; shiSremovaltakes a short time. However the influence of
the first denture is not entirely eliminated sinteis thoughta patient may
0 habi t dirattdenture tThe seconddenture will have the benefit of this
habituation. The first denture will not have thenbfit of haliuation to a similar
denture. Therefore the first denture may be disliked by the patemte than the
second denturéMcCord et al2005). This potential problem is highlighted in the
study by McCord et al(2005) who describes that his spufbund a prejudice
amongst the patients against the first
finding that the first worn dempoatant i ni
to overcome this potential problem by ensuring that theudes are given to the
patients in aandom orderMcCord et al(2005) failed to achieve this. Even with

good randomisation the problem cadsy habituatiorare not entirely eliminated.
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If some patients choose second denture because of the have bedntuated to
the shape of the first denture (rather thanvidrgable under investigatidnhen there
will be a reduction in the sensitivity of the study. It is hard to accommodate this
dilution of sensitivity other than by increasing the numbers ofgyaaints. A cross
over study of dentures should always monitor the potential for bias against the first

denture.

A further disadvantage of the cross over design is the need to keep both sets of
dentures very similar in all features and dimension aparn fthe variable under
consideration (in this case the impression surface). This is important since if they
are not the same a patient may choose a set of dentures because they prefer a certain
difference other than the difference under investigation. créss over design
therefore introduces the need for careful duplication of the dentures (see 8&&tion

3.5.

The major advantage of a cross over desighasthe patients participate as
their own o6control & group; t h simplifieso no't
analysis andhas potential to increase the selectivity of the outcome measure and has
some potential to reducéhe numbers of participanteequired to produce a
significant result After due consideration of the advantages and disadvantages of
trial design, a decision was taken to use a cross over design for the trial, with the

primary outcome as patient preference.

2.7 Secondary assessment

The OHIR14 was introduced into the study as an overall assessment of change
inthep at i pemrdpto@f the impact of oral health on general health, see section
2.5.4 above. The OHIP was not suggested as an assessment of the success of the
different dentures.

It was also suggested as good practice to have a secondary outcome tool which
would be indepetent of the primary outcome. The literature review gave no
suggestion of a suitable tool for secondary analysis. A simple questionnaire was
developed to assess the comfort, stability and masticatory efficiency of each denture.
The questionnaire is appided to theThesis(Appendix §. The questionnaire was
used by the research participants to record their views on the comfort stability and
masticatoryefficiency of each denture in turn.
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Chapter 3
Materials and methods

3.1 Trial design.

3.1.1 Thestudy participants

As discussed in Section 2.1 of part IV of thisesis patients who had a mental
foramen within the denture bearing area of a lower comglateurehad a particular
problem with the distribution of pressure under the lower dentureser patients
with this problem, who attended Leeds Dental Institute for treatment, were selected

and recruited for this study.

The inclusion criteria were subjects who were able to attend, edentulous in the
lower arch, with the mental foramen apparentinically (palpable) or
radiographically on the denture bearing area of the lower residual alveolar ridge.
Exclusion criteria were subjects who were allergic to acrylic or silicone rulseer. (

Appendix 8

3.1.2 The study intervention
Each research pactpant was provided with three lower dentures labelled A, B
and C. The dentures were as close as possible idemtusgbt for the fitting surface

(see Part 1V, section 3.3)

Type A denture was constructed on a model from a secondary impression
made ina spaced, perforated acrylic special tray with a medium bodied silicone
impression which had a light bodied silicone wash (see Part 1V, section 3.2.2). This

was the 6control d denture constructed by

Type Bdenture was constructed arduplicate of the Type A model on which
the area of the mental foramen had been coated with tin foil to provide a space
beneath the finished denture (see Part IV section 3.2.3).

TypeCdenture was constructed on a mode
impression. A spaced, perforated acrylic special tray was used to make a medium
bodied silicone impression with a light bodied wash. The silicone in the area of the
mental foramen was removed with a scalpel blade, and the tray perforated in this
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area. A seand wash impression was then made with a light dmbdiilicone

impression materidkee Part IV section 3.2.4).

3.1.3 The trial aims and djectives

3.1.3.1 Aims of the clinical trial
Aim of the clinical trial was to determine which impression procedure

produced the denture that was preferred by the research participants.

3.1.3.2 Objectives
The objectives of the clinical trial were:

1. To providethree lower dentures for each research participant, each one

identical except for the mannerwhich the fiting surface hatdeen contoured.

2. To allow the research participant to assess each denture for comfort,

stability andmasticatoryefficiency(secondary outcome)

3. To allow the research participant to choose the denture they (efeary
outcoma.

4. To assess impact ¢ime patients oral healtielated quality of lifdbefore and

after treatment.
5. To carry out appropriate statistical analysis of the results.

6. To disseminate the study results to General Dental Practitioners

3.1.3.3Hypothesis
The Null Hypothesiswas thatone of the dentures will be preferretre than

by chanceby the patients.The alternativehypothesis was that one of tdentures

would bepreferredby the patients

3.1.4 The study outcomes
The academic backgrod to the choice of the primary study outcome is

discus®d in Part IV, chapter.2

Chronologically the first assessment of each denture was the secondary
assessment of comfort, stability anehasticatory efficiency. The research
participants were given el denturan random ordefor 1 week. After 1 week of

wearing a denture the research participant was asked to assess the denture (for
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comfort, stability andnasticatoryefficiency) using &our point Likert scale. This
secondary assessment was made biuctured questionnaire (sé@pendix 8for

the paperwork used).

The fitting surface of the dentures is moulded and formed against a stone cast
of the impression. Any adjustment to the fitting surface would alter the topography
of the surface determideby that impression. Since we were investigating an
impression technique it was preferable to fit the dentures with no adjusttoents
avoid the introduction of the adjustment as a confounding variableis left a
perceived ethical dilemma. There wasaasibility that the unadjusted dentures may
have caused a sore mouth. Because of the possibility that the unadjusted denture
would cause a sore mouth, it was deemed desirable from an ethical viewpoint to

keep the assessment period to just one week.

Fortunately patients who have clinically palpable mental foramina also have
flat al veol ar ridges; t here was no com
alveolar ridges. This made it easier to fit the lower dentures without any adjustment.

The technicianws asked to process the denture
adjustment was made to the fitting surface of the denture by the clinician prior to the

delivery of the lower dentures to the patients.

After assessing each denture individually the reseparticipants were given
all threedentures for 1 week. After 1 week the research participants were asked
which denture they preferred. This was the primamcame of the trial (see

Appendix 8for the paper work used to record this assessment).

All assessments were carried out by the research participant with assistance
from aresearch nurse who was blind to the denture idenfityus the trial was
6doubl e Dblindb©6; the research participan

procedure did not kaw which denture was being assessed.

The i mpact of the participantsdo or al
assessed prior to treatment by an Oral Health Impact Profile (DHIFAppendix
8. Three months following treatment the research ppdids were asked to

complete a fuher Oral Health Impact ProfilseeAppendix 8.
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3.1.5 Sample size

For the initial grant application, statistical advice was sought d@applicant
Mr Andrew Blance oDivision of Biostatistics, Leeds Institute of Géies, Health
& Therapeutics. For the determination of the required sample size, the assumption
was made that the control denture (Type A) will not be chos&his was a
reasonable assumption if the estimated prevalence for such was veaydtamgard
text book and the rearch literature (Grant et al1994, McCordand Grant2000)
implied lack of success would occur with the control impressidfe then had the
situation of estimating the precision of a binary proportion. We hypothesised that
60% will prefer denture Type C and wish to estimate this to within 20% of its

anticipated value. An appropriate formula for determining the sample size was thus:

N - (1_ p)zlz-a/Z
pé
Wherezl-a/2= 1.96

This yielded a required sample size of 65. In order to allowdore tolerance

of the estimates and allow for potential dropouts, the sample size suggested was 75.

3.1.6 Randomization generation, allocation concealment and
randomization implementation.

In this cross over trial, the order in which the treatments were given to the
patients was randomly assignedThe order wasdetermined by a blocked

randomisation procedure

With threetreatments under review there a@ig possible orders in which the
treatments could be deliveredThe possible orders can be summarised as ABC,
ACB, BAC, BCA, CAB and CBA. The sample size calculatioasulted in an aim
of recruiting75 participantsn order to have 65 patients complete the std&ydoes
not divide by 6 tdeave a whole numbefThe research nurse drew up a distribution
to the groups so that 13 participants would be assigned to the ABC, BCA and CAB

groups and 12 patrticipants to the remaining groupse research nurse was blind to
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which treatments ware toe designatedAd B6or Ca& The 75 assignments were

placed in sealed envelopes and shuffled.

Allocation of the patients to thesex groups took place when thiereelower
dentures had been constructethe envelop was opened by the research nuse
the day of delivery of the first lower dentur@hus during the construction of the
dentures the allocation of the randomisation was concealed from the operator, nurse

and patient.

In parallel sided RC3 theconcealment of allocation remaimery impatant,
with particular issues of treatment selection (i.e. which side of the trial is allocated)
either by patients or medical staff.n b cross over triadll groups receive all
treatmentsand so there are fewsuchissues Even son this trial the cocealment
of the allocatiorwas an integral part of the study design.

3.1.7 Blinding or masking

During the construction phase (after impressions) the cast on which the
dentures were made were labelled by the dental technician as 3, ZT&e dentist
did not label the castsThe dental technician kethe secure record of the coding of
which cast came from which impressioithe patient and the research nurse were
blind at all times to the identity of the casts &ntures).

After processing the denturdsefore the assessment phabke dentures were
re-labelled A, B, & C by the dental technicianThe dental technician kept this
secondaryrecord of the coding (of which denture came from which impression)
secure. The dent i B thdhe sesondarp dodin@ alsonot involved in
recording outcome assessment§)h e assessments were carr

patient with assistance from 6blindd res

6Bl indingb or 6maskingbd i s When the mp or t
assessment takes place the assessor must be blind to the identityhoédteal
dentures. In this trial the assessor of the primary outcome was the patidry
were blind at all times to which denture came from which impressitie. research

nure who was present during the assessmentsalgablind to the denture identity.

The dentist constructing the dentures was initially blind to which cast was
which. Throughout the trial the dentist was not informed which denture was which,

but because theasts were visibly different it was not possible to be cettatithe
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dentist remained blind during the denture construction process of the trial. Any such
insight by the dentistnay have been a source of unconscious bias (or indeed leave
the trial operto criticism of conscious bias)t was important to guard against such
bias; this was anticipated and safeguards put in place.

The safeguards were threefold, firstly, the trial was designed so that the
completed dentures were-ceded and réabelled. The casts on which the three
dentures were constructed were initially labelled 1, 2 and 3 during the construction
process.Following processing, the dentures wereoeed and réabelled A, B and
C. The knowledge of which cast (1, 2 or3) produced wteatiture (A, B or C) was
kept hidden fom the clinical team. dflowing this recoding, the dentist, research
nurse and patients remained blind to the coding of the processed dentures.
Secondly, the patients, whzerformedall the assessments, were blindotighout
the trial. Thirdly, the methodology used in this trial to produce very similar dentures
(see section 3.3 below) deliberately reduces the chance that potentially biased
actions by the dentist can affect denture shape. It is therefore considéketyu
that intentional or unintentional bias could have been introduced by the dentist
constructing the dentures.

3.1.8 Other considerations

The three dentures needed to be as near as possible identical (see Part IV,
section 3.3)except for thefitting surface of each dentur&he fitting surface of the
three dentures was to be designed and constructatiree different ways. The
control denture was to be made from a standard, relatively low pressure impression
(see PartV, section 3.3.2).The seond denture was to be made from a duplicate of
the control cast in which metal foils had been placed over the mental foramen area
on the cas{seeFigure 77below) The third denture was to be constructed from a
novel selective pressure impression (see Part IV, section 3.3.3).

3.1.9 Statistical methods
Multinomial logistic regression was used to analyze the effect size and
significance of possible confounding vales Subsequent analysis of patient

preference was performed using bootstrapped 95% confidence intervals

3.1.10 Summary oftrial design
The selection of appropriate and effective outcome measures is discussed in

detail in Section 1.5 of Part IV of thirhesis The choice of primary outcome was
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patient preference for a dentur@he patient decides which denture is best; this
reduces operator bias, simplifies assessment, and ensures a patient centred approach.
Secondary outcome measure was the asssdsraf comfort, stability and
masticatory efficiency of individual dentures by Likert scalesAn OHIP-14
guestionnaire was used to assess t he ¢

perception of quality of life.

A cross over, randomised, controlledincal trial was deigned to investigate
patient preference for their choice of ondlokedentures.

3.2 Impression procedures for production of thehree working
casts.

3.2.1 The primary impression and special tray

The primary impression was takensitlicone putty. The outline of the special
tray and the position of the O&éstopsd wasa
wi t h an pencit dfe $ingle, Iseaéed, unperforated, light cured acrylic,
special tray with stub handle and acrylic sto@swonstructedThe same tray was
used for control and differential pressure impression, and so the same tray was used

for all threelower dentures.

3.2.2 The control impression and cast
The control secondary impression used medium bodied siligom@ess 3M)
with a light bodied silicone wash (Express 3Nihe details follow

3.2.2.1 Choice of control impression material and technique

The choice of the material and technique for the control impression was
important. Thigtrial was an investigation of the differential pressure generated by
the Hyde (2003) impression technique. It was niviadof the impression material.
To have used a different material would have introduced an additional confounding
variable. It was therefe decided to use addition cured polyvinylsiloxane (silicone)

for the control impression.

Border moulding of the impression tray to devebapderand facial sealith
greenstick is normal practice in the UK, however the work of Drago (2003)
suggestdthat there is no detectakdéferencein the resultant denturéisthe border

adaptationis performed with silicone.Ilt was important to avoid areas, within the
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control lower impression, of high and lower pressure following the border moulding.

If traditional greenstick was used in the traditional way there was potential for the
impression tray to be effectively close fitting in some areas and spaced in others.
This may lead to an undesirable, undesdy unknown, differential ithe pressure

across thefinal impression. The border moulding material was chosen to be
medium bodied silicone (Express 3M) and the technique @sedhe border
mouldingavoidedalternatingar eas of O&éspaced and o6cl ose
(seesection 3.2.2).

3.2.22 Clinical technique of the control impression

Spaced, unperforated, light cured, acrylic special trays with stub handles and
finger rests were constructed on the primary casts. The spacers, stub handles and
finger ress were acrylic and constructed ihe denture laboratory. Placing the

spacers in the laboratory ensures consistency of space beneath the trays.

The tray was trimmed intra orally to remove over extension and border
moulded with medium bodied silicone (Express 3M).the lower arch, bexise of
the minimal dimensions of the edentulous ridge, boatiaptationwith silicone
usually produces a complete lower impressiRather than have voids in the border
moulded silicone, a full lower impression in medium bodied silicone was used to
achieve consistent border mouldinggt is important that the special tray is not under
extended by more than 2mm for this technique to be successful.

Following border moulding with medium bodied silicone, any overextended
tray showing through on the periplievas reduced with an acrylic trimming bur in
a straighthangiece If such reduction of the tray border was required the border
moulding was remove(hfter the tray was adjusted with a barjdthenrepeated.
Following the successful border mouldirtge occlusal stops were reduced to the
height of the surrounding silicone. This was to eliaénhigh pressure areas which
Hyde has calledd st o p d{BS&PADICerdetence paper, Hyde 2008a) the
fitting surface of the impressionThe definitivewashimpression was then taken in

the usual way with light bodied silicone (Express 3M).
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3.2.3 The traditional relief of a cast

The relief of high pressure under complete dentures has traditionally been
achieved by t he uS§Sheseark aréasherd theedentue fitthghb e r s
surface has been designed to have a space or hollow of known height in a specific
area (ref McCordand Gran2000. Relief chambers are made by placing a metallic
foil of the required thickness on the definitive dental castenattea whre pressure
relief is required The denture is then processed on a duplicate of the relieved cast
and a oOrelief chamberd is left on the f
placed. For this study the relief chambers were constructibe iareasf the mental

foramen Figure 77.

Figure 77metal foil spacers over the mental foramen of the lower cast

3.2.4 The selective pressure impression.
The impression procedure for the third trial denture was an adaptation of the
technique advodad by Hyde(2003) An impression of the lower edentulous arch
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was taken in a spaced, acrylic, special tray using medium bodied silicone impression
material (express 3M ESPE) with a light bodied wash (express 3M ESPE).

Figure 78The base impressionisarked in the areas of the mental foramen

The mental foramen was palpated intra orally and the position of the mental

foramen area on the impressidentifiedand markedKigure 7§.



- 330-

Figure 79A scalpel blade is used the cut through the silicone along the marked lines.
The full depth of the silicone impression material in the area of the mental

foramen was removed with a scalpel blaéigres 81 and 82

Figure 80The cut silicone is carefiyllifted and removed
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Figure 81The tray wa perforatedn the area of the mental foramen

o a7 ! A TR T IFT
: o ¢ 4B an

Figure 82The final wash impression is taken is light bodied silicone

A final wash impression was taken using light bodied silicone impression
material Express ®1) Figure 82
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Figure 83A close up of the typical topography in the area of lighter pressure.

On the impression surface, the area of the pressure relief isFsgere 83.

3.3 The production of three similar dentures.

3.3.1 The need for similardentures

The double blind, cross over, randomised, controlled, clinical trial was
designed to investigate patient preference for their choice of oteesfdentures.
This type of protocol is not without potentiaioplems. Prominent among theseswa
the need to keep all the dentur@bat weregiven to the patient for assessnjest
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near as possiblthe same. This v&a challenge for thdental team During their
construction, dentures are individually made and there will always be small
differences betwen each of ttm. While great care may be takenensure that the
polished and occlusal surfaces are similar, it is not possible to get these surfaces
exactly the ame. The normalaxingup techniques, combined with finishing and

polishing techniques, cdead to significant differences between dentures.

To understand how this affects this type of research it is perhaps best to give
an example: if a project were investigatingclosal schemes (e.gutton et al
20073 it would be no good if the dentures givto the patient had polished surfaces
that were vastly different. Clearly, if they did, then the patient might choose a
particular denture, not because of the particular occlusal scheme, but because they
found the polished surfaces better. This wouldehdéve effect of diluting the
sensitivity of the outcome measurelt was clearly important to minimise the

differences between dentures digethe research.

A search of the literature revealed no papers that describe how to minimise
differences betweerhé dentures used in cross over trials. As a consequence the
dental teanfound it necessary to devel@pprotocol whichenabled the production
of very similar mandibular denture3.he details of the methodological protocol that

was developed for this study Leeds were palished by Dillon and Hyde, 2008.

3.3.2 Technical methodology of production of three similar dentures

The three impression techniques investigated by this study produlcesk
secondary castsOn each of the secondary casts a dentureocwastructed. The
production of similar shapes to the polished surfaces ofthtee dentures was
achieved by the adaptation of a standard denture duplication technique using
silicone putty moulds (seleelow andDillon and Hyde 2008 The production of
similar occlusions can be broken down into the duplication of tooth shape and
mould, together with the more problematic duplication of the three dimensional

orientation of the lower cast to the upper dentition.

The positioning of thehree lower casts on an articulator in the same precise
position was achieved by the use of two clinical visits (and two sets of occlusal
rims) to record the occlusionThe first clinical visit ensured thecclusalvertical
dimension (OVD) was similar in 4 three dentures; the second ensured the

orientation was similar.
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To record theocclusalvertical dimension a single lower occlusal record rim
was used for all three lower casts. The clinical (intra oral) height was recorded
using the single occlusalaerd rim in the usual way. The single rim was then used
to position the three lower casts at the same height in relation to the upper teeth on
the articulator. The lower occlusal record rim was constructed so that it seated well

on all the lower casts.

The problems associated with the seating of the single record rithres
casts are similar to that reported Atkinson and Johnsom 1972 on the use of an
instrument to compare the contour of different dental castkinson and Johnson
(1972) overcara the orientation problem by identifying an area on the upper dental
cast (in the mid line, mid palate) where the different casts had a similar shape.
Atkinson and Johnséns ( 197 2) OFrogdé |l ocating dev
research to locate uppeasts. In this study areas were identified on the lower cast
which did not appear to have changed shape with the different impression
techniques.These were on the buccal shelf area. These areas were used to provide
posterior support for the primary ocshl record rim. Anterior support was also
required to give a O6tripodd oftwsmgeort |
difficult to find an area in the anterior region where the three casts were likely to be
similar. The anterior support for éhlower primary occlusal record rim was
therefore a compromise and had potential to distort the orientation of the underlying

casts. The typical areas used for support are showkigare 86
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Figure84Base wax | aid down t dredos pna shewn t he
prior to providingareasfor support of the rim

Figure 85Areas to be used the support the primary occlusal record rim, marked by
the clinician.
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Figure 86The areas to be used for sopphave been cut out of the wapacer

Oncethe areas for support were identified spacing wax was applied to the cast

and the wax was cut out from the areas designated for sifpjmurte 86.

A |ight cured acrylic base plate was
support in the designated asea A modified O6Manchesterd
constructed on the base plaldve completed rim was positioned in turn on each of
thethreelower casts and the fit of the rim to the cast was checked. If the rim did not
seat on any of the casts the nivas adjusted. Once the rim seated so thathitee
areas designated for support seated on each of the casts the rim was returned to the
clinic for the clinical stage of jaw registration.

In the upper arch a traditional occlusal record rim was constru€edhe
clinic the upper rim was trimmed and marked as detaild8asker and Davenport
(2002. The lower rim was trimmed until the required height was achieved and then
the upper and lower rims were sealed into position using blue mouse.

In the laboratoy, the upper rim was used to position the upper cast on an
average value articulator. Each lower cast was positioned in turn using the single

lower occlusal record rimFigure 87below shows théhreelower castspositioned
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with the single lower jawegistration block against the same single upper block and

cast.

Figure 87The primary occlusal registration was used to mounthtteelower casts
against the singular upper cast on an articulator.

Once each lower cast was mounted, the uppéantwas constructe(only one
upper denture was constructed for the patients in the amaljhree new modified
lower Manchester occlusal record rims were constructed, one on each of the

articulated casté~igure 88.

Figure 88Secondary occlusal record rims constructed to the height of the primary
jaw registration and articulated against the same upper denture (it was moved
between the photos!)

The upper try in and the three lower modified Manchester rims were returned
to theclinic. Once the upper tfin was acceptable, each of the lower occlusal record
rims was used to record the occasion against the upper rim. It was essential that the
occlusal vertical dimension (OVD) and the retruded contact position (RCP) were
recorded dentically on all three casts. If modification of the any ofttiveelower
rims was required in a given case,thlleerims were renserted, one at a time, and
the position of the patient and the rims carefully checked. When the same OVD and
RCP was otained with allthreeocclusal record rims the rims were reinserted one at

a time and sealed intraorally into the correct position usingdiicenemoose. The
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upper try in and lower rims were returned to the dental laboratory and each lower

cast was rarticulated with the new jawegistration Figure 89

Figure 89Rearticulation with the secondary jaw registration

A randomly selectetbwer cast was then used to construct the first loweintry
(Figure 90.

Figure 90The first lower wax triatlenturewasconstructedn the conventional way

A laboratory putty matrix wasonstructed by making an impression of the

occlusal and polished surfaces of the first loweidiriryFigure 91below)
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Figure 91The silicone matrix of the first lowerial insertion

Individual teeth were inserted into the matrix. The individual teeth were taken
from the same manufacturers mould as the first lower try in. Denture wax was then
heated and poured in theould. Eigure 92

Figure 92Duplicating the occlusdbrm of the first trial insertion
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The tooth and wax duplicate was then articulated against the upper trial

dentue (Figure 93 and wax to attach to the lower base plate.

Figure 93The duplicated occlusal form positioned against the upper denture and
orientated relative to the lower cast on a semi adjustable articulator.

Thus each lower trial denture had teeth and part of the smooth surfaces
duplicated to be (as near as possible) identiglure 94and97).

Figure 94Three similar lower dentures @&udlated against the same upper denture
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Figure 95Three similar lower trial insertions

Following successful clinical trial insertion of all three dentures they were each
processed in the traditional way.

3.4 Summary of trial method and clinical arangements

A sample size calculation based on the difference in proportions of preferring
the selective impression technique compared to not preferring it, yielded a required
sample size of 65Recruitment ceased whé® participantshad completed or wer
about to complete the primary outcome assessment of the. stlidy trial was
conducted at Leeds Dental Institute, University of Leeds, Btical approval was
sought and obtained from the appropriate Medical Ethical Committee. All
participants gave wtten, signed, informed consentParticipants were recruited
between November 2006 and November 2008 fronwidnéing lists at the institute.

The last assessmenttfaeemonthly follow up OHIP questionnaire) was completed

and te trial finished in June@®9. The inclusion criteria were subjects who are able

to attend, were edentulous in the lower arch, and had the mental foramen apparent
clinically or radiographically on the denture beariarea of the lower ridge.
Exclusion criteria were subjects whoeaallergic to acrylic or silicone rubber.
Immediately after a patient had consented to treatment and before treatment
commenced, the patient was asked to complete an-Q#jBestionnaire to identify

a base line for the secondary outcome measure of thacingh new dentres on

their quality of life.

Three lower dentures were produced for each trial participant, ubang
duplication method developed by the research team at LEeedirst denture was a
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control, constructed on a cast made form a standaaidtively muostatic,
impression procedur&.he second denture was constructed by a traditional method

of dealing with problems of the mental foram&his traditional method used metal

foils, placed over the area of the mental foramina and processidished denture

on the spaced casthe third denture was constructed from a selective pressure

i mpression technique (t h2003tasetistoiy quase r e |

adapted to relieve pressure ovez #rea of the mental foramen).

The three denres were given to each patient; the order in which the dentures
were assessed by the patient was determined by a blocked randomization procedure.
The order the encoded dentures were to be worn was revealed on the day of delivery
of the first denture by designated research nurse, without the prior knowledge of
the clinician. They wore each denture for one week and assessed the denture
individually. When they had assessed each denture individually they were given all
three dentures together and askedgsess their preferred denture over a period of
one to two weeks. The stated preference by the patient for a denture was the pre
determined primary outcome measure for the study. All the outcome assessments
were performed by the patients; they were rdedrby the research nurse and the
dentist remained blind to the choice. After the patients had worn their preferred
denture forthree months they were asked to complete a post treatment -DHIP
guestionnaire to assess the impact of their new denturekeanqualiy of life

following treatment.
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3.5 Thetesting of the accuracy of the replication of the occlusal of
the three trial dentures.

3.5.1 The attempt to use the laser scanner
An initial investigationto scan the finished denturesth the laser scanner in
Manchesteprovedunsuccessful due to reflection of the laser beam on the polished

surfaces of the dentures.

For the initial laser scanner investigatione tdentures were orientated in the
scanner on the cast they were constructed tichan turn was held in the lower
half of the articulator used during construction. This enabled the same orientation of
the three dentures during scanning. Tiention was that thethree dimensional
position of any point on the occlusal surface or gf@d surface of the dentures
could be known, relative to the reference articulator. The digitalised images of
dentures could then be compared for consistency. Unfortunately this approach ran

into a major problem.

The major problem was that the denturesrsbtiscan well This wasbecause
they were red and polished. Consideration was given to looking at unpo{msited
still mostly red)dentures, but this wasonsideredless relevant since the act of
polishing acrylic changes its shapeurthermore the aclg teeth wee already
polished by the manufactureasd would reflect the beanit was suggested that the
dentures could be dusted with metallic (titanium) dust to eliminate the reflective
surface, however the removal of the metallic dust proved probtemehe clinical
dentures needed to bepelishedto remove the dugtrior to delivery to the patients
this altered the shapélhe results of scanning are seerkrigure 96below. Further

use of the scanner for this research was rejected.
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*Point1: 1.35067, 0.70790, -1.38700 = — b s —
*Point2: -1.21916, 0.78551, -1.61454
* Distance : 2.58105 mm ‘ —

=¥ &Displacement: -2.56983, 0.07760, -0.22754

~

*Point1: 1.36201, 0.72313, -1.

*Point2: -1.33296, 0.65242, -1.73588
* Distance : 2.69754 mm
Lot 9'Displat:ement: -2.69496, -0.07072, -0.09418
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~

Figure 96Results of scanning two dentures using the scanner at Manchester DH.

3.5.1 The use of physical measurements
Following the disappointing results from the scanreerreappraisal was
required. Rather than use virtual (scanned) models afléhtres, an attempt was

made to produce physical models of the dentures for comparison.
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The protocol for thdirst attempt at a physical measurement accuracy study

was drawn up involving;
1. The duplication of denture shape using an Agar mould.
2. The praluction of stone casts dfieagar mould.

3. The use of a clinical microscope to mark same positionedehture teeth
on each modellfe same mould of tooth is used for each denture).

4. The use of a digital micrometer to measure the distance bethveesett

points

The process is pictured Figure 97below.

Figure 97The use of clinical microscope to makd measure thgx chosen
dimensions of the occlusion.

The results of a preliminary case (s&able 137 below) were initially
consideredpromising. Two sets of duplicated dentures (ghegere notstudy

dentures) were produced which had slight differences between the sets. However
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the results for this case suggested thate can be large differences (up to 1.15mm

acrosshie arch) intooth position

Results of from the measurement of the dentures:

7-1-7 | 414 | 4-[-7 | 7-[-4 | 76 4] | /4D 7

DentureA | 41.85| 26.70 | 38.00 | 38.24 | 18.66 | 19.12

DentureB | 41.10| 24.95| 37.17 | 36.16| 17.95| 18.63

Difference | 00.75| 01.15| 00.83 | 01.08 | 00.71| 00.49

Table137Results of measurements of dentures A and B

The highlightededresults (in thelable137 above) are variations which were
considered unacceptable as a clinical variation between the trial dentures. At the
time this was thought to be caused by a-pwaitioned lower left first premolam
one of the dentures Alternative explanations were;itleer the inaccurate
manufacture of the mould of the lower right first premolar, or the incorrect
(different) position of the point drawn on the lower left first premolar ontwee

casts. With hindsight this third explanation is the more likely.

Further investigation of this method of comparing th&ee dentures was
warranted. A set of clinical trial dentures were tested. Each denture was measured
by the method above (using stone casts) on two separate occasions db ok

observer reliability. Taresultsarebelowin Table 138.
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First assessment Second assessment

Denture | Denture | Denture | Denture | Denture | Denture
A B C A B C

Premolars 26.50 26.16 25.42 26.50 26.09 25.40
Molars 49.60 49.42 50.00 49.43 49.43 49.87
X-arch left 44.31 44.59 43.23 44.38 44.54 43.60
X-arch right 43.89 43.18 44.03 43.99 43.30 44.28
Right side 25.19 25.18 25.56 25.23 25.21 25.68

Left side 25.44 25.60 25.46 25.64 25.53 25.69

Table138Intra observer reliability

At first sight these results also appeared promising but with a little
consideration there were clearly still some problemshdfreading for each of the
two observations araveragd, then the results show significant differences between
the dentures, sekable139below.
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Apparent average differences
between the dentures in mm

A&B A&C B&C

Premolars 0.375 1.090 0.715

Molars 0.090 0.420 0.510

X-arch left 0.220 0.930 1.150

X-arch right | 0.700 0.21 0.915

Right side 0.015 0.410 0.425

Left side 0.025 0.035 0.010

Table139Differences between dentures

These apparent differences between the dentures are of a magnitude which
would make a difference clinicallyFurthermore there were problems with intra
observer reproducibility. The difference between the first time the dentures were

measured and the second occasion are shown iratlie140 below:
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The differences between théwo observations
the dentures inmm
Denture A Denture B Denture C

Premolars 0.00 0.07 0.02
Molars 0.17 0.01 0.13
X-arch left 0.07 0.05 0.37
X-arch right 0.10 0.12 0.25
Right side 0.04 0.03 0.12
Left side 0.20 0.07 0.23

Table140Differences betweetwo observations

This intraobserver reliability was not perfect but the size of the differences
between the observations on the same dentures was less than the differences
between thehreetrial dentures. With hindsight this too was misleading; tthe
occasions when the denturesre& measured for intra observer reliability used the
same pencil marks on the models. The differences observed were caused by the
variation in the use of the measuring devise only. Later it wasedathat far
greater errors may betroduced by the miaing of the dentures.

3.5.3.The direct physical measurement of the dentures

At the time of this experiment a possible explanation for differences between
the dentures was thought to be the errors introduced by the duplication of the shape
of the dentte by the agar duplication and the pouring of the stone casts. It was
therefore decided to eliminate the duplication of the dentures, mark the dentures
directly and make the measurements on the dentures themselves. A trial of this
methodology was undeian using the trial dentures.This assessment of the
methodology of testing the accuracy of the reproduction of the dentures was
concurrent with the main clinical trialAs dentures were produced for the patients

so they were measured.
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The assessment wedene on clinic with the clinical operating microscope used
to position the pencil marks on the three newly processed lower denturg8 for
casegout of a total of 66 cases assessed by the.td§E microscope magnification
was then reduced and a dadimicrometer was then used to make the measurements
between the pencil marksThe results were record on data collection sheets, and

collated on an Excel spreadshe@&he results of this assessment are givehahle

141 below.

Measurement | Mean and | Mean and | Mean and

S.Dof AB | S.D. of AC | S.D. of BC
4-4 (50cases) | 0.05(0.36) | 0.08(0.40 | -0.13(0.45
7-7 (50cases) | 0.06(0.40) | 0.09(0.39) | 0.15(0.42)
4/7 (50cases) | 0.14(0.35) | 0.06(0.36) | -0.09(0.32)
7/4 (50cases) | 0.10(0.44) | -0.030.49 | -0.13(0.40)
/74 (50cases) | 0.02(0.35) | -0.01(0.35)| -0.03(0.38)
/47 (50cases) | 0.02(0.30) | -0.07(0.29) | -0.09(0.30)

Table141These results are the means of the 50 cases where the differences between
the measuring points on thlereedentures were recorded

In Table141above the figure for the standard deviation is the more important
figure since it represents the spread of the difference between the dentures. We
know from statistical theory th#tdata is normally distribute@5% of the results lie
within +/- 1.96times the standdr devi ati on ofr etcheimeaan.of
data can be describeg this measurement (See Parthiapter 2.4). We know that
95% of the data lie within a maximum range of approximately 1mm (1.96 times
0.49mn) from the mean measutalifference. Such variance was considered large

and clinically significant; a millimetre is a long way in dentistry.

These results do show variation between the measurements of the three
dentures. During the assessment of these cases it became afgp#rertperator
that the consistent positioning of the pencil marks ontlinee dentures was a

problem. Even with the use of the operating microscope and the marking of one
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position on all the three dentures before moving on to another, it was dificurd

a precise reproducible position in the fissures of the artificial teeth.

Because of the concerns about the reproducibility of the position of the marked
pencil points for the physical measurements, an alternative measuring point was
devised. Tha&ew measuring point did not depend on locating a precise point on the

occlusal fissure pattern.

3.5.4 Thefinal direct cross arch physical measurement

The new measurement was the cross arch width between the lingual surfaces
of the second molar at théngival margin just below the line on the tooth moulds
between thetwo lingual cusps. Using this position the reproducibility of the
measuring point on the three dentures became far easier. For the final 21 dentures
both the original positions and the neposition were measured. Thus the
measurement of the width of the denture across the arch was maae different
methods. The original method measured the width across the arch from points on
the occlusal fissures of the second molars. The new wagured the sarch width
against the hard lingual side of the same teeth. Because of the similarity of the
dimensions resulting from of these two measurements, it is appropriate to look at the

differences in the variance obtained from the methods of masurement.

The comparison of the accuracy of tin ways measuring the reproduction
of the dentures was made, by comparing the standard deviation of the difference
between the dentures when each method of measurement was Usdie 142
below showsthe standard deviation of the crogasch measurements on the 21
dentures for which both methods of measuringctiossarch width was used. These
figures show a lower variance when the measurements are made against the side of
the tooth. Since the standateviation of the measurements viawer in the side of
tooth measurements it was decided to use these measurements alone to observe the

size and effect of differences between the dentures.
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S.D.of A-B | S.D.of A-C | S.D. of BC
Measurement , , )
in mm in mm in mm
7-7 occlusal fissures 0.45 0.26 0.47
X-arch side of teeth 0.17 0.23 0.18

Table142 A summary and comparison of the difference measured across the arch by
thetwo methods; the new method of the side of the tooth and the measurement
to the mark®n the fissure

3.5.5 Results

The results below are from the final method of measurement. They are the
measurements of the cross arch width against the hard lingual surface of the lower
second premolar. The differences (in the designated dimermbmgen denture A
and denture B, between denture A and denture C and between denture B and denture
C are the raw statistics explored below.

The results of the study which looked at the accuracy of the duplication of the
dentures are represented below ie three graphs below. The graphs show the
frequency distribution of the differences in the measurements between each of the
dentures. Figure 98shows the frequency distribution of the differences between
dentures A and BFigure 99the distribution of dferences between denture A and

C, andFigure 100between denture B and C.
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Frequency

1—
/ \ Mean =0.0586
Std. Dev. =0.22582
/ N'=22

-0.50 -0.25 0.00 0.25 0.50
AMINUSB

Figure 98A SPSS legacy graph of the frequency distribution of the difference
between denture A and B
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Frequency

1_
Mean =0.0186
Std. Dev. =0.17078

\ N =22

-0.60 -0.40 -0.20 0.00 0.20 0.40
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Figure 99A SPSS legacy graph of the frequency distribution of the difference
between denture A and C
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Frequency

/ Mean =0.04
\ Std. Dev. =0.1804

N =22

-0.20 0.00 0.20 0.40
BMINUSC

Figure 100A SPSS legacy graph of the frequency distribution of the difference
between denture B and C
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Paired sample-test of the difference between tldenturs showed no

significantdifference detected,able143below.

Paired Differences
95%
Confidence
Std. Inte.rval of the Sig.
Std. | Error Difference 2
Mean | Dev | Mean | Lower | Upper t df | tail
Denture
Pair A
.0186| .1708 | .0364 | -.0570| .0944 | 512 (21| .614
1 Denture
B
Denture
Pair A
.0586 | .2258 | .0481 | -.0415| .1588 | 1.218 | 21| .237
2 Denture
C
Denture
Pair B
.0400 | .1804 | .0385| -.0400| .1200 | 1.040 (21| .310
3 Denture
C

Table143 Paired ttest of differences between dentures: no significant differences

detected.

3.5.6Discussion

The devising of a technique to measure the accuracy of the reproduction of the

dentures proved to be a problem. A reasonable method of chec&ssyarch tooth

width was finally devised; however this final method of checking reproducibility

was not without problems. With hindsight the methodology used should hawre be

tested for accuracy and precision well before the trial started.
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It was desirald to eliminate the possibility of clinically relevariscrepancies
being introduced betweeindividual dentures. A physical difference between the
dentures introduces a potential confounding variable. A significant number of
similar confounding variablescould cause a Type | erroar( erroneous '‘false
positive) if the errors occurred preferentially in one type of denture (one side of the
trial) or a Type I error (a o6fal se

significantly dissimilar dentures are randomly distributed.

As a result of the analysis of the dimensions recorded in the study (see results
section above) we can say that in this study there is no evidence that any type of
denture had greater differences dimensions diving rise to a potentially
confounding variable) than another typedehture That is to say the differences in

dimensions were randomly distributed between the dentures.

Given that the differences between the dentures in this studsaademly
distributed between the types of denture, the effect of the differences between the
dentures is likely to result in a reduction in the power of the trial to detect a
difference. The greater the differences between the dentures the greaterthadl be
effect on the power of the study, 1br example, just one patienhoosesa denture
because they preferred the occlusion of the denture rather than the fitting surface
(the independent variable) the power of the trial would be reduced, but the effec
would be small. The more patients who base their decision for preference on a
randomly distributed difference in denture production, the more the power of the
studyis reduced. One way of dealing with this reduction in power due to problems
of randomly dstributed variables would be to increase the number of trial
participants. It would therefore have been preferable to have known these potential
problems prior to the start of the trial as they have the potential to affect the sample

size calculation.

For the purposes of planning future trials, it would also have been useful to
record and classify why a patient choose a certain denture. If many patients were
choosing on the basis of an introduced variable (other than the designated
independent variable oflenture fitting surface) future trials could use this

information to estimate effect size and sample size for the planned trial.

It remained important to make every effort during denture construction to keep

the three lower dentures as close as possibghape and occlusion. The technical



- 358-

methodthat was devised for producirtgree similar dentures (Dillonand Hyde

2008 was important for theability of the primary outcome of the trial to
differentiatebetween the denturedf there had been no atterido this problem

then similar dentures would not have been produced. Participants may have chosen
dentures because of the other differences between the dentures (randomly distributed
variables). This would have led to a dilution of the precision of &lldhtcome
measures in the trial, and the possibi
between the dentures. This probldor denture trials may explain why some
previous trials havestruggledto detect a differenceMcCord et al2005). Future

dentue trials need to consider the methodology of denture reproduction.
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Chapter 4
Clinical trial : timings and procedures

The trial took place in the (old) Ptbetics Staff Surgery, ondvel 5 of the
Leeds Dental Institute, University of Leeds, Clarend@ay, Leeds. The clinics
where the dental work of the trial occurred were under the supervision of Prof
Brunton as the NHS Honorary Consultant. The clinical work for the trial was
carried out by a single dentist assisted by a research dental nurseouttome
assessments for the trial were made by the patients with assistance (if needed) from

the research nurse.

Recruitment for the trial started in November 2006 and the final OHIP
guestionnaire was returnedJane 2009. At the start of the triphients who were
on the student waitglist for treatment at the LDAere called in to be assessed for
suitability for the trial. Later in the trial, patients were referred for assessment for
suitability for the trial by the local NHS consultants in regtioe dentistryMr T
Paul Hyde carried out these initial assessments of suitability of the patients
according to the designated inclusion and exclusion criteria. The data collection
sheets used to record the assessment of suitability of research paisicgre
appended to th€hesis(Appendix §.

When a patient was found to be suitable, the patient was given an explanation
of the trial and a Patient Information Sheappendix §; they were then asked to
return for an appointment one week later tacdss the trial tell us their decision
whether to take part and, potentially, to give their formal consetite trial. The
suitable, willing patients were consented and recruited using the trial consent form
(Appendix 8. Following consent, at the samwesit, the primary impressions were

taken.

There followed a minimum offive further appointmerst for denture
construction. These were appointments for secondary impression, folloyved
primary jaw registration, followed by secondary jaw registrationpfetid by trial
insertion and finally fit of dentures. After the fit of the denturfesir further
appointments took place for denture assessmehte first three appointments

assessed the randomly selected dentures in turn with the secondary outcome
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quesionnaire Appendix 8and chapter delow), the 4 assessment appointment
assessed althree dentures in the pre determined primary outcoassesment
(Appendix 8and chapters 5 & 6elow). Finally an appointment was offerdulee
months later to asse$ise overall treatment success by the CH#Pquestionaire
(Appendix 8and chapter ®elow). If patiens were reluctant to return to fill in the
OHIP-14 they were asked to return tbempleted questionnaire by post. All the
assessment tools are appentietheThesis(Appendix §.
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Chapter 5
The results for the primary outcomepatient preference.

66 patients completed the tridfigure 101land 1@). Threepatients failed to
complete; one deceased, one Wigpouse deceased, and one who was unable to
continue because he required unrelated surgery. The Consort flow difggknw)

reports the numbers in each arm of the trial.

The primary outcome measure was pdtipreference for the dentur83
patients (50%) abse the denture from the selectivegsue impression; 19 (29%)
chose the denture from the traditional method of relieving pressure on the mental
foramen; and 14 (21%) preferred tbentrol denture.
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5.1 Age and age distribution of participants

The averageage of research participanteas 725 years with astandard
deviation of 8.9years. The youngestesearctparticipantwas50 and the oldest 94.
The distribution of age is shown in the SPSS legacy histogram bEigwr¢ 10).

124

10

Frequency

T
50.00 60.00 70.00 80.00 90.00 100.00
age

Figure 101 A SSPS legacy histogram of the aljgtribution of research
participants.
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5.2 Consort flow diagram

CONSORT 2010 Flow Diagram

[ Enroll t ] Assessed for Not meeting criteria 32
nrolimen Eligibility 102 Refused to participate _ 1
I Excluded 33
| Baseline OHIP 69 |
v
| Randomized 69 |
|
[ [
[ Allocation ]
A Y + + Y A\ 4
ABC BAC CAB ACB BCA CBA
order order order order order order
12 11 11 11 13 11
T I
Follow-Up
A 4 A ‘ * A A
lost to lost to lost to lost to lost to lost to Total lost
study study study study study study ™ to study
1 1 1| 0 0 0 3
[ Analvsis ]
v v v v v v
Analysed Analysed Analysed Analysed Analysed Analysed
11 10 10 11 13 11
| Total assessed 66 (excluded from analysis 0)

Figure 102 Consort flow diagram for the cross over controlled clinical trial
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5.3 Multinomial logistic regression

The statistical analysis of the multinomial logistic regression anddbistoap
were carried out byAndrew Blance of thd®ivision of Biostatistts, Leeds Institute
of Genetics. Andrew was a -@pplicant on the original Dunhill grant and & co
author on the published paper (Hyde 2010). His work is fully acknowledged.

The Table 144 below gives the output from SPSS of a multinomial logistic
regression of the final choice of the denture with the variables of sex, order, OHIP
before, OHIP after, and age. The table is produced by SPSS software, but it should
be noted that the orilgal analyss for the paper was made Bydrew Blance (the
trial statistician) who preferred to use a different software package to produce the
regression.

95%
Confidence
Final choice of Interval for
denture: The Exp(B)
reference category Std. Lower | Upper
is Denture C. B Error |Wald | Df | Sig. | Exp(B) | Bound | Bound
Denture Intercept | 6.141|3.955|2.411|1 120
A Sex 750912 |.722 |1 |.396|2.170 |.363 |12.95
Order -.085(.259 |.107 |1 |.743].919 |.553 |1.527
OHIP 1 .031{.038 |.670 |1 |.413]1.032 |.957 |1.112
OHIP 2 -.050(.032 |2.445|1 |.118].951 |[.893 |1.013
Age -.070(.047 |2.239|1 |.135]/.933 |[.851 |1.022
Denture Intercept | 7.508|4.665 |2.590|1 |.108
B Sex .037(1.128 |.001 |1 |.974|1.038 |.114 |9.473
Order .061(.299 |.041 |1 |.839|1.062 |.592 |1.908
OHIP 1 .0221.043 |.263 |1 |.608[1.022 |[.940 |1.111
OHIP 2 -.031{.035 |.800 |1 |.371].969 |[.905 |1.038
Age -.106(/.056 |3.561|1 |.059|.899 |.805 |1.004

Table144Multinomial logistic regression with the control denture astse.
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Quoting from the published paper (Hyde 201@pultinomial logistic
regression showedonevidence of a sibdée or important effect othe potential

confounding variables

5.4 Bootstrap results

Quoting from the paper Hyde 201@lultinomial logistic regression showed
no evidence of a sibde or important effect of thpotential confounding variables
Consequently, bootstrapped 95% confidence intervals were preferred to the Null
model and were used for analysis. Bootstrapped 95% confidence intervals were
used to analyze patient preference for

1. the selective pressure method over the control
2. the glective pressure over the traditional foil relief
3. the traditional foil relief over the control

The difference in preference for the selective pressure method over the control
method was 29% with a 95% Confidence Interval of (9, 47)%. The difference in
preference for the selective pressure over the traditional foil method was 21% and of
borderline significance with a 95% Confidence Interval df, (47)%. The
preference of the traditional method over the control was not statistically

significantd
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Chapter 6
Discussion of the primary aitcome, patient preference

6.1. Multinomial logistic regression and statistical support

The statistician (Mr Andrew Blance) was a-awathor of the paper which
reported this study (Hyde 2010iHe is acknowledged ithis Thesisfor his work; he
devised the statistical analysis of the clinical study used here and in the published
paper (Hyde 2010). That paper (Hyde 2010) expresses the results of the statistical
analysis thusérhe possible confounding variables of agex, order of delivery of
the dentures, initial OHIP score, and final OHIP score were investigated by
multinomial logistic regression. No evidence of a sizable or important effect of
these potential confounding variables was indicated. Therefore itovesdered

unnecessary to adjust the model for these varidbles.

Table 144 above shows the output of the multinomial logistic regression
performed for the published paper (Hyde 2010) in consultation withuttwor
Andrew Blance. Multinomial logistic regssion produces a measure, the regression
coefficient; it is the logrithm of the odds that an independent variable is correlated
to the dependant variable. The value of log of the odds is shown iratie144
above, it is labelled B. The exponent@i B, Exp (B) above, is the odds of
correlation. Each of the 95% Confidence Intervals (C.I.) of the odds value of B
includes the value 1, that is to say odds of 1 (equal odds). Since the 95%C.I.
includes 1, no significant difference can be shown to tribatiable to the variable
investigated. Th&able 144 above therefore shows no significant difference for any
of the potentially confounding variables; the significance values (column marked

6Sigéb above) are always more than 0. 05.

6.2 Bootstrap

Bootstrg was a statistical method recommended by the statistician (Andrew
Blance) who was a eapplicant of the Dunhill grant that funded the study and-a co
author of the published paper (Hyde 2010) of this study. Bootstrap takes the pool of
raw results and ramanly, selects a case from the pool of results. After selecting a

case from the pool of results that selection is reinserted into the data pool before the
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next random selection is made. The process is continued until N results are selected
and a new dataet is produced. N is usually the number of variable in the original
dataset, in this case N=66. After each data set of N results is composed the process is
repeated to produce a large number of data sets each with N results. In this study
100,000 dataets (each of N data points of patient final choice of denture) were

produced in this way before the final analysis was performed.

6.3 Rejection of theNull Hypothesis

6rhe Null Hypothesiswas that none of the dentures would be preferred more
thanrandomchance by the patientS he results of this study show 95% confidence
intervals indicating preference for the dentures constructed fromsdhextive
pressure impression.The Null Hypothesisis rejected. In rejecting theNull
Hypothesis the alternativehypothesis is proposed that in this patient group there
was a preference for denture made by the selective pressure impoe@djale
2010).

6.4 Clinical considerations

This study provides evidence from a RCT of a preference for a particular
impressiontechnique for completeedhtures in this patient grouprhis is the first
randomized entrolledtrial to provide such evidencesiven the history and size of
the academic literature for impressions for congbigntures this is remarkabla.
the opinion of the authorthere are four factors which have been particularly
important in providig a clear outcome for the tridirstly, the adequate size of the
sample; secondly the methodology used in the duplication of the shape and
occluson of the thredrial denturesthird, the selection of the primamutcome as
patient preferencdpurth, the selection of a group of patients who all had aesing|
specific clinical condition. The last three of these factors were concerned with
reducing confounding vables while providing a sensitive and specific outcome

measure.Future RCTs in this area may benefit from adopting a similar strategy.

The denture produced from the new selectivequnestechnique is preferred in
this study. It is reasonable to postuéathat the designed selective pressure of the
impression translates into preferential loading under the resultant denture, and

explains the patient preference for that denture.



-370-

Chapter 7 OHIP-14 results and analysis

7.1 Introduction to OHIP -14 results andmethods of analysis

The traditional method of analysis of OHIB was mentioned in the original
OHIP-14 validation paper (Slade, 1997) who sdidescriptive statistics were
created by computing the mean of the coded response for each Eeeele et al
(Steele et akR004) explains the assignment of values to the Likert scales further
sayingd or anal ysis ordinal responses wer e
overy often6é, and all 14 ordinal respon:
score thatould range from 0 to 56, with higher scores indicating poorer oral health
related quality of lifed(Steele et a2004).

An alternative method of analysing OHIP guestionnaires is to assess the Ranks
by Likert score withiareabhedbevelThefgt b

in this case was before or after the treatment.

The traditional method of analysis has the benefit that it is easy to use and has
been widely reported in the literature but it makes the statistical assumption that the
Likert scale of the OHIP is continuous. If the Likert scale of the OHIP is continuous
then a true mean can be calculated. However if the scale is discrete but ordered a
mean would be inappropriate, since it can cannot be assumed that the distance

between théevels of the Likert scale is always the same value.

A paper published from the work of thihesis (Hyde 2010) used the
traditional method of analysis for assessment of the OHIP questionnaire. The details
of the traditional analysis arhereforeincluded in section 7.3 below. The non

parametric analyses are shown in section 7.4 below.

7.2 Results:raw dataof the before and after OHIP-14
guestionnaires

The raw data for the OHIP scores appendedAppendix 9.
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7.3 Traditional OHIP analysis

The Null Hypothesisfor this analysis is that the treatment does not result in a

change in the traditional OHiP4 score.

The alternative hypothesis is that the

treatment does affect theaditional OHIP-14 score.

7.3.1 Before and after summed OHIPL4 scores

The means and standard deviations of both the before and the after, traditional,

summed OHIPL4 scores are shown ifiable 145 below. All of a research

participants answers were eliminated from the total if they missed more than 1

answer Hteele et ak004). In this study no research participant missed just one

guestion. These are the means from all the remaining answers, from all participants,

before treatment and then after treatment.

Std.
N Mean Deviation
Before 686 3.04 1.450
After 686 2.43 1.420

Tablel45descriptive statistics of traditional OHIR! scores before and after

treatment.

The OHIR14 before score is higher than the OHWPafter score indicating an

i mpr ovement i

n

t he

patientso

perlifepti on

An analysisof the statistical significance of the decrease in the traditional OHIP

score was indicated.

7.3.2Paired students ttestof overall OHIP

For the overall assessment of the traditional OHIP scores, if any data was

missing from a befa@ or after question all that research participants data was

eliminated from the analysis.

The result of pairedtest of comparing the means of all OHIP question scores

from all research participants before treatment with the scores after treatment is

shaowvn below in Tablel46.
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95%
Confidence
Interval of the
Std. Difference
Std. Error Sig. (2
OHIP-14 | Mean Dev. | Mean | Lower | Upper T df | tailed)
Beforei

After .606 1.567 .060 | .489 | .724 |10.137|685| .00

Table146Overall mired ampless t u d tetestbfdraditional summed OHIP

scores

The results of thé-test reveal a statistically significant result (p < 0.001). See

chapter 8 for further discussion of the results.

7.3.3 Traditional OHIP means scores for individual questions

The mean and standard deviation of the score for each individual OHIP
guestion are shown in Tablel7 below. Any unanswered question was eliminated
together with the corresponding (before or after) question from the same patient;
thus only matching datalvere the same patient answered the same question before

and after treatment was included.
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Mean N Std. Deviation

Pair 1  question 1 before| 2.59 56 1.345
guestion lafter 2.27 56 1.300

Pair 2  question 2 before| 2.18 56 1.281
guestion 2 after 1.80 56 1.086

Pair 3  question 3 before| 3.64 56 1.354
guestion 3 after 3.18 56 1.515

Pair 4  question 4 before| 4.39 56 0.908
guestion 4 after 3.79 56 1.275

Pair5 question 5 before| 3.46 54 1.397
guestion 5 after 2.69 54 1.540

Pair6 question 6 before| 3.41 54 1.296
guestion 6 after 2.70 54 1.327

Pair 7 question 7 before| 3.51 53 1.449
guestion 7 after 2.81 53 1.455

Pair 8 question 8 before| 3.59 54 1.158
guestion 8 after 3.04 54 1.345

Pair9 question 9 before| 3.15 55 1.353
guestion 9 after 2.33 55 1.402

Pair 10 question 10 beforq 3.41 54 1.237
guestion 10 after | 2.39 54 1.352

Pair 11 question 11 beforq 2.61 54 1.352
guestion 11 after | 2.04 54 1.317

Pair 12 question 12 beforq 1.69 54 0.968
guestion 12 after | 1.65 54 1.152

Pair 13 question 1defore| 3.07 54 1.385
guestion 13 after | 2.33 54 1.427

Pair 14 question 14 beforq 1.98 54 1.173
question 14 after | 1.72 54 1.265
Table147 Traditional OHIP means scores for individual questions

For each question thaveraget r adi t i onal OHI P Obefor e
the OHIP O6afterd score, i ndicating an i

their oral health related quality of life. An analysis of the statistical significance of
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this decrease in the traditional OH#eore was indicated. This was achieved by

paired sample-tests.

7.3.4 Paired sample-tests for each OHIP question

Paired Differences

Std. | 95% ClI of the

Std. Err. Difference Sig. (2

Mean | Dev. | Mean| Lower | Upper | T df | tailed)

Pair Q 1 before
1 Q lafter 0.321 [1.454 |.194 |-.068 |.711 |1.66|55 |.104

Pair Q 2 before
2 Q2 after 0.375 [1.383 |.185 |[.005 |.745 |2.03|55 |.047

Pair Q 3 before
3 Q 3 after 0.464 |(1.618 |.216 |[.031 |.898 |2.15|55 |.036

Par Q4 before
4 Q 4 after 0.607 | 1.397 |.187 |.233 |.981 |[3.25|55 |.002B

Pair Q5 before
5 Q5 after 0.778 [1.890 |.257 |.262 |1.294 |3.02|53 |.004

Par Q 6 before
6 Q 6 after 0.704 (1.513 |.206 |.291 |1.117 |3.42|53 |.001B

Pair Q7 before
7 Q7 after 0.698 | 1.671 |.230 |.238 |1.159 |3.04|52 |.004

Par
Q8before | o556 |1.501 |.204 |.146 |.965 |2.72|53 |.009

8 Q8 after

Par

9 Q9 before 0.818 |1.712 |.231 |.355 |1.281 [3.55|54 |.001B
Q9 after

Par Q lefore
10 Q10 after 1.019 [1.677 |.228 |.561 |[1.476 |4.46|53 |.000 B

Par Q 11 before
11 Q11 after 0.574 | 1.655 |.225 |.122 |1.026 |2.55|53 |.014

Pair Q 12 before
12 Q12 after 0.037 | 1.258 |.171 |-.306 |.381 |0.21|53 |.830

Par Q 13 before
13 Q13 after 0.741 | 1.761 |.240 |.260 |1.221 [3.09|53 |.003 B

Pair Q 14 before
14 Q14 after 0.259 |1.568 |.213 |-.169 |.687 |1.22|53 |.230

Table148Paired ttests of before and after traditional OHIP scores for each question
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The paired test of each question demonstrates statistically significant
differences inl1 out of the 14 OHIP questions before and after treatment. The five
results marked3 above show significance with Bonferroni correctiointhe 0.05
significance leve(see discussion below sectio®)8.

7.4 Non Parametric analysis of OHIP questionnaires.

In order to compare traditional analysis with non parametric analgsisame

datasets used for 7.3 above were now used for non parametric analysis.

7.4.1 Non parametric overall assessmeuwf before and after
For the non parametric overall assessment if any data was missing from a
before or after question all that research particgpalatta was eliminated from the

analysis.

The data was entered into SPSS and analysed with non parametric related

Wilcoxon sign rank test.The results are shown in Tabld9 and Table1l50

below.

OHIP-14 N Mean Rank Sum of Ranks
Negative RankgAfter < Before 323 231.23 74687.00
Positive RankgAfter > Beforg 120 197.16 23659.00
Ties (After = Beforg 243
Total 686

Table149 Meanranks;there are more negative ranks than positive ranks;
participants answer more questions with a hidgiedoretreatment rardscore
than vice a versa.

Wilcoxon Signed Rankstest | After - Before

z -9.614
Exact Sig. (2ailed) 0.0000

Table1500verall Non parametric Related Wilcoxon sign raedt
The results show a statistically significant result with Exact Sig (2 tailed) less

than 0.00(see discussion below)



-376-

7.42 Non parametric exploration of individual questions

The same dataset as in section 7.3.4 above was used for a non parametric
related sample analysis; this iee equivalent non parametric test to the pairéekst
above. Only matching data where the same patient answered the same question
before and after treatment was included.

Wilcoxon sign rank tests were used to assess thdisagite of the data. The
results are shown for each question below in Tablewhich showdMean Ranks of

related(same question same patieléfore and after OHIP questionsing SPSS.
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Mean Sum of
N Rank Ranks
QL1 after - before Negative Ranks 20(a) 15.65 313.00
Positive Ranks 10(b) 15.20 152.00
Ties 26(c)
Total 56
Q2 after - before Negative Ranks 19(a) 14.82 281.50
Positive Ranks 9(b) 13.83 124.50
Ties 28(c)
Total 56
Q3 dter1 before Negative Ranks 24(a) 18.92 454.00
Positive Ranks 12(b) 17.67 212.00
Ties 20(c)
Total 56
Q4 afteri before Negative Ranks 27(a) 18.96 512.00
Positive Ranks 9(b) 17.11 154.00
Ties 20(c)
Total 56
Q5 afteri before Negative Ranks 35(a) 23.06 807.00
Positive Ranks 11(b) 24.91 274.00
Ties 8(c)
Total 54
Q6 afteri before Negative Ranks 27(a) 23.96 647.00
Positive Ranks 13(b) 13.31 173.00
Ties 14(c)
Total 54
Q7 afteri before Negative Ranks 26(@@) 20.83 541.50
Positive Ranks 11() 14.68 161.50
Ties 16(9
Total 53

Table151 (continued below)
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Mean Sum of
N Rank Ranks
Q8 afteri before Negative Ranks | 22(a) 15.95 351.00
Positive Ranks 8(b) 14.25 114.00
Ties 24(c)
Total 54
Q9 afteri before Negative Ranks | 29(3 21.22 615.50
Positive Ranks 10(b) 16.45 164.50
Ties 16(0
Total 55
Q10 aften before Negative Ranks | 37(3 24.43 904.00
Positive Ranks 9(b) 19.67 177.00
Ties 8(0)
Total 54
Q11 afteri before Negative Ranks | 30(@@) 19.63 589.00
Positive Ranks 10(b) 23.10 231.00
Ties 14(9
Total 54
Q12 aften before Negative Ranks | 13(3 11.08 144.00
Positive Ranks 10(b) 13.20 132.00
Ties 31(0
Total 54
Q13 afteri before Negative Ranks | 28(3 20.43 572.00
Positive Ranks 10(b) 16.90 169.00
Ties 16(0
Total 54
Q14 afteri before Negative Ranks | 18(3 17.42 313.50
Positive Ranks 13(b) 14.04 182.50
Ties 23(0
Total 54

Table151 (continued)Mean ranks and sum of ranks for questions; a after question<
before questiorh after question> before questiamafter question= before
question

As can be seen by the variation in the totals in the N column abatée(51)

some patients missed outnse questions. Tablé51 above always showed more



negative ranks than positive ranks for every question. That is to say the number of
participants who ranked the answer to each question lower afterwards was always
greater than the number of participantsowranked the answers higher after
treatment. This suggests that there was an improvement in the patents perception of
their oral health related quality of life after treatment. Further analysis was required

to test the significance of the difference éach question.
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7.4.3Non parametric analysis

The Wilcoxon signed rantestwas performed on the same data set as section
7.3 abovei(e. the data set where all question where included where the before and

after questions had been completed by the resgarticipants.

Q1 Q2 |Q3 |Q4 |Q5 |Q6 |Q7

Wilcoxon sign rank | after - | after - | after - | after- | after - | after - | after -
before | before | before | before | before | before | before

Z(Based on positive
-1.684 |-1.815(-1.929|-2.880|-2.951-3.243|-2.906

ranks)

Asymp. Sig.(2-

, .092 .069 |[.054 |.004 |.003 |.001 |.004
tailed)

Exact Sig. (2ailed) |.094 .070 |.054 |.003B |.003B |.001B |.003B
Q8 Q9 Q10 [Q1l1 |Q12 Q13 |[Q14
after - | after - | after - | after - | after - | after - | after-
before | before | before | before | before | before | before

Z(Based on positive
-2.479 |-3.184(-4.032|-2.452|-.186 |-2.955|-1.303

ranks)

Asymp. Sig. (2

, .013 .001 |[.000 |.014 |.853 |.003 |.193
tailed)

Exact Sig. (2ailed) |.012 .001B | .000B |.013 |.900 |.002B |.196

Table152 Wilcoxon sign rankess for each question in tl@HIP-14 questionnaire

The results for the non parametric analysis show a statistically significant
result in 9 out of the 14 questions (exa¢aled) at the 0.05 level. 7 of the fourteen

guestions (marked above) were signigant with the Bonferroni correction of

multiple analysigsee chapter 8 below for a discussion of this)
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Chapter 8 Discussion of assessment by OHIPs

8.1 Raw datafor OHIPs

There is some missing data for both before and after OHIP scores. The data
missing for the before scores are largely due to patients missing a page of questions
when filling in the OHIP questionnaire. Where more than one question was missed

the OHIP scae was deleted from all calculations as described by Steel (2004).

Ther e wearfeOHiSCcoees missinphan oO0bef oredé OHI P
was due to patient failing to return th
completedthreemonths aer all other aspects of the trial were completed. When
the patient could not return for an appointment to fill in the questionnaire patients
were contacted by post with an OHIP questionnaire to the last known address and
were telephoned (where possibte)encourage completion. Thet-off point for

waiting for OHIP scoreto be returnedvaslate June 2009.

8.2 Pairedsamplesstudents ttestof overall traditional OHIP -14
scores

The results of analysis (shown in Taldld6 section 7.3.2 above) show a
statistically significant di fference be
(p<0.001). TheNull Hypothesisthat the treatment did not affect the OHIP score is
rejected. In rejecting thidull Hypothesisthe alternativénypothesis is proposed that
the treatment provided affected the pati

of life.

The reduction in the OHIP score demon

perception of the oral health related quality of life.

8.3 Traditional OHIP scores for individual OHIP-14 questions

Taking the mean OHIP score for each question (from all the patients) all
individual OHIP question showed a decrease in mean OHIP score after treatment
(Table 147 above) Subsequentgired tteds demonstrated this difference to be
statistically significant in 11 out of the 14 OHIP questions before and after

treatment.
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OHI' P questionnaires are designed to
quality of life. These6 d i me nasrieo ndé Flulimitationdo, Rhysical paid ,
60Psychol o dortéc,Bhysical dissihilip niPsychological disability , i@ So c
disabilityd and ap®.Ha n dA @idlP-14, twe questionsare allocated
sequentially to each of these 7 dimensions; the fist questios to the first
dimension listed abovyethe secondtwo questions are related to the second
dimension listed above, etc until the last questions, 13 and 14, are allocated to the
|l ast di mension of O6éhandicapo.

Each OHIP dimension has at least one question where is a statistically
significant r e s u Physical paibe diPme/rcshiodiondy,i cfal &
Physical disabilith  a Rsgcholdgical disabiiy have both all oca
showing a significant result. The dimensions where both questshowed a
significant difference can be said to demonstrate a clear improvemitat iaspect

of thepatiens perceived oral health related quality of life.

Bonferroni correction for multiple testing was subsequently applied to the data.
Bonferroni B a conservative estimate of significance when the numbers of multiple
tests are increasedin the Bonferroni correction for multiple testing, the level of
significance is divided by the number of tests. In this case there are 14 individual
tests so the correction of the level of significance is 0.05/14= 0.00357. Five of the
14 results (marked in Table 148 above) show significance with Bonferroni

correction of the 0.05 significant level.

Dimensions that have a significance difference between before and after
treatment when the Bonferroni correction is used are: Physical pain (One out of two
passible questions significant), Psychological discomfort (one out of two questions),

Psychological disability (both questions), and Handicap (one question).
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8.4 Non parametric analysis for the overall OHIP-14 questions

The results of analysis (shown inbla 150, section 7.4.1 above) show a
statistically significant di f fd4ranksc e be
(p<0.001). TheNull Hypothesisthat the treatment did not affect the OHIP score is
rejected. In rejecting thidull Hypothesisthe alernative hypothesis is proposed that
the treatment provided affected the patd.i

of life.

The reduction in the OHIR4 ranks demonstrates an improvement in the
patientsodo percepti onityoffift.t he or al heal t h

8.5 Non prametric analysis for the individual OHIP-14 questions

In Table 151 above, the mean ranéf the before OHIFPL4 questions were
always higher than the mean rank of the after questions. This suggested a
difference. The subsequent nparametric analysis showed a significant défece
in 9 of the 14 questionalpha =0.05Table152).

The dimensions of6 Ps y c h ol o gfortd aHhysicdl i dssabitititn  a n d
@Psychological disability have both all ocated resultesti or
The di mensions of 6physical paindé and
difference in one of théwo questions for the dimension. The dimension of
OFunctional l' i mitationd does not show a

analysis (no difference detected).

The Bonferroni correction for multiple testing was subsequently applied to the
data. In the Bonferroni correction for multiple testing, the level of significance is
divided by the number of tests. In this case thereldrindividual tests so the
correction of the level of significance is 0.05/14= 0.00357. Severn of the 14 results
(markedB in Table152 above) show significance with Bonferroni correction of the
0.05 significant level.

Dimensions that have a significancifference between before and after
treatment when the Bonferroni correction is used are: Physical pain (one out of a
possible two questions significant), Psychological discomfort (both questions
significant), Physical disability (one out of two questipridsychological disability

(both questions), and Handicap (one question significant).
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8.6 Summary of OHIP-14 and the analysis used in this study

A lengthy discussion of the advantages and disadvantages of the alternative
methods of analysis for OHIP tympiestionnaire is a matter for statistical experts
and beyond the scope of this cliniGdlesis Suffice to say here that the analysis of
the OHIR14 showed improvement after treatment, by both the traditional and non

parametric analysis of the OHIE!.

The OHIR14 was not used in this study to provide a tool for differentiation of
the patient berfé from each side of the triathat is,each individual denture (see
section2.5.4of chapter2, Part IVabove). It was used instead to show the overall
benefit of treatment. Whichever analysis is ysié@ conclusion that patients

benefitted from this provision of new dentures can be made.

The analysis of the individual questions of the OHIP involvadtipie
comparisons. It is good statistical practice to use a conservative correction of the
significance level in these circumstances. The Bonferroni correction suggested here

iS robust.

When Bonferroni was used in this study the non parametric amalgd more
guestions showing a significant difference than the pattedtt(the same data set
was used for both analyses). Suffice to say here that the traditional summed OHIP
analysis did not produce as robust an outcome; it would be speculativggessu
that this is because the assumptions required for the traditional statistical analysis
were violated. This study suggests the non parametric analysis was more robust; but
further statistical research is required before further conclusions can hle asad

different data sets may show different trends.

The trend in papers published throughout 28020 in the scientific literature
was towards non parametric analysis of the OHIP questionnaires, either by
Wilcoxon (for example Bihan 2010) or a suitableon parametric) form of
regression (for exampl8anders et a2009, Russanen 2010). The correction for
multiple testing that has been used here has not been carried out often in the
literature; although as this was being written, papers have been pduiist report

the use of Bonferroni correctionSgnders et &009).

The papers that report multiple 6épb v

certain amount (rather than the figure itself). This makes it difficult for the reader to



- 384-

retrospectrely apply a correction for multiple testing. There is a notable exception

and Suttorand McCord(2007) is an example in the literature where a correction for
multiple testing has not been carried out, yet in all but one domain, the actual p
value was qued. This allows the inquisitive reader to perform manually a
Bonferroni correction of the significance level. If the results in SwutawhMcCord

(2007) were subjected to Bonferroni correction there would be only one domain
which gives a statisticallysgni fi cant result (the domai |
where the p value was quoted as p<0.001 and the Bonferroni correction would

require a p value <0.002).

In summary, the traditional summed OHIR score uses a non continuous,
ordinal, variable ath yet it compares means; expert statisticians are aware of the
potential problems with this type of analysis. In contrast the more correct non
parametric analysis presented here is easy to use and can be described in an
understandable way. A suitable @mtion of multiple testing (with either traditional
or non parametric analysis) should always be applied to analysis of multiple OHIP

domains.

For the type of overall analysis required for the work of Trhgsis the non

parametric, Bonferroni correcteahalysis is preferred.
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Chapter 9 The seconday outcome questionnaire

9.1 Introduction

The assessment of the dentures by the secondary outcome questionnaire took
place after the research participants had worn each new dentun® foeeks. The
as®essments were sequential. Each denture was assessed separateiy wbks

between each assessment.

The secondary outcome questionnaire @eeendix § askedthreequestions.
In answer to each question the research participant was given the dpfaur o
Likert-like boxes to tick. The outcome measures are ordinfdur outcome
response$or each assessment ranging frtme very positive, through positive and
negative, to the very negativeFor the comfort question responsesre labelled
very combrtable, comfortable, uncomfortable and very uncomfortable. For the
stability question they were labelled very stable, stable, unstable and very unstable.
For themasticatoryefficiency question they were labelled very efficient, efficient,

inefficient, and very inefficient.

The answers to thiareequestions were each given the numbering of 1 for the
very positive responséwo for the positive responsthreefor the negative response
and four for the very negative response. Thus the higher the eumb the

response the worse was the patientsoé ass

Two independent variables were recorded at each assessment. They were the
denture being reviewed (denture A, denture B or denture C) and the order of
delivery (first denture to beetivered and assessed, or second denture or third

denture).
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9.2 Research questios and Null Hypothesisfor secondary outcoms

Research questions were raised for each of the independent factor variables.
For each independent 6f 4 At orB war iChlaensd 06

or 3%, the research questions were;

Was there a significant difference in comfort rating between the levels of the

independent variables?

Was there a significant difference in stability rating between the levels of the

independent variables?

Was there a significant difference nmasticatoryefficiency rating between the

levels of the independent variables?

The correspondintlull Hypothesisfor each research question wisere was
no difference between the levels of tfeetor variabl@ Thus there were a total of
threeNull Hypothesisr e | at ed t o each factor of O6den
analysis of the results was designed to test each of shelell Hypotheses in turn.
The initial analysis was by retd non parametric analysis with Wilcoxon signed
ranks test (section 9.5 below). Further modelling was carried out using ordinal

logistic regression (semppendix 1Dbelow).

9.3 Raw data

The raw data for the assessnt of comfort, stability and chewirgfficiency is
appended iMppendix 10

Since all research participants completed the secondary assessment at the
clinical visits, there was no missing data; all 66 patients who completed the trial
completed the secondary outcome assessment questionrfé@resvearing each

denture.
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9.4 Exploration

The outcome is not continuous so itseansiderednappropriate to calculate
the means and standard deviations of the number attached to the order of the
variables. Mean ranksare usedor the analysis The mediansf the overall data
sets for comfort, stability andmasticatory efficiency scores, from all the

guestionnairesgre listed inTable153 below.

Comfort Stability Mastication
N Valid 198 198 198
Missing 0 0 0
Median 3 2 3

Table153. The medians of dependant outcomes from all the questionnaires (before
and after).

Thebar charts showing the frequency of each answer tthtkequestions are
shown below Figures 105, 106 and 1Q).
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the order oflelivery.
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9.5 Analysis of the secondary outcome by Wilcoxon signed ranks

test

9.5.1 Comfort assessed between thdenturesby the secondary outcome
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guestionnaire with Wilcoxon signed ranksest

Comfort by denture

Dentures Dentures Dentures
Wilcoxon Signed Rankstest [B1 A CiA Ci B
Z -1.577(a) | -.107(b) -1.580(b)
Asymp. Sig. (2tailed) 115 915 114
Exact Sig. (Zailed) 130 .936 125

Table154. Related 2 sample Wilcoxon signed raegtof comfort; (a) Z based on

negative ranks bj Z based on positive ranks.

No difference was detected between tineee dentures for the research

participants?®é

Bonferroni correctionwas not applied as the results were not significant at the

unaorrected 0.05 level.

rating

of

comfor t

usi

ng



9.5.2 Stability assessed between the dentui@gsthe secondary outcome
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guestionnaire with Wilcoxon signed ranksest

Stability by denture

Dentures | Dentures | Dentures
Wilcoxon Signed Rankstest |B1 A CiA |Ci B
Z -.788(a) |-.441(a) |-.435(b)
Asymp. Sig. (2tailed) 431 .659 .664
Exact Sig. (2ailed) 436 672 .670

Table155. Related 2 sample Wilcoxon signed rae&tof stability; (a) Z based on
negative ranks b) Z based on positive ranks.

No difference was detectedetween thethree dentures for the research

of Stability

participantsé®é

rating

usi

Bonferroni correctia was not applied as the results were not significant at the

uncorrected 0.05 level.

n



- 394-

9.5.3Masticatory efficiency assessed between the denturag the
secondary outcome questionnaire with Wilcoxon signed rankgst

Masticatory efficiency by denture

Dentures | Dentures| Dentures
Wilcoxon Signed Rankstest |BiT A Ci A |CiB
Z -1.304(a) |-.319(b) |-1.754(b)
Asymp. Sig. (2tailed) 192 .750 .079
Exact Sig. (2ailed) .209 .755 .096

Table156. Related 2 sample Wilcoxon signed rae&tof masticatoryefficiency;
(a) Z based on negative ranks) Z based on positive ranks.

No difference wasdetected between ththree dentures for the search
parti ci pan tnsasticataryaefficienoy usmg the secondary outcome
guestionnaire. Bonferroni correction was not applied as the results were not

significant at the uncorrected 0.05 level.
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9.5.4 Comfort assessed between the order of delivery the secondary
outcome with Wilcoxon signed rankgest

Comfort by order of delivery
Secondi | Third - Third -
Wilcoxon Signed Rankstest | first first second
Z -3.108(a) |-3.143(a) |-.042(b)
Asymp. Sig.(2-tailed) .002 .002 .966
Exact Sig. (2ailed) .002B .002B .959

Tablel1l57. Related 2 sample Wilcoxon signed raektof comfort by order of
delivery; (a) Z based on negative ranks,4 based on positive ranks.

The exact Zailedtesti s si gni ficant at 0.05 I evel
rating of the first denture against both the second and the third denture. Multiple
tesing requires a conservative correction of the significance level. Bonferroni

correction is applied andhithis case the Bonferroni correction of the 0.05 level is
0.05/3 = 0.0167. With the Bonferroni correction the exact 2 tailed p value shows a
statistical significant difference between the first denture and both of the other

dentures.

9.5.5Stability assessed between the order of delivery by the secondary
outcome with Wilcoxon signed rankgest

Stability by order delivered
Second Third 1 Third 1
Wilcoxon Signed Rankstest | first first second
Z -902(a) |-.415(a) |-.607(b)
Asymp. Sig.(2-tailed) .367 .678 544
Exact Sig. (2ailed) .390 .686 .645
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Table158. Related 2 sample Wilcoxon signed raestof stability by order of
delivery; (a) Z based on negative ranks,4 based on positive ranks.

No difference was detected between the order of delivery of the dentures for
the patient recorded stability of the dentures using the secondary outcome
guestionnaire. Bonferroni correction was not applied as the results were not

significant at the uncoroted 0.05 level.



9.56 Masticatory efficiency assessed between the order of deliveny the
secondary outcome with Wilcoxon signed rankgest
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Masticatory efficiency by order delivered

Second Third 7 Third 7
Wilcoxon Signed Rankstest | first first second
Z -1.909(a) |-2.674(a) |-1.110(a)
Asymp. Sig. (2tailed) .056 .007 267
Exact Sig. (2ailed) .063 .006B 242

Table159. Related 2 sample Wilcoxon signed rae&tof masticatoryefficiency by

order of delivery; (a) Z&sed on positive ranks.

Theexactz ai | ed

rating of the first denture against third denture.
conservative correction of the significance level.

applied ad in this case the Bonferroni correction of the 0.05 level gave significance

at the p=0.05/3 = 0.0167 level.

result shows statistical significeebetween the first denture and the third of the

other dentres.

test

i s

significant

Multiple testing requires a

The Bonferroni correction was

With the Bonferroni correction the exact 2 tailed

0.
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9.6 Discussion of secondarputcome questionnaire

9.6.1 Overall result

With the secondary outcome, the trial participants express overall
dissatisfaction with the new dentures in their assessment of comfort and chewing
efficiency. This is well illustrated in Figures 103 and 105 above. At one week post
insertion, the majomnt of patients found the unadjusted dentures uncomfortable or

very uncomfortable and inefficient or very inefficient at chewing.

As discussed in section 3.1.4 above, the adjustment of the fitting surface before
the assessment of the fitting surface wduwdde introduced a confounding variable
into the study. The assessment of the unadjusted dentures was therefore considered
desirable. The secondary outcome measure was timed to assess the dentures after
each unadjusted denture had been worn for 1 weehile\lY may not be considered
surprising by experienced clinicians that an unadjusted denture was assessed by the
patients as uncomfortable, it is important not to dismiss this result as unimportant.
The patients were uncomfortable. The discomfort of gh&ent highlights an
important ethical consideration for future denture trial protocols. This result
confirms as correct the caution within this trial protocol which restricted the
assessment period for the unadjusted dentures to just one week (&&e Zéct

above).

In a similar way the assessment of chewing efficiency at one week by the
secondary assessment tool reflects the
dentures within this period. Habituation to dentures is well recognized and
discussed elsewhere (see sections 9.6.4 to 9.6.6 below). Because the dentures were
constructed to be similar in the shape of their polished and occlusal surfaces it was
expected that the patients would habituate to the second and third dentures more
easly. This is one possible explanation for the difference in the assessment of
chewing efficiency between the first and third denture seen in section 9.5.6 above.
This order related bias is discussed below (section 9.6.4). It highlights the need for

randamization in cross over clinical trials.

Following the assessment in the primary outcome (which followed after the
assessment by the secondary outcome) the dentures were adjusted for the patients, if
necessarily repeatedly, until they were satisfactory.e Pphtients were able to

habituate to the adjusted dentures over the following 3 months before the final OHIP
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assessment. The OHIP (see Chapters 7 & 8 above) reflects patient satisfaction with
the dentures after the adjustment and habituation periodshisAtime the overall
assessment of the dentures by the patients reflects satisfaction. The reduction in
traditional OHIP score compares well with other trials and the minimum important
difference (MID) in prosthodontics determined for the OHIP 49 by Jethal
(2009).

9.6.20utcome differences

The primary resul{Chapter5, Part I\) was able to demonstrate a significant
difference between the dentuf@s B or C), and yet the secondary outcome failed to
detect a difference. Consideration needs to bengio why there is this dichotomy
of results between the primary outcome and the secondary questionihere are
two possibilities; the primary outcome has wrongly detected a difference or the
secondary outcome failed to detect a real difference. geTyerror or a Type 2

error; consideration and judgement is required to assess these possibilities.

9636 No difference detectedd and exper.i
An insignificant outcome (as found with the secondary outcome) is often

erroneously portrayed ascanfirmation of theNull Hypothesis whereas it should

be more carefully worded as o6éno differe

Null Hypothesis

It is normal practice for clinical trials to calculate the number of subjects
required by a powecalculation based on the assessment tool to be used for the
primary outcome. This clinical trial was powered for the primary output. The
secondary outcome was not considered in the power calculation. A retrospective

consideration of the power of the sadary outcome was therefore indicated.

An assessment of the secondary outcome by ordinal logistic regression is
appended to th&hesis(Appendix 1). Guidancewith the statisticsinvolved in the
ordinal logistic regression analysis was given by Theresmy®wimbwe of the
department oBiostatistics University of Leeds whashelp isacknowledgedcere

and in theThesisacknowledgements.The overall results of the OrdifaLogistic
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Regression confirmethe significances provided by tlsamplerWilcoxon signrank

tess aboveexactly matching those occasions when significance was shown.

For an analysis involvingdds Ratios, the power of the calculation may be
estimatedetraspectivelyfrom thereducedormula below(Machin et al 1987 page
23)

m= 6(k)/(log CR)?

where O6mdé is the number of participan
the power may be assessed usingthstdgandar
of the Odds RatioMachin et al987).

In this study m=66 so we gaolve the equatioabove ford &thus:

k=11(log OR¥

From standard statistical tables, when k= 7.849 the power of the calculation is
0.08 B0%); i k is less than 7.849 then the power of the calculation is less than 80%
(i.e. insufficient). For k to be less than 7.849tleelog of the odds ratievould be
lie between +0.8447and- 0.8447 The expoartials of 0.8447 and0.8447are
6.994and 0.143 respectivelyherefore theodds ratiofor Power to bdessthan 0.8
would beless than6.994 but more than 0.143The oddsratios from an ordinal
logistic regression of the secondary assessmpatfofmed by the statistical
software 0STAPRpgpénlix 14 rAlk 12ddds Ratios fram the Ordinal
Logistic Regressiometurn the power of the calculatioas less than 0.§beta <
80%) The power for the secondary outcome was less than 8%.power for the

secondary outcome may lead to type 2 errors.

A conclusion of &édno difference detect
of no real difference but that a diffemncould not be detected by the experiment
with analysis used. One possible explanation for the different conclusions between
primary and secondary outcomes (significant difference v no difference detected)

would be that the secondary outcome has insafftqpower.

The primary outcome was powered; the secondary wasAroassessment of
possible explanations for the insufficient power of the secondary outcome was
indicated. The different conclusions between primary and secondary outc@yes
be explined by adype D error due to insufficient power; but what caused the

insufficient power?
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The primary outcome was designed to be simple and explicit. It asked the
research participant to name the denture they preferred. Crucially the primary
outcomewas comparative, the research participants were given all the dentures to
take home fotwo weeks and they could swap and change to compare the dentures
as much as they liked. The primary outcome was not directed to be sequential but
directly comparative. In contrast, the secondary outcome assessments were
sequential and not directly comparative; for the secondary outcomes research
participants only had one denture at a time. This raises the possibility of response

shift (see below).

It was suggested aan initial working hypothesis that the nature of the
secondary assessment introduced a confounding variable which masked the real
difference between the dentures.

9.64 Order related confounding variable

For the primary outcome, avknow from the multinomial logistic regression
above (sectio®.1, Chapter 6, Part )Mhat the order of delivery of the dentures did
not affect the primary outcomel-or the secondary assessment,ahalysisby the
Wilcoxon signed ranktess above showthat the first denture delivered was
perceived to be worse than the others for comfort, and worse than the third denture
for masticatoryefficiency. For the comfort andmasticatoryefficiency assessments
theNull Hypothesidgs rejected and the alternatipeoposed thatiere is a significant
difference in outcome related to thwder of delivery of the dentures.The
alternative hypothesis that the order of delivery affects the outcome of the secondary
assessment tool is proposekhis finding of the potetial for the order of delivery to
affect an outcome measure in cross over denture trials confirms the opinion
expressed by McCord (McCord 2005). Future trials should be careful to include

appropriate randomisation within the protocol.

For both the comfort group and thesticatoryefficiency group therappears
to bea bias against the first denture deliveretihe effect size of this potential
confounder was large. It was suggested as a revision to the working hypothesis
(raised in setion 9.63 above that the confounding variable was the order of

delivery.
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Dentists wildl be familiar with the ¢
(Basker and Davenpo2002) The order related bias seen with the secondary
assessment may be explairtadthe habituation of the patient to the shape of the
new (first) denture. Since the second and third dentures are deliberately made to
have polished and occlusal surfaces very similar in shape to the first denture, the
patient will be habituated to sewb and third dentures shape before they are worn.

In these circumstances it is no surprise that the second and third dentures do not
cause such a negative reaction as the first denture. Althda@iord et al(2005)

does not mentiordhabituatio® by name he found a similar bias against the first
denture in his limited studyMcCord et al2005). For the denture research of this
Thesis habituation is a useful hypothesis for the cause of the order relateit bias

the secondary outcome

The variable of ordeof delivery of the dentures was significant for the
secondary outcome. It was possible that the order of delivery has confounded the
results to mask the effect for which denture was being assessed. A mechanism
(habituation) for the potential cause obist possible confounding variable is well

known to clinicians.

9.65 Response shift

OHabituationd is a potentially wuseful
understanding of these confounded results. To express the problem to a non dental
audierce it is preferable to say that this trial, thee is a problentaused by the
repeated treatment (and repeated assessment) creating a bias in the objectivity of the
self assessment of the thpeutic effect of a treatmeniThe second time a similar
tredment was offered it was not assessed by the patient as having the same
magnitude of effect by the subjective assessment tool. There is potential for the
same type of Oresponse shiftd to happen

are assessed bytpnt centred questionnaires

In the wider research community this phenomenon of patient centred quality of
life assessments has been recently discufdadliaéyGoddard et aP009, Nolte et
al 2009,Gillison et al2008,Ring et al2005,Ahmed et aP005. Some papers found
small effects of response shift with no overall recalibration nee@dtis¢n et al

2008); others found that response shift masks results (Ring,2008js that it has
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thepotenti al to O0enhanced g@ismedadtasl008)i t h a
Methods of overcoming response shift within studies have been suggested. Both the
Optest/ post t etsé &t /apnads tt htee sG tohNelweeet @l | nv e
(2009) who suggested for his area of study, thetgsepost testlata appear to be

the more robusmethod. In future research designs, sequential patient centred
outcome questionnaires must always be considered to have a potential for a response
shift. Because of this potentiagsponsehift and ways of controlling faa potential

response shifstill require further research.

9.66 Overcoming order related bias for denture trials
There is aspecific explanatiorfor the response shift in denture research
( 6 habi t uahdve) dvioré geseeally, Wen all or most research participants
show a similaréndency in the direction of tliesponse shitio a questionthe result
is an order related bias in assessment. This consistent directional response shift for

patients in a triahas thepotential to effectivelyxonfoundthe results.

If it is strong enough,hie order related response shift in patesntred, self
assessment has potential to mask benefits of tezditm any cross over RCT; it
becomes an effectiveonfounding variable wbh masks the clinical effect of the

different treatments.

As with all confounding variables one traditional solution to the problem is to
increase the number of participants to showéfiective treatment hidden by the
confounders. For denture trialsightraditional solution may be financially
prohibitive. Other solutions are possible, for instance, a parallel §iostéad of
cross oer) study may be considerghut this solutior(for denture researghwould
also introduce many more confounding vhles (some are more obvious than
others and they are tommerous to mention them atlbvious examples would be
age and sex distributions, less obvigumential confounders would be things like
the ridge shape, biting force, tooth sizegclusal schemeskeletal relationship,

incisal overjet overbite, eXc

The trial presentedn this Thesishad no order related bias shown for the
primary outcome.This has been achieved by an almost simultaneous comparative
assessment of the dentunesing the patiensd choice as there-plannedprimary

outcome (see the detailed discussionchapter 2 above). This comparative,
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decisive choicéy the patient for one of the dentureasnegated the ordeelated

bias inherent in the secondary outcome measure. Thigd@msnstrated for the
primary analysis of this trial by the multi nominal logistic regression analysis of the
order related bias (see sect®d above). There was no order related bias shown for

the primary outcome.

9.6.7 Denture research as a tool for the assessment of response shift in
research design

Further work on the problem of order related bias for patient assessed outcome
guestionnaires is needed. Patient centred research has many benefits but a shift in
the response to questionnaires may explain some of the inherent difficulties with
sequential assessments. Denture research provides a useful environment to study
patient centred assessments in cross over tritlgo advantageare apparentor
denture researchs an environmenh which to analyse the problems for patient
centred assessment tools in cross over medical trials., Wwitlstdenture research
there is no pharmacological wash out period needed. Secondly denture research also
has the ability for th@atient to first use sequential assessment (as for the secondary
outcome above) and then provide on a separate occasion, a comparative assessment

which is almost simultaneous by switching freely from one denture to another.

If the same questionnaire used for both the sequential assessment and the
almost simultaneous, comparative assessment then it should be possible to assess
and possibly quantify the response shift. Unfortunately in Thissisthe same
assessment tool was not used foe tbequemdl (secondary outcomeand the
comparative assessment of the derstpgimary outcome). The protocol of the
current Rf PB NI HR grant funded research
PB-PG04081630Q for which the candidate (Paul Hyde) gsant holder andCl,
includes a facility to pursue this issue further, by using the samasakecondary

outcomefor both sequential and comparative assessments.
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Chapter 10 Randomised controlled clinical trial conclusionand
future work

10.1 Conclusion for theRCT

It is concluded that th@atient groupin this trial had a preference for the
selective pressure impression technique. This provides a validatiois sélictive

pressure impression technique

10.2 Clinical implications

Within the hierarchy of cliical evidencefor 6 b e s t practiced,
controlled trials are considered as the highest standard avdiaime single trial.
The validation of the clinical impression technique by the R€gorted in this
thesis provides clinicians withhigh quality of evidence for best practice. This
impression technique for patients with palpable mental foramen smmwdbe

consideredathe6 best practiceo.

The impression technique was originally described for sharp bony ridges
(Hyde 2003). Clircians should consider thevidence from this RCT (and the
remainder of the thesis) in casekere a relistribution of pressure is deemed
desirable. The evidence preseniethe RCTshould be evaluated for relevanmg

clinicianswhen considering impresn techniques for other clinical conditions

10.3 Future work

Several writers (Jokstad et al 2002, Carlsson 2006 2009 & 2010, Harwood
2008) have all reviewed the evidence for modern prosthodontics and commented on
lack of high level evidence for préwidontic proceduseand practices. The
candidate is takingip the challenge of producing high quality evidence for best
practice in prosthdontics by initiating furthelRCT research of materials and

methods of denture construction.
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Following the completio of the clinical trial reported in this thesis the
candidate has obtained funding and commenced a new RCT of complete denture
impressions. The new trial investigates patient preference and overall cost
effectivenessof denturs constructed withalginate and silicone impression
materials. At the time of submission of this PhBIf the requirednumbers of
patients havdseen recruitedThe trial is expecting to report results in 2012. This
newtrialist he first o661 MHROGVDENT @ dtdMiPiRaDs/&OE NfT@r
has been adapted fromet successful protocol used in this thesis
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Chapter 11 A brief overview of the Thesis

Clinical research forms the basis of this Thesis; the randomised controlled
clinical trial (RCT) at the centre of the Thesis magcessfully investigated the
effectiveness of a clinical impression technique. The laboratory research
supplements the clinical trial. The laboratory work became necessary when the
original literature review for the clinical study demonstrated cosflctdeficiencies
in the published evidence. The review highlighted the need for new investigations
of the factors which affect pressure within impressions. Those factors had the
potential to alter impression presswaed so the potential to confound enable
selective pressure impressions. The subsequent laboratory investigations became an

important aspect of the Thesis. Part Il of the Thesis records these investigations.

Part 1l details the background, procedures, methods, and results/itbin
experiments of factors which affect impression pressure. The work highlights some
factors which have not been investigated or reported previously. Examples of this
original research include; the effect on pressurebofder moulding of the
impression trayto developborderand facial sealthe effect on pressure of the
velocity of approximation, the effect of delays in seating an impression and the
effect of viscosity and speed of set of an impression material. The investigations in
Part Il have also confned some previous work and illuminated the academic
discussion where there was previously a conflict of opinion in the literature.
Examples of this include chapter 7 (where it was shown that if all other factors are
equal, the centre of an impressionlwdceive a higher pressure) and chapteid 8
(where aspects of perforations in special trays were investigatadre detail than
previously reported). As well as the new evidence obtained by these investigations,
the limitations of iavitro measurements of pressure have become apparent and are

discussed within the Thesis.

Part Ill of the Thesis demonstrates the differential pressuratram within a
selective pressure impression. The impression technique investigated was that used
for the RCT in Part IV. The simultaneous measurement of pressure at different

points within the same impression has not been previously reported.
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Part IV of the Thesis reports the background, procedures, methods, and
results of running a RCT of the impressiangedure irvivo. The detailed planning
and the systematimethodology were important for the success of the RCT. Part IV
of the Thesisprovides evidence from a RCT of a preference for a particular
impression technige forlower complete dentures in thmtient grougnvestigated
This is the first randomized controlled trial to provide such evidence. Given the
history and size of the academic literature for impressions for complete dentures this
is remarkable.Possible reasons for tipesitive evidenal outcomeof this RCT are
di scussed in detail in the Thesis and it

in this area of research.

Part | Chapter 1 of this Thesis gave the overall research question for the
Thesis it wasds a specifially designedselective pressuramipression technique
effective?d The answer to the researc

contained in this Thesis; the answer is yes.
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Appendix 1 Precision of sensor output; graphically illustrated by
SPSS legacy histograms.
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Appendix 2 An example of the raw data from laboratory studies
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Appendix 3 SPSS exploration of differences in the perforations study

EXAMINE
VARIABLES=pres KPa BY nopreferation
/PLOT BOXPLOT NPPLOT
/COMPARE GROUP
/ISTATISTICS DESCRIPTIVES
/CINTERVAL 95
IMISSING LISTWISE

/INOTOTAL.
Explore
[DataSet2] E: \ My Documents \ research project \ Lab study \ 11b combined
perforations with similar discs \ raw data.sav
nopreferation
Case Processing Summary
Cases
Valid Missing Total
nopreferation N Percent N Percent N Percent
Pressure in KPas  Number 5 100.0% 0 .0% 5 100.0%
Distance 5 100.0% 0 .0% 5 100.0%
Size 5 100.0% 0 .0% 5 100.0%
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Descriptives

nopreferation Statistic Std. Error
Pressure in KPas  Number Mean 232.20 4.684
95% Confidence Low er Bound 219.20
Interval for Mean Upper Bound 245.20
5% Trimmed Mean 232.39
Median 234.00
Variance 109.700
Std. Deviation 10474
Minimum 216
Max imum 245
Range 29
Interquartile Range 17
Skew ness -772 .913
Kurtosis 1.950 2.000
Distance Mean 233.80 3.397
95% Confidence Low er Bound 224.37
Interval for Mean Upper Bound 243.23
5% Trimmed Mean 233.61
Median 233.00
Variance 57.700
Std. Deviation 7.596
Minimum 225
Maximum 246
Range 21
Interquartile Range 11
Skew ness 1.072 .913
Kurtosis 2.573 2.000
Size Mean 252.00 5.060
95% Confidence Low er Bound 237.95
Interval for Mean Upper Bound 266.05
5% Trimmed Mean 252.00
Median 253.00
Variance 128.000
Std. Deviation 11.314
Minimum 237
Max imum 267
Range 30
Interquartile Range 21
Skew ness -.026 .913
Kurtosis -.129 2.000
Tests of Normality
Kolmogorov-Smirnov’ Shapiro-Wilk
nopreferation | Statistic df Sig. Statistic df Sig.
Pressure in KPas  Number .254 5 .200* .934 5 .621
Distance .342 5 .057 .874 5 .281
Size .135 5 .200* .997 5 .998

*. This is a low er bound of the true significance.

a. Liliefors Significance Correction
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Pressure in KPa

Normal Q-Q Plots

Normal Q-Q Plot of Pressure in KPas

for nopreferation= Number
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Dev from Normal

Expected Normal
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Normal Q-Q Plot of Pressure in KPas

for nopreferation= Size
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Detrended Normal Q-Q Plot of Pressure in KPas

for nopreferation= Distance
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270
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T T T
Number Distance Size
nopreferation
ONEWAY

pres KPa BY nopreferation
ISTATISTICS DESCRIPTIVES HOMOGENEITY
IMISSING ANALYSIS
/POSTHOC = BONFERRONI ALPHA(.05).

Oneway

[DataSet?] E:

\ My Documents \ research project

perforations with similar discs

Pressure in KPas

\ raw data.sav

Descriptives

\ Lab study \ 11b combined

95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Low er Bound | Upper Bound Minimum Maximum
Number 5 232.20 10.474 4.684 219.20 245.20 216 245
Distance 5 233.80 7.596 3.397 224.37 243.23 225 246
Size 5 252.00 11.314 5.060 237.95 266.05 237 267
Total 15 239.33 13.069 3.375 232.10 246.57 216 267

Test of Homogeneity of Variances

Pressure in KPas

Levene

Statistic dfl

df2

Sig.

.402

12

.678
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ANOVA
Pressure in KPas
Sum of
Squares df Mean Sguare F Sig.
Betw een Groups | 1209.733 2 604.867 6.143 .015
Within Groups 1181.600 12 98.467
Total 2391.333 14

Post hoc tests

Dependent Variable: Pressure in KPas

Multiple Com parisons

Bonferroni
Mean
Difference 95% Confidence Interval

() nopreferation (J) nopreferation (FJ) Std. Error Sig. Low er Bound [ Upper Bound
Number Distance -1.600 6.276 1.000 -19.04 15.84

Size -19.800* 6.276 .025 -37.24 -2.36
Distance Number 1.600 6.276 1.000 -15.84 19.04

Size -18.200* 6.276 .040 -35.64 -.76
Size Number 19.800* 6.276 .025 2.36 37.24

Distance 18.200* 6.276 .040 .76 35.64

*. The mean difference is significant at the .05 level.
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Appendix 4 t-test of differences in the perforation study

EXAMINE

VARIABLES=VAR00004 BY oneprefatlOmm
/PLOT BOXPLOT NPPLOT
/COMPARE GROUP

/STATISTICS DESCRIPTIVES

/CINTERVAL 95
/IMISSING LISTWISE

/INOTOTAL.

Explore
[DataSet2] E:

perforations with similar discs
Single perforation at 10mm

\ My Documents \ research project

\ raw data.sav

Case Processing Summary

\ Lab study \ 11b combined

Cases
Single perforation Valid Mis sing Total
at 10mm N Percent N Percent N Percent
Pressure in KPas  from number study 5 100.0% 0 .0% 5 100.0%
from size study 5 100.0% 0 .0% 5 100.0%
Descriptives

Single perforation Statistic Std. Error
Pressure in KPas  from number study Mean 174.2000 6.19193

95% Confidence Low er Bound 157.0084

Interval for Mean Upper Bound 191.3916

5% Trimmed Mean 174.2222

Median 176.0000

Variance 191.700

Std. Deviation 13.84558

Minimum 159.00

Maximum 189.00

Range 30.00

Interquartile Range 27.50
Skew ness -.145 .913
Kurtosis -2.860 2.000
from size study Mean 180.4000 6.25780

95% Confidence Low er Bound 163.0256

Interval for Mean Upper Bound 1977744

5% Trimmed Mean 180.1667

Median 183.0000

Variance 195.800

Std. Deviation 13.99286

Minimum 166.00

Maximum 199.00

Range 33.00

Interquartile Range 26.50
Skew ness .205 .913
Kurtosis -1.581 2.000




Tests of Normality
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Single perforation Kolmogorov-Smirnov* Shapiro-Wilk
at 10mm Statistic df Sig. Statistic df Sig.
Pressure in KPas  from number study .230 .200* .880 5 .308
from size study .231 .200* .914 5 494
*. This is a low er bound of the true significance.
a. Lilliefors Significance Correction
Pressure in KPa
Normal Q-Q Plots
Normal Q-Q Plot of Pressure in KPas
for oneprefatlOmm= from number study
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Normal Q-Q Plot of Pressure in KPas

for oneprefatlOmm= from size study

1.0_ o

0.5
©
e
LS
S
z
S 0.0 o
3]
2
(&)
(]
o
=
i

o
0.5
-1.0 ©
T T T T T
160 170 180 190 200

Observed Value

Detrended Normal Q-Q Plots

Detrended Normal Q-Q Plot of Pressure in KPas
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Detrended Normal Q-Q Plot of Pressure in KPas

for oneprefatlOmm= from size study
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GROUPS = oneprefatlOmm(1 2)
IMISSING = ANALYSIS
/VARIABLES = VAR00004
/CRITERIA = CI(.95) .

[DataSet2] E:
perforations with similar discs

\ My Documents \ research project
\ raw data.sav

Group Statistics

\ Lab study \ 11b combined

Single perforation Std. Error

at 10mm N Mean Std. Deviation Mean
Pressure in KPas  from number study 5 | 174.2000 13.84558 6.19193

from size study 5 | 180.4000 13.99286 6.25780

Independent Samples Test

Levene's Test for
Equality of Variances

t-test for Equality of Means

95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference Low er Upper

PressureinKPas  Fqual variances .004 1951 -.704 8 .501 -6.20000 8.80341 |-26.50070 | 14.10070

assumed

Equal variances

not assumed -.704 7.999 .501 -6.20000 8.80341 [-26.50109 | 14.10109
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Appendix 5 Pairwise table velocity and category

glm pressure by velocity category
/emmeans = tables(velocity*category)compare(velocity)
/emmeans = tables(velocity*category)compare(category).

General Linear Model

[DataSet1] E: \ My Documents \ research project
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studies \ raw data basic viscosity st udy.sav
Between-Subjects Factors
Value Label N
Velocity of 45 15
approximation 60 15
mm/minute 75 15
90 15
120 15
150 15
180 15
Category of 1 Light
impre§sion bodied fast 35
material set Express
3M
2 Medium
[
?gg; u?:r set 35
Express 3M
3 Light
st |
Express 3M

Tests of Betw een-Subjects Effects

Dependent Variable: Pressure in KPas

\ Lab study \ 14.viscosity

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 2042671.7142 20 102133.586 435.069 .000
Intercept 18506883.1 1 | 18506883.09 (78835.763 .000
Velocity 1838359.848 6 306393.308 | 1305.177 .000
Category 156637.086 2 78318.543 333.622 .000
Velocity * Category| 47674.781 12 3972.898 16.924 .000
Error 19719.200 84 234.752
Total 20569274.0 105
Corrected Total 2062390.914 104

a. R Squared =.990 (Adjusted R Squared =.988)
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Estimated Marginal Means
1. Velocity of approximation mm/minute * Category of
impression material

Estimates

Dependent Variable: Pressure in KPas

Velocity of approximation Category of impression 95% Confidence Interval
mm/minute material Mean Std. Error_| Lower Bound | Upper Bound
45 gggrtekgd;e’a fastset 239,600 6.852 225.974 253.226
60 Iéixggrtek;c;d:i‘}e’a fastset 274.000 6.852 260.374 287.626
75 'éixg;rte‘;osd;e,\‘j fastset | 347,200 6.852 333.574 360.826
90 Iéixggrtel;osd:ige'\j fastset 424.600 6.852 410.974 438.226
Cetbpros oM | 28800 | essz | awewd | a3z
120 Iéixggrtek;c;d;e,\;i fastset 487.400 6.852 473.774 501.026
150 ;g;rtek;c;d;e,\(/lj fastset 547.000 6.852 533.374 560.626
180 I;(ggrtek;osd:i‘}e’a fastset 624.000 6.852 610.374 637.626
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Fairwise Comparisans

(1} Valociy of 105 valacly of Wiman
Category of impression  approximaiion ApjeEirmaicn Cifference
mizberial mimiminga MMImE [k Sid. Ermr S-q.‘
Lighl bodwes fast mal a5 50 5 A 5 B0 Fia]
Expraas 3 75 07 ED0" B.6810 L]
= ] « 10 D0 . L i)
I 347 RO B.apn o nil
180 307 400 8,68 000
180 -384, 4 B850 S0
(%] 48 a4.4004 .53 oA
5 -13.20me B30 LI i
on «180.600" 500 Kilie
120 -213.400° &30 Hili]i]
150 273.000" 0 EE0 ]
o 160 -350.000* BLBE0 000
6 45 107 500 LRG0 b]
&0 T3 0 B BE 000
=1} 77400 B.ES0 X
120 =14, 200 L g
150 143, 800~ A.604 0G0
j[=H] -2 78, 800 96480 00O
L 45 185. 000" 9880 jHEE
fill 1 50,600 o.Ga0 .ooo
™ 7 A 080 ji i
124 2 Bho= G 0 00
150 -1 22 400" B 5 000
180 =159 400° B.E50 K
120 45 AT A0 B.E80 1000
0 1A 400 0.E80 fiE |
L] 141, 2000 g.800 0
90 B2.R00™ o.EaN (L8]
150 -58. 500 680 000
181} -436,600" 860 B0
185 43 J07 400= L) oo
0 aranon= 0530 000
TR 188.500" 950 JAHI0
Bl 122 200 =R N A0
120 5ELG00™ GLESD S
180 -~ B ESG JKK
180 F13 54, 400 BEGD ]
&0 el G & BE0 e ]
75 ZTE.BOO" B, G R (LN
B0 166, 4100+ .6 Do
130 136, B00* 88080 i} ]
160 T1.000° £ 51K oo
Madium bodisd ragular 45 G -61.4M)*° 950 iiliid
sl Exprass M i 127 45000 Qa0 A
& -TrE.000*" B .0pa
120 -2ET 400" =y 000
150 - 366 B0 & A 1000
180 &7 BT 8BS0 000

Baesd on sdimaled margral means

continued
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Paireigs Compansans

continued

i} Walgcity of [} Velocity of Pihesars
Cabegary of impieasen  appreximaticn approsmalian DHtkmance
malarial i femEinLe {1=J] Eid. Ervoe g "
Mediom bocdind reguiar &3 a5 E1.400" =] 00
Bt Expreas 34 s -8.200° .60 non
an -114.600" 9B NIl
20 -226.000" 5.EED A0}
150 -5 200" G Rilili]
15 -4 18.200° 0.EG0 S0
ki 45 1#7 BoCr B.aeq 000
i i 200 0.600 Q00
o A5 40 B850 000
120 1858 BOE” E E g 1]
150 -39 F0iE Qa3 oo
180 44, 000" S0 Rk
& 15 176.(HI0" =1k ) R
| 114.500" GLERD) (D
Th 40 00" B B0 .0an
120 <111 400" 9,580 000
1560 -100 &0 4 B8 a0 i
181 795 SO0 A.GR0 000
120 45 FET ALCe 680 000
=] 276000 4880 ne]
& 158 R0 o530 000
1] 111,400 50 NiiEH
180 -19.400" =l =] BHHE
160 -184, 200 * R0 Bl
150 a8 L .0 00
] Hh a0 &G0 000
5 e = B 0.600 00
L] 160 &0 4684 000
120 TEL400" 800 (i ]
1E0 -0, B0 9.650 (01}
140 45 47T.600" 0880 G0
i di0. 200 G 0 00
K] 344, = B a0 N
L 288 600" GERD MR
120 184, 200" L .00a
150 104 Boae 0,580 ]
Light hodiad reJjular st 45 &0 50 0= 4680 S
Express 34 P 85400 1500 L]
al 144 20 4490 00
130 -Z15.800" a0 (B iLK
140 -252 B0 o a0 000
18D -32 6, B0 O a0 L HH
e 48 80.200= QESD 000
) -35.200% BLREG .oao
] &.000" B.EGD 200
120 - 185 600 4 BE0 03]
150 P07 00 0,680 000
180 -2 g 400 4,680 QK]
Flasad on estimated marginal means
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Pairwise Comparidans

(I} ety of 1) Velocity of Wean
Category of Impression  approimagon apprnsimalian Differerce
matenal LM iPLing: et i le {I-J} Sie. Ereor Sig”!
Light badied reguisr st 75 45 [T 1,680 [ ]
Exprags I B0 35200 8450 00
= 38 BO0 0.5 (K 0]
120 -1k 400 650 (e E]
160 Sl iy SaE0 1 1]
o 1l 241,200 260 oo
& 45 144.200° QLRI g
il B4.000° BLEEG .00
Th 58.800" SLEG 000
120 -1 .800° B B8 000
150 =108 500" 680 000
o 180 -z 400 5,080 0K
120 45 5 200" #8080 [0 8 4]
=E 165, S00r 0680 200
TS 130. 400" B880 (LY
Bl M.B00# 4530 (1K
15 =37, 00 G0 00
181 =1 10, B W pl=e] A0g |
150 45 i52 A00* S50 RiHIH
i 202600 QLRG0 oo
i 167.400° B.BE0 000
aa lo-Eon D.ER0 L]
130 ETHE i B.aB0 0]
120 « 7 o B 1.600 (Wi}
180 45 326 £00r 9680 e
ED 2T 400 R0 Nk
] 2412007 8 &80 00D
an 182 400" 0 el B 1
12l 110.8040= =R k] R
15 73.800° D e i)
Basad onasimaled mergird means
Univariate Tests
Dependent Variable: Pressure in KPas
Category of impression Sum of
material Squares df Mean Square = Sig.
Light bodied fast set Contrast | 607334.3 6 101222.381 431.188 .000
Express 3M Error 19719.200 84 234.752
Medium bodied regular  Contrast | 865387.4 6 144231.229 614.397 .000
set Express 3M Error
19719.200 84 234.752
Light bodied regular Contrast | 413313.0 6 68885.495 293.439 .000
set Express 3M Error 19719.200 84 234.752

Each F tests the simple effects of Velocity of approximation mm/minute w ithin each level combination of
the other effects show n. These tests are based on the linearly independent pairw ise comparisons
among the estimated marginal means.
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2. Velocity of approximation mm/minute * Category of
impression material

Estimates
Dependent Variable: Pressure in KPas
Velocity of approximation Category of impression 95% Confidence Interval
mm/minute material Mean Std. Error | Lower Bound | Upper Bound
45 Iéi(ggrtek;c;d;eh;] fastset 239,600 6.852 225.974 253.226
60 Iéixggrtel;c;d:ige'\tj fast set 274.000 6.852 260.374 287.626
g;dgn;rzzgigc’iwregular 315200 |  6.852 301574 328.826
75 ;ggrtek;osd;e’\;i fastset 347.200 6.852 333.574 360.826
'S-ghéfsgzg ;‘iﬁ”'af 304.000 6.852 290.374 317.626
90 I;(ggrtel;c;dge’a fastset 424.600 6.852 410.974 438.226
120 Iéixggrtek;c;d:ige'\lj fastset 487.400 6.852 473.774 501.026
g;d;r;rzzgig(’iwregular 541.200 6.852 527.574 554.826
150 gg;rtekgd;e’a fastset 547.000 6.852 533.374 560.626
180 léixg;rtel;osd;e,\‘j fastset | 654000 6.852 610.374 637.626
SetBpressa | 7540 | eesz | mama | 7ases
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Pairewise Comparisons
Dapandant Variabke Pressurs in KPss
Mean
Vedocity of appraximation (1) Category of (J} Category of Ciffarence
mmiminte im materis im on matenal (-J) Std. E
[ Iélom bodal:‘d sl 501 wﬁum bo&;udmuh 14,200 9.680
m roguiar 9ot 21.000" 259
::dem bod;:‘ reguiar  Light wa:ad Tast s 14200 a6
ém"aﬁ reguiar st 35.200° 9680
ight bodied r set t bodied fast sat
Enm au'“”“ gfh oy «21.000° 9650
paryos sl as200!|  seso
&0 Light boded fast sal Medium boded e
Exprass 3 8ol Exprass M v 41.200° 9.680
Loadadregiorsst | g0 | gap
Medum bodied regJar bodied fast =at .
=at Express 3M EL?‘pmaal! 41.200 8630
e s6.200°| 960
Light bodiad regular sat  Light bodiad fast sel
Expross 3W E:gpmu 3 -5.200 8.680
Medium boded lar
sl Bxpreas I T A6 400 9.680
5 Light bodhed fas! s« Medium bodied reguiar
Exprass IM st Express 3M 34.200° 9690
P e e 42000 @m0
Medum bodied regular t bedied fast sot 3
sal Exorags M EL?p'ma FON | 34200 9.660
ht bodied . sol .
ko e 77 400 9,660
Light bodied regular sel  Ligh! bodied fast sot
Expross 34 Exgroes M 43200 9.680
uesmostscrens | | aem
80 Light bocind fast sal Modium bodied reguiar
Express 3M sat Exprass M -5.200 9630
Tt g1.000°| 5680
Medium becled regular ight bodied tsst ant
sel Expruss 34 lé?ptnm N 5200 8.680
gﬁ;:ﬁ;f"“"' grooc|  wean
Ligt boded reguisr sot bodad M5l se)
Express IM lélg:nz au -81.800° 2630
e 870000  eem
120 Lght bochied fas! et Medum bodied regpiar <
Expreas 3M ot Expross 34 +53.800 9650
ighl bodiad sal o
e . 53000 0.880
Madium bodied requiar  Uight bodiod fast sat :
@l Exprass M E::'mes e 53500 9500
vt~ i 106800°| 9680

Basad an estimated margnal means

continued
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Parwize Comparisons
Deasgmrschirt Viarmabda: Preamrs in KPas

5]
Weloeily al apprexirmetion (I} Calegnry of (] Calegony of Diffarence
raniminube impragson maladal Impression matanial [1-J7] Sid. Emar
il Lighe bockad reguar 280 Lighil Dodied fast 5ot | ara |
Expross 3 Eaprags 3 -5, () 4680
Medium bodied reguiar .
seft Express M 16800 P a0
150 Light bodied tast sai Madium bacdad egular =
Express Ik st Express JM -T3.60H] B0
E'f::,;bfm g i 75 GO0+ 5,550
Mecium bodied regular Light bodied Tast sal i
ai] Express Al Express 3 T3 B0 B.6B0
o ot
e T 146, 200° 8,680
Ligrd Exdiad resgular =at  Lighd bodied fast sed -
Exprass M Exprass 3 78600 2,530
M b Bingd
ey e ?ﬂ regadar -14m.200° Qe
180 Light bedied 1ask 28l kadism boded reqular . .
Express i #8l Ezpreas 4 101,400 B35
_ight bodled Lair st
EIEFIFE'EE [ 1] i FanT h.ga0
Medium bodied regular Lighl bodied st sl o |
sl Enpress Gk Expross 3M 107, 400 B.g80
Iéﬂﬂut;dﬁ P 180, 200¢ 2500
Logint Eoadied respular set Lignk Dociad fasl pesl .
Express 3M Expross 3 <TH.BI 9 a0
WMadum boded regular ~
st Expresas 54 =180 200 | e, B
Based on aslimated mangingl e
Univariate Tests
Dependent Variable: Pressure in KPas
Velocity of approximation Sum of
mm/minute Squares df Mean Square F Sig.
45 Contrast | 3136.133 2 1568.067 6.680 .002
Error 19719.200 84 234.752
60 Contrast | 6462.400 2 3231.200 13.764 .000
Error 19719.200 84 234.752
75 Contrast |15044.400 2 7522.200 32.043 .000
Error 19719.200 84 234.752
90 Contrast |13892.133 2 6946.067 29.589 .000
Error 19719.200 84 234.752
120 Contrast |28516.133 2 14258.067 60.737 .000
Error 19719.200 84 234.752
150 Contrast |55654.933 2 27827.467 118.540 .000
Error 19719.200 84 234.752
180 Contrast |81605.733 2 40802.867 173.812 .000
Error 19719.200 84 234.752

Each F tests the simple effects of Category of impression material within each level combination of the ott
effects shown. These tests are based on the linearly independent pairw ise comparisons among the

estimated marginal means.
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Appendix 6 Regression using a log transformation of pressure.

Residual plots:

4.000

3.000

2.000

1.000—

Standardized Pearson Residual
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o
0.000 o © ©
o o
o 3 o
-1.000 -
o
-2.000
o
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Predicted Value of the Mean of the Response

Figurel standardized residuals v predicted means

The divergence of the residuals of the raw data for pressure as the pressure
increases suggests an increasing variancéh®fdependant pressure. In these
circumstances a logarithmic transformation of the dependant variable pressure can
often achieve an equality of variance of the dependant.
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Log transformation of the Raw data

Space | Pressure| log of

Pressure
0.5 384 5.95
0.5 367 591
0.5 359 5.88
0.5 362 5.89
0.5 352 5.86
1 100 4.61
1 102 4.62
1 104 4.64
1 108 4.68
1 94 4.54
15 48 3.87
15 50 3.91
15 49 3.89
15 45 3.81
15 46 3.83
2 27 3.3
2 26 3.26
2 28 3.33
2 24 3.18
2 26 3.26
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Exploration of the natural log transformed data

Shapiro-Wilk
Space in mm Statistic df Sig.
Ln of Pressurg 5 .937 5 .642
1.0 .978 5 .924
15 .950 5 .740
2.0 .949 5 127

Table xx Shapiro-Wilk testof normality of the groups

There waso deviation from normality shown to the distribution of the data by
the Shapirewilk tess.

Levene
F dfl df2 Sig.
.346 3 16 .793

Tabl e x xtestoétheeerra Gasance of the dependent variable across
groups.

L e v e testdetected no error variance across the transformed groups. The
prerequisites for regression are met following the log transformation of the data.
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SPSS output of theLinear regression of transformed data

Model Summary(b)

Adjusted R | Std. Error of
Model R R Square Square the Estimate

1 .983(a) .967 965 18979

a Predictors: (Constant), Space in pomDependent Variable: logpressure

ANOVA (b)
Sum of Mean
Model Squares Df Square F Sig.
1 Regression  18.755 1 18.755 520.656 | .000(a)
Residual .648 18 .036
Total 19.403 19

a Predictors: (Constant), Space in pomDependent Variable: logpressure

Coefficients(a)

Unstandardized | Standardized
Coefficients Coefficients

Std.
Model B Error Beta t Sig.
1 (Constant) | 6.577 104 63.266 | .000
Space in mm| -1.732 .076 -.983 -22.818 | .000

a Dependent Variable: logpressure
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Appendix 7 Grant application form and protocol

DUNHILL MEDICAL TRUST
(Charity Registration No 294286)

3 Floor, 1618 Marshalsea Rd, London SE1 1HEj: 020 7403 3299; FA0 7403
3277

e-mail: admin@dunhillmedical.org.uk

APPLICATION FOR A DUNHILL RESEARCH GRANT

Applicants must read, and comply with the regulations contained in the GRANT MAKING POLICY
AND TERMS AND CONDITIONS before completing this form. Completed applications should be

sent to the Secretary to the Trustees at the above a@tleass. note thal L sections of the

application form must be completed. Failure to do so will mean that your application cannot be

considered.

Surname of applicant(s) Title Forename(s) Qualifications

Brunton Prof Paul Anthony BChD;MSc; FDS
RCS; PhD

Hyde Mr Timothy Paul BChD;DGDP

(UK);MGDS RCS.

BSc MSC

Blance Mr Andrew

Present Appointment(s)/Role(s) in organisation/charity

Professor of Restorative Dentistry

Name of organisation and official address f| Contact details of organisation to administer ¢jfar
correspondendgnc. postcode, telephormmafh| different from 3)

addregscharity number where applicable)

Prof Paul Brunton Mrs RB Kayman

Leeds Dental Institute Research Office, Worsley Buildinggeds

Clarendon Way Dental Institute
University of Leeds Clarendon Way
LEEDS LEEDS

LS2 9LU LS2 9LU
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Brief description of aims and objectives of organisation/charity applying for the grant

We are a research-intensive University which strives to create, advance and disseminate
knowledge, develop outstanding graduates/scholars and to make a major impact upon

global society.

To be world leaders in dental research through excellence in basic and clinical dental

science and promotion of the unique Leeds brand.

TITLE OF PROPOSED RESEARCER5 words max)
Randomized controlled clinical trial of impression techniques designed to alleviate the pain

of lower dentures in patients with severely resorbed mandibles

ABSTRACT(150 words max)

As the mandible resorbes down to basal bone the mental foramen becomes involved in the
superior buccal aspect of the denture bearing area’. The subsequent crushing of the
emerging nerve by a functioning lower denture can cause pain and discomfort. It has been
suggested that this and similar conditions may be relieved by the use of differential
pressure impressionsz. An older but not evidence based method of dealing with this and
similar problems has been advanced®. This research investigates two clinical procedure
advocated for dealing with this problem and a control procedure within the structure of a

randomized, blind clinical trial.
References:

1. Basker, R. M. & J.C. Davenport. Prosthetic treatment of the edentulous patient.
Oxford: Blackwell,  2002. 4th ed. p281.

2. Hyde TP. Case report: differential pressure impressions for complete dentures. Eur
J Prosthodont Restor Dent. 2003 Mar; 11(1): 5-8.

3. McCord, J. Fraser. Phillip Smith, Nicholas Grey. Treatment of edentulous patients.
Edinburgh: Churchill Livingstone, 2004. p 63.

NOTE: A full protocol for the proposed research, and a CV for each applicant should be attag



http://lib.leeds.ac.uk/search/aBasker%2C+R.+M./abasker+r+m/-2,-1,0,B/browse
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12705032
http://lib.leeds.ac.uk/search/aMcCord%2C+J.+Fraser./amccord+j+fraser/-2,-1,0,B/browse
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LAY STATEMENT: explanation of the proposed research, the aims of the project and the out
enviaged

(150 words max)

Pain and discomfort under a lower denture is common in elderly people. A major cause of
this discomfort is the resorbtion of bone in the lower jaw. After bone resorbtion, dentures
are supported by the gum over thin jaw bone. In this area of bone under the lower denture
a nerve (the mental nerve) emerges from a hole in the bone. The subsequent crushing of
the emerging nerve by a functioning lower denture can cause pain and discomfort. The
value of this discomfort is such that a patient might not be able to wear a denture leading to
social embarrassment and isolation. This research aims to compare, a traditional method
of addressing this problem with a method reported by one of our research team and a

control.

The aim of the study is to determine which procedure produces the most comfortable
denture. We hope and expect to show that the new method will be superior. The results

will help dentists make more comfortable dentures for people with this problem.

How does this applicati fit in with the current priorities for funding of the Dunhill Medical Trust

(please tick as appropriate)

Care of older people c yes
Disease(s)/Issue(s)of particular relevance to older people c yes
Disabilities C yes
Rehabilitation c yes
None of theabove c

If NONE, what are thé&ey wordsvhich describe the population group(s) and issue(s) you are
addressing?

(eg. children, cancer)

eeeeeeeeeececeeeeececeeeeceeeceeeeceeeeeeeeeeeeece.

10. TOTAL AMOUNT OF FUNDING APPLIED FOR:
£56,429

TIMESCALE FOR THE PROJECTPIlease insert dates below:
Staré é 01/09/2006

Endé é 01/03/2009
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DATE WHEN THE GRANT WILL BE REQUIRED AND DATE BY WHICH IT WILL BE
SPENT. Please insert dates below:

NB. You will be monitored dheteore the dates given sradidtichay subsequent change will req
justification.

St ar @18%2006

Endé é 01/03/2009

OTHER SUPPORT:

(i) Is this research currently supgdty any other outside body? NO
If YES, please indicate the organisation(s), amount and timescale of support
(i) Is this application being submitéésewhere? NO

If YES, to what organisation(s) and when is a decision expected?

Does this project require the approval Reaearch Ethics Committee? YES

If YES, please attach Ethical Approval letter

Ethics approval has been applied for. We anticipate no problems with ethical approval.

Does this project requireohhe Office licences and certificates under the provision of the Anima
(Sciatific Procedures) Act 19867 NO

If YES, please state the appropriate Home Office licence no(s)

,,,,,,,,,,,,,,,,,,,,,,,

eeeeeeeeeeeceeeeeceeeeecee.

Please specify the organisation acting as Research Sponsor for this project (as required by t

the NHS Research Governance Framework)

University of Leeds
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DETAILS OF SUPPORT REQUESTED

Basic salary (including increments) must be shown separatelydosts ¢National Insurance,
Superannuation ah@ndon Allowance (if applicable). A provision for nationally agreed pay awz

during the term of the grant must be included.

RESEARCH STAFF SALARIES

Name Grade IstYear £ 2dYear£ | 3dyear£ | TOTALE
Mr TP Hyde Clinical
. ) Academi
Basic Salary: XXXX XXXX - XXXX
C
On-costs
NI & Superann XXXX XXXX - XXXX

London Allowance

Pay award provision

Total A: XXXX XXXX - XXXX
Name

Mr A Blance Lecturer

Basic Salary XXXX XXXX XXXX XXXX
On-costs

NI & Superann XXXX XXXX X XXXX

London Allowance

Pay awargrovision

Total B: XXX XXX - XXX
Name Year1l£ Year 2 £ Year 3 £ Total £
Mrs G Dukanovic Research| xxx XXX - XXX
Basic Salary Dental

Nurse
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On-costs
NI & Superann XXX XXX - XXX
London Allowance

Pay award provision

Total C: XXX XXX - XXX
Name
Dental Nurse (TBA) Dental

. Nurse
Basic Salary XXXX XXXX XXXX
On-costs
NI & Superann XXX XXX - XXX

London Allowance

Pay award provision

Total D: XXXX XXXX - XXXX

CONSUMABLES 10,649 10,649 - 21,298

MINOR EQUIPMENT - - - -

GRAND TOTAL 27,904 28,525 56,429

If the application is successful, to whom should the Dunhill Medical Trust cheque be made

payable?

UNIVERSITY OF LEEDS
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DECLARATION

| have received and read a copy of the Dunhill Medical Trust Grant Making Policy and Terms and

Conditions before making this application and | understand and agree that my application is

subject to

the requirements and conditions contained therein anih thetepting any offer of a grant which is
made by the Trust | will be accepting and agreeing to be bound by them. 1 also understand that no

alteration or waiver of those conditions can occur without written approval from the Trust.

| agree that thegpsonal data relating to me shown on this form, or otherwise made known to the
Dunhill Medical Trust for the purposes of a grant or grants by it, may be recorded by the Dunhill

Medical Trust and used by it for the purposes of evaluating, monitoring iamstexdrg any such grant

and for reference in connection with it and may be passed by it to individuals and/or organ isations
consulted by the Dunhill Medical Trust when assessing applications and monitoring grants |and to the

Trustds auditors.
Names of Aplicant (s)

Signature
Date

Professor P Brunton

I confirm on behalf of my organisation that in signing and supporting this application | am
making a declaration in the same terms as the applicant himself as a proposed grant holder and | also
confirmthat | have the accommodation and facilities in my department necessary for the grant project
and that, unless applied for here, the salary of the applicant/principal or investigator is guaranteed during

the term of the grant

Name of Organisation and

Sigrature

Date

Chief Executive/Head of Department

Professor Jennifer Kirkham
Director of Research

Leeds Dental Institute

Worlsey Building, Level 6
Clarendon Way, Leeds LS2 9LU

I confirm on behalf of my organisation that | have read and accept themmenditer whicl
grants are awarded and that the salary details given are correct and include a provision f
agreed pay awards.

Name of Finance Officer

Signature

Date

Mrs K Brownridge

University of Leeds, Research Support Unit
3 CavendisRoad

Leeds LS2 9LU

n
Dr nationally
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Protocol

Randomized controlledinical trial of
Impression techniques designed to alleviate the
pain of lower dentures in patients with severely

resorbed mandibles

Principle Investigators

Professor Paul Brunton
Leeds Dentalnstitute
University of Leeds

Mr Paul Hyde
Leeds Dental Institute
University of Leeds

Mr Andrew Blance
Leeds Dental Institute
Biostatistics Unit
University of Leeds

Author Paul Hyde
Leeds Dental Institute
Leeds, UK
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Background to the proposal

People who have no natur al teeth are
percentage of the population who are edentulous increases with age. The
1998 Adult Dental Health Survey of the UK showed that 34% of patients
over 64 were edentulous. A Strategic Review?, commissioned and funded

by the Department of Health in December
time one fifth of ol der peopl e wild.l st
increasing.  Furthermore, there is a large generational cohort of the

populat i on which is related to the increas
and the 19606s. That is the &édbaby boom

coupled together it is clear that a significant proportion of older patients will
be without natural teeth for many years. In particular, we may expect to see
an increase in the number of elderly patients who have been edentulous for
2 or more decades.

There are particular problems providing dentures for patients who have
been edentulous for many years. Most of these problems are associated
with severe alveolar bone resorption®. It is the lower edentulous arch, and
so the lower denture, where these problems are more pronounced. The flat
mandibular arch causes problems for support, comfort, stability and retention
of the lower denture. This research seeks to deal with a major well-defined
problem of the severely resorbed mandibular arch. This typically prevents
elderly patients from wearing their lower denture.

As the mandible resorbes down to basal bone the mental foramen
becomes involved in the superior buccal aspect of the denture bearing area”.
The subsequent crushing of the emerging nerve by a functioning lower
denture can cause pain and discomfort®. This research looks at 2 clinical
ways of dealing with this problem and a control procedure within the
structure of a randomized, blind clinical trial.

According to the WHO® definition a person who is edentulous is
deemed to have a 0 pThgmoblenss lassdciatgr avithrthme nt 6 .
resorbed mandible present current and real difficulties for both patients and
dentists. Patients who have the additional problems associated with a
prominent mental foramen can find that a conventional lower denture is
intolerable. This is especially true when trying to eat certain kinds of food
and consequently nutritional deficiency is associated with poor fitting and
well-fitting-but-painful dentures’. It is common for patients to leave out
dentures and modify their behaviour so that they do not eat or venture out in
publ i c. Thi s withdrawal i s consider ec
handicap scale 1) within WHO definitions®.
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Aim of the study

The aim of the study is to determine which impression procedure
produces the most comfortable denture.

Objectives
The objectives of the study are:

1 to provide 3 lower dentures for each research participant, each one
identical except for the manner in which the fitting surface has been
contoured.

1 to allow the research participant to assess each denture.

1 to allow the research participant to choose the denture they find the
most comfortable.

1 to disseminate the study results to General Dental Practitioners

Study design

A randomized, controlled, clinical trial, in which the assessment is
6bl i ndo.

Method

Research participants will be selected from the waiting lists at Leeds
Dental Institute.

The selection criteria are detailed on the initial selection form (Appendix
5). The inclusion criteria will be subjects who are able to attend, edentulous
in the lower arch, with the mental foramen apparent clinically or
radiographically on the denture bearing area of the lower residual alveolar
ridge. Exclusion criteria will be subjects who are allergic to acrylic or silicone
rubber.

Clinical treatment will be provided by Paul Hyde under the supervision
of Prof P. Brunton.

Each research participant will be provided with three lower dentures A
B and C. The dentures will be identical except for the fitting surface.

Type A denture will be constructed on a model from a secondary
impression made in a spaced, perforated acrylic special tray with a medium
bodied silicone I mpression. This wil/
conventional methods.
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Type B denture will be constructed on a duplicate of the Type A model
on which the area of the mental foramen has been coated with tin foil to
provide a space beneath the finished denture. This basic method is
presented by McCord?®.

Type C denture wild|l be constructed

pressur ed i mgacee pesforated acrylic #pecial tray will be used
to make a medium bodied silicone impression of the edentulous arch. It is
intended to use the same impression used for Type A and B but modified as
follows. The silicone in the area of the mental foramen will be removed with
a scalpel blade, and the tray perforated in this area. A second wash
impression will then be made with a light bodied silicone impression
mater;)ial. The technique has recently been described in a case study by
Hyde".

Each denture will be marked with the research participants name and a
coded number. The coded number will be put on by the dental technician
and will encode whether the denture is type A, B or C. Neither the research
participant nor the dentist providing the denture will know which type of
denture (A B or C) is being provided. The research participant will be given
each denture sequentially. The order in which research participants are
given the dentures will be decided by random allocation (Latin square).

The research participants will be given each denture for 1 week. After
1 week of wearing a denture the research participant will be asked to assess
the denture for comfort, stability and masticatory efficiency using a 4 point
Likert scale® (see Appendix 3). A Dental Nurse will be recruited and trained
to guide the research participants through the assessment procedure. The
assessment will be made by a structured interview. Thus the trial will be
6doubl e blindd since the r es adaatinglhe
assessment procedure will not know which denture (A, B or C) is being
assessed.

After assessing each denture individually the research participants will
be given all 3 dentures for 1 week. After 1 week the research participants
will be asked which denture they prefer (see appendix 4).

When the research participant has expressed a preference the marking
code will be broken and the preferences recorded in the results.

parti

0
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Sample Size Calculation

For the determination of the required sample size, we make the
assumption that the control denture (Type A) will not be chosen (reasonable
assumption since the estimated prevalence for such is very low'). We then
have the situation of estimating the precision of a binary proportion. We
hypothesise that 60% will prefer denture Type C and wish to estimate this to
within 20% of its anticipated value. An appropriate formula for determining
the sample size is thus

N = (1- P)Z a5

é
P (Ref 12)
Where Z1-a/2
=1.96
p
=0.6
e
=0.2

This yields a required sample size of 65. In order to allow for some
tolerance of the estimates and allow for potential dropouts, the suggested
sample size is 75.

Expected outcomes

We expect t hat t he i nnovative
impression technique previously reported by a member of this team®, will be
of benefit to research participants. We expect the control method of a
simple 6normal &6 i mpression to be r
we expect the older established yet not evidence-based method to be of
some small advantage over the control.

For patients who have problems because of a prominent mental
foramen, we hope to show which is the best method of taking a lower
denture impression. Our aim is to enable all dentists to produce more
comfortable lower dentures for these patients.

Timetable and milestones

Ethical approval will be sought for this study and the application
procedure has been started. As and when funding has been obtained
ethical approval will be forthcoming from Leeds East Research and Ethics
Committee.

met ho

eject



- 474-

Once funding is forthcoming and ethics approval is acquired, screening
clinics will be arranged to find suitable research participants. Working one
day a week it is anticipated that we will need up to 10 weeks to screen
sufficient patients.

A power calculation (above) suggests that we will need to include 65
research participants to produce meaningful results. To allow for loss to
follow-up it is intended to recruit 75 research participants. It will take 10
visits for each research participant to construct and assess the dentures. In
all 750 research-participant visits will be required. We estimate therefore
that it will take 20 months to complete the clinical proportion of the project.

Justification of the costs

We believe that this research sits well within the published aims and
objectives of the Dunhill Medical Trust. It is peer reviewed clinical research
which aims to provide care by improving the rehabilitation of an impairment®
that is associated with aging. Dissemination of the results of this research
will enable General Dental Practitioners to improve the treatment of their

patients. This innovative research is
clinical research grants. Even within dentistry, Prosthodontics (false teeth) is
a O0Cinderell ad area. Research prioriti
areas and yet the issue of comfortable and usable dentures is a major
concern for many ol der peopl e. Good de:

nutritional status’ but also their social confidence and appearance.
The grant will pay for the time of

1. Mr Paul Hyde to assess and select research participants and
undertake the clinical work,

2. Mr Andrew Blance to perform the statistical analysis,

3. A dental nurse to assist at chairside during the clinical treatment,

4. A research nurse (Mrs G Dukanovic) to assist in the selection of
research participants and to take the research participants though the
assessment process,

The grant will pay for consumables and laboratory materials including

1. The commercial cost of the production of the additional 2 lower
dentures for each research participant. This amounts to £18,298

(Note: An upper denture, if needed, and 1 lower denture for each patient will be paid
for by the NHS and NOT charged to Dunhill, this is to conform with the stated Dunhill
Medical Trust grant making policy of excluding provision of services usually provided by the
NHS)

2. The cost of additional silicone impression materials and other
clinical consumables. This amounts to £3.000.

In total the contribution from Dunhill Medical Trust will be £56,429
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Informed consent

Patients will have the research protocol explained to them by Paul
Hyde. They will be given the information sheet (appendix 1) to take away
with them. Paul Hyde will be available for questions. At their next visit, they
will be asked if they wish to take part in the project, if they do, they will be
asked to sign the consent form (appendix 2).
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Appendix 8 Ethical committeeapproved paperwork for the trial
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