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Introduction
Though edentulousness has declined in developed nations, tooth loss remains prevalent both in lower socio-economic groups and in developing nations. The removable partial denture (RPD) offers a relatively lower cost alternative for tooth replacement compared to dental implant treatment. RDPs though may be used with un-predictable success. The use of person-centred outcome measures (PCOMs) investigating oral health-related quality of life (OHRQoL) in RPD wearers has increased in the last three decades. Quantification of the impact of RPDs compared to other interventions to replace teeth on OHRQoL, particular characteristics of RPD wearers associated with better OHRQoL outcomes and detail of people’s experiences of tooth loss and RPD use require further examination. Further, novel high-performance poly-ether-ether-ketone (PEEK) polymers are being introduced as alternatives to conventional materials for RPDs; a field where these gaps in understanding already exist. The questions requiring further evaluation are as follows:
(a) How does the provision of RPDs impact on OHRQoL? Does this differ from the impact of other prosthodontic interventions? 
(b) Which variables associated with RPD use can impact on OHRQoL? 
(c) Are novel framework materials associated with improved outcomes compared to current practice?
(d) What are the common features and themes of people’s subjective experiences with tooth loss and RPD use?
The aims of the studies in this thesis were to answer these questions by investigating the impact of RPDs on patient-reported outcomes of OHRQoL, how initial presentation and treatment choice may influence this impact and to explore people’s subjective experiences of tooth loss and RPDs. 

Methods 
The impact of RPDs on OHRQoL compared to other tooth replacement methods was evaluated in a systematic review and meta-analysis. The effect of patient and RPD variables on OHRQoL was evaluated in an observational study using regression analysis. PEEK frameworks were compared to traditional cobalt chrome (CoCr) frameworks in a randomised crossover-controlled clinical trial. Finally, semi-structured interviews of patients with experience of RPD use were analysed with inductive thematic analysis.
Results 
RPDs, implant and tooth-supported fixed bridges all demonstrate improvements in OHRQoL at short-term follow-up of ≤9-months. At >9-months RPD improvements on OHRQoL were not sustained. Implant supported-bridges seem to make the biggest contribution to OHRQoL. 
OHRQoL outcomes are significantly improved in patients wearing RPDs to replace anterior teeth. This theme also emerged from analysis of semi-structured interviews, suggesting the impact of anterior tooth loss is significant and these patients perceive the greatest improvement in OHRQoL from treatment. Other variables modifying OHRQoL outcome included age, number of missing teeth and gender. The adjusted pseudo R2 for this model was 0.39. 
Qualitative analysis of interviews also identified people’s beliefs about dentistry and dentists and the availability of coping strategies modified their interpretation of tooth loss and RPD use. So too did various other attributes such as age, gender, financial situation and dental awareness.
Both CoCr and PEEK RPDs made clinically and statistically significant improvements to OHRQoL at four-week, six-month and one-year follow-up (p<0.001). There was no significant difference between materials (p=0.746). CoCr were almost £450 (39.6%) cheaper per minimum clinically important difference (MCID) in OHRQoL score than PEEK (p<0.0001) after four-weeks. The difference was not statistically significant at one=year follow-up (p=0.332). There were no differences between materials in their effect on periodontal measures, masticatory efficiency, and denture satisfaction or denture preference. 
Conclusions
RPDs improve OHRQoL at short follow-up though this impact has not been proven over longer-term follow-up. Weaknesses in the literature base and quality of reporting OHRQoL outcomes may account for this. Nonetheless RPD providers should select cases with care to reduce failure rates. Patients with anterior tooth loss and increased numbers of missing teeth have been shown the greatest improvements OHRQoL following RPD provision. People should be made aware of potential difficulties associated with tooth loss and the impacts that many associate with RPD use. Further research is suggested to contextualise the impacts introduced by RPDs against impacts associated with other forms of tooth replacement. 
Novel PEEK and other polymers may show promise as alternatives to metals as RPD frameworks. Whilst they make similar improvements to OHRQoL, their increased cost remains a potential barrier to their uptake. Further research is required to understand how to design these frameworks to optimise their performance and to evaluate their clinical performance as frameworks in other fixed and removable prosthodontics interventions. 
[bookmark: _Toc506551344]Frequently used abbreviations
CCDH	Charles Clifford Dental Hospital
CoCr	Cobalt-chromium alloy
FBW	Fixed tooth-supported bridgework
GOHAI	General/Geriatric Oral Health Assessment Index
HPP	High performance polymers
HRQoL	Health-related qualify of life
IOD	Implant-retained / Implant-supported (complete) overdentures
ISFB	Implant-supported fixed bridgework
ISRD	Implant supported removable (partial) dentures 
ISSC	Implant-supported single crowns
MCID	Minimum clinically important difference
MCS	Mental component score (of the SF-12)
MDSQ	McGill Denture Satisfaction Questionnaire
NOQAS	Newcastle-Ottawa Quality Assessment Scale
OHIP	Oral Health Impact Profile
OHRQoL	Oral health-related quality of life
PCOM		Patient-centred outcome measures
PCS	Physical component score (of the SF-12)
PCT	Prospective clinical trial
PEEK		Poly-ether-ether-ketone
RPD(s)		Removable partial denture(s)
SDA		Shortened dental arch
SF-12	12-Item Short Form Survey (version 2.0)
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Chapter 1 [bookmark: _Toc506551349]Introduction
Removable partial dentures (RPDs) have been used to replace missing teeth for centuries (Becker et al., 1994). The range of options to rehabilitate the partially dentate patient has developed considerably and the traditional RPD now competes in a world of implant-supported prostheses and tooth-supported bridgework leading some to question their value to patients (Allen et al., 2008). Measuring the effects of RPD treatment on oral health-related quality of life (OHRQoL) and comparing these effects against other types of prostheses merits further investigation.
Outcomes with prosthodontic treatments may be influenced by patient perception. Whilst some patients may not be content with a prosthesis, they may choose to continue wearing it out of social necessity if it replaces important missing teeth (Jepson et al., 1995). A number of clinical and non-clinical variables impact on perceived need for RPDs (Graham et al., 2006, Jepson et al., 1995). How these variables impact on OHRQoL outcomes may help to inform patients on what to expect from treatment.
Developments in RPD fabrication technologies have led to the emergence of a new range of high performance polymer materials (HPP) for RPD frameworks (Najeeb et al., 2016). The clinical evidence for these novel prosthodontics materials is scarce (Najeeb et al., 2016). 
Three research themes will explored in this thesis. Firstly, “do RPDs improve OHRQoL? If so, how much, and how does that compare to other ways of replacing teeth?” The second theme relates to “which patients perceive the OHRQoL benefits, if there are any, from wearing RPDs?” Finally, “how do recently released materials available for fixed and removable prosthodontics frameworks compare to more traditional options?”
Before deciding on more specific research questions and research aims and objectives, the literature is explored regarding how patients perceive their oral health-related quality of life (OHRQoL), how missing teeth affect this and how successful RPDs have been to manage tooth loss. 
What follows is a brief overview of the chapters included in the following thesis:
Chapter One provides an introduction to the research and an overview of the studies undertaken.
Chapter Two provides a review of literature related to the development of OHRQoL as a construct and the tools to measure it. The use of OHRQoL within prosthodontic research to date including limitations of current knowledge base is discussed. The range of options in rehabilitation of tooth-loss, variables to consider in the decision making process and alternative measures of outcome is discussed. 
Chapter Three introduces the aims, objectives and research questions for each of the subsequent studies.
Chapter Four covers the materials and methods, results and discussion of a systematic review and meta-analysis exploring the quantifiable OHRQoL outcomes achieved using different methods to replace missing teeth; namely removable partial dentures (RPDs), fixed tooth-supported bridgework (FBW), implant supported single crowns (ISSCs), implant-supported fixed bridges (ISFB) and implant-supported removable dentures (ISRD). 
Chapter Five reports on the materials and methods, results and discussion of a cross-sectional service evaluation of OHRQoL outcomes with RPDs in a dental teaching hospital setting and relating OHRQoL outcomes with patient and denture variables using ordinal logistic regression analysis. 
Chapter Six describes the materials and methods, results and discussion of a pilot randomised crossover controlled trial comparing the use of traditional cobalt chromium (CoCr) metal alloys versus a novel high performance polymer (HPP) material, poly-ether-ether-ketone (PEEK), as frameworks in RPDs. Outcomes explored in this pilot study were:
OHRQoL
Health-related quality of life (HRQoL)
Participant preference
Periodontal health of remaining teeth
Cost-effectiveness
Chapter Seven summarises the findings of inductive thematic analysis of thirteen semi-structured interviews of people who were both novice and experienced RPD users. Their experiences around the time of their tooth-loss and their day-to-day experiences with RPDs were investigated. 
Chapter Eight provides a summary of the conclusions drawn from each study and the limitations of the research. Recommendations for current practice and further research are presented. References and Appendices follow this chapter.
Chapter 2 [bookmark: _Toc506551350]Literature review
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In recent decades there has been a decline of edentulous patients in developed countries commensurate with an increase of patients with complex restorations in developed nations (Steele et al., 2012). Despite this trend patients continue to suffer dental disease and tooth loss and the partially dentate condition therefore remains a problem that is predicted to increase (Steele et al., 2012). 
RPDs are used to replace missing teeth in patients who have congenital or acquired tooth loss (Wostmann et al., 2005). Success with RPDs can however be difficult to predict and failure may be accompanied by discontinued use of the prosthesis (Jepson et al., 1995). RPDs can have a detrimental impact on the oral tissues, with the periodontal inflammation and recession being greatest risk, followed by tooth mobility and dental caries (Becker et al., 1994). Good oral hygiene and effective periodontal maintenance can however reduce the risks of RPD provision (Bergman and Ericson, 1989, Becker et al., 1994, Bergman et al., 1971). This suggests that, provided their impact on oral health is carefully controlled, RPDs can be considered as a viable intervention to replace missing teeth
Research investigating effects of RPDs has often focused on their impact on the oral tissues and the most powerful patient-oriented measure of success has perhaps been the evaluation of whether the prosthesis continues to be used (Bergman et al., 1971, Jepson et al., 1995). A series of ‘design rules’ for cast metal frameworks of RPDs is taught in undergraduate dental curricula to ensure dentures fulfil the aim of being both hygienic and functionally stable (Davenport et al., 2000, Becker et al., 1994). Whilst it is important to focus on biological risks, a patient-centred approach to measuring outcomes including the use of person centred outcome measures (PCOMs) has been increasingly promoted to measure success of medical and dental interventions (Haynes and Haines, 1998). This focus arrived with the prosthodontics research community soon after the development of effective tools (Awad and Feine, 1998). PCOMs have been developed to fit constructs of health-related and oral health-related quality of life (HRQoL and OHRQoL). Several tools have been developed for evaluating treatments in dentistry and investigating how conditions affect OHRQoL (Slade and Spencer, 1994). Research in the prosthodontics field initially focused on questions related to the management of edentulousness (Feine et al., 2002b). The rate of edentulousness is however declining in most developed countries with the partially dentate becoming more prevalent (Jeyapalan and Krishnan, 2015, Slade et al., 2014). The number of clinical variables associated with the partially dentate patient e.g. number of teeth missing, position of missing teeth etc., is significant and may interact to affect OHRQoL in more complex ways than for the edentulous patient. 
As well as considering the effect of current practice with RPDs on the OHRQoL of partially dentate patients, OHRQoL measures serve a valuable purpose in evaluating novel treatments. Developments in fabrication techniques including the use of computer aided manufacture (CAM) has opened a range of novel high performance polymer materials for use as prosthetic frameworks for use in fixed and removable prosthodontics (Najeeb et al., 2016). Whilst there are many claims about the advantages of these materials, clinical research is generally restricted to case reports (Najeeb et al., 2016). 
This literature review will therefore explore the following: 
What OHRQoL is and how it is measured?
What does current evidence for the OHRQoL impact of prosthodontic tooth replacement with RPDs, and other treatments?
What alternative options to RPDs are available for replacement of missing teeth?
What are the variables associated with RPD use and how have been shown to impact on outcome with RPDs?
What alternative measures of success with RPDs have been evaluated in clinical studies?
[bookmark: _Toc506551354]Oral health-related quality of life
 ‘Quality of life’ (QoL) in scientific literature describes a range of conceptually different subjects e.g. health status or life satisfaction (Ferrans et al., 2005). In defining the impact of health on QoL the term ‘health-related quality of life’ (HRQoL) was developed. This distinguished features of QoL determined by societal norms and cultural practices from those determined by health status (Ferrans et al., 2005). Health is a “state of complete physical, mental and social wellbeing not merely the absence of disease or infirmity” (Gift and Atchison, 1995). The HRQoL conceptual model incorporates consideration of current and future health status (Gift and Atchison, 1995).  It may be modified by the impact of impairment on day-to-day activities or on relationships, perceptions of health, life expectancy and disability (Gift and Atchison, 1995).
The distinction between oral health and OHRQoL is similarly the difference between the presence of a state of infirmity (e.g. edentulousness), and broader functional, psychosocial and aesthetic impacts (Gift and Atchison, 1995). Oral health is a state of being “free from diseases and disorders of the oral cavity” (Gift and Atchison, 1995). What about social and personal impact of oral health? These aspects are not addressed by this definition of oral health, rather they relate to OHRQoL (Slade et al., 1998). Therefore, measurement of successful treatment or the impacts of disease state are incomplete if only markers of disease status (e.g. depth of periodontal pocketing) are considered (Gift and Atchison, 1995, Ferrans et al., 2005). Simply focusing on potential biological harms of RPDs may ignore how they impact on people’s social wellbeing and functional ability. Even using objective functional measures such as chewing tests may lead to oversight in how patients perceive their ability to enjoy a meal (Feine and Lund, 2006). 
Early literature on the psychosocial impact of dental disorders describes impacts of diseases such as caries, malocclusions, ill-fitting removable dentures etc. on people both in general health, inter-personal and financial contexts (Sheiham and Croog, 1981, Hollister and Weintraub, 1993). These studies were narrative reviews linking known effects of disorders to impacts on QoL. For example, patients with missing teeth may be embarrassed or withdrawn, therefore limit their interactions with others and may miss opportunities for promotion or development of new relationships as a result (Hollister and Weintraub, 1993). Whilst these associations were plausible and based on sound reasoning, impacts were being inferred from interpretations of clinical measures in a paternalistic manner. Where was the patient in this so-called ‘patient-centred’ approach? Having identified that the personal impact of oral disease should be measured, development and validation of tools to measure it was the next major challenge. The first step in this journey was the development of a theoretical construct of what makes up OHRQoL and how this may be measured.
[bookmark: _Toc506551355]Theoretical framework of OHRQoL
Several theoretical models of OHRQoL were proposed. A well-known and often quoted conceptualisation of OHRQoL was proposed by Locker who suggested that OHRQoL may comprise seven domains (Locker, 1988): 
1. [bookmark: DomainsofOHRQoL]Functional limitation
2. Physical pain
3. Psychological discomfort
4. Physical disability
5. Psychological disability
6. Social disability
7. Handicap 
The model, shown in Figure 2–1, used in the development of the OHIP, proposes that oral disease leads to an impairment, which causes a functional limitation and/or pain and discomfort, ultimately leading to disability and handicap (Baker et al., 2008, Locker, 1988). 
[image: ]
[bookmark: _Ref373448649][bookmark: _Ref373448619][bookmark: _Toc373604056][bookmark: _Toc380333181]Figure 2–1 Conceptual model of oral health (Baker et al. 2008, Locker, 1988)
Gilbert et al. suggested a multidimensional model of OHRQoL in which people rate their oral health as a result of clinical disease, tissue damage, pain and discomfort, functional limitation and oral disadvantage, [Figure 2–2] (Gilbert et al., 1998, Jones et al., 2001).  
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[bookmark: _Ref373448698][bookmark: _Toc373604057][bookmark: _Toc380333182]Figure 2–2 Multi-dimensional model of self-reported oral health (Gilbert et al., 1998, Jones et al. 2001)
The model and domains proposed by Locker were used to develop the 49-item Oral Health Impact Profile (OHIP) questionnaire by categorising several hundred statements from patient interviews into questions that would measure OHRQoL according to Locker’s seven domains (Baker et al., 2008, Slade and Spencer, 1994). Many other PCOMs have been developed and are used in epidemiological research and clinical trials. These will be discussed in section 2.4.
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PCOMs were developed to measure patient satisfaction, pain and OHRQoL. The Sickness Impact Profile (SIP) was an early example of a HRQoL measure consisting of 136 questions about 12 issues from sleep to communication (Bergner et al., 1981). This was used within dentistry to quantify the QoL impact of oral disorders such as temporomandibular disorders and periodontal diseases (Reisine et al., 1989, Reisine and Weber, 1989). Cross sectional studies compared SIP scores in patients diagnosed with periodontal disease, temporomandibular disorder (TMD) and those needing new removable dentures against “regular” patients and demonstrated more debilitating disorders (e.g. TMD) had greater impacts on general well being (Reisine et al., 1989, Reisine and Weber, 1989).  Shorter versions of these tools were soon developed including the ‘Short Form Health Survey’ (SF-36) and the 12-item version the SF-12. It soon became clear however that generic ‘health-related’ measures were blunt tools to measure the effects of oral disorders on quality of life. Questions were not relevant to impacts caused by oral impairments or oral diseases. There was a need to develop condition-specific PCOMs that were sensitive to these changes. In the subsequent decades a number of PCOMs designed specifically to measure OHRQoL were developed. Examples of some of these PCOMs are seen in Table 2‑1. 
	Patient Reported Outcome Measure
	Descriptions

	Social Impacts of Dental Disease (SIDD)
	Combination of individual markers for oral health and patient perceptions regarding several domains of OHRQoL such as functional and social impacts, comfort and patient self-image (Cushing et al., 1986).

	Rand Dental Health Index (RDHI)
	Measure of pain, worry and social interaction used in epidemiological studies. Does not evaluate all domains of OHRQoL (Gooch et al., 1989).

	Geriatric Oral Health Assessment Index (GOHAI)
	Measure of three dimensions of oral health; physical function, psychological function and pain or discomfort (Atchison and Dolan, 1990). 

	Subjective Oral Health Status Indicator (SOHSI)
	Measure of daily functional and psychosocial wellbeing. Developed for large-scale epidemiological surveys (Locker, 1995).

	Dental Impact Profile (DIP)
	Measure of the impact of teeth and dentures on eating, health and wellbeing, social relations and romance (Strauss and Hunt, 1993).

	Oral Health Impact Profile (OHIP)
	Originally a 49-item measure of the seven domains of OHRQoL originally described by Locker in 1998, and the impacts of various disorders on these domains (Slade and Spencer, 1994).

	Dental Impact on Daily Performance (DIDP)
	36-item measure to evaluate five domains of OHRQoL and conducted in a structured interview (Leao and Sheiham, 1996).

	Oral Health Quality of Life inventory (OH-QoL)
	A 15-item subsection of a longer 64-item interview focusing on importance and satisfaction of areas of subjective wellbeing and objective functional status. Not easy to administer in a clinical setting (Cornell et al., 1997).

	Oral Impacts of Daily Performance (OIDP)
	Evaluation of the impact of specific disorders on a person’s life at different levels; the disease itself, the impact of the disease and the “ultimate consequence” of the disease. Does not measure all aspects of OHRQoL but focuses on particular consequences of specific diseases (Sheiham et al., 2001).

	UK Oral Health related Quality of Life measure (OHQoL-UK)
	16-item investigation of positive and negative aspects of oral health. Rather than measuring OHRQoL it measures a subjective reflection of the degree to which oral health impacts on quality of life (McGrath and Bedi, 2001b). 

	Orofacial Aesthetic Scale (OES/OAS)
	Measure of patient perceived oro-facial aesthetics only. No other aspects of OHRQoL is measured (Larsson et al., 2010).


[bookmark: _Ref373479579][bookmark: _Toc380333218]Table 2‑1	Examples of patient centred outcome measures of OHRQoL
Several tools have appeared in epidemiologic research, others used to draw links between OHRQoL and general QoL and some to measuring treatment effects.
[bookmark: _Toc506551357]Tools used in Epidemiology
The tools used in epidemiologic research are often used in association with objective measure of oral health or disease status. The Social Impacts of Dental Disease (SIDD) for example records factors such as socioeconomic status, dental history e.g. DMFT, denture wearing or numbers of functioning teeth, and other patient variables e.g. age (Sheiham et al., 1997). A patient questionnaire explores psychological and social impacts as a consequence of dental status, though the SIDD does not assess the degree of impact within these domains (Sheiham et al., 1997). The SIDD is therefore not suited to the measurement of changes in OHRQoL from interventions to treat dental health (Sheiham et al., 1997). The Rand Dental Health Index is another early OHRQoL tool developed for the Rand Health Insurance Study (Locker, 1995, Dolan and Gooch, 1997). Again, this tool is used in epidemiology to link dental health status and QoL. Findings with this measure suggest subjects with toothache and more carious teeth have worse OHRQoL (Gooch et al. 1989). 
[bookmark: _Toc506551358]Tools used to link OHRQoL to QoL
Some OHRQoL measures make links between the impacts of oral conditions and QoL. The Oral Impacts of Daily Performance (OIDP) for example evaluates OHRQoL on the basis of how a disorder impacts at each of three levels (Adulyanon and Sheiham, 1997):
Level one - the person has the disease e.g. periodontal disease.
Level two - he person is aware of a consequence to that disease, e.g. mobile or drifting teeth.
Level three, the “ultimate consequence” - this consequence impacts on daily functions, e.g. difficulty eating or embarrassment when smiling etc. 
This suggests that only consequences that impact on function impact on OHRQoL. But can an OHRQoL impact, which doesn’t alter behaviour, be said to have no impact on QoL? If a person makes accommodations to avoid or cope with the impact of mobile teeth, for example, does this not impact on their “mental and social well-being”? 
The 16-item UK Oral Health related Quality of Life measure (OHQoL-UK) investigates positive and negative aspects of oral health using a Likert scale (McGrath and Bedi, 2001b). Respondents answer questions about the effect their oral health has had on 16 key areas and then how this impacts on their quality of life (McGrath and Bedi, 2001a). Scores range from 16 to 144 with lower scores indicating worse effect than higher scores. The OIDP and OHQoL-UK are therefore primarily measurements of the impact of oral health on general QoL or the utility of oral health in general QoL. 
The distinction between OHRQoL and QoL is difficult to quantify and often oral health impacts cannot be measured by general quality of life measures (Allen et al., 1999). By extension it may be argued that tools such as OIDP point to areas which merit further exploration in understanding the link between OHRQoL and QoL.
[bookmark: _Toc506551359]Tools used in clinical studies
Several tools developed to measure OHRQoL have been used in evaluation of clinical interventions. The Dental Impact on Daily Performance (DIDP) evaluates five dimensions of quality of life; comfort, appearance, pain, performance and eating restriction (Leao and Sheiham, 1996). At 36-items the DIDP is fairly long and relies on structured interviews which increase complexity and time for implementation (Leao and Sheiham, 1997). It can be used to give either dimension scores (e.g. a pain score) and total scores (Leao and Sheiham, 1997). 
Another PROM requiring a labour intensive interview is the Oral Health Quality of Life Inventory (OH-QoL), a 15-item measure (Cornell et al., 1997).  In the OH-QOL the participant weights the importance of a particular impact by scoring both “importance” and “satisfaction” (Cornell et al., 1997). OH-QoL is part of a much larger measure totalling 64-items in total known as the Oral Health Quality of Life Interview (OHQOLI) (Cornell et al., 1997). This explores “subjective well-being”, “objective functional status” and involves the person’s attitudes to a greater extend, which potentially makes it a more appropriate tool with which to measure quality of life (Cornell et al., 1997). Cumbersome tools such as OHQOLI and DIDP are however less practical to implement in clinical intervention studies. They may be useful to indicate potential themes, which one may explore more effectively with semi-structured interviews or focus groups as part of a qualitative research strategy. 
The General, or in earlier references, Geriatric’, Oral Health Assessment Index (GOHAI) is another tool used as an outcome measure for OHRQoL in clinical studies. Initially a 36-item tool the GOHAI was later condensed to 12-items, representing three dimensions of oral health: physical function, psychological function and pain and discomfort (Atchison and Dolan, 1990). Whilst there are examples of GOHAI being used in prosthodontic research literature, by far the most widely used PCOM of OHRQoL in this field is the Oral Health Impact Profile (OHIP).
[bookmark: _Toc506551360]The Oral Health Impact Profile
With a wide range of applications from epidemiology to comparisons in intervention studies and benchmarking for service evaluations, the OHIP is regarded as a versatile PCOM (Allen, 2003). It was piloted by Slade and Spencer in the early 1990’s to investigate the impact of oral disorders on general wellbeing (Slade and Spencer, 1994). General wellbeing was considered in terms of the effect on function (chewing and speaking), psychology (the effect of the disorders on a person’s internal narrative) and social life (Slade and Spencer, 1994). 
The original OHIP has 49-items (OHIP-49) and it was proposed to evaluate the seven dimensions of OHRQoL from Locker’s model (Locker, 1988). Findings from initial studies demonstrated reliability and validity (Locker and Slade, 1993). These studies indicated that oral conditions did have an impact on daily life, which was more marked in edentulous persons than in the dentate and partially dentate (Locker and Slade, 1993). These were early indicators that tooth loss has an impact on QoL. The OHIP-49 also indicated that differences in OHRQoL may exist between socio-demographic and racial groups (Hunt et al., 1995). 
Shortened versions of the OHIP include the OHIP-14 a general measure of OHRQoL, and the OHIP-EDENT and OHIP-20 which are considered ideal in prosthodontic research (Slade, 1997, Allen and Locker, 2002). The OHIP-20 contains all items from OHIP-EDENT plus one additional item having a “satisfactory diet”. It has been used widely to measure OHRQoL in prosthodontic patients (Allen and Locker, 2002, Allen et al., 2009, Nickenig et al., 2008). A significant amount of research has gone into the validation of shorter versions of the OHIP-49, with a 14-item version demonstrating good properties of validity and reliability, making it both robust and easy to use in a clinical and research setting (Allen, 2003). Whilst the OHIP-14 is easier to administer than OHIP-20, the former misses out items on several items that would be important in evaluating prosthodontic interventions such as: ‘difficulty eating’, ‘food catching’, ‘dentures not fitting’, ‘sore spots’, ‘uncomfortable dentures’ etc. 
The OHIP-20 has also demonstrated excellent reliability and validity and has been used in several studies comparing prosthodontics interventions for tooth replacement strategies or to evaluate OHRQoL in different classifications of patients (Gjengedal et al., 2011, Heydecke et al., 2003). OHIP-14 was compared to the 12-item GOHAI in a cross-sectional survey of elderly subjects and was found to have a much higher number of zero scores than the GOHAI, though both measures were able to discriminate between subjects with and without dentures (Locker et al., 2001). Considering this lack of sensitivity scores with the OHIP-14, some have suggested that it should not be used to measure outcomes in clinical intervention trials to measure changes within subjects before and after treatment or between two treatment arms (Locker et al., 2001). 
Domain scores vs. Total scores
Studies using the OHIP also often quote scores in individual domains alongside the total score (Bramanti et al., 2013). Firstly there are concerns of this approach to analysis from a statistical point of view, namely the use of multiple testing. Secondly, the original seven domains proposed by Locker were intended as a framework on which to build empirical evidence for the conceptual framework for OHRQoL (Baker et al., 2008). Locker’s theoretical model represented a fundamental step forward in the conceptualisation of OHRQoL. It could be argued though that the assumption that all of these domains were measured by the OHIP was not robustly tested (Baker et al., 2008). What followed were a series of validity and reliability studies using the OHIP in different populations and languages (Baker et al., 2008). It was almost twenty years after the development of Locker’s conceptual model that the first empirical testing of OHIP was reported (Baker, 2007).  
Whether the individual questions in the OHIP relate to the domain they were assigned to, and whether the domains proposed by Locker interacted as originally proposed i.e. it’s construct validity, was evaluated using structural equation modelling (SEM) analysis and confirmatory factor analysis (CFA) (Baker et al., 2008). SEM on a retrospective sample of OHIP-14 data drawn from the 1998 UK Adult Dental Health Survey tested whether one domain could predict another (Baker, 2007). This analysis indicated that the original model, with seven domains, did not meet the threshold required for acceptable fit (Baker, 2007). Significant overlap of functional limitation with discomfort, functional limitation with physical disability and discomfort with psychological disability was found (Baker et al., 2008). This suggests that the common practice by many authors of reporting both the summary OHIP score and domain scores is not supported, as individual domains do not have the same construct validity as the summary score (Baker et al., 2008).
Alternative domains have been proposed such as combining psychological discomfort and psychological disability to a single domain termed “psychological impact”. Whilst this had good discriminant validity in most factors of the revised model, there was still a degree of overlap between functional limitation and physical disability (Baker et al., 2008). John et al. proposed only four domains: Oro-facial function, oro-facial appearance, oro-facial pain and psychosocial impact (John et al., 2014a). They too discouraged the reporting of scores for the original seven domains for both the full OHIP-49 and shortened versions (John et al., 2014a).  The use of a summary score, particularly for abbreviated, condition specific versions such as OHIP-20 was be supported by CFA (John et al., 2014a).
Minimum Clinically Important Difference
The degree to which a change shown in a PCOM measuring OHRQoL can be considered clinically meaningful is described as the ‘Minimal Clinically Important Difference’ (MCID) (Locker et al., 2004). It is described as the minimum change in OHRQoL score, which may be considered by a patient to have a clinically meaningful impact. The MCID may be calculated in a number of ways (Jaeschke et al., 1989). Statistical ‘distribution-based’ interpretations are made using the measure of spread, (e.g. standard deviation) of the PCOM used in the same study or in a population described elsewhere. Alternatively, ‘anchor-based’ calculation of MCID is used where changes in score are compared against other clinically meaningful or patient-centered results (Lydick and Epstein, 1993).  
Allen et al. investigated the MCID for the OHIP-20 using the anchor-based method in which they compared changes in pre- and post-operative scores with the OHIP-20 to a ‘global transition scale’ which had 15-points covering ranging from -7 to +7 ‘appearance, ability to chew food, oral comfort and speech’ (Allen et al., 2009). This allowed them to determine what level of OHIP-20 change was required to achieve a change in the global transition scale that was considered a ‘minimum change’. This investigation determined that a MCID for the OHIP-20 was 7 to 8-points (Allen et al., 2009). Similar methods demonstrated MCID of five points for the OHIP-14 and an MCID of 12.5 for OHIP-49 (Locker et al., 2004, Yule et al., 2015). Clearly the level of moderate change and large change is also relevant. For OHIP-20 moderate changes were between 12-19-points. Large changes were considered by patients who reported a 15-21-point change in OHIP-20 (Allen et al., 2009). Whilst the distinction between minimal, moderate and large changes may not be easy to discern, it is clear to see how the reporting of the MCID, and not simply the change in point score, provides useful information to contextualize the change in OHRQoL with the clinical situation.
The next section will explore how these tools have been used to explore the impact on OHRQoL of prosthodontics interventions.
[bookmark: _Ref374008640][bookmark: _Toc506551361]OHRQoL in Prosthodontic research 
[bookmark: _Toc506551362]Edentulous patients
The majority of early OHRQoL data in prosthodontics research related to the edentulous patient. One area where OHRQoL research has had a significant impact on clinical practice and policy was the use of implant-retained overdentures (IOD) for the edentulous mandible. Findings have generally been positive in respect to implant-supported prostheses, though the indices used in early research were often not validated measures of OHRQoL (Kent, 1992, de Grandmont et al., 1994). In 1995, Humphris et al. evaluated conventional versus implant overdentures (IOD) using a postal questionnaire with a symptom checklist, a general health questionnaire, a body satisfaction scale and a self-esteem scale (Humphris et al., 1995). They found no difference between groups in terms of “satisfaction or symptoms” (Humphris et al., 1995). Bouma et al. measured the impact of IOD on QoL using ‘wellbeing’ scales (Bouma et al., 1997). 12-months following denture insertion participants treated with IOD and conventional dentures showed improvement in wellbeing scales, though there was no difference between groups (Bouma et al., 1997). The scales used were modified versions of measures in medical research assessing activity restriction and psychological wellbeing and were not appropriate for the measurement of OHRQoL. 
In 1998 Locker reviewed PCOMs used to measure the impact of treatment with dental implants and reported that the majority of studies used ad hoc, un-validated, measures (Locker, 1998). Even when validated measures, such as the OHIP, were used the quality of studies was often poor (Locker, 1998). Later, OHIP was used in a randomised controlled trial in which edentulous patients received conventional dentures or IOD using two implants in the mandibular canine region joined by a bar (Awad et al., 2000, Awad et al., 2003a). OHIP was used at baseline and then two months following receipt of the new prosthesis (Awad et al., 2000). Other measures of satisfaction and functional assessment were reported including comfort, chewing ability and aesthetics (Awad et al., 2003a). The studies demonstrated no difference between the groups at baseline, but a significantly greater reduction in the OHIP score, i.e. improved OHRQoL, in those treated with IOD compared to those with new conventional dentures (Awad et al., 2000). 
Other studies have also found that pre-treatment expectations can impact on OHRQoL (Allen and McMillan, 2003, Allen et al., 2001b). OHIP scores of people who want conventional dentures at the outset can improve by the same amount as the patients treated with IOD (Allen et al., 2001b). This may indicate that OHRQoL can be modified by people’s perceptions. Of course, not all patients want implant treatment. Variation in patient expectations may be dependent on a number of variables outside of the dentist’s control including social and cultural inputs and the affordability of the treatment for patients in both the short and long term (Fitzpatrick, 2006). Even if cost is removed as a factor, reports suggest that up to one third of patients refuse implant therapy for fear of surgical complications (Walton and MacEntee, 2005).
Other studies confirmed the results seen by Awad et al. and indicated that patients treated with IOD showed significant improvements in domains related to eating, speaking clearly, smiling, contact with people, going out and mood change (Melas et al., 2001, Heydecke et al., 2003). 
Research investigating the use of IOD to treat the edentulous mandible, in terms of OHRQoL and other outcome measures resulted in consensus statements in support of this treatment. Both the “McGill Consensus Statement” in 2002 and the “York Consensus Statement” in 2009 concluded that that the restoration of the edentulous mandible with a two implant-supported overdentures should be the first line of choice treatment for patients (Feine et al., 2002a, Thomason et al., 2009, Thomason et al., 2012). But what does the literature say about the OHRQoL effect of treatment for the partially dentate patient? 
[bookmark: _Toc506551363]Partially dentate patients
Astrom et al. used the OIDP to assess relationships affecting OHRQoL in Norwegian participants and found; age, residential area, dental attendance and number of remaining teeth were influential to the OIDP score (Astrom et al., 2006). Tsakos et al. found from a subsample of 407 dentate and 346 edentulous participants, that those with eight or fewer occluding pairs of teeth were up to six times more likely to report a negative oral impact than those with more occluding teeth (Tsakos et al., 2006). Jones et al. used OHIP, GOHAI and OH-QoL to assess the impact of tooth loss (Jones et al., 2003). By all measures, people with 25 natural teeth or more had better outcomes than those with 1-24 teeth (Jones et al., 2003). 80% of participants with 25 or more teeth rated their oral health as excellent, very good or good, compared to 54% with 1-24 teeth (Jones et al., 2003). These studies indicate that tooth loss has significant impacts on OHRQoL, but what of the impact of restoration with an RPD?
Several cross-sectional studies have reported on the OHRQoL status of patients who wear RPD. Partially dentate RPD wearers reported more impacts in the OHIP-14 than dentate individuals in a Finnish population survey of 5897 individuals (Lahti et al., 2008). John et al. demonstrated that the median and highest decile OHIP score were greater (i.e. worse OHRQoL) in subjects with partial dentures compared to those without dentures (John et al., 2004a, John et al., 2003). These studies suggest that RPD wearers have poorer OHRQoL than a dentate population, though this comparison is somewhat unfair. These studies do not answer the question of whether or not rehabilitation with dentures makes an improvement to OHRQoL in people who have lost teeth but are not wearing dentures. Nor does it explore whether the type of denture prescribed makes an impact. 
Face-to-face interviews including items from OHQoL-UK in 1801 subjects found that patients with less than 20 teeth and no dentures were half as likely to enjoy OHRQoL above the national median than those with less than 20 teeth and restored with an RPD (McGrath and Bedi, 2001a). In an assessment of satisfaction with different types of RPD provided in private practice and exploring the influence of number of missing teeth, Frank et al. used the Rand Dental Satisfaction Questionnaire and the SF-36 in a postal survey (Frank et al., 1998). HRQoL with RPDs was generally higher in experienced denture wearers, persons who wore only one denture and in older patients (Frank et al., 1998). The assessment of denture classification was based on drawings completed by patients and there was no evaluation of the material used or OHRQoL (Frank et al., 1998). 
Hassel et al. assessed factors influencing the OHIP for German institutionalised elderly patients and recorded denture characteristics such as type; no denture (edentulous), complete or partial denture, age of prosthesis, retention and number of occluding teeth (Hassel et al., 2006). They found that the type of denture had no significant impact on the OHIP score (Hassel et al., 2006). Their classification of prostheses did not however make any distinction between types of RPD or between fixed bridgework and removable dentures (Hassel et al. 2006). 
Using a 100mm VAS to determine clinician’s perception of denture quality on the basis of aesthetics and stability patients were asked to answer the Japanese version of the OHIP (OJIP-J) (Inukai et al., 2008). Improving denture quality assessed by clinicians by 10mm on a VAS corresponded with a 2.8-point reduction (improvement) in the OHIP-49 score (Inukai et al. 2008). These studies made no comparison of OHRQoL before treatment and nor do they allow any differentiation between denture materials or types of RPD.
Systematic reviews on this subject have found that evaluations of intervention with RPDs for partially dentate persons with respect to OHRQoL are relatively under-represented in the literature (Strassburger et al., 2004, Strassburger et al., 2006). Strassburger et al. found no studies investigating the effect of RPD use on HRQoL or OHRQoL (Strassburger et al., 2004, Strassburger et al., 2006). Thomason et al., reported that other than the use of IOD, the assessment of interventions in other aspects of ‘reconstructive’ dentistry, i.e. fixed and removable prosthodontics, had not been assessed, and was an area requiring further attention (Thomason et al., 2007). 
Since these reviews, a number of studies have been published reporting the effect of RPD treatments on OHRQoL outcomes. Allen et al used the OHIP-20 to evaluate OHRQoL with 44 participants treated with RPD measuring OHIP-20 at baseline and at 1-month follow-up (Allen et al., 2009). They found an improvement in OHIP-20 score of 10.6 points. There have also been studies comparing the effect of different treatments for managing tooth loss on OHRQoL. For example, in a prospective clinical trial changes in OHRQoL before and after treatment were compared between either fixed prosthodontics or telescopic crown retained RPDs and edentulous patients restored with conventional complete dentures (John et al., 2004b). In subjects treated with removable prosthodontics the median OHIP score improved at 1-month and improved further at 6-12 months (John et al., 2004b). McKenna et al. compared replacement of molar units with RPDs to the use of fixed adhesive bridges restoring dentitions to a “functionally oriented dentition”. They found that the latter sustained greater improvements to OHRQoL and were more cost effective over a period of one-year follow-up (McKenna et al., 2015, McKenna et al., 2013). In a randomised controlled trial comparing treatment to a shortened dental arch (SDA) to treatment with RPDs, no difference between groups was found in tooth loss, in OHRQoL or reports of temporomandibular pain at five years (Reissmann et al., 2014, Walter et al., 2013, Wolfart et al., 2014). Some studies finding RPD treatments have a greater benefit to OHRQoL than fixed bridgework (FBW) (Persic and Celebic, 2015, Montero et al., 2013). These differences in outcome may create confusion for clinicians and patients when deciding on the best approach to the rehabilitation of missing teeth.
Other studies have compared implant-retained prostheses to RPDs and other conventional treatments such as fixed bridges retained by natural teeth. Fueki et al. compared implant-supported fixed bridges (ISFB) to RPD treatment using OHIP-49 (Fueki et al., 2015). At one-year follow-up both groups had made improvements of 9-10 points (Fueki et al., 2015). 
A systematic review investigating studies up to 2010 concluded that tooth replacement with prosthodontic interventions could improve OHRQoL, however, partially dentate and edentulous patients were grouped together in a number of the studies included in this review (Hultin et al., 2012). A more recent systematic review has compared different interventions for tooth replacement in patients with a (SDA (Fueki and Baba, 2017). No significant difference was found between fixed SDA treatments compared to RPD treatment and insufficient data was found with respect to the use of implant-supported prostheses. The review was conducted according to ‘best practice’, including only three randomised clinical trials. This approach, however robust, meant a number of studies and important findings from less robust study designs such as cohort studies were rejected. Given the significant increase in the use of OHRQoL measures in the last 15 years, a review with broader inclusion criteria may provide additional information on the OHRQoL impact of different methods to replace missing teeth.
Data from qualitative research
There is scant data from patients concerning their view on the use of removable dentures or the impacts they have suffered from losing teeth. Data from a purposive sample of 22 patients who took part in semi-structured interviews were analysed using inductive interpretive analysis found five main themes one of which was “expectations and preferences for current and future treatments…” (Cronin et al., 2009). This data was from participants who were partially dentate, and did not necessarily wear dentures. That said, participants reported that they felt their tooth loss was partly due to the social norms of the time, with extraction of teeth being a more socially normal situation (Cronin et al., 2009). Participants attached importance to preservation of their teeth and aspirations for the future management of missing teeth that avoided the use of removable dentures (Cronin et al., 2009). A second study investigated the factors influencing whether dentists will prescribe and whether patients wear their RPDs (Graham et al., 2006). Expected levels of satisfaction were described as important themes emerging from these interviews and in many cases these were negative though RPDs were considered better than not replacing teeth (Graham et al., 2006). Other than these two studies exploring decision-making, qualitative data regarding the day-to-day experiences of participants wearing RPDs and their experiences of tooth loss is unfortunately lacking. 
Summary
OHRQoL has been increasingly measured in prosthodontics research to measure the impact of tooth loss and treatments to replace teeth. Findings suggest that interventions do generally improve OHRQoL. The relative impact of RPDs versus other methods of treatment to replace missing teeth has not been quantified despite the increase in available OHRQoL data. There are several variables associated with the partially dentate condition, for example, the number of missing teeth, occlusal stability, position of missing teeth etc. that may affect OHRQoL though their impact on outcome with RPDs is unknown. These variables are important factors to consider when deciding between different treatment options to replace missing teeth. Other social and cultural variables including the affordability of the treatment may also have a role in modifying OHRQoL following tooth loss and rehabilitation of tooth loss in the short and long-term (Fitzpatrick, 2006). The various options to replace missing teeth will now be discussed and in doing so this review will attempt to contextualise the decisions faced by patients and dentists. 
[bookmark: _Toc506551364][bookmark: Managingtoothloss]Management of Tooth loss 
[bookmark: _GoBack]Treatments to replace teeth include RPDs, fixed tooth-supported bridgework (FBW), implant-supported single crowns (ISSC), implant-supported bridgework (ISFB) and implant-supported removable dentures (ISRD). The decision as to whether or not to restore an edentulous space is influenced by aesthetics, function, occlusal stability, comfort and speech (McCord et al. 2002a). All treatments carry a risk of morbidity and in the absence of functional or aesthetic challenges ‘no treatment’ may be considered the best option in some situations. This philosophy supports the SDA strategy which suggests the number of chewing units required for acceptable function, aesthetics and psychological acceptance is between two to four occluding pairs of teeth (Kayser, 1981). 
A number of authors have reported on the adverse consequences associated with not restoring a space left by missing teeth. Unwanted movement of teeth can reduce the space available for future restoration or introduce unfavourable occlusal contacts. This in turn may result in overloading of other teeth and may contribute to the failure of restorations or wear of teeth (Craddock et al., 2007a, Craddock et al., 2007b, Craddock, 2008, Love and Adams, 1971). These observational studies of patient photographs and models provide a good argument for clinicians and patients to consider the impact of not replacing posterior units. 
An RPD is a denture replacing teeth in a partially dentate arch which can be readily removed and re-inserted by the patient (Ferro et al., 2017). The different classifications of RPDs and variables associated with RPD design will be discussed later. 
[bookmark: Conventionlfixedbridge]Conventional bridgework [Figure 2–3] involves the preparation of teeth to varying degrees depending upon the design of retainer chosen and additional features to improve resistance and retention form of the retainers (Goodacre et al., 2001, Owen, 1986b, Owen, 1986a).
[image: Figure 1 - Image of conventional Bridgework]
[bookmark: _Ref373448809][bookmark: _Toc373604058][bookmark: _Toc380333183]Figure 2–3 Conventional fixed bridgework
Adhesive bridgework offers a more conservative means of restoring a space than conventional bridgework. The use of adhesive resins capable of bonding to both oxides on a retainer wing and micromechanically bond to residual enamel reduces, in some cases even eliminates, the need for removal of tooth tissue altogether (Durey et al., 2011). Adhesive bridgework [Figure 2–4] has been shown in longitudinal survival analysis to have over 80% mean survival at five and ten-year follow-up, particularly where enamel was preserved for bonding (King et al., 2015). There are occasions where tooth supported bridgework may not be ideal due to the length of span i.e. the number of teeth being replaced. The same longitudinal analysis found a 10% reduction in mean survival at five years when multiple abutments were being used, though multiple pontics interestingly was not a significant factor (King et al., 2015).
[image: Figure 2a Image of an unrestored missing tooth]   [image: Figure 2 b Image of an adhesive bridge to restore a space]
[bookmark: _Ref373448870][bookmark: _Toc373604059][bookmark: _Toc380333184]Figure 2–4 Adhesive fixed bridgework
Implant-supported crown or bridgework provides an alternative means of restoring an edentulous space without the need for involvement of the adjacent teeth [Figure 2–5]. These have been shown to have good survival figures over 10 years, 89.4% for implant supported single crowns and 93.9% for implant-supported fixed bridges (Jung et al., 2008, Pjetursson et al., 2007). Implant-supported fixed crown or bridgework may not be appropriate for clinical reasons; anatomical or pathological considerations, or because patient wishes and financial considerations preclude from this treatment option. In such instances, an RPD presents a low-complexity, potentially reversible and lower cost prosthetic option.
[image: Figure%203a%20Edentulous%20space%20in%20the%20mandible%20with%202%20implants%20inserted] [image: Figure%203b%20Space%20restored%20by%20implants] [image: Figure 3c Space restored by implants]
[bookmark: _Ref373448934][bookmark: _Toc373604060][bookmark: _Toc380333185]Figure 2–5 Fixed implant retained crowns
The literature regarding the positive impact of replacing teeth on OHRQoL has been partially reviewed earlier. It is clear that RPDs continue to fulfil an important niche in the management of the partially dentate patient either when other options are not clinically or not financially viable. Notwithstanding, in the mind of many clinicians and patients they come a second-best option after the fixed solutions and have mixed reviews. It is pertinent therefore to consider what the future may hold for this treatment option.
[bookmark: _Toc506551365]Indications for RPDs and evidence for future need
A review of the indications for RPDs conducted by Wostmann in 2005 concluded that there was no evidence-base of indications for an RPD and these are provided on the basis of clinical experience and accepted principles of prosthodontic practice (Wostmann et al., 2005). Whilst the literature suggests a lack of evidence base for the prescription of RPDs, evidence will be explored later suggesting that they can cause significant deterioration in oral health, requiring patients to sign up to a maintenance regime for life. This review will now consider the need for RPDs from a clinical, societal and personal-patient perspective. 
[bookmark: _Toc506551366]Clinical drivers of RPD use
Alveolar bone & tooth support
Lack of alveolar bone support for potential abutment teeth and short clinical crown heights available for bonding are contra-indications for the use of tooth-supported adhesive bridgework (Pjetursson et al., 2008). Lack of alveolar bone in a potential implant site may require significant extra steps including grafting and site preparation to make an implant supported crown a feasible option (Buser et al., 2017).
Age
Age, i.e. intervening too early, may be a contra-indication to the use of fixed implant treatment. Delayed dento-alveolar growth can complicate implant placement particularly in aesthetic regions in a growing patient the dento-alveolar complex with the gingival margin continues to move into the early twenties which can impact on aesthetic outcomes (Heij et al., 2006).
Caries and periodontal health
Some patients can present with high levels of disease and a dentition likely to be unstable and changing. For these patients, it may not be considered appropriate to undertake definitive fixed prosthodontics, as the status of some teeth may be uncertain. Is these situations a provisional removable prosthesis would be appropriate as it is a relatively low cost means of restoring aesthetics and function, whilst maintaining tooth positions and buying time to stabilise disease and plan for the future. 
Extent of loss (teeth, hard- and soft-tissues)
Loss of multiple teeth makes the option of fixed tooth-supported bridgework more challenging. Replacement of teeth with fixed adhesive bridgework over longer spans has been shown to be less successful than single cantilever replacements (King et al., 2015). One may argue that full coverage preparations are a suitable alternative for long-span bridgework to achieve the necessary retention and resistance form. However the preparation of teeth for such restorations can result in de-vitalisation of the dental pulp in abutment teeth (Cheung et al., 2005). In a retrospective survival analysis of teeth restored with full coverage crowns or bridges, Cheung et al. evaluated 77 previously vital bridge abutments and found that 32.5% had become non-vital overall and that the loss of vitality occurred in 29.8% of teeth at 10 years and in 33.8% at 15 years follow-up (Cheung et al., 2005). 
Where greater numbers of teeth are missing through congenital or acquired tooth loss there may be significant hard and soft tissue defects (Holst et al., 2005, Bondarets and McDonald, 2000). Correction of these defects may require extensive surgery to achievement of a favourable, cleansable outcome (Holst et al., 2005). The extent of hard tissue defects may be worse if there are significant delays in treatment due to resorption of alveolar bone after tooth extraction (Cawood and Howell, 1988). Hard and soft tissue loss may also be associated with trauma and is this tissue loss is extensive it may be managed more simply using a removable prosthesis.
Occlusal relationships
The inter-maxillary relationships are another reason why a removable prosthesis may need to be considered. Traumatic relationships between upper and lower anterior teeth have been classified by Akerly (Akerly, 1977, Beddis et al., 2014). These relationships may result in painful mucosa, inflammation, recession and wear or faceting of teeth (Beddis et al., 2014). A number of these patients will present with loss of posterior occlusal contacts and loss of occlusal stability (Beddis et al., 2014). Many patients may require rehabilitation often with a removable onlay-denture, which serves to both stabilise the occlusal discrepancy and replace missing teeth (Beddis et al., 2014). Alternative therapies may involve the use of orthodontics with or without orthognathic surgery, however the orthodontic movements are challenging particularly when patients are missing teeth and may involve the use of implantable anchorage devices (Beddis et al., 2014). Surgery may be required in the most challenging cases and many adult patients may not accept the levels of commitment and treatment time required for this level of multidisciplinary care (Beddis et al., 2014).
[bookmark: _Toc506551367]Personal and societal drivers of RPD prescription
Figures suggest that up to 30% of middle aged and older adults wear removable partial dentures, and costs to the NHS may be as high as £50 million per year though as much as half of RPD are not regularly worn (Graham et al., 2006, Jepson et al., 1995, Steele et al., 1996).  It may be argued therefore that the perceived need by professionals and patients on the basis of clinical presentations is leading to over-treatment, or the quality of RPD provision sub-optimal due to lack of clinician experience or inadequate materials (Lynch and Allen, 2006, Rickman et al., 2012a, Rickman et al., 2012b). Unused prostheses represent a considerable unnecessary cost to the NHS in terms of provision of an obsolete prosthesis, wasted clinical time, the time taken to manage complaints and breakdowns in the patient-dentist relationship (Stilwell, 2010, Graham et al., 2006).
Qualitative, semi-structured interviews have been used to determine what the levers are for provision of RPDs both from a patient and dentist perspective (Graham et al., 2006). For dentists, the need came primarily from patient demand, though factors such as remuneration on the National Health Service were important considerations (Graham et al., 2006). For patients, the decision was based upon a balance between the perceived functional or aesthetic need for tooth replacement against the negatively perceived prospect of having an RPD in the mouth (Graham et al., 2006). Whilst patients may not wish to wear dentures they do still want to replace their missing teeth and the latter can be a powerful overriding consideration. This suggests that there is a demand for treatment, but perhaps removable prosthodontics has fallen short of expectations. Is it that the expectations are unrealistic? Are clinicians failing to identify people who are unlikely to perceive the benefits of an RPD or prepare those who want them for the impact of wearing an RPD? 
Economic modelling in the United States of America demonstrated that, factoring in for the increasing age of patients, reductions in tooth loss and edentulousness, there was still likely to be an increase in unmet prosthodontic need in the years up to 2020, with unmet need increasing from 488 million clinical hours in 2005 to 560 million hours in 2020 (Douglass and Watson, 2002). This representation of need may be influenced by the inequalities in healthcare provision in the USA.
Successive epidemiological surveys offer another measure of potential need by assessing changes in dental status in successive national surveys. The 2009 UK Adult Dental Health survey found that 13% of the adults who still had natural teeth wore dentures. When this was broken down by age the figure raised to 45% in persons aged between 65 to 74 and 70% for those over 75 years of age (Steele et al., 2012). When RPD use is assessed in relation to socio-economic status, those in routine and manual occupations are 1.8 times as likely to be wearing a partial denture in one arch than those in managerial and professional occupations (Steele et al., 2012). It may be argued that poverty and deprivation increases the likelihood of tooth loss and need for tooth replacements and that so long as these societal imbalances exist, so too will the health inequalities. 
Prevention of disease has done much to reduce the need for tooth replacement particularly in affluent nations or more affluent sections of society.  However, increases in population size, perpetuation of health inequalities and complexity of elderly restored dentitions are likely to present continued demand for RPDs. It is those least likely to afford expensive implant rehabilitation that are likely to have missing teeth and the RPD provides a low-cost alternative. 
Given the conflicting imbalance between the continued need and evidence for wasted NHS resources used in making unworn RPDs, it is important to identify patients who are most likely to perceive the most benefit from RPDs. Further considerations are, how can this benefit be optimised, and do clinical decisions, such as material for RPD framework, make a difference? 
[bookmark: _Toc506551368][bookmark: RPDvariables]Removable Partial Denture Variables
Several variables, associated with RPDs, may influence patient perception, and may or may not, impact on OHRQoL. RPDs can be classified in a number of ways.
[bookmark: _Toc506551369]Classifications of RPDs and Partially Dentate Patients
Partially dentate RPD wearers can be classified according to the following:
Number and position of edentulous spaces, the Kennedy Classification (Miller, 1970).  
Nature of support (Bailyn, 1928).
Inter-maxillary occlusal relationships (Eichner, 1990).
Kennedy Classifications
A commonly used classification is the Kennedy classification. Originally described in 1928, it is used to classify any given RPD is fits into one of four classes based on the relationship of the edentulous area, also known as saddles, to the abutment teeth (Miller 1970):
Kennedy Class 1: A bilateral edentulous saddle bounded by a tooth at the anterior aspect of each saddle but not posteriorly [Figure 2–6a].
Kennedy Class 2: A unilateral edentulous saddle bounded by a tooth at the anterior aspect by not posteriorly [Figure 2–6b].
Kennedy Class 3: A unilateral edentulous saddle bounded by teeth at both ends, which does not cross the midline of the arch [Figure 2–6c].
Kennedy Class 4: An edentulous saddle bound by natural teeth at both ends, which involves (touches or crosses) the midline of the arch [Figure 2–6d].



[bookmark: Kennedy1]a. Kennedy Class 1[image: ]
[bookmark: Kennedy2][bookmark: Kennedy3]b. Kennedy Class 2 [image: ]
[bookmark: Kennedy4]c. Kennedy Class 3 	[image: ]
d. Kennedy Class 4 [image: ]
[bookmark: _Ref373449421][bookmark: _Toc373604061][bookmark: _Toc380333186]Figure 2–6 Kennedy Classifications
Addition of other partially dentate regions would require the use of the modifications system in which the Kennedy classification is based on the most posterior saddle and then any additional edentulous areas are termed modifications. For example, a patient with a bilateral free end saddle and missing teeth in one anterior region, the RPD would be Kennedy class 1 modification I [Figure 2–7a]. If the same patient were to later loose the upper right lateral incisor they would have two anterior bounded saddles and bilateral free-end saddles resulting in Kennedy classification 1 modification II [Figure 2–7b]. If they then lost both upper central incisors they would return to a class I modification I [Figure 2–7c]. The relevance of Kennedy classification is that the classifications representing “bounded saddles” can be supported by teeth at both ends; class 3, 4 and any classification with modifications. “Free-end saddles” on the other hand are only supported by teeth at one end; class 1 and 2.
[bookmark: Kennedy1mod1]

a. Kennedy Class 1 modification I [image: ]
b. [bookmark: Kennedy1mod2]Kennedy Class 1 modification II [image: ] 
c. [bookmark: Kennedy1mod1a]Kennedy Class 1 modification I [image: ]
[bookmark: _Ref373478038][bookmark: _Toc373604062][bookmark: _Toc380333187]Figure 2–7 Kennedy classifications with modifications
Support
RPDs may be further classified according to the nature of support. Support is the foundation area on which a prosthesis rests and provides a base for resistance of movement of the prosthesis towards the alveolar ridge (Ferro et al., 2017). RPDs traditionally are categorised as being either tooth-borne [Figure 2–8a], tooth-and-mucosa borne [Figure 2–8b] or entirely mucosal borne [Figure 2–8c] (Bailyn, 1928). 
[bookmark: Toothsupported]a. Tooth-supported RPD [image: Fig 4a Tooth borne framework] 
[bookmark: Toothandmucosasupported]b. Tooth-and-mucosa supported RPD [image: Figure 4b Tooth and mucosa borne] 
[bookmark: Mucosasupported]c. Mucosa-supported RPD [image: Figure 4c  mucosa borne denture]
[bookmark: _Ref373478801][bookmark: _Toc373604063][bookmark: _Toc380333188]Figure 2–8 Categories of RPD support
Mucosa-supported components of an RPD may encroach upon the gingival margin of remaining teeth. Tooth support reduces or prevents the sinking of the denture into the tissues and thereby reduces the harmful effects of mucosa support such as “gum stripping” (McCord et al., 2002b). Tooth supported designs improve stability and protect the alveolar ridges from masticatory forces, which may accelerate bone resorption and contribute to gingival recession. Current principles of prosthodontic practice with RPDs from the American Academy of Prosthodontics suggests that, “Multiple occlusal rests and other supportive elements may provide a more advantageous transfer and distribution of forces to the existing natural teeth” (Jarvis et al., 1995). 
Inter-maxillary occlusal relationships
Partially dentate patients may be classified according to inter-maxillary relationships. The Eichner classification describes the occlusal stability of the dentition according to the number and positions of posterior occluding pairs of teeth (Eichner, 1990). Premolars, first molars and second molar teeth are grouped together as occluding units; referred to as “occlusal supports”. Bridge pontics, third molars, implant prostheses and supernumerary teeth are not included. Eichner classification A describes a patient with four occlusal supports. Class B1 has three posterior occluding supports, Class B2 has two posterior occluding supports, B3 has only one posterior occlusal support and B4 has no posterior occluding supports. All A and B classifications do have anterior occluding supports maintaining the occlusal vertical dimension. Finally, Eichner class C has no occluding supports either posteriorly or anteriorly and thus there is no natural means of maintaining a stable occlusion. 
Do variables such as the number of missing teeth, their location, the occlusal features, and others such as patient age and gender etc. influence OHRQoL for RPD users? This issue has yet to be explored and represents a significant gap in the understanding how clinicians can prescribe RPDs appropriately and how their performance can be optimised for patients. 
[bookmark: _Toc506551370]Materials used in RPD fabrication
Another important variable may be the material being used for the RPD framework. Materials available for the fabrication of RPD components include:
Polymethylmethacrylate (PMMA)
Polyamide (Nylon)
Cobalt Chromium (CoCr)
Titanium (Ti)
Nickel Chromium (NiCr)
High performance polymers (HPP) e.g. Poly-ether-ether-ketone (PEEK)
Poly-methyl-methacrylate (PMMA)
PMMA is the most common resin polymer used in the construction of removable dentures (Ucar et al., 2012). It has been used in the fabrication of removable dentures since 1935 (Stafford et al., 1980a). Advantages include its light weight, ease of pigmentation, low water solubility, low water sorption, ease of processing, relative non-toxicity in it’s fully polymerised state and ease of adjustment and repair (Rickman et al., 2012a). PMMA may be ‘heat-cured’ over approximately 7 hours or cold-cured with amine accelerators to initiate polymerisation. ‘Heat-cured’ resin has greater strength and improved colour stability but is associated with considerable shrinkage resulting in distortion of the denture base and movement of the acrylic teeth affecting the occlusal contacts (Rickman et al., 2012a, Baemmert et al., 1990, Stafford et al., 1980a). 
A major weakness of PMMA is fracture toughness, which is associated with considerable costs to the National Health Service in denture repairs, £3.6 million in the year 2004/5 (Stafford et al., 1980b, Rickman et al., 2012a). Fractures are more likely where the PMMA is thin, around abutment teeth, in notches for fraenal attachments, or where connectors have been kept away from the gingival margins of adjacent teeth. Such areas may fracture when the denture is accidentally dropped or during normal function following one of 500000 flexes which occur in one year of use (Rickman et al., 2012a). PMMA can be modified with rubber to enhance the flexural properties of the material and is the basis of the ‘high-impact’ acrylics (Stafford et al., 1980b, Rickman et al., 2012a). The introduction of a rubber interface decelerates propagation of the crack and is a successful means of improving mechanical properties of the denture base; though at a considerable cost of up to twenty times that of conventional PMMA it is not routinely used (Jagger et al., 1999). 
When PMMA has been fully polymerised, the potential for adverse reaction to the material is rare, however problems may arise where residual un-cured monomer or denture base additives come into contact with the mucosa as they have the potential to cause contact allergies, irritation to the oral mucosa and cytotoxic effects (Rickman et al., 2012b). Initiator and plasticisers may cause oral ulceration, burning mouth syndrome and necrosis of gingival cells (Masuki et al., 2007). Such adverse reactions are, however extremely rare (Rickman et al., 2012b). 
Cobalt Chromium
A commonly used framework material in the UK for the provision of tooth-supported RPDs is Cobalt Chromium (CoCr). CoCr is a base metal alloy with a high elastic modulus in the region of 230GPa and low density at 7.6g/cc (Wataha, 2002). These properties make CoCr more rigid than gold alloys, which were previously used as RPD framework materials (Bange et al., 1994). As well as rigidity, CoCr can be made lighter and less expensively than gold (Wataha, 2002). The rigidity of CoCr enables its use in thin sections allowing it to provide tooth support in components such as rest seats. Where rest seats are used the high modulus ensures that masticatory and other occlusal forces are transmitted to the teeth rather than the alveolar ridge, avoiding the ‘gum-stripping’ associated with mucosa supported prostheses (McCracken, 1953). 
Rigidity allows for cross-arch bracing of components making the denture behave as one uniform unit but elastic flexibility of the clasping elements is achievable provided the clasp has adequate length. Notwithstanding this, the fabrication of a CoCr casting for a RPD is a difficult, multi-stage, highly technique sensitive manual fabrication process using ‘dirty’ casting and time consuming finishing processes. A great deal of skill is required on the part of the technician to ensure retention of acrylic to the denture, overcoming rigidity of cast clasps by shaping them to flex and allow insertion and removal of the denture. This and other such considerations make the fabrication of metal frameworks dentures a more costly and technically demanding process than simple PMMA dentures (Ohkubo et al., 1997). 
Fracture of clasp arms can be seen with CoCr frameworks. These have been attributed to poor clasp design, work hardening, damage to the metal during adjustment and concentration of casting porosities which have been found in relatively high numbers with casting CoCr (Al Jabbari, 2014). Porosities occur by the creation of spaces between dendrites of solidified alloy as the melt cools creating ‘inter-dendritic cavities’ (Al Jabbari, 2014). These may occur in up to a quarter of the area of small and narrow denture components such as occlusal rests or clasp arms (Al Jabbari, 2014, Dharmar et al., 1993). 
Though the biocompatibility of CoCr is considered generally very good, the post-processing of CoCr frameworks risks exposure of laboratory personnel to inhaled CoCr dust, linked to pneumoconiosis (Selden et al., 1995).  Cobalt and Chromium are redox active metals and there are reports that they may be associated with a number of undesirable interactions forming of reactive radicals with the potential for DNA damage and contact allergy (Jomova and Valko, 2011, Forte et al., 2008). Elements released from an RPD framework by corrosion within the oral cavity are not technically in the body until they have been absorbed by the gastrointestinal epithelium or through the gingival tissues. Once in the body released elements are usually eliminated from the body through the excretory organs within only a few days (Wataha, 2000). Elements released from CoCr have been shown to be in measurable amounts in the tongues of patients with removable partial dentures (Wataha, 2000, Stenberg, 1982). The concentration of elements released and taken up from CoCr frameworks, however, pales in comparison to the concentrations of metal elements ingested as part of normal dietary intake (Wataha, 2000, Brune, 1986). Allergic reactions may present locally or systemically, though the incidence of both is extremely rare and causal relationships are difficult to establish (Wataha, 2000). It is important to use of alloys from reputable manufacturers with robust quality assurance protocols and for clinicians to be aware of the elements in alloys being prescribed to enable identification of the cause in the rare event of a reaction to the framework material (Wataha, 2000).
Titanium
Commercially pure titanium alloys have been proposed as a more biocompatible, lighter weight and more flexible alternative to CoCr for the fabrication of RPD frameworks with an improved fit when used as a palatal plate connector (Kononen et al., 1995, Ohkubo et al., 2008). Titanium is more difficult to cast because of its longer burnout time, the presence of a surface ‘reaction’ layer, poor polish, and high set up costs due to the specialised equipment required (Ohkubo et al. 2008). Machining frameworks is difficult and is not possible to machine clasps due to the size of tooling required (Ohkubo et al., 2008). 
Baltag et al. investigated the porosity of titanium clasp casting using radiographs of ten-cast titanium frameworks cast with different sprue configurations (Baltag et al., 2002). The number and size of porosities were reduced in molar lingual clasp arms when curved sprues were used but different sprue configurations made no statistically significant difference at other sites (Baltag et al., 2002). Other efforts to reduce casting porosities such as the use of air vents and lower casting pressures, have yielded some positive results albeit at increased cost and complexity (Baltag et al., 2002, Ohkubo et al., 2008, Jang et al., 2001). Titanium undergoes a chemical reaction with elements in the investment materials used in the casting process leaving an undesirable hard, brittle surface known as the ‘surface’ or ‘reaction layer’ (Ohkubo et al., 2008). It is easily removed by air abrasion and chemical treatment on the smooth surfaces though the fit surface is more complex and must be carefully treated as excessive removal will compromise the denture fit (Ohkubo et al., 2008).
Discolouration of the framework surface has been reported in 5 to 50% of titanium frameworks over 5 years (Ohkubo et al., 2008). Furthermore, due to the excellent biocompatibility of titanium studies show excellent adherence and growth of plaque biofilms on its surface, even in the presence of good oral hygiene practices, thus potentially compromising further the periodontal status of abutment teeth (Rasperini et al., 1998)
Polyamide (Nylon)
Nylon is a polyamide, a thermoplastic polymer with a di-amine chain of varying lengths and a dibasic acid (Rickman et al., 2012b). A number of manufacturers produce nylon based ‘flexible’ dentures, e.g. Valplast™ (Valplast International Corporation, NY, USA), marketed as lightweight and flexible alternatives to PMMA with the ability to be used as flexible clasps. The clasps are coloured in gingivae pink, which has advantages over metal clasps, however has the disadvantage of having to encroach on the gingival tissues, which may encourage food-trapping (Rickman et al., 2012b). 
Early research into nylon dentures indicated inferior accuracy, high water sorption and loss of surface finish, though later guidelines were released into appropriate methods of denture processing which sought to overcome these issues (Rickman et al., 2012b, Hargreaves, 1971). Nylon 12 overcame the concerns with water absorption and addition of glass fibre reinforcement improved mechanical properties further still (Stafford et al., 1986). Parvizi et al showed however that nylon denture bases (Valplast™, Valplast International Corporation, NY, USA) deformed up to 2.8 times more than conventional denture bases during polymerisation shrinkage, though the purpose of this study was not to compare denture materials but types of processing (Parvizi et al., 2004). The extreme flexibility exhibited by nylon-based denture materials may be an advantage in some clinical situations such as limited mouth opening, and allows the denture base to be extended into areas of bony undercut to enhance retention of the prosthesis (Rickman et al., 2012b). 
Fueki et al. reported the results of a randomised controlled trial (RCT) comparing cast metal RPDs to polyamide non-metal RPDs using the Japanese OHIP and found that the flexible Nylon RPD showed significantly greater improvements to OHRQoL than the metal alternative (Fueki et al., 2017). Unfortunately the flexibility of Nylon RPDs prevents the ability to achieve tooth support (Rickman et al., 2012b). Whilst OHRQoL data is positive, the risks to oral health resulting from deformation and encroachment on the gingival margins cannot be ignored. The encroachment of denture base materials close to the gingival margins has been shown to encourage greater amounts of plaque retention and gingival bleeding (Orr et al., 1992). 
Kaplan has made a number of recommendations for the ideal design of nylon denture clasps including wrapping around abutment teeth by at least ¾ of the mesio-distal width (Kaplan, 2008). The design restrictions for these RPDs, that require extensive gingival coverage, with a greater potential for plaque retention, gingivitis and perhaps attachment loss; raise important questions about their fitness for purpose (Rickman et al., 2012b). 
High Performance Polymers
A group of thermoplastic polymers known as polyaryletherketones (PAEK) have been introduced recently to the dental market and are widely referred to as high performance polymers (HPP). These materials include BioHPP® (BredentUK, Chesterfield, United Kingdom), Pekkton® (Cendres & Métaux, Biel-Bienne, Switzerland), Vestakeep® (Evonik, Essen, Germany), Ultaire® AKP (arylketonepolymer) (Solvay, Brussels, Belgium) and Juvora® Dental Disc (Juvora Dental Solution, Thornton Cleveleys, UK) to name a few. 
Poly-ether-ether-ketone (PEEK) is one such PAEK material. PAEK materials have been available for several decades however their use in dentistry had been limited to provisional abutments for single-unit implant retained crowns. Medical grade PEEK has been used in surgical and implantable medical prosthetic applications including as spinal cages, fracture fixation plates, femoral stems in hip joint replacement and total hip and knee replacements (Kurtz and Devine, 2007). PEEK is classified as a ‘linear homopolymer’ with repeating units of identical monomers and cross-linkages in a linear, un-branched fashion (Kurtz, 2012). PEEK is stable at intra-oral temperatures with a melting point of 335°C (Kurtz, 2012).  It is inert and can be reinforced carbon or glass fibres to achieve superior strength to many metals (Kurtz, 2012, Najeeb et al., 2016). The configuration of the PEEK polymer chains can take the form of an amorphous spaghetti-like structure to organised folded chains of polymer (Kurtz, 2012). The exact ratios of folded and amorphous phases of the material may have an effect on the material properties (Kurtz, 2012). These ratios are sensitive to temperature changes during material fabrication; therefore, in a move to standardize properties of prosthetic frameworks, manufacturers provide pre-annealed blanks from which the desired framework shapes are machined [Figure 2–9].
[image: ]
Courtesy of Juvora™ Ltd.

[bookmark: _Ref373660296][bookmark: _Toc380333189]Figure 2–9 JUVORA Dental Discs: blank (left) and machined framework (right)
PEEK has a modulus of elasticity of approximately 17GPa, which is close to that of bone at 18-20GPa (Najeeb et al., 2016, Kurtz and Devine, 2007). PEEK can be used to provide tooth supported RPDs. It may be expected that the masticatory forces in well-designed tooth-supported prostheses will be more evenly distributed to both the abutment teeth and the supporting tissues. In some respects this contravenes the prosthodontic principle of a rigid RPD framework, which is thought to reduce alveolar bone resorption by increasing the load to abutment teeth and keeping load away from the mucosa and underlying alveolar ridges (Steffel, 1968). The principles of tooth support with rest seats apply very well to cast metal frameworks as these rest seats may be made in relatively thin section, however, as the availability of a wider range of materials has developed so too may appropriate design principles. 
If we consider that the modulus of elasticity for CoCr is greater than that of PEEK, the capacity for ‘spreading the load’ is significantly lower. This may result in higher forces being directed through small points of contact between the metal framework and abutment teeth.  With flexural strength of 320MPa, PEEK can withstand repeated deformation of clasps during insertion and removal of the device. Cast metals clasps do not flex in the same way due to a higher flexural strength (e.g. greater than 1900MPa in the case of CoCr) (Gustavsen et al., 1989). In a CoCr framework any deviation from a singular path of insertion during insertion or removal of an RPD may lead to distortions in framework components over time and a reduction in the retentiveness or accuracy of framework fit. This restriction was proposed as one of the suggested reasons for improved OHRQoL findings with more flexible prostheses (Fueki et al., 2017). 
To date there have been no clinical trials comparing the results of PEEK frameworks to either acrylic or cast metal framework dentures (Najeeb et al., 2016). Indeed any clinical reports of the use of PEEK in removable prosthodontics are limited. Costa-Palau reported the use of a PEEK maxillary obturator prosthesis for a patient following hemi-maxillectomy as part of treatment for a “rhino-sinusal tumour”, though they were only able to report that at six-months the prosthesis continued to have satisfactory appearance and seal (Costa-Palau et al., 2014). 
The ideal design for PEEK RPDs is yet to be fully described in the same way that cast RPDs have a well-established system of design (Davenport et al., 2000). Kaplan uses the term “survey zone” when discussing clasp design for flexible nylon dentures, rather than the traditional ‘survey line’ which is a concept commonly used when describing clasp designs for metal framework dentures (Kaplan, 2008). His suggestion was that an area is prepared circumferentially around the tooth as a “2.0mm guide plane” allowing both frictional retention, stability and reciprocation whilst restricting the path of insertion and removal (Kaplan, 2008). Being pink in colour would restrict this application to posterior teeth only. Furthermore, engaging only with the “survey zone” suggests limited tooth support, and with the flexibility of nylon the charge that flexible dentures result in attachment loss and bone resorption, also known as ‘gum stripping’, is regularly levelled (Rickman et al., 2012b). PEEK however is more rigid than nylon, and manufacturers suggest it can be used for tooth support. How the different design features that are used in RPD design should be employed with respect to PEEK frameworks has not been researched clinically.
Designing PEEK frameworks
Whilst at the time of originally writing this literature review there were no freely available recommendations for the dimensions of a PEEK clasp assembly, most prosthodontics textbooks would have a section for CoCr RPD design with specific guidance for the dimensions of a cast rest seat, length of a clasp, the amount of undercut it should engage etc. Studies in this thesis in which PEEK RPDs were investigated, CoCr design principles were applied for PEEK dentures. Since writing this review and conducting the studies described in the subsequent chapters, manufacturers have published specific guidance supported by laboratory studies that suggest design rules for a PEEK clasp assembly (JUVORA(Ltd), 2017, Muhsin et al., 2016, Muhsin, 2016). Despite these developments the principles of PEEK framework design remain under-researched. 
Given the lack of evidence regarding novel HPP materials as RPD frameworks the opportunity to study these frameworks in the context of OHRQoL should be considered. When investigating these novel materials it is also important to consider clinical, measures of success that may be incorporated to a clinical study.
[bookmark: _Toc506551371]Alternative Measures of success         with RPD treatment
Various measures of oral disease and disability have been used as outcomes for measuring success with RPDs. These include plaque indices, tooth mobility, DMFS scores, periodontal pocketing and endodontic status of the remaining teeth (Bergman et al., 1995). Other approaches have focused more on obtaining reliable, objective measures of function such as masticatory efficiency (Feine and Lund, 2006).
[bookmark: _Toc506551372]Effect of RPD on Oral Health
The introduction of RPDs to the oral environment inevitably has some negative consequences to the intra-oral tissues. The adherence of bacterial and fungal pathogens to teeth and denture surfaces has negative consequences on the oral tissues including dental caries, periodontal disease and denture related stomatitis (Nikawa et al., 1998). 
Several pathogens have been shown to increase in number following provision of an RPD and colonisation of the denture-bearing surfaces (Ghamrawy, 1976, Ghamrawy, 1979, Mihalow and Tinanoff, 1988, de Freitas Fernandes et al., 2011). The presence of an RPD is associated with the formation of more plaque on tooth surfaces and an increased number of ‘spiral’ microorganisms (Ghamrawy, 1976, Ghamrawy, 1979). Streptococcus mutans, a pathogen associated with dental caries, has been shown to increase in patient’s saliva following the introduction of an RPD (Mihalow and Tinanoff, 1988). In a clinical assessment of plaque levels before and up to 2 years after RPD insertion patients were split into a regular maintenance group and a “no maintenance” group (Vanzeveren et al., 2002). The level of oral hygiene and frequency of maintenance visits for scaling, and not simply the presence of an RPD, had the greatest influence on plaque levels and levels of gingival bleeding index (Vanzeveren et al., 2002). 
Several observational studies have demonstrated negative consequences of RPDs. Kern and Wagner retrospectively evaluated periodontal health of patients wearing an RPD for a mean follow-up of 10-years and found a deterioration in periodontal probing depths and tooth mobility compared to baseline records (Kern and Wagner, 2001). Clearly having no comparison group limits these findings. One cannot rule out whether patients without RPD would have suffered similar effects on their periodontal health due to other common confounders to patients with missing teeth. Zlataric et al. showed that teeth acting as abutments for an RPD were at greater risk of plaque retention, tooth mobility and increased pocketing (Zlataric et al., 2002).
Bergman et al. reported 10 and 25-year longitudinal follow-up data for only thirty patients provided with RPD, demonstrating that 65% of dentures were still in use after 25 years and the remainder were using RPDs of a similar design but with a new device (Bergman et al., 1971, Bergman et al., 1995). They found an increase in the number of decayed/missing/filled surfaces (DMFS) at a rate of 0.15 surfaces per patient per year, “no apparent changes” to gingival bleeding index and no apparent changes to the alveolar bone levels of abutment teeth (Bergman et al., 1995). Importantly, patients were enrolled into a thorough maintenance program with visits to hygienists on at least a six-monthly basis. This raises questions as to the applicability of these findings to patients who do not engage with dental health services regularly. Furthermore, there is no account taken in the statistical analysis of patients lost to follow-up and so the numbers of RPDs which failed may be significantly higher than that reported. 
Kapur et al. followed-up 134 patients with Kennedy Class 1 and 2 RPDs over 5-years and found success rates of between 71.3% and 76.6% depending on the design of clasp assembly (Kapur et al., 1994). Again, changes in periodontal health measures were negligible, with only lingual recession of abutment teeth showing significant changes over 5-years, though with mean changes of less than 0.1mm these changes may be considered as having little clinical significance (Kapur et al., 1994). Again participants in this study were seen for oral prophylaxis and oral hygiene instruction every six-months. Even with telescopic crown retained RPDs deterioration in periodontal health can be prevented over one-year follow-up, when participants in the study are reviewed every 3-to-6 months for supra-gingival scaling with a trained assistant (Polansky et al., 2003). 
Effective oral hygiene measures, well designed prostheses following ‘hygienic principles’ and regular recall for maintenance of dentures would therefore seem necessary to limit or mitigate the ill-effects of RPD use. This principle would rationally apply to all types of RPD and should be employed in clinical research investigating the effects of RPD interventions. It would be sensible therefore to compare features such as plaque index (PI), periodontal probing depths (PPD) and gingival bleeding index (BI) alongside measures of OHRQoL in clinical studies investigating RPDs
Alveolar resorption and tooth mobility
A number of studies have examined the patterns of alveolar resorption following tooth removal, often making interpretations from collections of dried skulls or radiographic images (Atwood, 1971, Cawood and Howell, 1988, Isidor and Budtz-Jorgensen, 1990, Abd El-Khalik et al., 2016, Kranjcic et al., 2013). An RPD can exacerbate this phenomenon due to increased loading upon the denture bearing tissues (Kelly, 1972, Abd El-Khalik et al., 2016). The differential compressibility between teeth and mucosa is a predisposing risk factor in the ‘rocking’ movement against abutment teeth and may be associated with tooth mobility in patients with ‘free-end saddles’ such as Kennedy Class I and Class II RPD. In a prospective clinical study of 12 patients provided with mandibular Kennedy Class 1 dentures and followed over one year (Abd El-Khalik et al., 2016). Radiographic follow-up indicated a significant increase in alveolar bone resorption around the premolar abutment teeth (Abd El-Khalik et al., 2016).  
Over-use of removable dentures may also be associated with increased rates of alveolar resorption. A review of 74 denture wearers classed as daytime-only or day-and-night denture-wearers, the latter showed significantly greater levels of alveolar bone resorption were seen (Kranjcic et al., 2013). Alveolar bone resorption was measured by measuring the denture base thickness before and after reline of old dentures (Kranjcic et al., 2013). Such an indirect measure of bone resorption may however be unreliable. Variability in measuring of change in base thickness before and after reline is may be due to differences in skeletal anatomy between patients or length of time since last reline. Participants were however stratified according to the time since extraction. 
It is difficult to discern from existing literature the exact rates of alveolar resorption to edentulous areas or abutment teeth that can be directly related to the use of RPDs. Direct evaluation of extensive areas of bone using radiographic examination would no longer be considered as ethical research practice. Several studies indicate the use of RPDs, particularly of Kennedy Class 1 and 2 designs, are risk factors for bone loss around abutment teeth (Isidor and Budtz-Jorgensen, 1990, Abd El-Khalik et al., 2016). Suggestions from manufacturers and review literature discussing the properties of PEEK materials include the hypothesis that given the modulus of elasticity is close to that of bone, there will be less stress application to supporting abutment teeth and a greater distribution of loads to the supporting teeth and mucosa (Najeeb et al., 2016). There is no clinical evidence available that would support this hypothesis.
[bookmark: _Toc506551373]Masticatory efficiency 
Masticatory efficiency can be evaluated with chewing efficiency tests and subjective PCOMs. Chewing efficiency tests include the multiple sieve method and tests of ability to mix coloured foods (Liang et al., 2015). In the multiple sieve method the percentage by weight, of chewed test food passing through a sieve of set diameter holes after a pre-determined number of chewing strokes are measured (Hatch et al., 2001). Introduction of an RPD has been shown to improve the surface area for chewing and the occlusal force, but may not improve masticatory efficiency measured by the multiple sieve method (Aras et al., 2009). Liang et al. systematically reviewed the evidence reporting on the effects of RPD treatment in patients with Shortened Dental Arch (SDA) (Liang et al., 2015). They found eight articles reporting on masticatory efficiency in patients with extreme SDA. RPDs reduced median chewed particle size in two studies with reductions ranging from 3% to 24% but some studies showed a larger chewed particle size with an RPD, and treatment with RPD only partially compensated reduced chewing capacity (Liang et al., 2015). 
The relationship between the number of functional occlusal units and masticatory performance is complex. Hatch et al. considered the effect of several variables including age, sex, functional occlusal units muscle surface area (from scan data) on masticatory efficiency using the multiple sieve method (Hatch et al., 2001). The most significant variables were bite force and number of occlusal units posterior to the canines (Hatch et al., 2001). Indirect effects came from gender, age and muscle surface area which impacted on bite force, and even Diabetes (Hatch et al., 2001). 
Feine and Lund have suggested that a patient-centred outcome measure (PCOM) is the most valid way to measure a change in chewing ability given the limitations of chewing efficiency tests (Feine and Lund, 2006). One such measure, the McGill denture satisfaction questionnaire (MDSQ), was used to measure the impact of mandibular IOD on perceived masticatory function with different food types, demonstrating improved perceived function even with hard foods over that of patients with conventional dentures (Awad et al., 2003a).
Chewing efficiency tests have failed to demonstrate improvements in masticatory efficiency following RPD treatment. There is relatively little evidence investigating the effect of RPD treatment and different types of RPD on self-perceived masticatory efficiency. 
[bookmark: _Toc506551374]Summary of literature review findings
[bookmark: _Toc506551375]Measuring OHRQoL in prosthodontics research
The early development of constructs relating the oral health status to quality of life and how these constructs have come to be measured in clinical and epidemiological research has been discussed. Whilst quantitatively measured outcomes of OHRQoL provide useful information about the impact of treatments, they have their limitations. The different types of validated PCOM to measure OHRQoL were reviewed including the theoretical models underpinning the most commonly used measure, namely the OHIP. The OHIP is the most widely used and validated of these PCOMs and has been used to measure outcomes with prosthodontics interventions to replace teeth 
The OHIP and other PCOMs were extensively used in edentulous participants in early evaluations of implant treatments, which cumulated in consensus statements about best practice for edentulous patients. The same cannot be said for patient-centred research in the partially dentate patient. Comparison of outcomes when patients are rehabilitated with RPDs or other prostheses, such as fixed tooth-supported bridges or implant-supported prostheses is complicated and evidence from the literature may lead to conflicting conclusions. Synthesis of the evidence to date has restricted a great deal of valid data due to rejection of all study designs other than the gold standard RCT. The ability to make informed decisions and recommendations to patients about the impact of treatment on OHRQoL continues to represent a gap in current knowledge. The use of different OHRQoL scales e.g. OHIP and GOHAI, which are scored differently had not been compared using a methods of standardising disparate measures as has been used in other areas of quality of life research. To do so would allow for quantitative analysis of outcomes and meta-analysis if the quality of evidence reaches a satisfactory standard. This data may be of relevance to clinical practice in making valid comparisons between different options. 
[bookmark: _Toc506551376]Need for RPDs and importance of optimising OHRQoL
The clinical, personal and societal drivers of need were discussed. So too was the considerable cost resulting from unused or inadequate RPD provision. From the existing literature it is not possible to predict who is likely to perceive the greatest OHRQoL benefit from RPDs. The different classifications, materials available, design features which may impact on success were discussed. Though there have been studies investigating whether patients wear their dentures or not based on the design and other patient or denture variables, no studies were found which linked these variables to OHRQoL outcomes. Whilst the impact of RPD variable such as tooth support, gingival coverage etc., on oral health has been extensively researched, the same cannot be said about research exploring features of RPD which contribute to successful OHRQoL outcomes. 
Associations between the denture material, numbers of remaining teeth, position of remaining teeth on OHRQoL have not been fully explored. Nor is it possible to identify which patient variables are more likely to be associated with improved OHRQoL outcomes. There was a significant lack of qualitative literature concerning RPD-wearers experiences, which by extension suggests that there is a significant gap in the understanding of how to prepare patients and manage expectations of tooth loss and RPD use. 
[bookmark: _Toc506551377]Novel technologies and materials
Whilst looking back at how existing practice can be optimised to make the most of treatment in terms of OHRQoL impact and reduce failures, it is important to investigate how novel developments may contribute to improved outcomes. Whilst for decades clinicians have been limited to cast metal frameworks if they wanted to prescribe tooth supported removable prostheses, the recent introductions of HPP materials were discussed. Whilst there have been many claims about their properties from manufacturers and they have been successfully used as implantable medical devices for decades, the literature with regards to their success in dentistry is limited. Do they compare favourably to cast metal frameworks in terms of patient perception, and how does this translate to improvements in OHRQoL? 
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Chapter 3 [bookmark: _Toc506551378]Aim and Objectives
[bookmark: _Toc506550572][bookmark: _Toc506550728][bookmark: _Toc506550892][bookmark: _Toc506551215][bookmark: _Toc506551379]
[bookmark: _Toc506551380]aims
The aim of the current thesis is to investigate the impact of RPDs on patient-reported outcomes of OHRQoL, how initial presentation and treatment choice may influence this impact and to explore people’s subjective experiences of tooth loss and RPDs.
[bookmark: _Toc506551381]objectives
The objectives pursued are to:
1. Conduct a systematic review comparing the various restorations for restoring the partially dentate; fixed and removable, tooth-supported, implant supported or mucosa-supported.
2. Undertake a retrospective evaluation of the effect of patient and denture variables on OHRQoL in patients who have been provided with RPDs.
3. Investigate the role for novel ‘super-polymer’ materials as frameworks for RPDs, primarily comparing their impact on OHRQoL.
4. Explore attitudes to, and impacts of tooth loss and RPD use in people with experience of RPD use.
The thesis aim and objectives will be met by undertaking a series of separate studies. The first study is a systematic review and meta-analysis comparing pre-treatment to post-treatment changes in measurable OHRQoL outcomes for different prosthodontic interventions for tooth replacement (Chapter 4). The second study is a service evaluation of OHRQoL outcomes following provision of RPDs, using a regression analysis to explore relationships between OHRQoL outcome and pre-treatment presentation (Chapter 5). The third study is a pilot randomised crossover-controlled trial comparing outcomes with RPDs made from two different materials: a traditional metal and a recently introduced high performance polymer (HPP) (Chapter 6). Participants from study three, both experienced and relatively novice RPD wearers were invited to participate in a qualitative investigation of subjective experiences of tooth-loss and RPD use using thematic analysis of semi-structured interviews (Chapter 7). 
Chapter 4 [bookmark: _Ref374019661][bookmark: _Toc506551382]A systematic review and meta-analysis OF OHRQoL outcomes with different treatments to replace missing teeth.
[bookmark: _Toc506550576][bookmark: _Toc506550732][bookmark: _Toc506550896][bookmark: _Toc506551219][bookmark: _Toc506551383]
[bookmark: _Toc506551384]Introduction
Treatment options for partially dentate patients who have lost teeth are discussed in section 2.6. These are fixed, tooth-supported bridgework (FBW), implant-supported single crowns (ISSC), implant-supported fixed bridges (ISFB), implant-supported removable (partial) dentures (ISRD) and conventional removable partial dentures (RPD). Despite increased numbers studies reporting the OHRQoL outcomes of these treatments, their relative effects on OHRQoL has not been quantified largely due to the lack of high quality randomised clinical trial data (Heydecke et al., 2003, Thomason et al., 2007, Fueki and Baba, 2017, Hultin et al., 2012). 
Change in score of an OHRQoL measure e.g. OHIP or GOHAI, from baseline to follow-up allows a quantifiable measure of the effect of treatment on OHRQoL (Allen, 2003). Setting patient expectations of treatment is important for any clinical intervention and failure to manage these expectations may result in breakdowns in patient-clinician relationship (Stilwell, 2010). Critically, the ability to give patients information to place their clinical presentation in context can help with shared decision-making and informed consent. How much an intervention can be expected to improve a patient’s presenting complaint is important in deciding whether or not to have treatment. In this respect, being able to advise patients how much a prosthodontics tooth replacement can improve their OHRQoL would help to inform the decision-making process.
Patients with tooth loss may complain of concerns with any one of the features of OHRQoL, which are outlined in section 2.3. OHIP reliably measures OHRQoL as a construct (Baker et al., 2008). The evidence base for extracting details of individual domains of OHRQoL measures such as OHIP is weak and it may therefore be inappropriate to attempt to do so (John et al., 2014a, Baker, 2007, Baker et al., 2008). Synthesis of OHRQoL data would help to inform patients and clinicians when choosing the between different options to replace teeth. This data synthesis may also allow recommendations for future research and suggestions to improve reporting of outcomes.
[bookmark: _Toc506551385]Aims and objectives
[bookmark: _Toc506551386]Research Questions
Primary research question
Do different treatment methods to replace missing teeth in partially dentate patients make a difference on measurable OHRQoL outcomes? 
Secondary research questions
Is there a difference between different tooth replacement options in their effect on OHRQoL?
Is there a difference in OHRQoL changes in the short term compared to medium term?
[bookmark: _Toc506551387]Research Hypothesis
Primary research hypothesis
Tooth replacement by prosthetic means makes no difference in OHRQoL measured by quantifiable OHRQoL PCOMs.
Secondary research hypotheses
There is no difference between different methods for replacing missing teeth in their effect on OHRQoL.
There is no difference in changes to quantifiably measured OHRQoL following replacement of missing teeth between the short and medium term.
[bookmark: _Toc506551388]Aim
To compare the pre-to-post treatment change in OHRQoL for treatments to replace missing teeth in partially edentulous patients. 
[bookmark: _Toc506551389]Objectives 
The objectives were to:
1. Identify search terms and databases for a systematic search of the published literature. 
2. Undertake a comprehensive literature search of electronic databases, grey literature and hand search of relevant references to identify research investigating the differences in OHRQoL impacts of different interventions for replacing missing teeth.
3. Review titles and abstracts of identified papers according to inclusion and exclusion criteria and provide a list of papers for full text review. 
4. Further include/exclude studies based on meeting inclusion criteria.
5. Quality-assess included studies based on standards of reporting according to accepted quality frameworks e.g. Cochrane quality checklists. 
6. To extract data from included papers on the measure of OHRQoL used, baseline and follow-up scores and standard deviations, for the different types of intervention and separate these according to important variables such as length of follow up. 
7. Apply statistical methods to convert change scores into standardised scores and undertake comparison between different studies using a meta-analysis. 
[bookmark: _Toc506551390]Methods and Materials
[bookmark: _Toc506551391]Search strategy
A comprehensive search strategy was undertaken to identify literature that reports the effect of prosthodontic interventions for the replacement of missing teeth on OHRQoL. This search strategy included a search of electronic databases, grey literature and hand searches from reference lists of included papers.
Electronic Databases
The search strategy of the electronic databases was structured using a ‘Patient, Intervention, Outcome’ format. Both medical subject headings (MeSH) and keywords were used. Search terms in each category are listed in Table 4‑1. 
	Patients
	Interventions
	Outcomes

	Keywords
Partially Dentate
Edentulous
Missing Teeth
Absent Teeth
Edentate
Partial Edentulous
Hypodontia
Tooth loss

MeSH terms
Jaw, Edentulous, Partially
Jaw, Edenttulous
Mouth, Edentulous
Anodontia
Tooth Loss
	Keywords
Denture
Partial Denture
Bridge
Dental Bridge
Implant

MeSH Terms
Dentures
Denture, Partial
Denture, Partial, Removable 
Denture, Partial, Fixed
Dental-Prosthesis, Implant-Supported
Dental Implants
	Keywords
Oral Health Impact Profile
OHIP
Oral Impacts on Daily Performance 
OIDP
Global Oral Health Assessment Index
Geriatric Oral Health Assessment Index
GOHAI
OHQoL-UK



	Rows combined with OR
Columns combined with AND


[bookmark: _Ref377653633][bookmark: _Toc380333219]Table 4‑1 Terms for electronic database searches
Search resources
The Electronic Databases utilised for the electronic search were:
1. MEDLINE-Ovid
2. MEDLINE-Pubmed
3. Cochrane-CENTRAL
4. Cochrane Database of Systematic Reviews
5. Web of Science (Thomson Reuters)
6. National Health Service Economic Evaluation Database
7. Health Technology Assessment Database
Grey literature was identified from the abstracts of conference proceedings for IADR meetings published online (IADR).
Search Limits
Non-English language citations were excluded. The search period was limited to studies reported after 1st January 1979 and included literature published up to 1st April 2016. As Locker’s model of OHRQoL was not published until 1988 it was felt that studies prior to 1979, ten years before the Locker publication were unlikely to have used sufficiently robust measures of OHRQoL to meet acceptance criteria (Locker, 1988). Duplicated studies were removed from the outcomes of electronic database searches. 
[bookmark: _Toc506551392]Selection criteria
Studies evaluating interventions for the replacement of missing teeth: namely RPD, FBW, ISRD, ISSC and ISFB, in which outcomes included the pre- to post-treatment change in OHRQoL measured using either OHIP, GOHAI, OIDP or OHQoL-UK.
Study designs included in the review were: 
· Cohort studies, prospective and retrospective
· Randomised and un-randomised controlled clinical trials
· Single arm longitudinal follow-up studies
Previous systematic reviews were also identified and reviewed to identify studies that met the inclusion criteria of the present review. The review papers themselves were reviewed for their content discussed to avoid duplication of research. Differences between previous systematic reviews and the current review are discussed.
Exclusion criteria were categorised under the following labels:
· Non-dental study
· Related to another dental specialty
· Periodontology
· Endodontics
· Orthodontics
· Oral Surgery
· Implant surgery
· Prosthodontics but not related to tooth replacement e.g. inlays and crowns
· Prosthodontics – interventions for completely edentulous patients
· Case study/series: a case series was defined as any study reporting on interventions carried out on fewer than 15 participants
· No quantitative OHRQoL outcome
· No measure of change: cross-sectional, case-controlled studies
· Narrative review / consensus report / opinion paper
· Study / review protocol
· Animal study
[bookmark: _Toc506551393]Pilot
Reviewers calibrated inclusion and exclusion criteria on random selection of four papers. The first 10% of identified articles underwent pilot review by two reviewers [Zaid Ali (ZA) and Shirin Shahrbaf (SS)] independently at titles and abstracts level for inclusion to full text review. Where there was uncertainty about inclusion of papers at this stage the reviewer included the study. Levels of agreement were calculated for inclusion of papers at title and abstract level using a Cohen’s Kappa score, and acceptable level of agreement was set at 0.7. After reviewing the outcome of the initial pilot areas of disagreement were discussed to clarify how inclusion and exclusion criteria were applied. 
[bookmark: _Toc506551394]Main review
Each reviewer independently scrutinised the remaining 90% of identified articles at title and abstract level. Where there was uncertainty at abstract and title review papers were included for full text review. Reviewers convened to discuss differences in the studies they included. Disagreements were resolved by discussion until agreement was reached. Where agreement was not reached it fell to the first named supervisor, NM, to have the final say. 
Included papers were subsequently evaluated at the full text level against acceptance criteria. 
Quality assessment checklists
An assessment of quality was undertaken using the Newcastle-Ottawa Quality Assessment Scale for assessing the quality of nonrandomised studies in meta-analyses (NOQAS) (Stang, 2010). The Consolidated Standards of Reporting Trials (CONSORT) checklist and Cochrane collaboration tool for assessing risk of bias were used to assess the quality of randomised studies included in the review (Schulz et al., 2010, Higgins et al., 2011). Each checklist was modified slightly to reflect the interventions being assessed and the outcome measures being used. For example, outcomes cannot be independently or blindly assessed, as the outcomes are self-reported in questionnaire format. As such the use of a validated instrument is more relevant. Items assessed in each of these quality checklists are listed in Table 4‑2, Table 4‑3 and Table 4‑4. 


	Category
	Sub-category
	Descriptor
	Stars

	Selection
(Max 4 stars)
	1. Representativeness of exposed group
	Truly representative
	★

	
	
	Somewhat representative
	★

	
	
	Selected (niche) group
	

	
	
	No description of how cohort derived.
	

	
	2. Selection of non-exposed group
	From same community as exposed group
	★

	
	
	From different source
	

	
	
	Selection not described
	

	
	3. Ascertaining exposure
	Prospectively or review of patients
	★

	
	
	Clinical records
	

	
	
	Not described
	

	
	4. Identified confounders to OHRQoL
	Yes
	★

	
	
	No
	

	Comparability
(Max 2 stars)
	Comparability of cohorts
	Controls for number of teeth restored
	★

	
	
	Controls for other factors e.g. position in arch, materials used, follow-up period
	★

	Outcome
(Max 4 stars)
	1. Outcome assessment: Validated OHRQoL tool?
	Yes
	★

	
	
	No
	

	
	2. Length of follow-up adequate?
	Yes
	★

	
	
	No
	

	
	3. All subjects accounted for?
	Yes
	★

	
	
	No
	

	Total
	Maximum 9 stars


[bookmark: _Ref373740414][bookmark: _Ref373740409][bookmark: _Toc380333220]Table 4‑2 Modified Newcastle-Ottawa Quality Assessment Scale 


	Item
	Recommendation

	1
	Describes trial design

	2
	Clear eligibility criteria for participants

	3
	Identifies setting and location of trial

	4
	Interventions in each group clear

	5
	Defined OHRQoL outcome including how scored

	6
	Defines how the sample size was determined

	7
	Describes a method to generate random sequence

	8
	Describes type of randomisation (blocking, size of blocks etc.)

	9
	Describes method to keep allocation sequence concealed

	10
	Describes who generated the sequence, who enrolled participants and who assigned interventions

	11
	Statistical methods used to compare groups for OHRQoL outcomes described

	12
	Methods for sub-group analysis described


[bookmark: _Ref373740473][bookmark: _Toc380333221][bookmark: CochraneChecklist][bookmark: _Toc373604081]Table 4‑3 Modified CONSORT checklist
	Category
	Score

	Random sequence generation
	
[image: ]: Low risk of bias
[image: ]: Unclear risk of bias
[image: Macintosh HD:Users:Zaid:Desktop:Screen Shot 2016-12-08 at 12.05.45.png]: High risk of bias

	Allocation concealment
	

	Blinding participants and personnel
	

	Blinding of outcome assessment
	

	Selective reporting
	

	Other bias
	


[bookmark: _Ref373740554][bookmark: _Toc380333222]Table 4‑4 Cochrane collaboration tool for assessing risk of bias
Quality assessment measures were used as part of a qualitative review of included studies and not used for inclusion or exclusion purposes. 
Additional searches
Reference lists of papers included in the review were screened at title and abstract level with relevant papers reviewed at full text level using the same protocol as those papers identified using the electronic database search.
The final list of included studies progressed to data extraction. During the full text review, if duplicate reporting of the same study was suspected on the basis of author names, settings, study design, participant numbers or results, only one report was to be included in the review. Where there was uncertainty, correspondence authors were contacted for clarification. 
Inter-rater reliability
Cohen’s kappa scores were calculated to determine inter-rater reliability at pilot stage of title and abstract review, after completion of title and abstract review and after full text review. 
[bookmark: _Toc506551395]Data extraction
Development of data extraction form 
Reporting items were collated into a draft data collection form, piloted independently by both reviewers this on five articles. The final data collection items were agreed on and a Microsoft Excel® spreadsheet (Microsoft® Excel® for Mac 2011, Version 14.7.3 (170325), © 2010 Microsoft Corporation) was designed to collect all relevant data. Items collected in this data collection file are listed in Table 4‑5.
	Review no.

	Author

	Year

	Design

	Measure of OHRQoL

	Minimum score

	Maximum score

	% of Males

	Mean age

	Age range

	Site

	Sample size

	Number of treatment groups

	Number of recalls

	Timing of recalls

	Mean reported (Yes/No)

	Median reported (Yes/No)

	Group Information
(Data collected for each group)
	N=

	
	Fixed / Removable

	
	Support – Implant/Tooth /Mucosa

	
	Single tooth / Multiple teeth

	Baseline Scores
(Data collected for each group)
	Mean / SD / Median / Min / Max / IQR

	Follow Up 1-5 months
(Data collected for each group)
	Mean / SD / Median / Min / Max / IQR/ Change from baseline / SD of change

	Follow Up 6-11 months
(Data collected for each group)
	Mean / SD / Median / Min / Max / IQR/ Change from baseline / SD of change

	Follow Up >1 year
(Data collected for each group)
	Mean / SD / Median / Min / Max / IQR/ Change from baseline / SD of change

	Follow Up >5 years
(Data collected for each group)
	Mean / SD / Median / Min / Max / IQR/ Change from baseline / SD of change


[bookmark: _Ref373740826][bookmark: _Toc380333223]Table 4‑5 Items collected in data extraction file
Data extraction was divided between the reviewers and the results obtained by one reviewer were crosschecked by the other such that ultimately all data was verified by two reviewers. All disagreements were mediated between the two reviewers and there was no need to seek adjudication from NM. 
Management of missing data
To complete a meta-analysis the mean change from baseline to follow-up were required. Where studies did not report mean data for OHRQoL measures the corresponding author was contacted by email to request data from baseline and follow-up for each group. Where no response was received a second reminder email was sent. If authors failed to respond to the second request for this data or where the data was not available elsewhere, the paper was included in the narrative review, but excluded from meta-analysis.
[bookmark: _Toc506551396]Synthesis of extracted data
Summary of findings table
Papers included in the review are presented in ‘summary of findings’ tables including the following relevant data:
· Author, year and journal of publication
· Intervention(s) being investigated
· OHRQoL measure used and range of scores
· Assessment of quality; number of items correctly reported according to quality criteria (Table 4‑2, Table 4‑3 and Table 4‑4)
· Sample size for each intervention
· Recall periods
· Age range and mean age
· Pre- and post-treatment summary OHRQoL score 
· Comments section
Meta-analysis
Data were grouped according to the following descriptors:
· The prosthodontic intervention being undertaken:
a. Group A = Implant-supported fixed-bridgework (ISFB)
b. Group B = Conventional or resin-retained, fixed tooth-supported Bridgework (FBW).
c. Group C = Removable partial dentures (RPD)
d. Group D = Implant-supported single crowns (ISSC)
e. Group E = Implant-supported removable dentures (ISRD)
· Recall periods:
a. Less than nine months (≤9-months)
b. Greater than and equal to nine months (>9-months) 
Limitations of reporting for other demographic and clinical variables such as number and position in the arch of teeth being replaced, socio-demographic status, experience of operator meant that, whilst these are accepted variables which may influence the OHRQoL outcome, it was not possible to account for them in the stratification for meta-analysis. 
All scores obtained from OHRQoL outcome measures included were converted to a standardised mean change (SMC) score using the following formula:

Pooled standard deviations were calculated using the pre- and post-treatment standard deviations (Sauro, 2016). Pooled standard deviations were converted to a standardised SD (SSD), calculated with the following formula:

Pooled SMC of OHRQoL scores with confidence interval at 95% (IC 95%) were estimated using STATA® 14 (StataCorp LP, College Station, Texas). The Pooled SMC was therefore a percentage change in score out of the total range of scores. For example, a 10-point change using a tool with a range of zero to 100 points would be expressed as an SMC of 10%. The inverse variance method and random effects model were used to obtain pooled SMCs for each intervention group and to estimate pooled SMCs between intervention groups. The use of random effects model was considered most appropriate as the intention from this review was to generalise the results of the studies and to account for variability in follow-up periods and other important confounders such as number of teeth being replaced, whether teeth replaced were in the aesthetic zone etc. (Tufanaru et al., 2015). Heterogeneity between studies was assessed using I2 test, a measure of inconsistency, expressed as a percentage, between the results of the studies developed by Higgins et al. (Higgins et al., 2003). They suggested an I2 of 25% represents low heterogeneity, 50% represents moderate heterogeneity and 75% represents high heterogeneity (Higgins et al., 2003). The significance level of 5% (P < 0.05) was established for all analyses (Deeks et al., 2008). Where there was heterogeneity in the results from different studies included the meta-analysis was not considered to be adequately robust. 
Indirect meta-analyses were conducted for all groups at ≤9-months and at >9-months. Where individual studies reported on outcomes for more than two groups these could be considered for direct comparison if more than two studies compared the same groups. Again these direct comparisons were grouped according to the follow-up period, ≤9-months and >9-months. 
[bookmark: _Toc506551397]Results
[bookmark: _Toc506551398]Results of electronic database searches
Table 4‑6 shows the results of the electronic database searches.
	
Database
	Citations

	MEDLINE® (Ovid®)
	335

	MEDLINE® (Pubmed®)
	248

	National Health Service Economic Evaluation and Health Technology Assessment Databases
	18

	Web of Science
	196

	The Cochrane Library of systematic reviews
	61

	Cochrane-CENTRAL
	24

	Total
	882


[bookmark: _Ref377655040][bookmark: _Toc380333224]Table 4‑6 Results of electronic database search
Grey literature searches from conference proceedings at IADR conferences identified a further 42 abstracts.
[bookmark: _Toc506551399]Title and abstract review
Pilot review
Both reviewers assessed the titles and abstracts of every tenth article to ensure a selection of 10% of included citations. ZA included 21 manuscripts and SS included 18. The level of agreement between the two reviewers was good with a kappa score of 0.802. 
Exclusions at first title and abstract level review
882 articles from electronic databases and 42 citations from IADR abstracts, 924 titles in total were reviewed at the first title and abstract level review. Following removal of 187 duplicate records, 737 titles and abstracts were reviewed. 584 articles were excluded at title and abstract level. Table 4‑7 identifies the categories under which these 584 articles were rejected. The remaining 153 articles were included for full text review. 
	Exclusion Category
	N

	Non-dental study
	20

	Related to another dental specialty / intervention
	158

	Case study/series
	28

	No quantitative OHRQoL outcome
	85

	No measure of change / cross-sectional survey / case-controlled studies
	220

	Narrative review / consensus report / opinion paper
	64

	Study / review protocol
	8

	Animal study
	1

	Total
	584


[bookmark: _Ref373741456][bookmark: _Toc380333225]Table 4‑7 Exclusions at title and abstract review
[bookmark: _Toc506551400]Full text review
Method and results sections of the remaining 153 papers were reviewed for inclusion in the study. 127 articles were excluded that did not meet inclusion criteria for the review. 22 articles that met inclusion criteria reporting clinical studies were included into the review. Four further articles reporting systematic reviews on the subject of the effect of prosthodontics interventions to replace teeth on OHRQoL in partially dentate patients were included. The reasons for excluding the 127 articles at full text review are outlined in Table 4‑8. 
	Exclusion Category
	N

	Edentulous in at least one jaw
	60

	No quantitative OHRQoL measure / qualitative study
	32

	No measure of OHRQoL change / no pre-treatment score / unclear scoring
	17

	Results reported in another included study
	3

	Narrative review / review of another paper
	6

	Case series / case report
	4

	Effect of prosthodontic intervention unclear
	5

	Total
	127


[bookmark: _Ref373741529][bookmark: _Toc380333226]Table 4‑8 Exclusions at full-text review
[bookmark: _Toc506551401]Review of additional literature
Four systematic reviews exploring the effects of the partially dentate condition and interventions to treat the partially dentate were included in the review. The research questions explored by each review were as follows:
“What are the effects of different prostheses used in the treatment of the partially absent dentition in terms of long term success, function, morbidity and patient satisfaction?” (Abt et al., 2012).
“How do patients perceive the benefit of reconstructive dentistry on OHRQoL?” (Thomason et al., 2007).
“What are the effects of prosthodontics treatment on patient satisfaction and OHRQoL in adults?” (Strassburger et al., 2006).
“Are there any associations between oral health status and HRQoL?” (Naito et al., 2006).
Additional articles for review
The reference lists from these reviews was collected and added to the articles identified in the electronic database search and the search of grey literature. 222 further articles were identified. 
The reference lists of the other 22 included clinical studies were also added to the articles for review. 1001 further titles and abstracts were reviewed from this source. In total, including references from systematic reviews and clinical studies, a further 1223 titles were reviewed at title and abstract level. Ten of these titles suggested the studies may be relevant to the current research question and were reviewed at full text level (Oh et al., 2016, Grover et al., 2014, Dierens et al., 2009, Dueled et al., 2009, Kuboki et al., 1999, Inoue et al., 2011, Armellini et al., 2008, Sonoyama et al., 2002, Furuyama et al., 2012, John et al., 2004b). Only one study was considered relevant to the current review (John et al., 2004b). 
The remaining nine articles were excluded due to:
· Research into edentulous participants, n=2
· Cross-sectional study, no evaluation of change scores, n=5
· Use of alternative means of measuring OHRQoL, n=2
In total 23 articles were considered appropriate for inclusion in the current review. Two studies were randomised controlled clinical trials (Wolfart et al., 2014, McKenna et al., 2015). The remaining 21 studies were longitudinal, cohort studies and crossover-controlled clinical trials (Allen et al., 2009, Anweigi et al., 2013, Bramanti et al., 2013, Fillion et al., 2013, Fueki et al., 2015, Gates et al., 2014, Goshima et al., 2010, Hosseini et al., 2013, John et al., 2004b, Montero et al., 2013, Nickenig et al., 2008, Persic et al., 2014, Persic and Celebic, 2015, Petricevic et al., 2012, Ponsi et al., 2011, Raes et al., 2013, Swelem et al., 2014, van Eekeren et al., 2016, Wickert et al., 2014, Yu et al., 2013, Yunus et al., 2016). 
Qualitative review of previous systematic reviews
None of the systematic reviews identified in the literature search comprehensively reported on the effect of individual prosthodontics interventions to replace missing teeth in partially dentate patients. Outcomes reported were: Longevity of restorations, complications, treatment failures, functional impacts, psychological impacts, satisfaction, oral status, OHRQoL and HRQoL. 
Generally these previous systematic reviews found insufficient evidence to answer important questions related to the impact of individual interventions. Much of the literature reported was related to edentulous patients. Table 4‑9 describes data identified in each of the four systematic reviews. 
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	Author/Year
	Research question
	Outcomes
	Findings

	Abt et al. 2012
	“Investigation of effects of different prostheses for treating the partially absent dentition in terms of long term success, function, morbidity and patient satisfaction”
	Longevity/survival, complications, treatment failures
Functional/physiologic impact
Psychological impact
	48 referenced papers 
28 papers included in the review
Insufficient evidence to determine whether:
One type of RPD was worse than another
Zirconia is better or worse than other framework materials for fixed bridges
Which treatment is better in shortened dental arch cases

	Thomason et al. 2007
	“How do patients perceive the benefit of reconstructive dentistry on OHRQoL?”
	Quality of life (QoL) 
OHRQoL
Patient satisfaction
	74 referenced papers
Evidence tended to focus on edentulous patients and the use of implant over-dentures (IODs) for the edentulous mandible versus complete dentures. There was sparse information regarding QoL or satisfaction for other types of ‘reconstructive dentistry’

	Strassburger et al. 2006
	“What are the effects of prosthodontic treatment on patient satisfaction and OHRQoL in adults’ 
	OHRQoL
QoL
Patient satisfaction
	76 articles found reporting on non-experimental retrospective studies - primarily edentulous patients. These would not have met inclusion criteria.
17 RCTs identified; 16 investigated complete dentures. 
One RCT (Kapur et al 1991) and several prospective clinical studies investigated partially dentate patients. Used customised questionnaire involving 3 questions on eating, chewing comfort and satisfaction rather than validated OHRQoL measures. 

	Naito et al. 2006
	Are there any associations between Oral Health Status and HRQoL?
	OHRQoL 
HRQoL
Oral Health Status
	Seven articles were included in the review
Two studies were randomised controlled clinical trials, however both of these were investigating interventions for edentulous patients
The remaining five studies were cross-sectional investigations and did not meet inclusion criteria for the current review. 


[bookmark: _Ref373741853][bookmark: _Toc380333227]Table 4‑9 Summary of findings from previous systematic reviews
[bookmark: _Toc506551402]Quality assessment
Randomised Controlled Trials
The quality of reporting in the RCTs was assessed according to a modified CONSORT checklist (Schulz et al., 2010). Out of the 12 items in this checklist McKenna et al reported on 11 items, missing out details of who generated the randomisation sequence, who enrolled participants and who assigned interventions (McKenna et al., 2015). Wolfart et al. included details of all 12 of the required reporting items in their RCT (Wolfart et al., 2014). 
Risk of bias in the RCTs was assessed using the Cochrane Collaboration’s tool for assessing risk of bias, Table 4‑10.
	McKenna et al. 2015
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	Wolfart et al. 2014
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	Random sequence generation
	Allocation concealment
	Blinding participants and personnel
	Blinding of outcome assessment
	Selective reporting
	Other bias

	Key:
[image: ]: Low risk of bias
[image: ]: Unclear risk of bias
[image: Macintosh HD:Users:Zaid:Desktop:Screen Shot 2016-12-08 at 12.05.45.png]: High risk of bias


[bookmark: _Ref373741922][bookmark: _Toc380333228]Table 4‑10 Risk of bias in randomised controlled trials
Both studies failed to blind the participants and personnel to the intervention being undertaken and failed to blind the outcome assessment. This practice was considered reasonable as it would not be possible to blind participants or treating clinicians to the type of prosthesis being provided, also the outcome assessments were provided by OHRQoL measures such as OHIP and GOHAI, and therefore it would not be possible to blind this. Both studies were therefore included in the current systematic review. 
Longitudinal clinical studies, cohort studies                                      and crossover-controlled clinical trials
Longitudinal clinical, cohort studies and crossover controlled clinical studies (CCCS) were grouped under the heading prospective clinical trials (PCT). These were assessed according to a modified NOQAS. Studies were given a star rating out of either eight or nine stars. Where studies only had one intervention group they were not scored for item 2, “selection of non-exposed group”. Scores ranged from 5/8 to 9/9 stars. Scores for individual studies are reported in Table 4‑11. All studies were included for qualitative analysis. 
	Study
	Selection
	Comparability
	Outcome
	Total

	
	Item 1
	Item 2
	Item 3
	Item 4
	Item 1
(2 stars available)
	Item 1
	Item 2
	Item 3
	

	Swelem et al. 2014
	
	
	
	
	
	
	
	
	8/9 stars

	Van Eekeren et al. 2016
	
	N/A
	
	
	
	
	
	
	8/8 stars

	Persic & Celebic 2015
	
	
	
	
	
	
	
	-
	7/9 stars

	Fueki et al. 2015
	
	
	
	
	
	
	
	-
	8/9 stars

	Yunus et al. 2016
	
	N/A
	
	
	
	
	
	-
	6/8 stars

	Gates et al. 2014
	
	
	
	
	
	
	
	
	9/9 stars

	Persic et al. 2014
	
	N/A
	
	
	
	
	
	
	7/8 stars

	Wickert et al. 2014
	
	
	
	
	
	
	
	-
	7/9 stars

	Anweigi et al. 2013
	
	N/A
	
	
	
	
	
	-
	7/8 stars

	Bramanti et al. 2013
	
	N/A
	
	
	
	
	
	-
	6/8 stars

	Hosseini et al. 2013
	
	N/A
	
	
	
	
	
	
	7/8 stars

	Fillion et al. 2013
	
	N/A
	
	
	
	
	
	-
	6/8 stars

	Raes et al. 2013 
	
	N/A
	
	
	
	
	
	
	8/8 stars

	Montero et al. 2013 
	
	
	
	
	
	
	
	
	8/9 stars

	Yu et al. 2013
	
	N/A
	
	
	
	
	
	
	8/8 stars

	Petrecievic et al. 2012
	
	
	
	
	
	
	
	-
	8/9 stars

	Ponsi et al. 2011
	
	N/A
	
	
	
	
	
	-
	6/8 stars

	Goshima et al. 2010
	
	N/A
	
	
	
	
	
	-
	7/8 stars

	Allen et al. 2009
	
	N/A
	
	
	
	
	
	-
	6/8 stars

	Nickenig et al. 2008
	
	N/A
	
	
	-
	
	
	-
	5/8 stars

	John et al. 2004b
	
	
	
	
	-
	
	
	
	7/9 stars


[bookmark: _Ref373742079][bookmark: _Toc380333229]Table 4‑11 NOQAS for non-randomised studies 
[bookmark: _Toc506551403]Summary of findings table 
The 23 papers included for qualitative review were categorised as follows those investigating:
· Conventional, non-implant, treatments only, summarised in Table 4‑12.
· Implant-supported treatments only, summarised in Table 4‑13. 
· Both conventional and implant supported treatments in the same study, summarised in Table 4‑14.
	Study
	Study design
	Country
	Setting
	Participants
	Follow-up period (months)
	OHRQoL
Instrument
	Dental prosthetic treatment

	Allen et al. 2009
	PCT
	Ireland
	University Teaching Hospital
	Baseline sample, N= 51
Follow-up sample, N = 44
Mean age, 23.6 (SD, 14.8)
	1
	OHIP-20
	RPD

	Anweigi et al. 2013
	PCT
	Ireland
	University Teaching Hospital
	Baseline sample, N=40 
Follow-up sample, N=40 
Median age, 20 (IQR, 18-22)
	6
	OHIP-49
	FBW

	John et al. 2004 
	PCT
	Germany
	University Teaching Hospital & General Dental Practice
	FBW 
Baseline sample, N=42
Follow-up sample, not stated
Mean age, 43.8 (SD, 12.5)
	1 
6-12 
	OHIP-49

	FBW (included single crowns)
RPD (including telescopic crown-retained RPDs)

	
	
	
	
	RPD 
Baseline sample, N=31
Follow-up sample, not stated
Mean age, 60.5 (SD, 7.1)
	
	
	

	McKenna et al. 2015 

	RCT
	Ireland
	University Teaching Hospital & Geriatric Day Hospital
	RPD 
Baseline sample, N=65 (>65yrs only)
Follow-up sample1-month, N=53
Follow-up sample 6-months, N=45
Follow-up sample 12-months, N=45
	1 
6 
12
	OHIP-14
	FBW
RPD

	
	
	
	
	FBW 
Baseline sample, N=67 (>65yrs only)
Follow-up sample 1-months, N=52
Follow-up sample 6-months, N=47
Follow-up sample 12-months, N=47
	
	
	

	Montero et al. 2013
	PCT
	Spain
	University Teaching Hospital
	RPD 
Baseline sample, N=59
Follow-up sample, not stated
	1 
	OHIP-14 
	RPDs (metal)
FBW


	
	
	
	
	FBW 
Baseline sample, N=46
Follow-up sample, not stated
	
	
	

	
	
	
	
	Mean age, 64.9 (SD, 10.7) (complete cohort)
	
	
	

	Wickert et al. 2014
	PCT
	Germany
	University Teaching Hospital
	RPD
Baseline sample, N=75
Follow-up sample, N=75
Mean age, 60.7 (SD, 12.4)
	1
	OHIP-49
	FBW
RPD

	
	
	
	
	FBW
Baseline sample, N=81
Follow-up sample, N=81
Mean age, 49.6 (SD, 17.1)
	
	
	

	Wolfart et al.
2014
	RCT
	Multi-centre: Germany, Switzerland
	University Teaching Hospitals
	RPD
Baseline sample, N=79
Follow-up sample 6-weeks, N=76
Follow-up sample 12 months, N=73
Follow-up sample 5-years, N=68
Mean age, 59.7 (SD, 10.7)
	1.5
12
60
	OHIP-49
	RPD 
FBW

	
	
	
	
	FBW
Baseline sample, N=66
Follow-up sample 6-weeks, N=65
Follow-up sample 12 months, N=65
Follow-up sample 5-years, N=57
Mean age, 58.9 (SD, 10.6)
	
	
	


PCT: Prospective Clinical Trial, RCT: Randomised Controlled Trial, RPD: Removable Partial Denture, FBW: Tooth Supported Fixed Bridgework, OHIP: Oral Health Impact Profile.
[bookmark: _Ref377655118][bookmark: _Toc380333230]Table 4‑12 Summary of findings: studies investigating conventional tooth or mucosa-supported prostheses only
	Study
	Study design
	Country
	Setting
	Participants
	Recalls (months)
	OHRQoL
Instrument
	Prosthetic treatment

	Bramanti et al. 2013
	PCT
	Italy
	University Teaching Hospital
	Baseline sample, N=50 
Follow-up sample, N=50 
Mean age, 51.2 (SD: 12.6)
	24
	OHIP-14
	ISFB and ISSC 

	Fillion et al. 2013
	PCT
	France
	Private Practice
	ISSC baseline sample, N=77 
ISSC follow-up sample, N=77
	A. 6 
B. 6-9 
C. >9 

	GOHAI
	ISFB 
ISSC

	
	
	
	
	ISFB baseline sample, N= 75 
ISFB follow-up sample, N=75
	
	
	

	
	
	
	
	Mean age 52 (SD, 9.9) (Complete cohort)
	
	
	

	Goshima et al. 2010
	PCT
	Denmark
	University Teaching Hospital
	Baseline sample, N=18
Follow-up, N=18
Mean age, 32 (SD, 10)
	1 
	OHIP-49
	ISSC

	Hosseini et al. 2013
	PCT
	Denmark
	University Teaching Hospital
	Baseline sample, N=59
Follow-up sample, N=59
Mean age, 27.9 (SD, 9.3)
	36 
	OHIP-49
	ISSC

	Nickenig et al. 2008
	PCT
	Germany
	Armed Forces Dental Clinic
	Baseline, N=219
Follow-up, N=219
Mean age, 44.7 (range, 19.2-67.6)
	1-2
	OHIP-21
	ISSC and ISFB 

	Persic et al. 2014
	PCT
	Croatia
	University Teaching Hospital
	Baseline, N=23
Follow-up, N=23
Mean age, 66, (range 54-78)
	3
	OHIP-14
	ISFB

	Ponsi et al. 2011
	PCT
	Finland
	Private Practice
	Baseline sample, N=90
Follow-up sample, N=80
Mean age, 52 (range, 24-75)
	3 
	OHIP-14
	ISSC

	Raes et al. 2013
	PCT
	Belgium
	University Teaching Hospital
	Immediate loading 
Baseline sample, N=16
Follow-up sample, N=16
Mean age, 45 (SD, 14)
	6 
12
	OHIP-14
	ISSC

	
	
	
	
	Delayed loading 
Baseline sample, N=23
Follow-up sample, N=23
Mean age, 40 (SD, 19)
	
	
	

	
	
	
	
	Grafted sites 
Baseline sample, N=9
Follow-up sample, N=9
Mean age, 35 (SD, 15)
	
	
	

	Van Eekeren et al. 2016
	PCT
	Netherlands
	University Teaching Hospital
	Baseline sample, N=35
Follow-up sample, N=34
Mean age, 61 (Range, 36-85) 
	12
	OHIP-14
	ISFB

	Yu et al. 2013
	PCT
	China
	Military General Hospital
	Baseline sample, N=263
Follow-up sample, N=238
Mean age, 41.5 (SD, 9.5)
	6
	OHIP-14
	ISSC and ISFB combined. Anterior teeth only

	Yunus et al. 2015
	PCT
	Malaysia
	University Teaching Hospital
	Baseline sample, N=20
Follow-up, not stated
Mean age, 47.0 (SD, 12.9)
	3 
12
	OHIP-14
	ISFB


PCT: Prospective Clinical Trial, ISSC: Implant Supported Single Crown, ISFB: Implant Supported Fixed Bridge, ISRD: Implant Supported Removable Denture, OHIP: Oral Health Impact Profile, GOHAI: Global Oral Health Assessment Index.
[bookmark: _Ref377655167][bookmark: _Toc380333231]Table 4‑13 Summary of findings: studies investigating implant-supported prostheses only
	Study
	Study design
	Country
	Setting
	Participants
	Recalls (months)
	OHRQoL Instrument
	Prosthetic treatment

	Fueki et al. 2015
	PCT
	Japan
	University Teaching Hospital
	RPD baseline sample, N=69
RPD follow-up samples:
3-months, N=52 
6-months, N=40
12-months, N=33 
RPD mean age, 63.9 (8.5)
	3 
6
12 
	OHIP-49
	RPD
ISFB

	
	
	
	
	ISFB baseline sample, N=30
ISFB follow-up samples:
3-months, N=12
6-months, N=11
12-months, N=13 
ISFB mean age, 56.1 (10.2)
	
	
	

	Gates et al. 2014
	CCCT
	USA
	University Teaching Hospital
	Baseline sample, N=17
RPD follow-up sample, N=17
ISRD follow-up sample, N=17 
Mean age: 61.5, (SD not supplied) 
	3 
	OHIP-49
	RPD
ISRD

	Persic & Celebic 2015
	PCT
	Croatia
	University Teaching Hospital
	FBW baseline, N=25
FBW follow-up: not stated
FBW mean age, 52.8 (SD, 16.8)
	3 
	OHIP-14
	RPD
FBW
ISRD
ISFB

	
	
	
	
	ISRD baseline, N=15
ISRD follow-up: not stated
ISRD mean age, 65.4 (SD, 8.2)
	
	
	

	
	
	
	
	ISFB baseline, N=59
ISFB follow-up: not stated
ISFB mean age, 56.1 (SD, 11.0)
	
	
	

	Petrecievic et al. 2012
	PCT
	Croatia
	Not stated
	ISFB baseline sample, N=64
ISFB follow-up: not stated
ISFB mean age, 46.5 (SD, 11.2)
	36
	OHIP-49
	ISFB
FBW

	
	
	
	
	FBW baseline sample, N=38
FBW follow-up: not stated
FBW mean age, 57.6 (SD, 14.4)
	
	
	

	Swelem et al. 2014
	PCT
	Russia
	University Teaching Hospital
	FBW
Baseline sample, N=32
Follow-up, N=32
Mean age, 44.4 (SD, 6.5)
	1.5
6
	OHIP-14 
	FBW
RPD
ISFB

	
	
	
	
	RPD
Baseline sample, N=45
Follow-up, N=45
Mean age, 44.4 (SD, 6.6)
	
	
	

	
	
	
	
	ISFB
Baseline sample, N=57
Follow-up, N=57
Mean age, 35.4 (SD, 5.9)
	
	
	


PCT: Prospective Clinical Trial, CCCT: Crossover Controlled Clinical Trial, ISSC: Implant Supported Single Crown, ISFB: Implant Supported Fixed Bridge, ISRD: Implant Supported Removable Denture, RPD: Removable Partial Denture, FBW: Tooth Supported Fixed Bridgework, OHIP: Oral Health Impact Profile
[bookmark: _Ref377655178][bookmark: _Toc380333232]Table 4‑14 Summary of findings: studies investigating both conventional and implant-supported prostheses

[bookmark: _Toc506551404]Meta-Analysis
Articles excluded from meta-analysis
Six articles were excluded from the quantitative analysis. The reasons for these exclusions are described below. The remaining seventeen studies were categorised according to prosthodontics intervention and length of follow-up either >9-months or ≤9-months. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram representing the numbers of articles included at each stage of the review from electronic database search to meta-analysis is shown in Figure 4–1.
[image: ]
[bookmark: _Ref373742691][bookmark: _Toc380333190]Figure 4–1 PRISMA flow diagram
Unrepresentative treatments or patient groups
Yu et al. presented analysis of the effect of implant-supported single crowns (ISSC) in a highly specific population of patients treated in a military hospital and results were considered un-comparable to other included studies investigating ISSC (Yu et al., 2013). Persic et al. also reported results of unconventional implant-supported fixed bridges (ISFB) treatment, namely the use of mini-implants to support ISFB, some of which were supported by both implants and teeth (Persic et al., 2014). As these results could not be compared to other prosthodontics interventions grouped under the same heading they were excluded form meta-analysis. 
Combining effects of different treatments into one group
Nickenig et al. combined the effects of ISFB and ISSC into one group and it was therefore not possible to isolate the effect of each intervention on OHRQoL (Nickenig et al., 2008). Bramanti et al. also combined the effects of ISSC and ISFB into one group in the same manner, excluding the results from meta-analysis (Bramanti et al., 2013).
Lack of mean data
Amongst others, John et al. and Anweigi et al. both reported median data for the outcomes used (Anweigi et al., 2013, John et al., 2004b). Requests were made via email for mean data such that this could be used in the meta-analysis. Unfortunately the corresponding authors did not supply mean data for these two studies when it was requested by email. The data from these studies was therefore excluded from meta-analysis. 
Insufficient data
Implant-supported removable dentures (ISRD) were only investigated in two studies (Gates et al., 2014, Persic and Celebic, 2015). In total only 32 patients were being investigated in the two reported studies, 15 in Gates et al. and 17 in Persic and Celebic’s study. Given that only 32 patients would be insufficient to show a MCID effect from the intervention, and that only two studies reported ISRD, this treatment modality was excluded from meta-analysis. 
Indirect meta-analysis at follow-up ≤9-months
Figure 4–2 shows the forest plot for indirect meta-analysis comparing ISSC, ISFB, RPD and FBW effects on OHRQoL at ≤9-months follow-up.
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[bookmark: _Ref373745719][bookmark: _Toc380333191]Figure 4–2 Meta-analysis: Indirect comparisons at ≤9-months follow-up
ISSC had a pooled standardised mean change (SMC) in OHRQoL score (effect size) of 6.27% (z=1.72, 95%CI: -0.89% to 13.43%, p=0.086). FBW showed a pooled SMC of 15.33% (z=3.80, 95%CI: 7.43% to 23.24%, p<0.001). RPD had a pooled SMC of 11.88% (z=3.01, 95%CI: 4.14% to 19.63%, p=0.003). ISFB was associated with a pooled SMC of 14.85% (z=3.59, 95%CI: 6.74 to 22.97%, p<0.001). 
Measures of heterogeneity using the in the I2 statistic in the indirect meta-analysis at ≤9-months demonstrated no significant heterogeneity for each group; ISSC (p=0.886), FBW (p=0.647), RPD (p=0.969), ISSC (p=0.344). Change in OHRQoL score was statistically significant in the case of: FBW (p<0.001), RPD (p<0.01) and ISFB (p<0.001), but not in the case of ISSC (P=0,086). 
Indirect meta-analysis at follow-up >9-months
Figure 4–3 shows the forest plot for indirect meta-analysis comparing ISSC, ISFB, RPD and FBW effects on OHRQoL at >9-months follow-up.
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[bookmark: _Ref373745810][bookmark: _Toc380333192]Figure 4–3 Meta-analysis: Indirect comparison at >9-months follow-up
ISSC showed a pooled SMC of 5.84% (z=1.12, 95%CI: -4.39% to 16.08%, p=0.263). FBW had a pooled SMC of 13.20% (z=2.54, 95%CI: 3.03% to 23.38%, p=0.011). RPD was associated with a pooled SMC of 8.86% (z=1.54, 95%CI: -2.42% to 20.15%, p=0.124). Finally ISFB showed a pooled SMC of 15.80% (z=3.38, 95%CI: 6.64% to 24.96%, p=0.001). 
At follow-up >9-months, there was no significant heterogeneity in any group: ISSC (p=0.969), FBW (p=0.979), RPD (p=0.916) and ISFB (p=0.311). SMC in OHRQoL score was significant in the:  FBW (p<0.05) and ISFB (p=0.001) groups, but not in the RPD (p=0.124) and ISSC (p=0.263) groups. 
Direct comparisons using meta-analysis
Whilst several studies reported on clinical interventions with only one group, a number of studies made direct comparisons between groups of prosthodontics intervention. Where such designs were used, data could be included in direct meta-analyses. Six studies made direct comparisons between FBW and RPD at follow-up periods ≤9-months and two studies made the same comparison at follow-up >9-months. Two studies made comparisons between ISFB and FBW at follow-up ≤9-months. Three studies compared ISFB and RPD at follow-ups >9-months. 


[image: Macintosh HD:Users:Zaid:Documents:PHD:THESIS:untitled folder:Figures:Figure 4.4 Direct comparison RPD vs FBW at < or equal to 9 months.pdf]
[bookmark: _Ref373746020][bookmark: _Toc380333193]Figure 4–4 Meta-analysis: direct comparison of FBW v RPD at ≤9-months follow-up
Figure 4–4 shows a forest plot of the outcomes of meta-analysis of FBW versus RPD at ≤9-months periods. At ≤9-months there was no statistically significant difference seen between the two treatments with a standardised mean difference (SMD) of 0.05 in favour of FBW (95% CI: -0.19 to 0.28). There was statistically significant heterogeneity in the various studies reporting this comparison (Heterogeneity Χ2(5)=12.20, p=0.032). 

[image: Macintosh HD:Users:Zaid:Documents:PHD:THESIS:untitled folder:Figures:Figure 4.5 Direct comparison FBW vs RPD > 9 months.png]
[bookmark: _Ref373746097][bookmark: _Toc380333194]Figure 4–5 Meta-analysis: direct comparison of FBW v RPD at >9-months follow-up
Figure 4–5 shows a forest plot of the outcomes of meta-analysis comparing RPD and FBW again, though this time the follow up period is >9-months. There was no statistically significant difference between the two treatments at longer follow-ups with SMD of 0.27 in favour of FBW (z=1.13, 95%CI: -0.21 to 0.78, p=0.260). There was statistically significant evidence of heterogeneity between studies (Heterogeneity Χ2 (1) = 4.46, p=0.035). 
[image: Macintosh HD:Users:Zaid:Documents:PHD:THESIS:untitled folder:Figures:Figure 4.5 ISFB vs FBW at less than 9 months.png]
[bookmark: _Ref373746184][bookmark: _Toc380333195]Figure 4–6 Meta-analysis: direct comparison of ISFB v FBW at ≤9-months follow-up
Figure 4–6 shows a forest plot of the outcomes of meta-analysis comparing FBW versus ISFB at follow-up of ≤9-months. In this comparison the SMD was 0.43 in favour of ISFB (z=2.36, 95%CI: 0.07 to 0.78, p=0.018). This suggests that ISFB is 43% better at improving OHRQoL outcomes than FBW at ≤9-months follow-up. The studies in this comparison showed no statistically significant heterogeneity in (Heterogeneity Χ2(1)=1.22, p=0.270). 
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[bookmark: _Ref373746271][bookmark: _Toc380333196]Figure 4–7 Meta-analysis: direct comparison of ISFB and RPD at ≤9-months follow-up
Figure 4–7 shows the forest plot of the meta-analysis comparing the effects of ISFB versus RPD at follow-up of ≤9-months. The SMD was 0.40 in favour of ISFB (z=3.14, 95%CI: 0.15 to 0.65, p=0.002). This suggests that the effect of ISFB on OHRQoL is 40% better than that of RPD treatment at follow-up of ≤9-months. Again this comparison showed no statistically significant heterogeneity in the studies included in the analysis (Heterogeneity Χ2(2)=0.65, p=0.724). 

[bookmark: _Toc506551405]Discussion
[bookmark: _Toc506551406]Main findings
Comparison with findings of previous systematic reviews
[bookmark: Nopublicationsbyyear]Early, well-conducted, systematic reviews of the OHRQoL impacts of prosthetic replacement of missing teeth found insufficient data to determine which treatment is “better or worse” than another and tended to focus on the management of the edentulous patient (Abt et al., 2012, Strassburger et al., 2006, Naito et al., 2006). Hutlin et al. reviewed this topic covering articles up to April 2010 and demonstrated that oral rehabilitation to replace missing teeth in edentate and partially edentate patients can improve OHRQoL (Hultin et al., 2012). However, this review included only five studies and grouped edentulous and partially dentate patients together (Hultin et al., 2012). Thomason et al. provided a thorough qualitative review of the existing literature on the role of implants in the management of the edentulous patient, though they found sparse information on the impacts on OHRQoL in partially dentate patients (Thomason et al., 2007). It is important to note that all but six of the studies included in this review were published after 2012. Table 4‑15 shows the number of included studies arranged by year of publication, which does highlight how the rate of publication of data concerning quantifiable measures of OHRQoL in prosthodontics research is increasing. 
	Years of Publication
	Number of Included studies

	2004-2006
	1

	2007-2009
	2

	2010-2012
	3

	2013-2015
	16


[bookmark: _Ref373747007][bookmark: _Ref373746970][bookmark: _Toc380333233]Table 4‑15 Number of publications arranged by year of publication
It is clear therefore that within the last decade there has been a significant proliferation in the reporting of quantifiable OHRQoL outcomes using PCOMs in studies investigating the rehabilitation of the partially dentate patient. Whilst most previous systematic reviews focused on edentulous and partially dentate participants, the use of a more rigid inclusion criteria has allowed this review to focus on interventions to manage the partially dentate patient. 
Quality of evidence
There has been a demonstrable increase in the number of studies reporting OHRQoL measured using validated PCOMs in the last decade. The most common PCOM found in the current review was the OHIP in various forms, and one study used GOHAI. That said the current review suggests that the quality of evidence is far from robust. Level 1b evidence is described as a “randomised controlled trial with narrow confidence interval” (Durieux et al., 2013). Only two of the studies included in the current review could be classified as being at this level (McKenna et al., 2015, Wolfart et al., 2014). The remaining articles included provided level 2b, described as “individual cohort studies or low quality randomised controlled trials”.  This clearly limits the quality of this systematic review to level 2a due to the prominence of longitudinal prospective cohort studies in the analysis.
The term ‘partially dentate’ describes a range of patients with a broad range of clinical and non-clinical presentations. The number of teeth missing, position of teeth, occlusal relationships of remaining teeth, mode of tooth loss, quality of remaining teeth and supporting periodontal apparatus may all have a bearing on the type of prosthetic treatment available to the success of prosthodontics intervention carried out. Moreover these variables may have a significant effect on each patient’s interpretation of their own OHRQoL and act as potential confounders to OHRQoL outcome. These potential clinical confounders are significant, though the list of non-clinical confounders such as age, social status, access to healthcare, level of education, may also impact on how people interpret their partially dentate condition and the treatments undertaken to manage it. In this respect a significant limitation of the findings is a lack of level 1b evidence with well-conducted RCTs that control for confounders such as number and position of missing teeth. It is perhaps not adequate to simply call for the inclusion of PCOM in clinical research. Studies should be designed with potential confounders of OHRQoL in mind and appropriately designed to reduce the impact of bias.  
Furthermore it was evident from a number of excluded studies that some researchers were utilising un-validated questionnaires. Often these studies would have a short questionnaire as a secondary or tertiary outcome, but the main focus of the research was investigation of a clinical outcome such as restoration survival, or bone loss around implants for example. To that end both the design of study and the choice of PCOM are of fundamental importance to ensure meaningful conclusions can be drawn from clinical research (Robinson, 2016). 
Improvements in OHRQoL
In standardising the change scores for different OHRQoL measures quantitative comparisons have been made between tools that were designed to measure similar constructs. The make-up of these tools, e.g. GOHAI and OHIP, differs in respect of the individual domains they represent but their total scores represent the construct OHRQoL. Each tool has different ranges of score depending on the scoring system used. Calculating the change score in respect to the range for each tool included thus allowing a proportional change in score in relation to the range. In so doing comparison was possible for interventions using different versions of the same tool or different tools. The magnitude of change shown was presented as the SMC but in effect was a percentage change score relative to the range.
The review and meta-analyses would suggest that RPD, FBW and ISFB treatments each improve OHRQoL at short-term follow-up (≤9-months), but only FBW and ISFB improvements make improvements to OHRQoL over longer term follow-up (>9-months). The magnitude of improvement to OHRQoL as a result of ISFB treatment was approximately 15% at ≤9-months (short term) and 16% at >9-months (medium term). FBW improved OHRQoL by 15% at ≤9-months and 13% at >9-months. Treatment of the partially dentate patient with RPD to replace missing teeth improves OHRQoL by 12% at follow-up periods of ≤9-months. 
ISSC did not show a significant impact on OHRQoL at any stage. Whilst individual studies seemed to show a difference, this was diluted when pooled standard deviations were used to determine the spread of the change scores. 
Comparing the effects of ISFB treatment to RPD indicates that ISFB treatment improves OHRQoL significantly more than provision of an RPD in partially dentate patients. The improvements seen with ISFB were approximately a 42% greater than improvements seen with RPD. This analysis represented 128 ISFB patients and 153 RPD patients. Similarly, comparing FBW with ISFB demonstrated a 40% greater improvement in OHRQoL with ISFB over FBW at ≤9-months follow-up, using data representing 116 patients treated with ISFB and 57 patients with FBW.
No statistically significant differences could be shown in improvements to OHRQoL between FBW and RPD at either short or long-term follow-up thought there was significant heterogeneity noted between studies comparing these treatment modalities. Suggested reasons for this heterogeneity will follow. 
[bookmark: _Toc506551407]Interpreting findings
Making valid comparisons
In comparison to other partially dentate patients, those provided with RPD treatment may represent cohorts who are likely to have more missing teeth than may have been the case for patients provided with FBW or ISSC. It would be reasonable to ask therefore whether the comparison of RPD against FBW is a reasonable one as patients who require RPD are likely to be missing more teeth. The baseline level of negative impacts on OHRQoL is greater in patients with fewer than 20 teeth remaining compared to those with greater than 20 teeth remaining (McGrath and Bedi, 2001a). Direct comparison between ISFB and RPD may therefore be more appropriate. There are a number of other confounding factors that may mean that persons who cannot tolerate ISFB treatment may have worse outcomes when their OHRQoL is measured. For example, patients who have lost a lot of bone or would need significant grafting may chose not to opt for simpler RPD treatment, but the inadequacy of support for an RPD may predispose them to worse OHRQoL outcomes. Cost of treatment may also be a factor. If all the patients reported in these studies were paying for their own treatment, it is plausible that those from lower socio-economic groups chose the RPD treatment as the cheaper option. Early research into OHRQoL that socio-economic status and even race, (though this may also be related to socio-economic status), were important variables in determining OHRQoL outcomes (Kressin, 1997, Hunt et al., 1995).  
RPD versus ISFB 
There was a significant improvement in OHRQoL with ISFB over and above those improvements seen with RPD were significant and in patients where options are limited to ISFB or RPD it may be argued that patients should be made aware of this evidence when they are asked to make an informed choice for treatment. 
RPD effects in the longer term
The reversal of effect of RPD therapy on OHRQoL such that at follow-up of >9-months it was no longer significant was interesting. Theoretical arguments for why this may be include the lack of maintenance, deterioration in the remaining dentition, or some change in the adequacy of treatment due to distortions of RPD components such as minor connectors and clasps. The evidence from the literature suggests that roughly one quarter of RPDs made are not worn (Jepson et al., 1995, Bergman et al., 1995). These studies have demonstrated that success with RPD therapy is greater where patients are wearing prostheses replacing anterior teeth and that effective maintenance is crucial to longer-term success (Jepson et al., 1995, Bergman et al., 1995). It is not possible to determine from these studies, or from this review whether RPD treatment introduces new impacts on OHRQoL, which become more significant over longer-term follow-up. 
This review has been unable to distinguish between different types of RPD, which can vary in terms of the nature of support and the precision of retentive elements.  These denture features, as well as other patient-related features e.g. number of teeth being replaced, their location in the dental arch and occlusal relationships may all have a bearing on OHRQoL in this particular patient cohort. Further work to explain the impact of these patient and denture variables on OHRQoL in patients with RPDs is suggested. 
ISFB versus FBW
Direct comparison of ISFB and FBW would suggest that at follow-up of ≤9-months, ISFB has a significantly better impact o OHRQoL than FBW. This suggestion should be treated with caution. As discussed earlier the use of FBW is often considered where abutment teeth have a sound periodontal, endodontic and prosthodontic prognosis and where the number of teeth being replaced will not create mechanically unfavourable forces to be placed on these abutment teeth. With an ISFB on the other hand, if more support is needed another implant can be placed. In the case of FBW, the prosthodontist must work with what remains of the dentition. In cases where FBW may place too great a risk to the remaining teeth it may be discounted as an option. In such cases an RPD or the use of an implant-supported prosthesis would be considered more appropriate. It is reasonable therefore to argue that patients having ISFB and those having FBW are not the same. It is arguable that the ISFB patients are likely to have more missing teeth and as such start from a worse baseline score.
A more reasonable comparison would be that of ISSCs versus FBW, as both types of treatment will be provided for patients with one missing tooth. Unfortunately there were no studies making such direct comparison. Furthermore the type of FBW is also an important consideration with the use of relatively minimally invasive adhesive fixed-bridges having significant advantages in terms of retention of tooth tissue, reduced risk to the dental pulp and short treatment duration (King et al., 2015).
RPD versus FBW
There was significant heterogeneity the comparison of effects of FBW and RPD at both ≤9-months follow-up (p=0.032) and at >9-months (p=0.035). It is not possible to make robust conclusions with respect to which treatment has a greater impact on OHRQoL based on the currently available evidence. The sources of heterogeneity are likely to come from the range of different presentations, different denture designs, degrees of support, which have been alluded to in section 2.8, and other clinical and patient variables which may impact on OHRQoL outcomes. 
The heterogeneity again points to the wide variation in the type of treatments, which would be termed RPD. An RPD may be a simple tissue supported acrylic prosthesis with very little to no tooth support, controlled primarily by patients learned muscular reflexes and retained by sitting in a neutral zone of potentially displacing muscular forces from the tongue, floor of mouth and muscle insertions of the peri-oral facial and masticatory musculature. Such prostheses are rather different from dentures retained by precision attachments or telescopic copings housed over remaining natural teeth for support, which may be almost as stable as fixed prostheses. These are two extremes of conventional, non-implant-supported, removable prosthodontics; however, in between there are several options with varying degrees of tooth support and retentive features. 
It is not possible to quantify the effect of different types of RPD framework based on material or types of support from this review as this level of data was missing from current literature. 
ISSC effects
The impact of ISSC on OHRQoL outcomes was not statistically significant at either ≤9-months follow-up or >9-months follow-up. Again there were limitations in the current review in the use of total scores to interpret the construct of OHRQoL as a whole. It may be argued that the replacement of a single tooth is only of significant OHRQoL relevance where the tooth being replaced in the aesthetic zone. Single missing teeth in un-aesthetic, posterior areas of the mouth may not be perceived as either an aesthetic or functional problem for patients (Oosterhaven et al., 1989). Whilst orofacial aesthetics is a component of each of the OHRQoL measures used, it was not possible to isolate the effect on orofacial aesthetics of each intervention. Moreover it was not possible from the data supplied to draw separate conclusions for the effect of ISSC on patients with teeth missing anterior teeth and those with missing teeth in posterior, non-visible areas. 
If the main drivers for replacement of teeth are aesthetic concerns, functional limitations, maintenance of occlusal stability, speech and psychological factors, it is arguable that patients missing single teeth in posterior regions do not perceive a significant improvement when treatment is provided (McCord et al., 2002a, Elias and Sheiham, 1998). In this respect it may be more appropriate, when evaluating the use of ISSC for the replacement of anterior teeth, to assess their effect using tools specific to oro-facial aesthetics such as the Orofacial Aesthetic Scale (Larsson et al., 2010). 
The impact of other problems, which may occur with ISSC such as mechanical or biological complications, must also be considered. The current review cannot quantify the effect of these complications on OHRQoL, though we know from previous research that over five years in service almost 13% of patients with ISSC will experience some screw loosening and 10% may experience peri-implantitis (Jung et al., 2008). 
ISRD effects
Unfortunately ISRD treatment could not be similarly evaluated due to limited numbers of patients, however the data in both studies investigating ISRD are encouraging and do suggest very positive impacts (Gates et al., 2014, Persic and Celebic, 2015).  Gates et al. demonstrated a 40.9-point mean improvement in OHRQoL using the OHIP-49 three months after insertion of the RPD (Gates et al., 2014). Persic and Celebic demonstrated mean improvements in OHRQoL measured with OHIP-14 three months after treatment of 25.14 points (Persic and Celebic, 2015). In the case of Gates et al the magnitude of change is almost three and a half times them MCID for OHIP-49, and in the case of Persic and Celebic the difference they found was in the order of five times the MCID for OHIP-14 (Locker et al., 2004, Yule et al., 2015). 
[bookmark: _Toc506551408]Reflections on Methods
Guidance on the use of meta-analysis to combine quantitative OHRQoL scores from different measures suggests that scales should correlate and must measure similar ‘constructs’ (Puhan et al., 2006, Johnston et al., 2013a, Johnston et al., 2013b, da Costa et al., 2013). There is a risk of heterogeneity when combining scores from different scales for meta-analysis.  In this review the included measures, namely OHIP (various types), GOHAI, OIDP and OHQOL-UK have all been used together in studies where they have been validating new measures or investigating correlations between different levels of oral health status and OHRQoL (El Osta et al., 2012, Hongxing et al., 2014, John et al., 2016). 
Given the range of different scores being used, interventions being evaluated, potential confounders within the clinical presentation of the partially dentate condition and non-clinical confounders generally, and finally the inclusion of intervention studies not exclusive to randomised clinical trials that made the use of random-effects model in the meta analysis appropriate (Tufanaru et al., 2015). A more rigid inclusion criteria excluding non-RCTs from the review may have been more appropriate if the purpose of the review was to make conclusions about a specific partially dentate presentation, for example the shortened dental arch, or single missing maxillary incisors. The aim of this review, however, was to develop a wider understanding about how different interventions could impact on OHRQoL more generally. It is clear from this review that even when casting the net more widely in this manner, the quality of evidence still limits the number of conclusions that can be drawn. 
The use of change scores in isolation has been widely criticised in the literature, as the change score in isolation may be considered meaningless (Tsakos et al., 2012). The use of the MCID, the minimum change that may be considered important by a patient, has been considered as a more appropriate means of reporting changes following a clinical intervention. For example, the MCID for OHIP-14 is 5 points, where the range of scores is from 0-54 points, and for OHIP-20 the MCID is 8-9 points where the range is from 0-80 points, approximately a change equivalent to 10% of the range in each case (Locker et al., 2004, Allen et al., 2009). 
Many studies did not report the OHRQoL effect in terms of the MCID in the measure used, however this would have clearly given greater clinical meaning to the outcomes reported and would allow comparison of the MCID change. Successful examples of this have been demonstrated in comparing the cost-effectiveness of interventions, though reporting of the MCID is far from being universal (McKenna et al., 2014). 
It may be possible, in future reviews of this nature, to standardise change scores by the MCID rather than standardise on the basis of the range of score as was done in this review. The challenges with this approach would however be that the MCID is sometimes presented as a range rather than a fixed number (Allen et al., 2009). 
[bookmark: _Toc506551409]Summary and recommendations
There is a shortage if high quality, level 1b, evidence investigating the impact of different interventions to replace missing teeth. Where this literature does exist it focuses on the rehabilitation of the shortened dental arch. There is a need for more randomised clinical trials comparing different interventions and controlling for factors such as the number of missing teeth, the missing teeth being replaced, occlusal relationships of patients being rehabilitated and the condition of the remaining dentition in these patients.
To enable interpretation of scores as well as combination of data for meta-analysis purposes, the authors suggest that where change in OHRQoL is being investigated the MCID should also be reported.
More detailed conclusions, clinical recommendations and recommendations for future research will be discussed in Chapter 8.
Chapter 5 [bookmark: _Ref373958357][bookmark: _Toc506551410]Retrospective Evaluation                   of Factors Influencing OHRQoL                                     in Patients Treated with RPD
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[bookmark: _Toc506551412]Introduction
Chapter 4 suggested that intervention with RPDs can be beneficial but benefits to OHRQoL may deteriorate over time. They are also associated with risks to oral health. Several publications suggest that successful treatment with RPDs is difficult to predict and that a number of variables may be critical to success (Jepson et al., 1995, Vanzeveren et al., 2003a). Variables associated with RPD wearing patients are considerable. They include denture variables such as arch classification, nature of opposing dentition, number of remaining teeth, position of missing teeth, framework material and type of support derived for the denture ((Vanzeveren et al., 2003a, Vanzeveren et al., 2003b). Patient variables such as age, gender and history of denture wearing may also influence OHRQoL.
Denture success has been measured retrospectively with respect to patient and denture variables (Vanzeveren et al., 2003a, Jepson et al., 1995). Continued use of the denture and clinical acceptability are often used as measures of success (Vanzeveren et al., 2003a, Jepson et al., 1995). Nature of support, framework material, replacement of anterior teeth, presence of a free-end saddle, have all been shown to have importance in whether patients continue to use their dentures (Vanzeveren et al., 2003a, Armellini et al., 2008, Jepson et al., 1995). Whilst these measures are valid, the use of validated PCOMs to measure OHRQoL may provide a richer understanding of patient experiences with RPDs than binary choices of whether the patient continues to use a denture or not. 
Acceptable use of quantitative measures of OHRQoL relies on the use of valid measures. Validity consists of internal consistency, which is whether components of a tools contradict each other, and external validity, which is whether the outcomes of the tool correlate with known or expected variables (Cook and Beckman, 2006).  Validity should be regularly scrutinized to justify the use of these measures in the context in which they are intended to be used (Cook and Beckman, 2006). The OHIP is one of the most widely used tools to measure OHRQoL in dentistry and the 20-item short version has been designed and validated specifically for use in prosthodontics research. In Chapter 6 the OHIP-20 is used in a randomized crossover controlled trial. Further validation of this tool in the context of RPDs provided in a setting similar to that used in the trial supports its use in the trial.
This study was conducted firstly to explore the impact of various independent variables associated with RPD wearers on OHRQoL outcomes. This relates to hypothesis two of the PhD thesis. Secondly the aim was to test the construct validity of our chosen PCOM, the OHIP-20, in the context of RPD provision in a dental teaching hospital to support its use within a subsequent clinical trial.
[bookmark: _Toc506551413]Aims and objectives
[bookmark: _Toc506551414]Research Question
What are the relative effects of different patient variables and denture variables on OHRQoL in patients provided with removable partial dentures in a controlled denture service in a UK dental hospital?
[bookmark: _Toc506551415]Research Hypothesis
Patient and denture variables do not impact on OHRQoL outcome in participants provided with RPDs.
[bookmark: _Toc506551416]Aim
To examine the role of various RPD and patient variables on OHRQOL and to investigate aspects of construct validity for the use of OHIP-20 in patients provided with RPDs in a UK dental hospital.
[bookmark: _Toc506551417]Objectives
The objectives were to:
1. Investigate a retrospective 8-month sample of patients provided with RPDs at the Charles Clifford Dental Hospital in Sheffield. 
2. Investigate patient and denture variables of interest i.e. those, which may impact on success of the RPD or interpretation of success by a patient.
3. Determine the effect of patient and denture variables on OHRQoL outcomes following intervention with RPDs. 
4. Determine the rate of continued use of the RPDs. 
5. Examine the internal reliability of the OHIP-20 using appropriate methods.  
6. Explore the construct validity of the OHIP-20 based on the other markers of success such as continues use. 
[bookmark: _Ref374009449][bookmark: _Toc506551418]Methods and Materials
[bookmark: _Toc506551419]Study Design
Participant selection
The study population was ‘patients with missing teeth provided with RPDs in at least one jaw’. The sample population was patients provided an RPD in at least one jaw at the Charles Clifford Dental Hospital (CCDH) in the Department of Restorative Dentistry. Patients who were provided with an RPD from the 1st April 2014 until the 1st December 2014, eight months sample, were identified from an electronic database at the Removable Prosthetics Laboratory at the same hospital. 
Questionnaire design 
Three members of the study team (Nicolas Martin (NM), Zaid Ali (ZA) and Poyan Barabari (PB)) were involved with questionnaire design, which included:
· Details of the dentures provided
· Whether the dentures were still being used
· Positive and negative descriptive words for the respondent to indicate which they associated with use of RPDs to replace teeth
· OHIP-20 questionnaire 
· Free text box for additional comments.
A consensus approach was used to design the questionnaire and the descriptive terms. Appendix A shows an example blank questionnaire. Questionnaires were coded with a two-letter code allowing the researchers to identify the patient number of returned questionnaires. The code break spreadsheet was kept on a secure NHS computer at all times and without this the responding participant would be un-identifiable. 
Collection of Independent data
Patients were contacted by mailshot, which included a participant information leaflet, a questionnaire and stamped addressed envelope for return of the questionnaires. Three mailshots of the questionnaire were sent at three-weekly intervals between 5th January 2015 and 11th March 2015. Returns were collected up to 1st May 2015. Independent variables of interest were identified from clinical records of participants who returned questionnaires, namely:
· Age
· Gender
· Number of missing teeth (excluding third molars)
· Denture configuration: 
· Complete denture against partial denture
· Partial denture against partial denture
· Partial denture against dentate arch
· Framework material: 
· Tooth-and-mucosa supported CoCr RPDs only
· Mucosa supported acrylic dentures only
· Combined, i.e. each arch restored with a different style
· Replacement of anterior teeth
· Presence of a free-end saddle
· Previous history of denture use
Details of independent variables were entered into a data collection form. 
Review and approvals of evaluation
Permissions to conduct this service evaluation were sought from the Clinical Effectiveness Unit at Sheffield Teaching Hospitals NHS Foundation Trust. Results of the service evaluation will be used to benchmark current outcomes such that future quality improvement initiatives at the CCDH may be measured against existing practice.
[bookmark: _Toc506551420]Data Analysis
Sample size
Independent variables of interest were modeled in a multivariate linear regression model. Each variable introduces a number of ‘degrees of freedom’ for analysis. For each degree of freedom, a minimum of 10 responses are required for multivariate linear regression (Petrie et al., 2002). 
Each independent variable was tested against the outcome (OHIP-20) to determine whether it met criteria for inclusion in the regression analysis. The threshold for inclusion in the model will be set at p<0.2 rather than the traditional p<0.05 level (Petrie et al., 2002). Details of statistical tests used will be discussed under “regression analysis”.
Without the ability to predict which variables would meet criteria for inclusion in the model it was assumed that all independent variables would be included. As such the sample size needed to allow for ten degrees of freedom in the analysis. With 10 responses per degree of freedom, a minimum of 100 responses would be required.
Data cleaning and transformation
Patient demographics were calculated and presented in terms of mean age, median number of missing teeth (excluding third molars) per patient, frequency of males and females, framework type and denture configurations. Kolmogorov-Smirnov test of normality was applied to the OHIP-20 data and as data were non-normally distributed, scores were transformed on a loge scale.
Determining internal consistency and validity of OHIP-20
Internal consistency was determined using Cronbach’s alpha statistic and corrected item-total correlations. A score of 0.7 or more is considered a good level of internal consistency for a newly developed scale (Lance et al., 2006). OHIP-20, however, is a well-established scale and may be help to a higher level of scrutiny. In this case an internal consistency reliability score of over 0.9 was considered appropriate (Lance et al., 2006).  
Corrected item-total correlations represent correlation between each item and a composite score of all other items excluding the removed item (Ferketich, 1991). Recommendations for this measure of internal consistency are that each item should correlate at a level of at least 0.3 but ideally up to 0.7 with the total score when the item is removed (Ferketich, 1991). 
External validity was investigated using the relationship between the OHIP-20 score and continued use of the RPD provided. Patients were graded according to whether they wore all dentures provided (Grade 0), only one of the dentures provided (Grade 1) or none of the dentures provided (Grade 2). Spearman’s Rank correlation coefficient was used to determine correlation between continued denture use and OHIP-20 total score.
Regression analysis
Effect of different variables on OHIP-20 outcome were measured with the following statistical tests:
Kendal’s tau correlation coefficients for continuous variables, namely: age and number of missing teeth
 Mann-Whitney U test for binary variables: previous denture use, replacement of anterior teeth and presence of a free-end saddle 
Kruskal Wallis ANOVA for categorical variables, namely: denture configuration and denture framework 
Criteria for inclusion in the multi-variate regression model was set at an α-level of 20% (p<0.02) (Petrie et al., 2002). Individual variables meeting this criterion were entered into an ordinal logistic regression analysis to determine an adjusted pseudo R2 value for the model. 
OHIP-20 values analysed in the ordinal logistic regression using loge. Therefore log regression coefficients for each variable were converted to the exponent regression coefficient via the following equation:


As: 
b = e = 0.2718…
x = log regression coefficient 
y = exponent regression coefficient 

Categorical variables with more than two groups had to be converted into separate binary variables to facilitate the ordinal regression analysis. Beta coefficients were calculated for each binary variable entered into the model. For example, framework material is a categorical variable with three groups: acrylic only, CoCr only, or combined acrylic and CoCr. This was converted to three binary variables, termed dummy variables, of CoCr only yes/no, acrylic only yes/no or mixed materials yes/no. 
Assessment of descriptive terms 
Descriptive terms were equally distributed into ten positive terms and ten negative terms. Relative numbers of each were presented for descriptive purposes only. Qualitative methods are used later in the thesis to describe people’s perceptions of RPDs. 
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[bookmark: _Toc506551422]Response rate
120 patients were identified from the CCDH dental laboratory database and provided with questionnaires. All patients had worn their dentures for a minimum of 4 weeks. After three mailshots sent at three-week intervals, 84 completed questionnaires were collected representing a response rate of 70%. There were no missing OHIP-20 data in returned questionnaires.
[bookmark: _Toc506551423]Descriptive data
Descriptive data for patient and denture variables are presented in Table 5‑1.
	
	N =
	Range
	Mean
	S.D.

	Age (years)
	
	26 – 93
	66
	13

	Gender
	Female
	37 (44%)
	
	
	

	
	Male
	47 (56%)
	
	
	

	No. missing teeth
(excluding 3rd molars)
	
	3 – 23
	13
	6

	No. missing teeth in mandible
	
	2 - 16
	8
	3

	No. missing teeth in maxilla
	
	2 - 16
	9
	4

	Previously wore a denture?
	No
	21 (25%)
	
	
	

	
	Yes
	63 (75%)
	
	
	

	Denture configuration
	RPD v RPD
	39 (46%)
	
	
	

	
	Complete denture v RPD
	16 (19%)
	
	
	

	
	RPD v Dentate/Fixed
	29 (35%)
	
	
	

	Framework material
	Acrylic
	23 (27%)
	
	
	

	
	CoCr
	54 (64%)
	
	
	

	
	Both
	7 (8%)
	
	
	

	Replacement of anterior teeth by removable denture
	No
	28 (33%)
	
	
	

	
	Yes
	56 (67%)
	
	
	

	Free end saddle
	No
	23 (27%)
	
	
	

	
	Yes
	61 (73%)
	
	
	


[bookmark: _Ref373752362][bookmark: _Toc380333234]Table 5‑1 Descriptive data for patient and denture variables
[bookmark: _Toc506551424]OHIP-20 total scores
Normality of data
Mean total OHIP-20 score was 26.54 with a range of 0 to 74 and standard deviation of 22.26 points. Median OHIP-20 score was 20 points. Figure 5–1 shows a histogram of the distribution of total OHIP-20 scores. 
[image: ]
[bookmark: _Ref377031212][bookmark: _Toc380333197]Figure 5–1 Histogram of OHIP-20 total score
Results were tending towards being positively skewed. Kolmogorov-Smirnov test demonstrated a significant deviation from the normal distribution (p<0.001). 
Internal consistency
Cronbach’s alpha statistic including all items of OHIP-20 was 0.97. Individual item statistics are shown in Table 5‑2. 

	Item
	Scale Mean if Item Deleted
	Corrected Item-Total Correlation
	Squared Multiple Correlation
	Cronbach's Alpha if Item Deleted

	Item 1
	24.78
	.833
	.813
	.979

	Item 2
	24.43
	.592
	.596
	.971

	Item 3
	25.11
	.842
	.824
	.969

	Item 4
	25.48
	.775
	.828
	.970

	Item 5
	24.65
	.875
	.867
	.968

	Item 6
	25.33
	.731
	.816
	.970

	Item 7
	25.13
	.831
	.848
	.969

	Item 8
	25.22
	.819
	.791
	.969

	Item 9
	24.83
	.792
	.792
	.969

	Item 10
	24.88
	.796
	.783
	.969

	Item 11
	25.63
	.780
	.728
	.969

	Item 12
	25.35
	.759
	.732
	.970

	Item 13
	25.25
	.758
	.734
	.970

	Item 14
	25.23
	.834
	.850
	.969

	Item 15
	25.12
	.728
	.764
	.970

	Item 16
	25.95
	.696
	.798
	.970

	Item 17
	25.90
	.767
	.790
	.970

	Item 18
	25.58
	.841
	.862
	.969

	Item 19
	25.71
	.740
	.858
	.970

	Item 20
	25.65
	.821
	.829
	.969


[bookmark: _Ref373753036][bookmark: _Toc380333235]Table 5‑2 Cronbach's alpha item statistics for OHIP-20
The alpha statistic did not significantly reduce on removal of any scale items, indicating excellent internal consistency. Table 5‑2 also shows corrected item-total correlations, the lowest of these is 0.59 for item 2: “Have you had food catching on your teeth or dentures”. Removal of item 2 would not change the Cronbach’s alpha statistic. 
External validity of OHIP-20
70 participants were still using all dentures provided (Grade 0). Of the 14 participants not wearing all dentures provided 11 were wearing one of the dentures provided but not the other (Grade 1) and three participants were not wearing any of the dentures provided (Grade 2). Table 5‑3 shows median OHIP-20 scores and upper and lower quartiles for different grades of denture success. Spearman’s rank correlation coefficient of the OHIP-20 score with the grades of success was 0.182, though this was not statistically significant, p=0.098.
	
	TOTAL OHIP SCORE

	
	N =
	Median
	Percentile 25
	Percentile 75

	Success grade
	Grade 0
	70
	18
	7
	38

	
	Grade 1
	11
	27
	19
	63

	
	Grade 2
	3
	46
	15
	59


[bookmark: _Ref373753295][bookmark: _Toc380333236]Table 5‑3 Median OHIP score based on continued RPD use
[bookmark: _Toc506551425]Correlations between OHIP-20 with patient variables         and denture variables
Continuous variables
Correlations between OHIP-20 score and continuous variables: number of missing teeth and age, were measured using Kendal’s tau correlation coefficient. Table 5‑4 shows the correlation coefficients and significance level for each of these combinations. Both variables met the requirement for inclusion in regression analysis.
	Variable correlated with OHIP-20
	Correlation coefficient
	p-value

	Age
	- 0.11
	0.15*

	No. missing teeth (excl. third molars)
	0.18
	<0.05*


* p-values meeting criteria for inclusion in regression analysis
[bookmark: _Ref377655299][bookmark: _Toc380333237]Table 5‑4 Correlation coefficients: continuous variables with OHIP-20
Categorical variables
Binary categorical variables: gender, previous denture use, replacement of anterior teeth and presence of a free-end saddle were analysed using a Mann Whitney U test. Nominal variables for denture configuration and framework materials used were tested using a Kruskal Wallis ANOVA. Table 5‑5 shows the median OHIP-20 scores for each of these groups with the respective p-values. 
	Variable
	Group
	Median OHIP-20 score
	p-value

	Gender
	Male
	16
	0.18*

	
	Female
	24
	

	Previous Denture Usage
	Yes
	19
	0.43

	
	No
	26
	

	Replacement of Anterior Teeth
	Yes
	14
	<0.001*

	
	No
	47
	

	Presence of a Free-end Saddle
	Yes
	20
	0.42

	
	No
	18
	

	Framework material
	CoCr Only
	19
	0.05*

	
	Acrylic Only
	34
	

	
	Both
	12
	

	Denture configuration
	RPD vs. RPD
	21
	0.77

	
	RPD vs. CD
	20
	

	
	RPD vs. Dentate
	20
	


* p-values meeting criteria for inclusion in regression analysis
[bookmark: _Ref377655323][bookmark: _Toc380333238]Table 5‑5 Impact of categorical and binary variables on OHIP-20
[bookmark: _Toc506551426]Regression analysis 
Ordinal logistic regression analysis was undertaken including the following variables:
Number of missing teeth
Age
Gender
Replacement of anterior teeth
Framework material
Pseudo R2 for this analysis was 0.39 and the model was statistically significant (Χ2=42.08, d.f.=6, p<0.001). Goodness of fit tests indicated that observed data were similar to the regression model (Χ2=3837.80, d.f.=3963, p=0.921). Estimated regression co-efficients within the model demonstrating statistical significance were those for: age (Estimate=-0.03, Wald Χ2=5.06, d.f.=1, p<0.05), number of missing teeth (Estimate=0.10, Wald Χ2=6.73, d.f.=1,p<0.01), gender (Estimate=0.90, Wald Χ2=5.08, d.f.=1, p<0.05) and whether anterior teeth were replaced (Estimate=2.27, Wald Χ2=22.87, d.f.=1, p<0.001). Ordered log odds regression coefficients were transformed using the exponential equation to arrive at regression coefficients for statistically significant variables. 
Exponent regression coefficients were 0.97 for age, (this relationship was negative), 2.45 for gender, 1.10 for missing teeth and 9.68 for replacement of anterior teeth.
[bookmark: _Toc506551427]Relationship between OHIP-20 and replacing anterior teeth
Replacement of anterior teeth had the most significant effect on OHIP-20 score. Mann-Whitney U test and showed a statistically significant difference p<0.001 between those wearing RPD that replaced anterior teeth compared to wearers of RPDs not replacing anterior teeth. Figure 5–2 shows a box and whisker plot of OHIP-20 total score against whether anterior teeth were replaced or not. 
[image: ] Boxes represent median and interquartile range. Whiskers represent ranges of score.
[bookmark: _Ref377654470][bookmark: _Toc380333198]Figure 5–2 Box and whisker plot of OHIP-20 score against replacement of anterior teeth
[bookmark: _Toc506551428]Positive and negative descriptors of RPDs
Table 5‑6 shows the relative frequency of the use of both positive and negative descriptive terms. The use of positive descriptive terms is approximately twice as common as the use of negative descriptive terms.
	Positive terms
	Frequency
	Negative terms
	Frequency

	Comfortable
	32
	Sore
	13

	Stable
	12
	Unstable
	7

	Sleek
	4
	Bulky
	9

	Secure
	19
	Loose
	12

	Aesthetic
	6
	Ugly
	2

	Liberating
	3
	Depressing
	5

	Perfect
	14
	Useless
	2

	Easy
	13
	Difficult
	10

	Great
	14
	Painful
	7

	No Problem
	25
	Embarrassed
	7

	Total
	142
	Total
	74


[bookmark: _Ref373760713][bookmark: _Toc380333239]Table 5‑6 Relative frequencies of positive and negative descriptors of RPDs
[bookmark: _Toc506551429]Discussion
In this first evaluation of patient and denture variable influences on OHRQoL in RPD wearers several variables have been highlighted as positive predictors of improved OHRQoL outcome. Previous studies have measured the influence of patient and denture variables on the success in terms of continued denture usage and patient satisfaction (Jepson et al., 1995, Zlataric and Celebic, 2008). 
In this study age and missing teeth were correlated with OHIP-20. Males had on average an 8-point score better OHRQoL than females. Patients with denture wearing experience were on average 7-points better off than those wearing RPDs for the first time. People wearing RPDs that replaced anterior teeth had a 33-point improved median OHIP-20 score than those who wore dentures that did not replace anterior teeth. This suggests that people wearing dentures to replace only missing posterior teeth (premolars and molars) may not feel the benefits in the same way as those whose dentures provide an aesthetic as well as a functional rehabilitation. Where a free-end saddle was present the OHIP-20 median score was only 2-points worse than if there was no free-end saddle. Patients wearing acrylic mucosa-borne RPDs had a 15-point worse median OHIP-20 score than those wearing CoCr tooth-supported RPDs only. Denture configuration did not have an impact on the median OHIP score with opposing RPDs being only 1-point worse than the other two groups, i.e. RPDs against a dentate arch and RPDs against complete dentures.
With 84 responses received from 120 patients contacted response rate (70%) was excellent considering the use of postal questionnaires. The five variables included in regression analysis represented six degrees of freedom, as framework material is a categorical variable with three groups. For regression analysis minimum of 60 responses would have been required and 84 included responses represented an appropriate sample for regression analysis. Ordinal logistic regression analysis including number of missing teeth, age, gender, replacement of anterior teeth and framework material gave a pseudo R2 of 0.39. Independent variables with a statistically significant effect were age (p<0.05), number of missing teeth (p<0.01), gender (p<0.05) and whether anterior teeth were replaced (p<0.001). 
The data provides additional support for the use of OHIP-20 in partially dentate patients treated with RPDs. Internal consistency of the OHIP-20 was excellent. The Cronbach’s alpha remained strong even when items were removed. External validity was good with higher OHIP-20 total score in patients who continued to wear their dentures though this was not statistically significant.
Participants were aged between 26-93 years. Presenting age was skewed which is expected in a group of patients needing RPDs as patients tend to have more missing teeth with increasing age (Steele et al., 2009). 44% of participants were female and 56% were male, though in the recent Adult Dental Health Survey 2009, 21% of females wore dentures compared to 17% of men, hence one may expect females to have higher representation if the study sample were truly representative. 75% of respondents in this study were experienced denture wearers and the remaining 25% were being provided dentures for the first time. 
Participants attending a dental teaching hospital may not be representative of the population of RPD wearers in the UK. Patients treated by undergraduate clinicians are flexible in their ability to attend for appointments, which presents a barrier to some people with other commitments e.g. full-time work. Patients treated by consultants or other hospital staff may have challenging presentations distinguishing them from the ‘average’. These patients may include those affected by oral cancer, cleft, trauma and patients who have failed to adapt to prostheses provided in primary care. Participants included in this study may therefore be unrepresentative of the population in general though they are likely to include a range of complexity in presentation including some of the most challenging denture wearers. 
The type of dentures provided within a dental teaching hospital may differ to those provided in general practice. In this study 72.6% of patients were provided with a CoCr framework denture. Laboratory work for patients treated in primary care incurs a cost to the clinician and the patient. Prescription of more costly CoCr framework dentures in general practice may not be as high.
Conducting the study in multiple settings, including primary, secondary care and dental teaching hospitals would have helped to improve the generalizability of the sample. 
There is potential sampling bias in the nature of cases seen in a dental hospital compared to those seen in general practice. Response bias may have been introduced by the use of postal questionnaires. Respondents may be have been more likely to have either very positive or very negative experiences and therefore those without a great deal to say on the matter may not have responded to the invitation. Completion and return of a written postal questionnaire may have been a barrier to certain patients e.g. those with sight or mobility issues. 
Performance bias was unlikely as the anonymity of the questionnaires was made clear and participants completed them away from a clinical environment without reference to their treating clinician. The use of a coded system may have made participants weary of giving a truly unbiased response. Observation bias was concern in this study due to the retrospective collection of data. Participants would have had a minimum of one month with their RPDs though the effect of response-shift cannot be ruled out. There was variation in use of the new RPD from one to seven months. Responses given by the two extremes may have been quite different simply due to response-shift either in a positive or a negative direction. Participants who were originally pleased with the dentures may have become accustomed to the improvements shifted concerns to other issues such as aesthetics or security of prosthesis. Those who initially found dentures difficult to tolerate may have become more experienced denture users after several months practice and given a more positive response with the passage of time. Change scores from pre to post-treatment status in a prospectively designed study would be more appropriate to overcome these concerns.
Whether or not anterior teeth were being replaced by the prostheses had the greatest impact on OHRQoL. Where anterior teeth were being replaced, the OHIP-20 score indicated better OHRQoL in the order of a 33-point improved median OHIP-20 score. There are several possible reasons for this. Firstly, missing anterior teeth are often visible to other people. Patients with this clinical situation will find significant improvements by the rehabilitation with a prosthesis despite the limitations of a removable appliance. The RPD may overcome concerns in social interactions etc. Secondly, anterior teeth are often missing as bounded saddle areas allowing for improved support of the prosthesis on adjacent natural teeth. The use of a questionnaire does not allow for detailed analysis of this association. More in-depth qualitative methods may be more appropriate to identify experiences and feelings of RPD wearers and to explore the relative effects of missing anterior teeth on daily life. 
The number of missing teeth being replaced was positively correlated with OHIP-20 such that as number of missing teeth increased so to did the OHIP-20 score indicating worse OHRQoL. As the number of teeth increases the number and severity of functional and aesthetic is likely to increase. For each additional lost tooth the OHIP-20 score increases by 1.1 points. Potentially therefore the loss of six or seven teeth would have a magnitude of impact of the order associated with a clinically meaningful difference to patients, the MCID (Allen et al., 2009).
Age and gender were significantly related to OHIP-20 score. Females demonstrated worse OHRQoL measured by 2.45 points on the OHIP-20. Whilst statistically significant this difference is unlikely to be of any clinical significance, falling below the MCID for OHIP-20 of seven to eight-points. For each additional year of age there was an improvement in OHRQoL, measured by reduction of 0.97 OHIP-20 points. As such, every seven to eight additional years of life improves OHRQoL by the MCID. 
Social handicap is an important domain measured by the OHIP-20. Social handicap is be shaped by expectations, which are informed by “individual’s perceptions of their position in life in the context of culture and value systems… in relation to their goals, expectations, standards and concerns” (Robinson, 2016, 1995). As patients age could their expectations and standards change in respect of social-life other domains such as functional status? Steele et al. investigated OHRQoL findings of UK and Australian national surveys that had used the OHIP-14 and found the ‘impact of oral health problems reduces with age’ (Steele et al., 2004). This phenomenon has been demonstrated in other studies (Robinson et al., 2003, Slade, 1998, Slade, 1997). Lower impacts on older persons may not be entirely age-related per se, but rather that effects are ‘cohort dependent’. That is to say that older people have had different social experiences than younger people, which modify their health-expectations (Robinson, 2016).
Patients that still used their dentures had median OHIP-20 scores of 18 points compared to 27 points for those wearing only one of the dentures provided and 46 for patients not wearing any dentures provided, giving a correlation coefficient of ρ = 0.182. Whilst this co-efficient was not statistically significant, p = 0.098, suggesting that there is no association between continued RPD use and OHIP-20, the study was limited in that only three patients were in the group not wearing either denture and therefore there were too few to make a reliable comparison. 
A Pseudo R2 of only 0.39 suggests that 61% of the variability in OHIP-20 score is explained by other variables that have not been included in this analysis. These variables may include patient variables, for example, race, socio-economic status, yearly income, relationship status, history of depression, coping behaviours, among many other aspects of people’s lives that can influence perception of health and oral-health status. One significant patient variable that be included in future studies with relative ease is that of social deprivation. Vettore demonstrated the impact of social deprivation on OHRQoL in a Brazilin population, showing that those in the lowest socio-economic groups had greater degrees of OHRQoL impacts measured with the OIDP (Vettore and Aqeeli, 2016). The current study therefore has omitted to factor in this variable in the suggested model. Given the relatively high variability in OHIP-20 that remains unexplained by the present study, inclusion of a measure of social deprivation such as the Index of Multiple Deprivation would certainly be feasible. The inclusion of this, and other patient variables, would require a study of much larger scale, perhaps extending across multiple centres, to ensure adequate participant numbers for regression analysis.
[bookmark: _Toc506551430]Summary and recommendations
The most significant finding in this study was the impact of RPDs on patients with missing anterior teeth. Change scores from pre to post-treatment were not evaluated. Patients may not fully appreciate the impact of loss of anterior teeth and should be prepared appropriately about potential functional and psychological impacts. It may also be appropriate to direct healthcare resources more generously towards specialist interventions directed at preservation and restoration of the anterior dentition, though the cost effectiveness of interventions has not been explored in this investigation. The impact of tooth loss in general was significant. It is important that clinicians are mindful of the cumulative effect of loss of multiple teeth on OHRQoL. This data may be of use in targeted prevention programs or information leaflets for people at risk of tooth loss. 
More detailed conclusions, clinical recommendations and recommendations for research will be discussed in Chapter 8.
Chapter 6 [bookmark: _Ref374009373][bookmark: _Ref374009909][bookmark: _Ref374018945][bookmark: _Ref374022354][bookmark: _Ref374023317][bookmark: _Ref374023326][bookmark: _Ref374023561][bookmark: _Toc506551431]Traditional Cobalt-Chrome versus Poly-ether-ether-ketone Frameworks for RPD:                                A Randomised Crossover Trial
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[bookmark: _Toc506551433]Introduction
RPDs with rigid cast metal frameworks are used to engage the teeth for support and thereby reduce negative effects arising from mucosa-supported prostheses on the periodontal health such as physical stripping of the mucosa. Careful design principles can reduce risks to oral health in the longer term (Rickman et al., 2012a, Rickman et al., 2012b, Bergman et al., 1995). The prosthodontic literature in the form of textbooks and journals, has for many decades stipulated the design principles for cast metal frameworks. Rules for clasp length, depth of undercut to engage, cross-sectional shape of clasps and rests are all taught to dentists from an undergraduate level (Davenport et al., 2001a, Davenport et al., 2001b). 
Aromatic semi-crystalline linear thermoplastic high performance polymers (HPPs) such as PEEK have been introduced as alternatives to metals for RPD frameworks (Najeeb et al., 2016). Prior to 2016, the literature does not identify any clinical studies evaluating the use of PEEK dentures (Najeeb et al., 2016). PEEK’s elastic modulus is similar to bone, close to 4GPa (Juvoradental.com, 2017b, Vojdani and Giti, 2015). Despite greater flexibility than CoCr, PEEK can be used to achieve tooth support. Manufacturers suggest that because of the greater resilience of PEEK, stress distribution applied to abutment teeth may be more favourable than with metal frameworks (Juvoradental.com, 2017a). With the introduction of novel HPP materials such as PEEK to the prosthodontic marketplace the opportunity arises to test the theoretical claims made of their potential advantages as RPD frameworks against the current gold standard of cast CoCr frameworks.
As has been shown in earlier chapters there has been a material increase in the use of PCOMs measuring OHRQoL when evaluating clinical interventions to replace missing teeth. Given the subjective nature of people’s experiences with RPDs, a quantifiable measure of OHRQoL provides an opportunity to objectively compare outcomes achieved from RPD made using different framework materials. OHIP-20 was developed for the measurement of OHRQoL denture wearers (Allen and Locker, 2002). The use of OHIP-20 is therefore the ideal tool to measure OHRQoL changes following RPD therapy. 
Reporting different domains of OHRQoL may contextualise the changes in total score. Inappropriate over-interpretation of domains and overuse of statistical testing is criticised due to lack of empirical evidence supporting the validity of the seven domains and evidence of poor discriminant validity between domains (Baker et al., 2008). Four domains: oral function, orofacial pain, orofacial appearance and psychosocial impact have better ‘discriminant validity, internal consistency and theoretical plausibility’ in the full OHIP-49 (John et al., 2014b). There is no evidence yet to support same level of validity in shorter versions of the OHIP such as OHIP-20, therefore total scores should be used (John et al., 2014a).  
Research on patients treated with RPDs is complicated by several confounders including denture variables, condition of the remaining abutment teeth, the skeletal relationships, previous denture experience, Kennedy and Eichner classifications, expectations from denture wear etc. Crossover-controlled designs have the advantage of overcoming the potential influence of confounding variables, allowing each participant to act as their own control. Traditionally, crossover-controlled clinical trials have a washout period after the first intervention to prevent any carry-over effects. Crossover controlled trials using removable complete dentures have been shown to have no carry-over effects, though a period of habituation with the new dentures of one to two weeks is recommended (Hyde et al., 2014). 
The use of a cross-over trial design will reduce recruitment bias by controlling for the range of confounding variables which impact on OHRQoL, including those identified in Chapter 5 such as position and number of missing teeth.
Whilst the primary focus of a crossover study evaluating differences between CoCr and PEEK frameworks for RPDs will be their impact on OHRQoL, other measures of RPD outcome should not be ignored. When investigating the impact of interventions in dentistry it has been suggested that both disease specific and generic health measures should be used (Allen, 2003). Whilst generic measures may lack “discriminant validity and responsiveness to change” following intervention with RPDs it may be considered good practice to use a general HRQoL measure as well as OHIP (Allen, 2003, Allen et al., 2001a). The SF-12 version 2.0 is a modified short version of the SF-36, exploring eight domains of HRQoL; four related to the physical component score (PCS) and four related to mental component score (MCS). PCS comprises physical functioning (PF), ‘role-physical’ (RP), bodily pain (BP) and general health (GH). MCS vitality (VT), social functioning (SF), ‘role-emotion’ (RE) and mental health (MH) (Ware and Gandek, 1998). Scoring requires proprietary software (QualityMetric Health Outcomes™ Scoring software 4.0, QualityMetric Inc., Lincoln, USA). Both PCS and MCS are given a score ranging from 0 to 100-points. A score of 100 indicates the best possible health (Ware and Gandek 1998).
A common subjective patient measure of masticatory efficiency is included in the McGill Denture Satisfaction Questionnaire (MDSQ). This has been used in several studies evaluating the impact of denture interventions on denture satisfaction and masticatory performance (de Grandmont et al., 1994, Awad and Feine, 1998, Michaud et al., 2012). Masticatory efficiency is explored by ten questions relating to different foods. The questionnaire can be used with either a visual analogue scale or Likert scoring system, which is easier to administer and is sensitive to significant changes (Awad et al., 2003b). Using a five-point Likert scale, the total score for masticatory efficiency ranges from 0 to 40-points. Higher scores in this case indicate wore masticatory ability.
Objective measures of periodontal health used in research into RPDs include mean probing pocket depths (PPD) (mm), percentage of sites with pocketing ≥4mm in depth (%), bleeding index (%) and plaque index (%) (Beltran-Aguilar et al., 2012). Tooth mobility of remaining teeth, graded according to Miller’s scale, may also be considered an important measure of the effect of RPD (Laster et al., 1975). 
Costs associated with new technologies have an important impact on uptake. Cost-effectiveness measures within the dental literature have included both generic health-related quality of life measures used to calculate Quality Adjusted Life Years (QALYs), and OHRQoL measures e.g. OHIP, and linking clinically important differences, MCID, to cost (Hulme et al., 2014, McKenna et al., 2014). The pitfalls of using generic HRQoL measures with dental interventions have been discussed, and thus the MCID of an OHRQoL specific measure is considered an appropriate measure of effectiveness. 
[bookmark: _Toc506551434]Aims and objectives
[bookmark: _Toc506551435]Research Questions
Primary research question
Do RPDs made using PEEK frameworks improve OHRQoL a minimum clinically important difference at four-weeks follow-up?
Secondary research questions
Secondary research hypotheses were exploratory in nature. They are considered as pilot data, which may be used to power future studies. What is the potential difference between RPDs made with PEEK vs CoCr in terms of:
Patient preference at four-weeks, six-months and one-year
OHRQoL from baseline to four weeks
HRQoL from baseline to four-weeks
OHRQoL from four-weeks to one-year
Denture satisfaction at four-weeks follow-up
Masticatory efficiency score at four-weeks
Periodontal health and tooth mobility of remaining teeth from four-weeks to one-year follow-up
Cost effectiveness at four-weeks and one-year follow-up
[bookmark: _Toc506551436]Research Hypothesis
Primary research hypothesis
RPDs made using PEEK frameworks will not improve OHRQoL by a minimum clinically important difference after four-weeks wear.
Secondary research hypotheses
There will be no difference between CoCr and PEEK frameworks in their effect on:
[bookmark: _Toc506551437]Patient preference at four-weeks, six-months and one-year
OHRQoL from baseline to four-weeks
HRQoL from baseline to four-weeks
OHRQoL from four-weeks to one-year
Denture satisfaction at four-weeks follow-up
Masticatory efficiency score at four-weeks
Periodontal health and tooth mobility of remaining teeth from four-weeks to one-year follow-up
Cost effectiveness at four-weeks and one-year follow-up
Aims
The aim of this randomised crossover-controlled trial is to investigate whether PEEK framework RPDs improve OHRQoL after four-weeks use. 
A secondary aim was to provide pilot data on the potential differences between PEEK and traditional CoCr framework RPDs in their effect on OHRQoL, HRQoL, masticatory efficiency, denture satisfaction, periodontal health of remaining teeth and cost effectiveness.
[bookmark: _Toc506551438]Objectives
To undertake a randomised crossover-controlled clinical pilot trial designed to evaluate the following questions:
1. Do PEEK removable partial dentures make a significant impact on OHRQoL at the level of the minimum clinically important difference for the OHRQoL measure chosen at four-week follow-up?
2. Is there any difference between RPDs made from PEEK or CoCr at four-weeks in:
· Masticatory efficiency
· Denture satisfaction
3. Is there any difference between patients wearing RPDs made from PEEK or CoCr from baseline to four-weeks in:
· OHRQoL 
· HRQoL
4. Is there any difference between patients wearing RPDs made from PEEK or CoCr from four-weeks to one-year in:
· Patient preference
· OHRQoL 
· plaque index (%), tooth mobility, probing pocket depths (mm), bleeding index
5. Is there a difference between patients wearing RPDs made from PEEK or CoCr at four-weeks and at one-year in:
· Cost effectiveness
6. To provide data to enable sample size calculations for future studies investigating differences between PEEK and CoCr RPDs using a primary outcome of:
· Patient preference after one-year (assuming a parallel study design)
· Change in OHRQoL from baseline to four-weeks (assuming a crossover design)
· Change in OHRQoL from baseline to one-year
[bookmark: _Ref374009458][bookmark: _Toc506551439]Methods and Materials
[bookmark: _Toc506551440]Study design, settings and participants
A randomised crossover-controlled clinical trial designed to investigate the difference between RPDs made from either CoCr or PEEK framework materials. Participants were recruited from patients awaiting treatment for the provision of RPDs at the Charles Clifford Dental Hospital (CCDH) (Sheffield, UK).
Manufacturing workflow of the RPDs was carried out at the in-house dental laboratory of the CCDH and a commercial dental laboratory (Reger Zahntechnik, Nürnberg, Germany). All clinical stages were carried out in the Department of Restorative Dentistry at CCDH.
[bookmark: _Toc506551441]Recruitment
Patients awaiting treatment were invited for screening with an initial contact letter and patient information leaflet (Appendix B). Patients who attended the appointment were screened for eligibility against the following inclusion and exclusion criteria. 
Inclusion criteria
Adults aged 18 or more
Missing 3 or more teeth in at least one dental arch, (excluding third molars)
Patients with or without experience of denture use
Patients with stable oral condition and absence of active primary disease or peri-radicular pathology
Exclusion criteria
Patients with active primary disease; caries and periodontal disease
Patients with clinical or symptomatic signs of pulpal or apical pathology of any remaining teeth 
Patients without the capacity or ability to give informed consent to trial participation or to treatment. 
Participants who were not eligible for inclusion immediately but were interested in participation underwent a course of treatment prior to render them dentally fit for a definitive prosthesis. Treatment typically included extraction of hopeless teeth, restoration of caries, non-surgical management of periodontal disease, and where required, endodontic therapy and restoration of worn teeth with composite resin build-up and/or indirect fixed restorations. After a suitable review period patients were re-screened for eligibility and given the opportunity participate in the trial. Treatment was not withheld from patients who declined to participate, however, they were allocated to an alternative care pathway for the provision of this treatment. 
[bookmark: _Toc506551442]Ethics and Integrity
The study was conducted in accordance with principles of human experimentation set out in the Declaration of Helsinki. Written consent (Appendix C) was sought from all participants. The research protocol was registered with Sheffield Teaching Hospitals NHS Foundation Trust’s Clinical Research Department (Study ID: STH-18134). NHS ethics approval was sought via the Health Research Authority National Research Ethics Service (NRES) and was approved by the Yorkshire and Humber (Sheffield) NRES Committee.
A substantial amendment to the research protocol was later requested to increase participant numbers and to include semi-structured interviews as part of the evaluation. This substantial amendment was approved on 22nd January 2015, REC reference 13/YH/0403.
[bookmark: _Toc506551443]Interventions and follow-up
Denture fabrication
Once included in the study, participants were made two sets of RPDs. One RPD was made with a framework cast in CoCr alloy and a second was made with a framework milled from PEEK (JUVORA™ Dental Disc). The stages of denture provision are outlined in Figure 6–1. 
[image: Macintosh HD:Users:Zaid:Documents:PHD:THESIS:untitled folder:Figures:Chapter 6:Figure 6.1 appointments for manufacture.pdf]
[bookmark: _Ref373838114][bookmark: _Ref373838098][bookmark: _Toc380333199]Figure 6–1 Visit schedule of denture manufacture stages
Denture design was considered as a potential confounding variable. Design principles for PEEK RPDs are yet to be detailed to the same extent as those for CoCr. Participants were therefore arranged in two groups. Both RPDs followed a similar design, however, in a first cohort of 12-participants (Group 1) PEEK denture design and CoCr design were exactly the same. In a second cohort (Group 2), designs for PEEK dentures avoided gingivally approaching clasps and maximised tooth support.
Working models were duplicated in a type 4 dental stone using a silicone material index to create a negative of the original cast. To ensure the tooth set up for each denture, the tooth position was agreed prior to the fabrication of either framework materials after prescribing the path of insertion and denture design. Denture tooth position was indexed against one of the duplicated working models. The model, tooth position index, occlusal registration record and a set of teeth were sent to Reger Zähntechnik (Nürnberg, Germany) to enable fabrication of the PEEK framework. Teeth on both dentures were the same make, shade and mould. A second duplicated working model was used for production of the CoCr framework at the in-house laboratory at CCDH. 
Trial insertion of both frameworks was done at the same appointment. Fit of each denture framework was checked intra-orally. Assessment included occlusal checks to ensure no unwanted change in occlusal relationships when the frameworks were seated. Following the try-in stage, frameworks were returned to their respective laboratories for the addition of acrylic teeth for final try-in. Final try-in stages were conducted at the same visit again to reduce inconvenience to participants. After ensuring the participants were satisfied with aesthetics, the occlusion of the final try-in was verified and then the dentures were returned to the technology laboratory for finishing. 
Dentures were fit on the same day following any necessary adjustments. Dentures were randomised to denture-A or denture-B at the fit appointment. Participants were given both sets of dentures to wear for a two-week habituation period. Patients were asked to wear dentures according to a specific wear schedule and were given a list of written denture hygiene instructions (Appendix D). 
Two-week habituation review
Participants returned after two weeks for habituation review to manage any concerns or discomfort from rubbing of the mucosa by the denture components etc. Any areas of over-extension identified and modified as required. After ensuring good fit and comfort of both RPDs participants underwent oral prophylaxis including full mouth supra-and sub-gingival scaling and oral hygiene instruction to ‘re-set’ levels of plaque and optimise plaque control. Participants were given one set of dentures, denture-A, to wear for four weeks. Denture-B was disinfected and retained at this stage with the research team in a participant model box in a locket filing cabinet. 
Four-week review
After four weeks of wearing denture-A participants returned for a review. They were asked to complete questionnaires including all PCOMs, and were examined to record clinical measures. Again, to prevent carry over effects from the use of denture-A, participants underwent full mouth prophylaxis including full mouth supra-and sub-gingival scaling and re-enforcement of oral hygiene instruction. At this point, denture-A was taken from the participant and they were fitted with denture-B. Denture-A was disinfected and retained at this stage with the research team in a participant model box in a locket filing cabinet. Participants wore denture-B for a four-week period before returning for another review appointment. Denture-B was reviewed in the in the same manner as denture-A. 
Following the four-week period of the second intervention, participants were asked which of the two denture framework materials, PEEK or CoCr, they had preferred and were given both dentures to take home. Participants were offered one-year follow-up, with reviews at 6-months and 12-months. Figure 6–2 summarises the participant journey after denture fabrication including the timing of data collection and recalls.
[image: Macintosh HD:Users:Zaid:Documents:PHD:THESIS:untitled folder:Figures:Chapter 6:Figure 6.2 Participant fow after randomisation.pdf]
[bookmark: _Ref373839843][bookmark: _Toc380333200]Figure 6–2 Participant progress following denture insertion
[bookmark: _Toc506551444]Outcomes
Measures recorded were: patient centred outcomes (PCOMs), clinical measures and economic measures. PCOMs were OHIP-20, SF12 v2.0, and MDSQ. 
Clinical measures were: 
Probing pocket depths in mm (PPD)
Percentage of sites with pocketing ≥4mm (%≥4mm)
Bleeding index (BI) 
Plaque index (PI)
Cost-effectiveness was measured as the difference in cost difference between the two dentures per unit of effective change in OHRQoL namely the MCID of OHIP-20 (9-points). 
Primary outcome
The primary outcome was change in OHIP-20 total score from baseline to four-weeks use of the PEEK RPD. 
Secondary outcomes
Secondary outcomes were:
Both dentures from baseline to four weeks change in
· OHIP-20 total score 
· MCS and PCS of SF-12 v2.0
Both dentures at four weeks:
· MDSQ total score
· MDSQ masticatory efficiency score
· Mean cost (£) per MCID in OHIP-20 
· Following selection of preferred denture, from four-weeks, to six-months to one-year:
· Change in OHIP-20 score 
· Participant RPD preference 
· Periodontal health: mean PPD, mean %≥4mm, mean BI and mean PI
· At one year 
· Mean cost (£) per MCID in OHIP-20 
· Periodontal health: mean PPD, mean %≥4mm, mean BI and mean
Training and calibration
For PCOMs including OHIP-20, SF12v2, MDSQ and participant preference participants finding difficulties with completion of the questionnaires were offered assistance by a trained research nurse. A single trained examiner performed measurement of clinical parameters, namely PPD, Bleeding, Plaque and Mobility Indices. The first five participants underwent repeated measurement of periodontal indices on consecutive appointments during denture fabrication. Measures of intra-examiner reliability were recorded and assessed using the intra-class correlation coefficient for continuous measures and Cohen’s kappa statistic for tooth mobility. 
[bookmark: _Toc506551445]Sample size
With no available clinical studies investigating differences between PEEK and CoCr RPD frameworks this question was not used in calculating the sample size. The effect of RPD treatment on change in OHIP-20 at one-month review has been estimated at 10.6 point-change with a standard deviation of 14.8 points giving an effect size of 0.72 (Allen et al., 2009). Allen et al suggested that the MCID for OHIP-20 of nine-points, equivalent to an effect size of 0.61, could be used to power clinical studies investigating the effects of clinical interventions (Allen et al., 2009). To demonstrate that PEEK framework RPDs improve OHRQoL by the MCID a sample size of twenty-four participants would be required (G*Power version 3.1). 
This study should be regarded as a pilot study in the comparison of CoCr and PEEK frameworks. For this study a sample size of twenty-five participants was considered adequate to demonstrate whether PEEK RPDs improve OHIP-20 by the MCID. If there was any loss to follow-up or withdrawal from the trial within the first four-weeks evaluation period further participants were recruited to replace the loss was until a total of twenty-five participants completed the four-week evaluations for each denture. The study data was used to provide an estimate of the potential difference between CoCr and PEEK, which may be used to power future clinical trials.
The first 12 patients (Group 1) recruited to the study had PEEK denture design and CoCr design that were exactly the same. The remaining patients  (Group 2) were provided with PEEK dentures designed avoiding gingivally approaching clasps and maximising tooth support.
[bookmark: _Toc506551446]Randomisation and blinding
A random sequence was generated using an online random sequence generator on the basis of a block randomisation with five blocks of six (Sealedenvelope.com). Each sequence of six allocations had three allocations for PEEK frameworks to denture-A and three for PEEK allocation to denture-B ensuring an even distribution. An assistant, who was not involved with the clinical treatment or evaluations, completed sequence generation and allocation concealment into numbered, sealed opaque envelopes. As each consecutive participant arrived for the fit appointment another research assistant opened the next consecutive sealed envelope. It was not possible to blind participants or clinicians delivering or reviewing the denture as the PEEK and CoCr frameworks are clearly distinguishable. In an effort to reduce bias however, participants were not randomly allocated to a denture group until both RPDs had been fit.
[bookmark: _Toc506551447]Cost-effectiveness
To ensure fair price comparisons, the cost of manufacturing the PEEK RPD was compared against the production cost of the same denture made with a CoCr framework at the same laboratory. Costs for fabrication for CoCr and PEEK framework RPDs were obtained from Reger Zahntechnik (Nürnberg, Germany). Costs were provided in Euros (€) and were converted to British Pounds Sterling (£) using an exchange rate of €1.17 to £1 (1st February 2017). 
Cost of fabrication per prosthesis also included costs of follow-up to four-weeks and follow-up up to one year were calculated. Mean cost per outpatient clinic appointment was determined using national data for hospital general outpatient clinics in dental medicine specialties (Hulme et al., 2014). Number of appointments attended during RPD fabrication and un-scheduled appointments were multiplied by the cost per outpatient appointment to arrive at the outpatient hospital costs per denture per participant. Hourly dental salary costs were calculated from the NHS Junior Doctor pay-scale for 2015-16 assuming a 42-week year, five-day working week and 7.5-hour days (NHS, 2015). Clinical hours for denture fabrication and un-scheduled were multiplied by the dentist’s hourly rate per denture per participant. This cost was calculated from entry into the trial to four-week and one-year follow-up. Prices were adjusted for inflation using the CCEMG-EPPI Centre Cost Converter (Converter, 2016). Estimated unit costs per participant for all dental materials used in the fabrication of RPDs were calculated using costing the main supplier of dental materials to CCDH (Henry Schein Inc., USA). 
Cost (Pounds-Sterling) per MCID change in OHIP-20 to four-week and to one-year follow-up was calculated for each participant. All participants were included in cost-effectiveness assessment to four-week follow-up as they were all given both dentures. For cost-effectiveness to one-year follow-up, participants were grouped according to their preferred denture. 
[bookmark: _Toc506551448]Data analysis
OHRQoL 
Shapiro-Wilk test was used check the normality of distribution of OHIP-20 change scores at the four-week follow-up. 
The primary outcome of change in OHIP-20 total score from baseline to four-weeks for the PEEK RPD was assessed with a paired sample student t-test. 
Comparison of change scores in OHIP-20 from baseline to four-weeks between PEEK and CoCr RPDs was made using a repeated measures ANOVA using ‘time’ (baseline and four-weeks) and denture framework material as independent factors.
At completion of the crossover design patients chose their preferred denture and then entered into parallel groups based on their preferred denture for review at six-months and one-year. To measure changes in OHIP-20 score from four-weeks to six-months to one-year a repeated measures ANOVA was undertaken using ‘time’ (four-weeks, six-months and one-year) and denture framework material based on the preferred denture at four-weeks as independent factors.
Participant preference
The numbers of participants reporting preferences for each framework material was recorded at four-week, six-month and 12-month recall. Comparison of relative frequencies of preferred denture was assessed using a chi-squared test at each time-point, grouping participants according to: (a) the denture they used first and (b) the denture design group. 
HRQoL
Shapiro-Wilk test was used check the normality of distribution of PCS and MCS for the SF-12 at four-week follow-up. Comparison of change scores for SF12v2.0 in PCS and MCS domains was assessed using repeated measures ANOVA with PCS or MCS total score as the dependent variables. Independent factors were ‘time’ (baseline and four-weeks) and RPD framework material. 
Denture Satisfaction and Masticatory Efficiency
The MDSQ total score and masticatory efficiency score were tested for normality of distribution with a Shapiro-Wilk test. Differences between PEEK and CoCr dentures after 4-weeks use were compared using paired student t-tests.
Periodontal Health
Mean scores for PPD (mm), %≥4mm (%), PI (%) and BI (%) at four-weeks, six-months and one-year were calculated. Mixed-design ANOVA was used to investigate differences between dentures across four-week, six-months and one-year of follow-ups. Mobility scores were calculated as frequencies differences between dentures were assessed with a Kruskal-Wallis ANOVA. Patients were grouped according to their preferred denture.
Cost-effectiveness
Cost effectiveness of each denture was calculated as Mean £/MCID at four-week and one-year follow-up. Cost effectiveness was compared using a paired sample student t-test. 
[bookmark: _Toc506551449]Missing data
Missing data due to loss to follow-up were treated according to the intention to treat principle whereby all participants enrolled into the study and randomly allocated to a group were included in the analysis. To allow this missing data except for patient preference, which could not be imputed, were imputed for other variables using the last recorded value, carried forward.
[bookmark: _Toc506551450]Qualitative analysis
At the six-month follow-up appointment participants were invited to take part in one-to-one semi-structured interviews to experiences of tooth loss and RPD use. Participants agreeing to take part in this interview were asked to complete a second written consent form, Appendix E. Details on the methods, analysis, conceptual background and development of the qualitative framework analysis of recorded semi-structured interviews are discussed in Chapter 7.
[bookmark: _Toc506551451]Funding
This study was collaboration between Sheffield Teaching Hospitals NHS Foundation Trust, The University of Sheffield and JUVORA Ltd (Thornton-Cleveleys, UK). CoCr dentures made during this study were provided as part of provision of NHS service by the Restorative Department at CCDH. Research interventions were met by a combination of in-kind contributions by JUVORA Ltd. and funding from an Impact and Acceleration Account Collaboration and R&D Award from the Engineering and Physical Sciences Research Council. 
[bookmark: _Toc506551452]Results
[bookmark: _Toc506551453]Recruitment and baseline characteristics
Thirty participants were assessed for eligibility. Four were excluded due to advanced levels of periodontal attachment loss rendering them unsuitable for tooth-supported removable partial dentures. Twenty-five participants were initially recruited to take part in the clinical trial and gave written, informed consent for their participation. One participant did not return for follow-up after receiving both sets of RPDs hence a further patient was recruited taking the number of patients enrolled to the study to 26. 
Twenty-five participants completed four-week evaluations. Twenty-one participants returned for six-month evaluations. Three participants had declined to return for follow-up, preferring review with their local general dentist. One participant could not return due to ill health.  Nineteen participants were reviewed at the one-year recall with a two participants not returning for follow-up. One participant had moved away and the other did not respond to any attempts to contact them. A participant flow diagram prepared according to the Consolidated Standards of Reporting Trials (CONSORT) is shown in Figure 6–3 (Schulz et al., 2010).
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[bookmark: _Ref373878258][bookmark: _Toc380333201]Figure 6–3 CONSORT participant flow diagram
Recruitment took place between June 2014 to October 2015 and dentures were fitted between November 2014 and January 2016. The final participant review was conducted in January 2017. A total of 39 CoCr framework dentures and 39 PEEK framework dentures were provided. Baseline characteristics of participants and dental arches restored are summarised in Table 6‑1.
	
	Mean, [range], (SD)
	N=

	Age
	64.8, [39-85], (12.4) 
	

	Gender
	Female
	
	11

	
	Male
	
	15

	History of RPD use
	Never worn RPD before
	
	5

	
	Worn RPD before
	
	21

	RPD provided in the study
	Lower RPD only
	
	7

	
	Upper RPD only
	
	6

	
	Upper and Lower RPD
	
	13

	Total number of remaining teeth (participant level)
	14, [5-25]
	

	Total number of abutment teeth (participant level)
	7, [3-13]
	

	Eichner Index (participant level)
	Eichner Index A
	
	2

	
	Eichner Index B1
	
	1

	
	Eichner Index B2
	
	6

	
	Eichner Index B3
	
	6

	
	Eichner Index B4
	
	6

	
	Eichner Index C
	
	5

	Mean probing pocket depths (mm)
	1.6 [1.0-2.8], (0.5)
	

	Percentage pockets ≥4mm depth (%)
	2.9, [0-12.5], (4.2)
	

	Percentage sites with bleeding on probing (%)
	10.4, [0-61.1], (12.7)
	

	Percentage plaque index (%)
	60.6, [19.0-85.7], (17.8)
	

	Baseline OHIP-20 Total Score (points)
	31.9, [2-73], (19.2)
	

	Baseline SF12-v2 PCS (points)
	46.9, [23.6-62.8], (10.1)
	

	Baseline SF12-v2 MCS (points)
	55.1, [37.2-68.6], (9.0)
	

	Kennedy Classification (denture level)
	Kennedy Class 1
	
	15

	
	Kennedy Class 2
	
	11

	
	Kennedy Class 3
	
	11

	
	Kennedy Class 4
	
	2

	No. remaining teeth per arch (denture level)
	7, [3-11]
	

	No. abutment teeth per arch (denture level)
	4, [3-9]
	


[bookmark: _Ref373878845][bookmark: _Ref373878822][bookmark: _Toc380333240]Table 6‑1 Baseline characteristics: patient level and denture level
[bookmark: _Toc506551454]Did RPDs improve OHRQoL?
Tests for normality
Baseline OHIP-20 data are shown in Table 6‑1. Change scores from baseline to four-week follow-up were calculated. Shapiro-Wilk test for normality of change scores from baseline to four weeks suggested a normal distribution (W(52)=0.963, p=0.107) [Figure 6–4].[image: ]
[bookmark: _Ref373879528][bookmark: _Ref373879508][bookmark: _Toc380333202]Figure 6–4 Histogram of OHIP-20 change score: baseline to four-weeks
Primary outcome 
The mean change in OHIP-20 total score from baseline to four-week follow-up for PEEK RPDs was 12.4-points (SD 17.6-points). This difference was statistically significant (t(25)=3.591, p=0.001) suggesting that PEEK RPDs made significant improvements in OHRQoL to a level greater than the MCID at four-week follow-up
Comparison of PEEK vs. CoCr from baseline to four-weeks
Mean OHIP-20 change at four-weeks for PEEK dentures was 12.4-point improvement (SD 17.6-points), and for CoCr dentures mean improvement was 14.0-points (SD 16.3). Both dentures demonstrated more than the MCID in OHRQoL for OHIP-20 (9-points). Repeated measures ANOVA demonstrated that time from baseline was a statistically significant factor (F(1)=31.30, p<0.001), suggesting that both dentures made significant improvements. However, denture material as an independent factor showed no statistically significant difference (F(1)=0.106, p=0.746). Figure 6–5 shows the change in OHIP-20 total score from baseline to four-week review.
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[bookmark: _Ref373925331][bookmark: _Toc380333203]Figure 6–5 Changes in OHIP-20 total score from baseline to four-weeks


OHIP-20 from four-weeks to one-year
OHIP-20 total scores were compared after the crossover period, grouping patients according to their preferred denture. For patients preferring CoCr RPDs mean OHIP-20 score was 15.2-points (SD 12.2) at four-weeks, 16.6-points (SD 13.2) at six-months and 16.9-points (SD 12.1) at one-year. For those preferring PEEK RPDs at the end of the crossover, mean OHIP-20 score was 11.4-points (SD 10.8) at four-weeks, 12.54-points (SD 10.4) at six-months and 10.8-points (SD 10.1) at one-year. Repeated measures ANOVA demonstrated that there were no further significant changes in OHIP-20 score after four weeks (F(2)=0.302, p=0.742). Nor were there any significant differences between denture materials in OHIP-20 score from four-weeks to one-year follow-up (F(2)=0.533, p=0.594). 
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[bookmark: _Ref373925882][bookmark: _Toc380333204]Figure 6–6 Trends in OHIP-20 total score from four-weeks to one-year
Figure 6–6 shows the trend in OHIP-20 total score from four-weeks to one year grouping patients according to their preferred denture. At first glance there seems to be inconsistency between Figure 6–5 and Figure 6–6, however, Figure 6–5 includes analysis of all patients at baseline and at four-week follow-up as this was during the crossover period. Figure 6–6 on the other hand is a separate analysis of patients once they entered the parallel-sided phase of the trial and participants were grouped according to their preferred denture. 

Participant RPD preferences
Four-weeks follow-up
Out of 25 participants returning for four-week review twelve (48%) preferred CoCr and thirteen (52%) preferred PEEK RPDs. There was no difference in preference for one RPD material over another; Χ2(1)=0.04, p=0.841. Of these 25 participant; 11 wore PEEK dentures with a design copying that of their CoCr RPD exactly (Group 1), 14 wore PEEK RPDs where the design was modified (Group 2). Of the 14 participants in Group 2, nine (64%) preferred the PEEK dentures. In Group 1, four out of eleven participants preferred PEEK RPDs at four-weeks. There was still no statistically significant difference in preference for one denture over the other, regardless of the way dentures were designed; Χ2(1)=1.92, p=0.165.
Six-months follow-up
From 21 participants returning for six-month recall, nine preferred CoCr (43%) dentures and 12 preferred PEEK dentures (57%). This difference was not statistically significant Χ2(1)=0.429, p=0.513.
Nine wore PEEK RPDs that copied the CoCr design (Group 1) of these only three preferred the PEEK denture (33%). The remaining 12 participants wore PEEK RPDs of modified design (Group 2) and nine preferred their PEEK RPD (75%). Again this difference was not statistically significant Χ2(1)=3.65, p=0.056.
One-year follow-up
Nineteen participants returned for one-year follow up and eight preferred CoCr dentures (42%) compared to 11 preferring PEEK dentures (58%). This difference was not statistically significant; Χ2(1)=0.47, p=0.491.
Of these 19 participants, seven wore PEEK RPDs copying the CoCr design (Group 1) and three patients preferred the PEEK denture (42.9%). The remaining 12 patients wore PEEK dentures optimised to the material (Group 2) and eight preferred the PEEK denture (67%). Again there was no statistically significant difference in preference for one denture over the other, regardless of the way dentures were designed; Χ2(1)=1.03,  p=0.311.
Table 6‑2 shows data for participant preferences after grouping participants according to the way RPDs were designed. 

	Design Group
	Preference at
4-weeks
(N (%))
	Preference at
6-months
(N (%))
	Preference at
1-year
(N (%))

	
	CoCr 
	PEEK
	CoCr
	PEEK
	CoCr
	PEEK

	Group 1 
(PEEK design copies CoCr)
	7 
(64%)
	4 
(36%)
	6
(67%)
	3
(33%)
	4 
(57%)
	3 
(43%)

	Group 2 
(PEEK design independent of CoCr design)
	5   (36%)
	9   (64%)
	3   (25%)
	9   (75%)
	4   (33%)
	8   (67%)

	Groups Combined
	12 (48%)
	13 (52%)
	9   (43%)
	12  (57%)
	8   (42%)
	11   (58%)


[bookmark: _Ref373926971][bookmark: _Toc380333241]Table 6‑2 Participant denture preference according to design group
Figure 6–7 shows the preferences for RPD for all patients combined and Figure 6–8 shows preferences for PEEK RPD with participants grouped according to design group. 
Number of Participants

[bookmark: _Ref373927096][bookmark: _Ref373927091][bookmark: _Toc380333205]Figure 6–7 RPD preferences: all combined
Percentage of participants preferring PEEK RPD


[bookmark: _Ref373927152][bookmark: _Toc380333206]Figure 6–8 RPD preferences: grouped by design
[bookmark: _Toc506551456]Do RPDs have an effect of HRQoL
Tests for normality
Baseline SF-12v2 scores are shown in Table 6‑1. Change scores were calculated for PCS and MCS between baseline and four-weeks follow-up. Normality of PCS and MCS change scores was tested with the Shapiro-Wilk Test. Both PCS (W(52)=0.966, p=0.147) and MCS (W(52)=0.971, p=0.239) were normally distributed. Figure 6–9 and Figure 6–10 show histograms of the distribution for change scores for both the PCS and MCS. 
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[bookmark: _Ref373931272][bookmark: _Ref373931252][bookmark: _Toc380333207]Figure 6–9 PCS change from baseline to four-week follow-up
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[bookmark: _Ref373931365][bookmark: _Toc380333208]Figure 6–10 MCS change from baseline to four-week follow-up
Change in HRQoL from baseline to four-week follow-up
Physical component score
Mean change in PCS after four-weeks of CoCr denture use was a 1.7-point improvement (SD=9.1). For PEEK denture use there was a change in PCS of 2.8-points improvement (SD=8.2). Neither time from baseline to follow-up (F(1)=3.58, p=0.064) or framework material (F(1)=0.23, p=0.634) was statistically significant factors when examining PCS scores in a mixed-design ANOVA.
Figure 6–11 shows change in mean PCS score grouped according to RPD framework material. Note that the PCS is scored on a scale from 0 to 100.
[image: ]
[bookmark: _Ref373931891][bookmark: _Toc380333209]Figure 6–11 PCS from baseline to four-week follow-up


Mental Component Score
Mean change in MCS score after four-weeks CoCr RPD use was a 0.7-point deterioration (SD=6.4) and a 1.3-point deterioration (SD=7.3) after four-weeks PEEK RPD use. Again neither time from baseline to follow-up (F(1)=1.05, p=0.31) or RPD framework material (F(1)=1.10, p=0.742) were statistically significant).
Figure 6–12 shows the change in mean MCS scores according to RPD framework material. Again, the MCS is scored on a scale from 0 to 100.
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[bookmark: _Ref373932236][bookmark: _Toc380333210]Figure 6–12 MCS from baseline to four-week follow-up
[bookmark: _Toc506551457]Masticatory efficiency and denture satisfaction
Denture satisfaction and masticatory efficiency were measured using the MDSQ. Shapiro-Wilk tests for normality indicated that both the total MDSQ score (W(50)=0.97, p=0.271) and masticatory efficiency scores (W(50)=0.96, p=0.131) were normally distributed.  
At four-week follow-up mean denture satisfaction score was 19.8-points (SD 12.7-points) for PEEK RPDs and 17.9-points (SD 10.0-points) for CoCr RPDs. Mean masticatory efficiency score at four-week review of PEEK RPDs was 13.4-points (SD 9.2-points) and 11.9-points (SD 6.5-points) for CoCr RPDs.
Comparing scores with a paired t-test revealed no statistically significant difference between the two materials either for:
Total denture satisfaction score: mean difference=1.8 points; 99% CI -5.0 to 8.7 points (t(24)=0.75, p=0.459)
Masticatory efficiency score: mean difference=-1.6 points; 99% CI:-6.3 to 3.2 points (t(24)=-0.92, p=0.368). 
[bookmark: _Toc506551458]The effect of RPD framework on periodontal health
Intra-examiner reliability, measured with intra-class correlation coefficients were 0.98 for PPD, 1.0 for %≥4mm, 0.96 for BI and 0.97 for PI. Reliability of mobility scoring was measured with Cohen’s Kappa and was found to be 0.86. Mean PPD (mm), %≥4mm, BI (%) and PI (%) at the various follow-up periods are shown in Table 6‑3.
	
	Mean (SD)

	Follow-up
	4-weeks
	6-months
	1-year

	Preferred framework
	PEEK
	CoCr
	PEEK
	CoCr
	PEEK
	CoCr

	PPD (mm)
	1.4mm (0.4)
	1.7mm (0.4)
	1.4mm (0.4)
	1.6mm (0.5)
	1.4mm (0.4)
	1.5mm (0.4)

	≥4mm pocketing (%)
	1.5% (2.8)
	3.4% (4.7)
	1.5% (2.8)
	2.6% (4.9)
	1.4% (2.8)
	1.1% (2.0)

	Bleeding Index (%)
	4.6% (4.3)
	10.7% (12.7)
	5.1% (5.3)
	10.7% (19.9)
	4.9% (6.1)
	7.8% (11.2)

	Plaque Index (%)
	59.3% (22.9)
	53.5% (22.3)
	57.2% (19.6)
	56.1% (28.8)
	53.6% (23.5)
	49.3% (20.4)


[bookmark: _Ref373933241][bookmark: _Ref373933176][bookmark: _Toc380333242]Table 6‑3 Summary of periodontal health measures
Probing Pocket Depths
Figure 6–13 shows the changes in PPD scores from four-weeks to one-year follow-up. There was no significant change in PPD over time (F(2)=2.909, p=0.065), and nor did either material significantly effect PPD (F(2)=3.225, p=0.049).
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[bookmark: _Ref373935459][bookmark: _Toc380333211]Figure 6–13 PPD (mm) Four-weeks to one-year


Percentage of pockets ≥4mm depth
Figure 6–14 shows the changes in %≥4mm from four-weeks to one-year follow-up. Neither time (F(2)=1.701, p=0.194) nor material (F(2)=1.398, p=0.257), had a significant effect on %≥4mm.
[image: ]
[bookmark: _Ref373935472][bookmark: _Toc380333212]Figure 6–14 %≥4mm Four-weeks to one-year


Bleeding Index
Figure 6–15 shows changes in BI from four-weeks to one-year follow-up. Neither time (F(2)=0.518, p=0.599) nor material (F(2)=0.594, p=0.556) had a significant effect on BI over one-year follow-up.
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[bookmark: _Ref373935483][bookmark: _Toc380333213]Figure 6–15 Bleeding index (%) Four-weeks to one-year


Plaque Index
Figure 6–16 shows changes in PI from four-weeks to one-year of follow-up. Again neither time (F(2)=1.25, p=0.297) nor material (F(2)=0.21, p=0.811) had a significant impact on PI.
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[bookmark: _Ref373935500][bookmark: _Toc380333214]Figure 6–16 Plaque index (%) Four-weeks to one-year
Mobility
There were no differences in median mobility score at 4-weeks (χ2(1)=0.43, p=0.425), 6-months (χ2(1)=0.03, p=0.865) or 1-year (χ2(1)=0.02, p=0.884) follow-up. Median mobility scores were 0 for each material at each of these follow-up periods. 
[bookmark: _Toc506551459]Cost-effectiveness
Dental salary costs were calculated as £29.95 per hour (NHS, 2015). Itemisation of dental material costs, per patient, is shown in Table 6‑4. 
	Item
	Cost (including VAT)
	Units required per patient
	Cost per unit

	Impression Trays Upper / Lower (Pegasus Dental, Astek Innovations™, UK)
	£5.11/25 trays
	2 trays
	£0.41

	Alginate Plus (Henry Schein™, USA)
	£4.74/500g
	50g
	£0.24

	Compound Impression Cakes – Red (Kerr™ Dental, USA)
	£13.5/8 cakes
	1 cake
	£1.69

	Economy gauze Squares (DE Healthcare Products™, UK)
	£7.32/500 squares
	6 squares
	£0.09

	Aquasil Ultra – Monophase regular set (DENTSPLY™, USA)
	£139.03/2 x 38ml cartridges
	1/3 cartridge / impression
	£23.18 (1 denture)
£46.34 (2 dentures)

	Greenstick Compound (Kerr™ Dental, USA)
	£13.5/15 sticks
	1 stick / impression
	£0.90 (1 denture)
£1.80 (2 dentures)

	Medium Standard Modelling Wax (Henry Schein™, USA)
	£4.74/500g
	10g
	£0.09

	StoneBite (Panadent Ltd., UK)
	£50.14/2 x 50ml cartridges
	1/6 cartridge
	£4.18

	Hanel Artic Silk Foil Blue (Roeko, Coltene-Whaledent©, USA)
	£9.06/25m
	6cm
	£0.02

	Total Costs
	£30.80 (1 denture)
£54.86 (2 dentures)


[bookmark: _Ref373949189][bookmark: _Toc380333243]Table 6‑4 Material costs
Total material costs, per patient were £30.80 if only one denture was provided and £54.86 if two dentures were provided. Hospital outpatient appointment costs were £112 per hour after accounting for inflation (Hulme et al., 2014, Converter, 2016). Mean costs and cost effectiveness calculations for each denture are shown Table 6‑5.
	
	Four weeks
	One year

	Costs
	PEEK
	CoCr
	PEEK
	CoCr

	Hospital Outpatient Costs (Planned)
	£878.8
	£878.8
	£1112
	£1099.6

	Hospital Outpatient Costs (Unscheduled)
	£8.6
	£4.3
	£88
	£30.6

	Dentist Salary Costs
	£132.5
	£132.5
	£189.6
	£178.3

	Materials Costs
	£42.8
	£42.8
	£44.6
	£41.7

	Laboratory Fees
	£1116.6
	£696
	£1169.7
	£674.9

	Total costs 
	£2179.3
	£1754.4
	£2603.9
	£2025.2

	Mean MCID
	1.38
	1.55
	2.02
	1.69

	Mean Cost (£)/mean MCID
	£1578.78
	£1131.92
	£1291.71
	£1200.55


[bookmark: _Ref373949688][bookmark: _Toc380333244]Table 6‑5 Mean costs and cost effectiveness for RPD provision:           four-week and one-year recall
Mean £/MCID for PEEK dentures at four-weeks was £1578.78 (SD £286.00) compared to £1131.92 (SD £161.26) for CoCr dentures. PEEK was £447.86 (SD £127.08) more expensive per MCID than PEEK. In other words the PEEK denture was 39.6% more expensive per MCID achieved at four-week follow-up. This difference was statistically significant: t=-17.97, d.f.=25, p<0.0001, 95% CI £397.53 to £499.19 cheaper for CoCr. 
At one-year follow-up mean £/MCID for patients choosing PEEK dentures was £1291.71 (SD £248.20) compared to £1200.55 (SD: £200.14) for CoCr wearers. Mean difference in £/MCID was £91.17 (SD £92.09) cheaper for CoCr. In other words the PEEK denture was 7.6% more expensive per MCID achieved at one-year follow-up. This was not statistically significant: t=-0.99, d.f.=23,  p=0.332, 95% CI £281.66 cheaper for CoCr to £99.33 more expensive for CoCr.   
[bookmark: _Toc506551460]Discussion
[bookmark: _Toc506551461]Clinical meaning of OHRQoL change with PEEK RPD
Change in OHIP-20 score between baseline and four-weeks for PEEK dentures was 12.42 points and 13.96-points for CoCr dentures. The change seen in this study with both denture materials is of a magnitude equivalent to at least the MCID for OHIP-20, which is a nine-point change. Mixed design ANOVA indicated that the change was statistically significant though there was no significant difference in the magnitude of change between denture materials. Both materials therefore have the desired impact of improving OHRQoL at a follow-up of four-weeks. A change of nine-points in OHIP-20, which has a range of 0 to 80 points represents approximately an 11.25% change in score relative to range. It is important to remember that the MCID is the minimum change and represents a change described as a “small change” or “little to somewhat better” in Allen’s original determination of this figure (Allen et al., 2009). Whilst in the same article the values for larger changes are recorded there is no recommendation for a change in total score that would be considered as a moderate change or large change.
Patients chose their preferred denture at the four-weeks and were recalled at six-months and one-year. Both dentures improved OHIP-20 score at four-week follow-up and maintained this improvement over one-year follow-up. For CoCr RPDs mean change in OHIP-20 from baseline was 14.4-points (SD: 21.7) at six-months and 14.1-points (SD: 20.3) at one year. For PEEK RPDs mean change in OHIP-20 was 17.1-points (SD: 15.8) at six-months and 18.8-points (SD: 14.6) at one-year. Despite indications that scores with PEEK dentures continued to improve over one year this should be interpreted with caution, as denture material was not a significant factor even at one-year follow-up. No inference can be made of significant difference between the two denture materials in their impact on OHRQoL, though the continued improvement in OHRQoL in participants choosing to wear PEEK RPDs may merit further exploration. Cast CoCr are stiffer than precious metal alloys and can be used in only shallow undercuts of up to 0.25mm (VandenBrink et al., 1993). Metal alloys undergo deformation and work hardening leading to fatigue when subjected to repeated stress and as such the use of more flexible clasping elements such as titanium have been suggested (Bridgeman et al., 1997). Scenarios of patients biting prostheses into place or levering prostheses out of the mouth are not uncommon, and against that backdrop it is possible to envisage how a clasp arm may deform thus rendering it inactive and allowing the RPD to easily displace. It is impossible to determine from this study whether PEEK frameworks to maintain their effectiveness at improving OHRQoL in the medium and long term. One hypothesis, however, may be that if these materials are less likely to distort through routine function and handling, they are likely to maintain positive effects on outcomes. 
Using data for change from baseline to one-year follow-up from this study a power calculation is possible to calculate the size of study required to measure such a difference. Assuming a probability of a type 1 error of 5%, and probability of a type 2 error of 20% a trial would need 217 participants in each arm to detect a difference of the magnitude suggested in this study. 
Whilst there was a small difference in favour of CoCr in the change in OHRQoL from baseline to four-weeks, to prove this difference in a powered study would require 135 participants per group, assuming a probability of a type 1 error of 5%, and probability of a type 2 error of 20%.
[bookmark: _Toc506551462]Participant preference
The majority of patients at each review preferred PEEK dentures, though only by a slim majority which was not statistically significant. Between four-week and six-month follow-up four participants dropped out of the study. Three of them had preferred PEEK dentures and one had preferred CoCr. When patients returned for the six-month recall two had switched preference to PEEK dentures despite preferring CoCr at four weeks as such the 57% preferred PEEK dentures at six-months. Between six-months and one-year two further patients dropped out of the study, both preferred CoCr at their last recall. Two patients changed preference from PEEK to CoCr and one participant switched from CoCr to PEEK. At one-year therefore 58% of patients preferred PEEK dentures. 
Role of RPD design
The rules governing the design of RPDs have been developed over decades in which the most reliable materials for tooth-supported RPDs were metals. The introduction of HPPs to the list of suitable materials has not yet been met with the same attention to prescribing design rules as metal alternatives. The decision therefore to modify the design characteristics of PEEK RPDs was taken to allow exploration of whether use of metal design principles was appropriate. 
PEEK RPD designs were modified in Group 2 by using shorter clasp arms and increased tooth support. For example, gingivally approaching clasp required for a cast CoCr retentive arm were changed to shorter occlusally approaching clasps [Figure 6–17]. In the case of PEEK, gingivally approaching clasps are unnecessary as shorter clasps can engage deeper undercut than metal materials. 
Group 1 (CoCr=PEEK)		    Group 2 (CoCr ≠PEEK)
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[bookmark: _Ref373959048][bookmark: _Toc380333215]Figure 6–17 Examples of design modifications:                                                 group one (left) and group two (right)
Patients in Group 2 seemed to show more of a trend for preferring PEEK dentures, though the difference was not statistically significant. The number of participants in this study was a limiting factor in making definitive conclusions on this issue. Further research is required to investigate the merits of various design concepts for HPP clasp assemblies. One particular design, which may have merit and requires clinical testing, is shown in Figure 6–18 courtesy of Dr S A Muhsin (Muhsin, 2016, Muhsin et al., 2016).
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[bookmark: _Ref373959459][bookmark: _Toc380333216]Figure 6–18 HPP posterior clasping assembly design
The merits of this design include the incorporation of both supporting elements and retentive elements in the same component. The portion of the assembly resting above the height of contour acts as support, whilst that below the survey line acts as direct retention. Such a design would be impossible with a metal framework. Images shown in Figure 6–17 show occlusally approaching arms, which sit below the survey line. These did not therefore make as much use of the properties of PEEK as could have been the case if such the design suggested in Figure 6–18 were utilised. 
The importance of increased claps assembly bulk should also be considered in respect of hygiene of this design and it’s potential to act as a plaque trap. The periodontal implications of the PEEK dentures are discussed later, however, the design in Figure 6–18 may be modified by extending assembly further around the tooth as a ring with supporting rests mesially and distally, engaging undercut just below the survey line all the way along the axial surfaces and remaining away from the gingival margins. 
If a future crossover controlled study were to be powered to detect difference between CoCr and PEEK dentures in terms of participant preference after four-weeks, using data from group 2, 47 participants would be required.
[bookmark: _Toc506551463]Periodontal health outcomes
Mean PPD, percentage of pockets ≥4mm deep, bleeding index and plaque index scores did not significantly differ between PEEK dentures versus CoCr at each follow-up point. Neither material had a significant deleterious impact on tooth mobility at any of the follow-up periods. Longer follow-up would be required to determine what the impact of different framework materials on abutment teeth in the long term as potential alveolar resorption may distort fit. It is appreciated from several key studies that with appropriate maintenance deleterious effects of RPD use can be mitigated (Bergman et al., 1971, Bergman et al., 1982, Bergman et al., 1995).  Currently with CoCr dentures maintenance of fit requires relining of saddle areas as alveolar resorption reduced accuracy of fit. It is likely that the same maintenance requirements will be made of PEEK dentures. Regular supportive periodontal therapy including re-education of oral hygiene practices, oral prophylaxis and debridement of areas afflicted with periodontal inflammation has also been suggested on a minimum of six-monthly basis (Bergman et al., 1995). 
No particularly different adverse effects on periodontal health have been found in the current study when comparing PEEK against CoCr framework RPDs. Longer term adverse effects cannot be ruled out as similar materials with increased flexibility, such as polyamide, have been associated with increased gingival recession and ‘gum stripping’ due to pressure on the mucosa (Rickman et al., 2012a, Rickman et al., 2012b). The properties of HPP frameworks are not as flexible as polyamide, and indeed HPP can be used to achieve tooth support whereas polyamide cannot. Nonetheless further research to develop evidence-based hygienic design rules for HPP frameworks is suggested.
[bookmark: _Toc506551464]Denture satisfaction and masticatory efficiency
There were no significant differences between denture frameworks in respect of subjective masticatory efficiency or total denture satisfaction measured by the MDSQ. Performance of PEEK RPD frameworks seems to be as good as that of CoCr. This is the first clinical study in which the MDSQ has been used to make comparisons between CoCr and PEEK frameworks and as such represents pilot data in regards to making such a comparison. The MDSQ has been widely used to measure both masticatory and denture satisfaction outcomes in fixed and removable prosthodontics research usually in edentulous patients (Michaud et al., 2012, Feine and Lund, 2006, Awad and Feine, 1998). In most cases it has been scored with a VAS on a scale of 0 to 100mm. In this study a Likert scale was used, which has been shown to be comparable to the VAS (Awad et al., 2003c). 
[bookmark: _Toc506551465]Impacts on HRQoL
Both PEEK and CoCr dentures made no significant impact on either domain of the SF-12 version 2.0. This may be unsurprising as dental intervention studies rarely demonstrate impacts on HRQoL due to the lack of sensitivity within these measures (Allen et al., 1999). Despite this prosthetic status has been shown to have an effect on the SF-12 in previous studies, with missing teeth having an effect on the PCS when fixed rehabilitations have been considered (Mack et al., 2005). Some studies have shown that tooth loss to the extent of becoming edentulous affects general health by limiting food intake, links have been made with certain inflammatory changes of the gastro-intestinal lining, reduced daily activity and disturbed sleep (Hung et al., 2005, Sierpinska et al., 2007, Mollaoglu and Alpar, 2005, Bucca et al., 2006, Emami et al., 2013). These studies were cross-sectional designs and it may be argued that there are confounding risk factors for tooth loss that are risk factors for general health problems, and therefore to draw a link between tooth loss and poor general health is spurious. On occasion, intervention studies have also been able to demonstrate significant improvements to HRQoL from treatment with implant supported dentures (Heydecke et al., 2003). 
[bookmark: _Toc506551466]Cost effectiveness
PEEK dentures cost an additional £447.86 or 39.6% more than the CoCr RPD for each MCID achieved at the four-week recall period, a difference that was statistically significant. This was not maintained by one-year follow-up with PEEK RPDs costing an extra £91.17 or 7.6% compared to a COCr RPD per MCID achieved. The difference in favour of CoCr was no longer statistically significant at one-year. 
Perhaps the most important factor in this shift was that, whilst OHRQoL with PEEK dentures continued to improve, with CoCr dentures the OHRQoL remained relatively static. Differences in longer-term maintenance requirements are unknown. One drawback of CoCr dentures is that when further teeth are lost in most cases a new denture framework is required. A significant additional cost with respect to CoCr would be the need for fabrication of a new prosthesis. In the case of PEEK dentures several studies have shown that PEEK materials can be bonded to resins after treatment with air abrasion and use of adhesive systems such as Signum PEEK Bond (Stawarczyk et al., 2013). Furthermore mechanical retention can be created in PEEK frameworks to allow addition of acrylic resins to aid replacement of teeth lost some time after the denture has been made.
[bookmark: _Toc506551467]Summary and recommendations
Conclusions drawn from this study are discussed in detail in Chapter 8. In summary however, this study has been able to demonstrate that both PEEK and CoCr framework RPDs can improve OHRQoL in partially dentate patients. Whilst the difference in OHRQoL for each material is greater than the MCID for OHIP-20 there was no significant difference between materials in improvement to OHRQoL. The increased cost of PEEK frameworks meant that there was a significant difference in cost effectiveness (£/MCID) at four-week follow-up. There were no differences between materials in their effect on masticatory efficiency, denture satisfaction and periodontal health of remaining teeth.
Recommendations for future research include both in-vitro and clinical evaluation of novel design concepts for HPP frameworks and the use of data from this study to power a clinical trial capable of detecting measurable differences between RPDs of different frameworks. 
Chapter 7 [bookmark: _Ref373873550][bookmark: _Toc506551468]A Qualitative Exploration  of the experience of Tooth-Loss,    RPD use and framework Material                in PARTIALLY Dentate Patients.
[bookmark: _Toc506550982][bookmark: _Toc506551305][bookmark: _Toc506551469]
[bookmark: _Toc506551470]Introduction
It is difficult to describe the extent to which oral disorders such as tooth-loss, caries and periodontal disease impact on OHRQoL. Quantitative PCOMs such as OHIP can quantify these impacts but richer source of data is required to fully appreciate the nuances of different people’s experiences of loosing their teeth and wearing RPDs. Quantitative measures of OHRQoL only provide a measure of change within the framework that they have been validated. The introduction of new technologies can have impacts on patients in various other ways that may not be picked up by such measures. Qualitative research methods may be employed to gain a more detailed insight into patient experience. When researching novel interventions this may help to give context and richer data supplementing quantitative measures. This may also provide insight into areas missed by quantitative measures and to help with the formulation of follow-up research questions.
Figure 7–1 shows examples of how the use of removable dentures are described in the mainstream media (Coney, 2014, dailymail.co.uk, 2011). 
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[bookmark: _Ref374007662][bookmark: _Toc380333217]Figure 7–1 Examples of mainstream media descriptions of             removable denture 
The availability of information to healthcare consumers, the focus on aesthetics, advances in technology and shifts in living standards and expectations may have contributed to the sense that removable dentures are a sub-standard treatment of tooth loss. Exploration of this phenomenon with data from participants who have both experienced tooth loss and used removable dentures of various types is relevant to the second research hypothesis that some people experience RPDs different to others and will help to inform the data generated in the last two chapters.
Limitations in the existing literature have been discussed in section 2.5. Clinical surrogate markers of outcome e.g. periodontal indices to investigate impact on the gingival tissues are helpful and PCOMs such as OHIP may be able to identify experiences of soreness, food trapping or pain. Despite this, these tools do not help with the understanding of how sore gums, loose dentures, food getting stuck can impact on whether a person will agree to go out for a meal with their spouse, or how it affects their confidence in interactions with colleagues or friends. 
We have seen from the SF-12 outcomes in the last chapter that the introduction of an RPD has little effect on HRQoL. But in the same way that OHRQoL measures like OHIP provide richer data on oral impacts than HRQoL tools, so too qualitative data may provide a deeper understanding of the experiences of people wearing dentures. 
Regardless of presentation, patients with RPDs have reached this situation through a series of life events. To understand people’s experiences an interpretive approach may therefore be useful. This would be based on the premise that people make decisions, for example about their teeth, based on their personal preferences and beliefs (Bevir and Rhodes, 2002). Secondly that it is impossible to assume what these beliefs will be based on objective data such as their gender or race (Bevir and Rhodes, 2002). Most theories about why people loose teeth and why RPDs can be beneficial, or indeed problematic, come from clinical research into surrogate markers, none of which would be sufficiently robust to apply to the analysis of qualitative data. It is therefore important not to make any assumptions about people’s beliefs, the reasons for their partially dentate status or their experiences, day to day, of RPD use. 
Also of interest is the extent to which people adopt different coping mechanisms to deal with their dental situation. Coping is defined as the “ability to deal with situational demands by using personal, interpersonal and social resources” (Ylostalo et al., 2003). For it to be effective it should produce a favourable outcome to these demands (Headey and Wearing, 1988). Research evaluating the effectiveness of different coping strategies has identified active and passive coping strategies with the former directing people to try and directly change or deal with a problem and the latter associated with avoidance strategies or engagement in alternative strategies to regulate emotional distress (Ylostalo et al., 2003). Headley and Wearing use the term ‘instrumental strategies’ to combine ‘logical analysis, information seeking and problem solving’ three strategies considered active coping strategies (Headey and Wearing, 1988). Their research concluded that these ‘instrumental strategies’ were effective, whilst ‘affective regulation and avoidance’ has less effect on the management of health problems (Headey and Wearing, 1988). Do RPD wearers rely on ‘instrumental strategies’ or is the type of coping they use more emotionally driven?
Use of an interpretive method of analysis allows exploration of environmental phenomena that may impact on decisions and experiences. For example; the role of perceived hierarchy between patients and healthcare professionals, the impact of functional concerns either with or without dentures during social interactions and the impact of personality and resilience in coping with impacts. To constrain the analysis to one theory would limit the flexibility to go where the data leads. An interpretive approach affords this flexibility as the approach is based on people’s interpretations, perceptions, meanings and understandings of their own experiences as being the primary data sources (Mason, 2002). 
[bookmark: _Toc506551471]Aims and objectives
[bookmark: _Toc506551472]Research questions
What are the common and significant themes emerging from discussions with people about their experiences of tooth loss, denture use and preference for different types of denture framework?
[bookmark: _Toc506551473]Aims
To explore people’s experiences of tooth loss, use of removable partial dentures and denture materials.
[bookmark: _Toc506551474]Objectives
The objectives of this investigation were to:
1. Invite participants taking part in the clinical trial described in Chapter 6 to participate in semi-structured interviews to discuss their experiences with tooth loss, denture use and their experiences of the different dentures they had tried in participating in the trial (PEEK and CoCr).
2. Record and transcribe interviews verbatim. 
3. Group, codes and define themes emerging from the data from semi-structured interview transcripts. 
4. Describe these themes with the support of data emerging from patients in the semi-structured interview transcripts.
[bookmark: _Toc506551475]Methods
[bookmark: _Toc506551476]Participants
A convenience sample of twenty-one partially dentate participants attending for six-month reviews in the trial described in Chapter 6 were invited to take part in recorded semi-structured interviews. Inclusion and exclusion criteria for entry into the study have been listed in section 6.3. The purpose of the interview was explained to participants and they were free to decline participation without prejudicing continued participation in the clinical trial.
It was made clear to potential participants that the interviews would be recorded and transcribed, and that the intention of the interviews was to understand people’s experiences of loosing their teeth and of removable denture use. The fact of their data remaining anonymous was also highlighted. Participants who agreed to take part in the study were asked to give informed written consent, (Appendix E). 
[bookmark: _Toc506551477]Data collection
Interview design
Interviews followed a semi-structured format designed to cover three broad areas, namely:
1. Participant’s experiences of tooth loss.
2. Participant’s experiences of using removable dentures.
3. Participant’s experiences using different framework materials being investigated as part of the trial described in Chapter 6. 
Exploratory questions were suggested as part of the protocol, though the interviewer, ZA, was free to deviate from these exploratory questions to pursue data items that may be of interest. The flow of questioning was directed by the data emerging from each interview. Exploratory questions are listed in Appendix F, which describes the interview format, research topics and exploratory questions and was included in the trial protocol. 
Data handling 
Data was collected from audio recordings of the semi-structured interviews, which were transcribed verbatim. Audio files were created using a Philips LFH3205 SpeechMike III Pro (Philips®, Amsterdam, Netherlands) and were recorded onto BigHand Digital Dictation Software (BigHand®, London, UK). These audio files were exported to and stored on an NHS computer. Interviews were transcribed verbatim onto Microsoft Word documents (Microsoft®, Washington, USA). Details of people’s names were omitted during the interviews and if they were spoken and recorded identifiable information were omitted from transcription. The same person, ZA, conducted participant consent and interviews. 
[bookmark: _Toc506551478]Data analysis
An inductive thematic analysis approach was used to describe the data emerging from transcribed interviews (Braun and Clarke, 2006). Details of the process of this analysis will follow. 
Primary data sorting
Transcribed recordings of interviews were labelled with the age of participant, gender and their number of years wearing removable dentures. There were no requirements to catalogue transcripts using qualitative indexing libraries due to the relatively small size of study and use of only one form of data. 
Data reading
All interview transcripts were read in full prior to description of any data. Transcripts were read in literal and interpretive. That is to say, as well as considering what the words used are, the researcher had to make interpretations about meaning of data as well as considering how being both the interviewer and the participant’s dentist may have an impact on the data. 
Coding and development of themes
After reading transcript data several codes were proposed. The first two interviews were re-analysed and data were coded under these proposed headings. After coding the first two transcripts, codes were discussed between two researchers (ZA and SB). Codes were modified and grouped under theme headings. Themes were given a hierarchy of either primary theme, into which various secondary themes could be allocated, each secondary theme having a number of codes. 
The first two transcripts were re-coded as well as a third transcript after drafting the codes and themes. After coding the first three transcripts, researchers met again to discuss and modify codes and themes based on new data emerging. Again the first three transcripts were re-coded along with the fourth transcript. This process was repeated until no new codes were added or until codes were not re-named, following which all transcripts were coded using the agreed coding system. 
From the coded transcripts the primary and secondary themes emerging were labelled and described and explained using only data from the transcripts. Data fitting into more than one code or theme were initially included under both codes, though as themes were more robustly defined they were categorised with the most appropriate coding. All data was coded and compiled in a master document from which data is reported. 
[bookmark: _Toc506551479]Results
[bookmark: _Toc506551480]Participants
Out of the 21 participants returning for six-month review, thirteen agreed to participate (6 females and 7 males) in the semi-structured interviews. The participants’ demographics are shown in Table 7‑1.
	Interviewee Number
	Trial Participant Number
	Gender
	Age
	Interview length (minutes:seconds)
	Denture Wearing Experience

	1
	3
	Female
	63
	13:59
	Over 20 years successful denture wearing experience

	2
	4
	Female
	60
	27:15
	Over 20 years successful denture wearing experience

	3
	5
	Male
	75
	17:41
	15 years successful denture wearing experience

	4
	7
	Male
	69
	8:17
	Never wore dentures prior to the study

	5
	8
	Male
	40
	21:51
	5 years successful denture wearing experience

	6
	9
	Male
	49
	10:48
	Wore acrylic dentures for 3 years before the study

	7
	11
	Female
	55
	10:31
	Poor tolerance to dentures after losing teeth 2-years before the study

	8
	12
	Male
	82
	14:05
	First time denture wearer

	9
	13
	Female
	55
	11:13
	2-years successful denture wearing experience

	10
	16
	Male
	70
	11:24
	Over 10 years successful denture wearing experience

	11
	20
	Female
	65
	10:56
	Over 20 years successful denture wearing experience

	12
	21
	Female
	74
	11:21
	Over 20 years successful denture wearing experience

	13
	24
	Male
	64
	12:02
	5 years successful denture wearing experience


[bookmark: _Ref375992932][bookmark: _Toc380333245]Table 7‑1 Participant Demographics
[bookmark: _Toc506551481]Themes associated with tooth loss, the partially dentate condition and use of removable partial dentures
Four primary themes emerged from the data. These were: impacts, beliefs, coping and perception of materials. The evidence for each of these themes will be presented as quotes from individual interviews. Where data emerged on interactions between themes this was used to draw links to a summary figure. Appendix G shows the summary table of all codes, primary themes and secondary themes.
[bookmark: _Toc506551482]Beliefs 
Very quickly in each interview, participants began to discuss events, which led up to and were memorably associated with their tooth loss. The prompt “Tell me about your experience of losing your teeth” was regularly met with a recollection of an experience that in some cases seemed to shape people’s belief about dentists and dentistry.
Experiences shaping beliefs about dentistry and dentists
There seemed widely held view that there were differences in quality or the levels of care and compassion, or attention to detail paid by different professionals people had encountered, be they clinical or non-clinical. Negative perceptions of dentists recurred on a regular basis. Often data suggested that beliefs were related to experiences in childhood or young adult years, but continued to impact their view of dentists. In this next excerpt from participant 11 who had started wearing dentures two years prior to enrolment on the study and who had difficulty with them recalled how she would have liked a more understanding dentist.
Interviewer	And was there anything else when you were younger that would have helped?
Participant		Yes having a more understanding dentist who took time in explaining things, when I had an abscess, sorry when I had a problem with an abscess on my teeth they actually took the teeth out but they damaged my mouth but I think the whole experience having to have my gum stitched, having to be put on antibiotics and then having told that, insisted to have my teeth out and that put me off going to the dentist for a very long time.
Interviewer	So you mention being insisted upon, just elaborate on that for me?
Participant		Insisted upon?
Interviewer	You said insisted that the teeth were taken out.
Participant		Yes because in the days that I were growing up that, it wasn’t the norm to save a lot of teeth I think because of the abscess their only option was to take it out but when they took it out they broke the tooth and I think the experience of breaking the tooth and having to drill the remaining tooth that was left in my mouth just gave me a fear of not wanting to come back.
Interviewer	We obviously don’t know why your tooth was taken out because we weren’t there but do you feel like you understood all the different, do you know the different options for trying to save teeth etc.
Participant		I do now, but when I was growing up there wasn’t many options as there is now.  Here, now, you fight to save the tooth rather than take the tooth out and now with having an abscess I think in them days they took the tooth out and then treated you with antibiotics, now they treat with antibiotics I'm presuming first and then look at a way of trying to save the tooth.  That’s what I'm thinking happens now. (Participant 11, Interviewee no.7, female, 55 years, 2 years denture experience).
In the following excerpt participant 21 describes a traumatic memory of having teeth forcefully removed at school with some form of anaesthesia without any parental involvement at all. Later in her interview it was clear that this experience had clouded her relationship with dentists throughout the rest of her life.
Interviewer	Thanks for taking part.  I’m going to kick things off by asking you if you could tell me how you came to lose your teeth.  	
Participant	 	Probably through neglect but going back to when I was a child, you didn’t, well there were no things to clean your teeth, toothpaste or anything, but we didn’t eat sweets a lot.  Now when we were at school the dentist checked our teeth but looking back it was quite traumatic because they didn’t, we had to go in to a church hall and they looked at your teeth and then they said we’re going to extract them.  You didn’t have any choices.  So they used to put this big brown thing over your mouth and you never questioned and a think a lot of my teeth could have been saved had it been the generation that the children are in now.  And then the other, that was all my back teeth I had out at school.
Interviewer	 All your adult back teeth?
Participant		Yes, and then I was left with the front ones but they gradually probably through my own neglect, sort of, I didn’t go to the dentist because I was frightened, I was petrified.
Interviewer	So was that a result of what went on before?
Participant		Yeah.
Interviewer	Describe that for me. 
Participant		Yeah because when you went in this church hall and they put this big rubber thing over you and that was the gas, and you didn’t have your parents with you or anything, you just had to do it, get on with it and I think since then you see I never visited the dentist because I was frightened.  
Interviewer	Did you feel involved in that sort of decision making at the time?
Participant		No not at all.
Interviewer	What was your involvement?
Participant		What when I was a child?
Interviewer	Yes.
Participant		None whatsoever.   No, no, they just came to school, examined your teeth, said that wanted filling, that wanted to come out and they just took your teeth out. (Participant 21, Interviewee no.12, female, aged 74, over 20 years denture wearing experience).
Data from some participants suggested that there is a willingness to accept the judgement of professionals. It may be argued that when describing their relationships with dental professionals a power imbalance is observed or devolvement of decision making that extends to the acceptance of the advice or judgement of dentists. The following excerpt from participant 7 highlights examples of this imbalance.
Interviewer	How involved were you in the decisions about the teeth coming out?
Participant		Well you because they’ve been done here they always ask me and you’re the experts here so if you say well I can’t do any more with it or its got to come out that’s what they do and I’m quite happy with that.
Interviewer	And do you feel you’ve been informed about the decision, do you feel that you’ve been aware of your options should I say?
Participant		Yeah, well again because I’m, first of all you get the student doing it and then you get whoever is over them coming in and reiterating what they’ve said so that, as you know when you go for extraction you know where you’re going, you go to that little area where they do that so you’re well aware of what’s going to happen and you are going to lose your tooth so, but if they can’t do anything with it and its going to cause you pain or is causing you pain fine. (Participant 7, Interviewee no.11, male, 69 years, never worn dentures prior to the study).
Another example from participant 21 indicates that if a dentist does not raise the option of restoring teeth some people may simply assume teeth are un-restorable.
Interviewer	So you mention that you started wearing partial denture when some of your front teeth started to be missing, you didn’t wear any before that?
Participant		No.
Interviewer	Why not?
Participant		Well they never said I could. (Participant 21, Interviewee no.12, female, aged 74, 20+ years denture wearing experience).
As a result of their experiences it seemed some of the RPD wearers in this study felt it was important to be dentally aware about treatment options, important to maintain good oral hygiene over and expressed some determination to be more dentally alert.
In the next extracts, participants 4 and 13, both female patients, suggest how they might encourage a loved one to be aware of their options if they had missing teeth and the importance of instilling good oral hygiene practices in children.
Interviewer	And if you had a friend that had been told that they need dentures would you be positive about them or…?
Participant		Oh yeah I would be positive about them but I would tell them to check and ask for all the options that are available now that weren’t available when I had to start wearing them because like I say there’s a vast amount of things and I know certain things can only work for certain people and certain types of teeth and things it all depends on the structure of your mouth I think as well, things like that.  But I would tell them to go for it, you know, go and have a word and see what can be done and use that as a last resort if nothing else but if it came to it its not the be all and the end all, you can still carry on you know, but you’ve got to sort of think positive in life haven’t you? (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Participant 13 similarly considered the education of young children in oral hygiene practices is likely to improve behaviour in the longer term.
Interviewer	So if you had a loved one that was, that may have needed to lose teeth, is there anything you would advise them?
Participant		Just look after your oral hygiene and look after your teeth right from, I think if you can bring your children up right from the beginning then. (Participant 13, Interviewee no.9, female, aged 55, 2 years denture wearing experience).
External influencers of perception and belief
As well as being shaped by experiences, beliefs about dentistry were also shaped by external factors such as the media and the availability of educational resources on all aspects of dental care from access to different treatment options. In the words of one participant seen in this next excerpt some information presented in the media may be “false information”.
Interviewer	So now you mention film stars and celebrities, how much of, what do you think about the image about teeth that you get from the media?
Participant		Well a lot of the media I think is false, a lot of it is airbrushed and it is to go for the younger ones and they think yeah we’ll look like this, they don’t tell them what might go wrong or what might happen in later years, it’s just the here and now and that’s all they seem to be interested in. I've got a granddaughter now that’s coming up to 16 and luckily she’s quite savvy and knows that things aren’t what she sees in magazines but there’s a lot of young people who are brainwashed to say we’ve got to that, we’ve got to this because that’s how it will be, no consequences as to what might happen further down the line. 
Interviewer	So again in terms of giving people information to make informed choices, the media doesn’t necessarily always help?
Participant		No not always because sometimes it is false information, it gives like I say the here and now, this is what you look like now, but nothing to follow-up. I think now you’re more alert, I mean in my day I would never have questioned anything, you know when I was younger, 13, 14, 15, never questioned anything because your parents knew best, you were told and you just did whatever your parents said…(Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Only one participant reported concern about the availability of information regarding access to dental care. This only emerged when the participant was asked what the reason for his delay in seeking treatment had been. 
Interviewer	Was there any barriers do you think or was there enough information, what was the reason for not seeing a dentist about the issue at the time?
Participant		There wasn’t enough information and encouragement you know to advise someone whose teeth is not OK, to tell me how to brighten your teeth, make your teeth look good, if you come to us or see a dentist, to take care of your teeth, no-one asked me to do that.  Whenever I go to see my GP for my physical or any problems, this or that, but they don’t talk about teeth.  But when I was committed to go for that post I thought now I have to look good.  They told me I have to look good for this post. (Participant 8, Interviewee no.5, male, 40 years, 5 years denture wearing experience).
Personal responsibility
Several people regretted having lost teeth and reported a sense of regret about having not taken better care of their teeth. In these next two extracts from male patients, 9 and 16, there is an expression of regret and a suggestion of personal blame when it comes to the issue of their tooth loss. 
Interviewer	And do you remember losing teeth, do you remember teeth being removed?
Participant		Yeah I remember teeth being removed and that were obviously due to neglect.  Had I not neglected them I’d probably had my teeth today as I’ve only got a few left and they’re not too bad for my age but in all fairness like I’ve lost them teeth because of myself. (Participant 16, Interviewee no. 10, male, aged 70, 10+ years denture wearing experience).
Here participant 9 responds to the question of what he may do differently if he could go back in time.
Interviewer	And if you could kind of go back to that time, with what you know now…
Participant		Well if I could go back I’d look after my teeth a hell of a lot more, but as for the front ones you know I broke that, smashed it into the pavement, it weren’t that it got infected or anything. (Participant 9, Interviewee no.6, male, age 49, 3 years denture wearing experience).
[bookmark: _Toc506551483]Impacts
Impacts were another primary theme as these affected participants at each stage of the journey through tooth-loss to denture use.
Pain and aesthetics prior to tooth loss
Prior to tooth loss pain seemed to have an impact on people’s decision to have teeth removed, overwhelming any sense of the need to consider and understand treatment options. These two excerpts from participants 4 and 9 illustrate this. Here participant 4 describes how she was concerned both by the prospect of losing front teeth at a young age, but also the discomfort she experienced following treatment to ‘straighten’ her teeth.
Participant		“Well I had been at the dentist… and they did root fillings and crowns and then eventually I had a terrific amount of pain and I had to lose the front four teeth and so I had a very small palate then so it was really upsetting in some ways”…
Interviewer	“But that initial experience you said was upsetting?”
Participant		“Well yeah, because at that age, young, you didn’t want to really be losing front teeth. I think it had all started originally because they were crooked and they straightened them, I had been told that they were straightened too quick, I don’t know, and that’s what caused to have root treatment and other symptoms that followed and I finished up losing them then.” (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Participant 9 suggests that pain was so severe when he decided to have some teeth extracted that he would have considered attempting to remove the tooth himself.
Interviewer	“So did you feel that you feel that you understood that? The implications of losing teeth, at the time?”
Participant		“Not at the time because I was in agony. It were a different kind of toothache than what you normally get. I’ve had it a couple of times now and you get to a point where you’d almost pull it out yourself just to get rid of it.” (Participant 9, Interviewee no.6, male, age 49, 3 years denture wearing experience).
Aesthetics of the dentition prior to tooth loss also played a role on participant’s decisions to have teeth removed or undergo dental treatment. This had an impact on the psychosocial domain of OHRQoL with one participant suggesting that the aesthetic condition of his teeth limited his prospects of promotion at work. In the following excerpt participant 16 recalls the effect of trauma on the aesthetics of his smile and consequently his feeling of inferiority.
Interviewer	“Can I kick off just by asking you to tell me about your experience with losing your teeth”?
Participant		“Well when I were a youngster I were very very proud and aware of my teeth. My dad had perfect teeth as I remember them and I had very very good teeth when I were a youngster. The unfortunate thing is I fell and broke my teeth and I lost interest in them and I didn’t feel as though I should be looking after them like I should”
Interviewer	“Tell me about that loss of interest”
Participant		“Loss of interest, probably because of how they looked because I broke my teeth, my top teeth and once I’d broke them I felt as though they were, I were, inferior, I weren’t as good a person as what I were when I had got a full set of teeth, and I don’t know why that is, it’s just summat in you.”
Later in the conversation:
Interviewer	“What do you think it was that made you feel that there was no self worth in these teeth?”
Participant		“Because of how they looked, because I’d got nice teeth as a kid up to falling and breaking them, I were really proud of my teeth as a kid. At school people used to comment on my teeth saying how nice they were but after I broke them then all that went away because they weren’t as they were like they weren’t nice no more.” (Participant 16, Interviewee no.10, male, aged 70, 10+ years denture wearing experience).
Being partially dentate
Aesthetic impacts were also seen when people described how they felt after losing their teeth. These aesthetic concerns seemed to translate into psychosocial consequences including concern over how others viewed them. These fears were related to negative stereotyping of people without teeth as can be seen in the following two extracts from interviews with participants 9 and 11. Both of these patients had had bad experiences wearing dentures and were under 60 years of age. Participant 11, a female participant, describes her fear of being perceived as having poor dental hygiene.
Participant		“I was always conscious of having gaps at the side of my teeth, especially smiling. I love to take lots of photographs so making that smile there was always a gap, I was always conscious about it. My morale didn’t go down or anything but it was always a thing where I thought if I’ve got the opportunity to get dentures made, get them made and I did but they were never comfortable…and I’m always conscious of people looking at you, first impressions and see gaps in your teeth.”
Interviewer	“OK, and how does that impact on first impressions?”
Participant		“Erm I just think that people see them and think that you’re dental hygiene isn’t up to scratch if you’ve lost so many teeth, I’m lucky that they are the side teeth but I was still conscious of it.” (Participant 11, Interviewee no.7, female, 55 years, 2 years denture wearing experience).
Participant 9, a male, was concerned that having missing teeth meant people presumed he was a “druggie or an alcoholic”.
Participant		“The fact that it’s the front ones that’s the worse, the back ones are not too bad, it’s just that every time people just get a sort of like a picture of you when they see teeth missing, they see the wrong picture. I’ve noticed people’s attitudes towards me are different when I’ve got a gap in my teeth as to when I’m wearing dentures as well.”
Interviewer	“And what do you mean by their attitudes towards you?”
Participant		“Just, I think people presume that you’re either a druggie or an alcoholic, that’s the first impression you get…. It’s embarrassing in a way, you know, it just looks like you’ve not looked after your teeth…” (Participant 9, Interviewee no.6, male, age 49, 3 years denture wearing experience).
People’s ability to chew and eat comfortably was another significant impact of tooth-loss. The next quote from participant 7, a male patient who had not previously worn dentures but had lost posterior units and was using RPDs free-end saddles shows that he perceived some difficulty when chewing.
Interviewer	“And what does that man by “significant space” to you?”
Participant		“Well the chewing area at the back because I noticed before, well before we started on all this, I was chewing, chewing on the other side and I was using my front ones more than perhaps I should, chewing up.” (Participant 7, Interviewee no.11, male, 69 years, never worn dentures prior to the study).
Using removable dentures
People were generally accepting of their need for a removable prosthesis, whilst being aware of some of their limitations. Just like wearing spectacles they were considered ‘necessary’ for those that need them. In fact in this quote from participant 5, a 75 year-old male who had worn dentures for years, he makes a direct comparison between RPDs and glasses.
Interviewer	So we’re going to move on about what you think about dentures in particular as a way of replacing teeth, so tell me about your day-to-day life wearing dentures?
Participant		Well when you consider that they were making, in 1800’s making wooden teeth, that’s how conceited people were, you know, so nowadays you can’t really do without them.  They are as essential as your glasses and what have you. (Participant 5, Interviewee no.3, male, 75 years, 15 years denture wearing experience).
RPDs were associated with both positive and negative impacts. Positive impacts included:
Improved confidence
Improved appearance/aesthetics
Improved speech
Examples of each of these will follow. Participant 16 suggested that using dentures gave him a renewed confidence having sustained trauma to his teeth at a young age. 
Interviewer	OK. Is there anything bad about dentures?
Participant		I don’t think there is anything bad about dentures because that give you your confidence back because if you can get good dentures what look natural people don’t look at them as dentures, they look at them as teeth. I suppose this modern era like they’ve got better and better and people have more difficulty in telling real teeth from a denture.” (Participant 16, Interviewee no.10, male, aged 70, 10+ years denture wearing experience).
Another illustration of the improved confidence associated with RPD use is seen in this quote from participant 12, an 82 year-old male, who suggested that dentures allowed him to overcome the problem hiding his mouth when he would talk to people.
Interviewer	“So you said you don’t feel that your teeth are actually missing?”
Participant		“When I’ve got these in no, not at all.”
Interviewer	“When you’ve got your dentures in?”
Participant		“When I’ve got my dentures in that’s it. In actual fact when I’ve got these denture is you speak to people more I think, myself. You know what I mean because like when you’ve got some bad teeth you speak to people and sometimes you try to speak and open your mouth proper, you know what I mean. I’ve had no problem whatsoever.” (Participant 12, Interviewee no.8, male, 82 years, first time denture wearer).
These positive impacts should be interpreted with caution as the same person conducting the interviews provided the new dentures and an element of selective reporting, or reporting bias cannot be discounted regardless of efforts to encourage participants to be open and honest.
There were a significant number of negative impacts of RPD usage emerging from the data. These included:
Oro-facial pain
Dry mouth
Abnormal sensations
Deteriorating oral health
Functional
Food trapping
Psychosocial impacts
It may be argued that not all concerns are primarily related to RPD use from a clinician perspective. Nonetheless these were the themes emerging from the data. 
Pain was often associated with new or ill-fitting dentures. Participant 11, again who had poorly tolerated removable dentures, recalled how the dentures she wore had irritated her gums and felt uncomfortable.
Interviewer	“So tell me about your first experience with denture, how was that?”
Participant		“Difficult because I was always in pain. If they wasn’t falling out of my mouth they was irritating my gums, or they just felt uncomfortable in general to the extent where my dentist couldn’t do anymore, that’s why she referred me here.” (Participant 11, Interviewee no.7, female, 55 years, 2 years denture wearing experience).
The same participant was the only one to report a feeling of dryness and abnormal sensations such as numbness. Incidentally this lady was diagnosed with an atypical facial pain. This serves as a helpful reminder that pain may have a range of causes that may, or may not, be related to teeth or prostheses, but are associated with them by people in an effort to explain their symptoms.
Participant 4, a 60 year-old female patient described how ill-fitting dentures had rubbed against the gums leading to a perceived deterioration in the health of remaining teeth.
Participant		“when I was 15 I went to a dentist and he told my dad I needed all my teeth out so after looking at it from that point of view I came here and I saw Mr… I think it was, and he put me back on the right track so I’ve had a lot of confidence here anyway and then I’d had other treatment done and eventually I’ve had to have odd teeth out even though I don’t know whether the palate’s rubbed on them and wore them or whatever I don’t know, but I found myself lucky to have still got my teeth because of being told at 15 you need to have them all out, you know.” (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Functional concerns suggested disappointment that RPD wearers were unable to bite or chew things they had wanted to such as apples. Participant 9, a 49 year-old male who had unsuccessfully worn dentures in the past is quoted here discussing the efficiency with which he can incise into foods. Others described removing dentures when eating. 
Interviewer	And is there anything about sort of missing teeth or dentures or these dentures that you want to add to any of that?
Participant		Do you know like if you’re going to bite some food and stuff like that, especially like meat, you take a bite and it leaves bits connected so it’s not coming out.
Interviewer	So you don’t have the same sort of power with your bite?
Participant		It’s got the power right it’s just that it doesn’t do the same thing, cut like a pair of scissors.  
Interviewer	Ok so it doesn’t incise through the food?
Participant		I just bite a chunk of it and leaves part of it connected.   Obviously if I eat with them in it’s a little bit, it does tear in to meat and things but then when I’m chewing there’s a slight bit of movement there. (Participant 9, Interviewee no.6, male, age 49, 3 years denture wearing experience).
Several participants also reported food trapping. In the following excerpts participants 3 and 20 described the additional burden of having to take measures to ensure that the prosthesis was kept clean after meals. 
Participant		I mean it’s hard to, I think the routine of keeping my mouth and my teeth clean is a bit more hassle because of the denture than if I was just brushing my teeth sort of thing, and I think you know having dentures means if I’m somewhere where I can’t brush my teeth, I can go all day with bits of food trapped in there but you know if I was at home I would take them out and give them a rinse. (Participant 3, Interviewee no.1, female, aged 63, 20+ years denture wearing experience).
Participant 20, quite a positive participant overall did mention that his dentures moved and allowed leakage of food.
Interviewer	So we’ve sort of moved on to talk about experiences with dentures, so if you just take me through your day to day life with dentures.
Participant		I get up, put my teeth in and go.  
Interviewer	Any issues with them throughout the day would you find?
Participant		No I mean most dentures leak a little bit of food when you’re eating meal, it doesn’t bother me I just go to the tap in the kitchen or wherever in somebody else’s house and rinse them, no problem, straight back in. (Participant 20, Interviewee no.11, female, aged 65, 20+ years denture wearing experience).
Within the psychosocial domain, data emerged describing how people actively avoided some social interactions such as going for lunch with friends or disguising their mouth when having a meal with friends, and having a feeling that the dentures are “not proper teeth”.
[bookmark: _Toc506551484]Coping
Coping measures emerged as one of the key behaviours observed from participants in managing their dental state at each point in their journey. Strategies employed by participants to manage their day-to-day experience with each part of their journey, and to manage or mitigate the impact of their tooth loss. Examples of a range of coping strategies emerged from the data. These will be discussed with examples.
Active coping was seen in several responses. Some participants said they would use different dentures with slightly different properties or aesthetic characteristics for general use and for best. Others described how the use of good oral hygiene practices allowed them to overcome difficulties with food trapping. Less positive means of active coping were also seen such as strategies to disguise the fact that a person was wearing a denture particularly if they were with company. Here participant 11 illustrates how she wore one denture when she was going out at night and another one for general use.
Interviewer	And have you found any other aspects about the dentures negative or positive?
Participant		The negative part is the dryness I get but I do suffer from dry mouth anyway, I love the feel of the synthetic denture but it’s how dry they make my mouth.  But the positive side of it I've had that opportunity to try them and I know that I’ll constantly wear them but its probably not all day, if I'm going out at night I’ll put the synthetic ones in and then the metal ones I’ll tend to try and wear all day, depending on how long I can tolerate them.
Interviewer	So you, rather than having one that you wear all the time you have one for general use and one for special occasions?
Participant		Yeah I know it sounds funny but the synthetic ones just feel comfortable, they don’t feel bulky, I don’t know how to explain it but its just the dryness, if it wasn’t the dryness I would wear the synthetic ones all the time. (Participant 11, Interviewee no.7, female, 55 years, 2 years denture wearing experience).
Direct positive messages of reassurance and close emotional support of loved ones emerged from several participants. The next extract from the interview with participants 8 demonstrates the importance of the emotional support offered by a close partner in overcoming the process of getting used to wearing a denture. It is difficult to say whether this can be considered as an active or ‘instrumental’ coping measure, or rather a form of ‘affective regulation’.
Interviewer	Obviously you have to take dentures out of the mouth, is that, how does that make you feel?
Participant		I don’t do it publically, I do it whenever I have finished eating I go to the toilet, wash my mouth or rinse my mouth and put it back and then in the night my partner knows I have dentures so I have a small plastic and I remove it and rinse it and put it in the plastic, put it in the water and in the morning I brush my mouth and put it back, clean it and put it back and it’s a private thing between me and my wife and I am happy with this as she is also is happy with teeth, it makes me look good, she is proud of me.
Interviewer	Was there any worry that it would affect relationships?
Participant		No, it didn’t affect but before when I didn’t have it as I said I wasn’t happy because my teeth wasn’t bright, it wasn’t clean like that but my coming in to see the dentist and they taught me how to brush my teeth here before I came in to see the dentist I used to brush within a minute and I’d rinse my mouth and go but now they taught me how to with time to take care of my teeth very well, brushing very well, is very encouraging to see your dentist always.
Interviewer	Did having sort of a strong relationship with your wife, was that important to this process?
Participant		Yes she was, she is proud that my teeth is bright and very well organised now because you don’t have, you will not be happy to have a husband who cannot smile like that who’s teeth is not clean but now she is happy that my teeth is very clean, bright and I smile and laugh very well, laugh openly and she is very proud and she is happy that I have these dentures and I am happy also. Participant 8, Interviewee no.5, male, 40 years, 5 years denture wearing experience). 
Acceptance was seen in the data from several interviews. Sometimes acceptance came as the experience of RPD use increased, for others acceptance was related to their age. The next extract is from participant 4, a 60 year-old female, describes how the acceptance of her removable denture came with time. Again, it is arguable that this form of coping may be labelled as a form of ‘affective regulation’ or an emotionally based coping mechanism. 
Participant		Well when you’re young, your front teeth as you smile its important so you felt really conscious, I mean once I'd got the false teeth in then obviously you get over it and you feel more confident and when you realised people don’t know it just builds your confidence back up again.  
Interviewer	And how long does that take?
Participant		Probably a few months, because you’re still conscious when you’ve got them, because you know you’ve got a palate in your mouth, a denture, and you think everybody else knows that and then, especially at that age, you realise then well people aren’t noticing and you know you just get on with it then and I don’t think about it now. (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Ignoring the problem or mental disengagement was not commonly seen, however it did emerge in the data from an interview with participant 16. This person had sustained trauma at a young age and became unhappy with the appearance of his teeth such that he “lost interest”. This is a strategy, which may have had further negative oral health outcomes particularly due to lack of engagement with dental professionals to try to overcome the potential consequences of trauma. 
Interviewer	What happened after that?
Participant		I neglected my teeth because I didn’t like them no more, I didn’t like how they looked and I totally neglected my teeth and that went on for quite a few years.
Interviewer	What do you mean by neglected them?
Participant		Not cleaning them, not looking after them like I should have done although I’d broke them I should have still looked after them and had them seen to properly like, I didn’t, as I say I neglected them. (Participant 16, Interviewee no.10, male, aged 70, 10+ years denture wearing experience).
Denial was again only encountered with one participant, participant 8, evidenced by reports of him feeling that when his dentition had started to deteriorate he had ignored this until a trigger in his working life encouraged him to make changes to his teeth.
Interviewer 	So do you feel that actually losing your teeth was a good thing?
Participant		It wasn’t good, because, I think I wasn’t taking good care of my teeth because when they started to get some rotten and dirty I’m supposed to go and see the dentist for it but I ignore it so when the post of supervisor I said no this is very big post I have to be good, my teeth have to look bright and good. (Participant 8, Interviewee no.5, male, 40 years, 5 years denture wearing experience).
The interview with participant 5 showed numerous examples of positive reinterpretation. Several of his answers to questioning regarding his feelings about having missing teeth indicated that he had a generally positive attitude. 
Interviewer 	So, I don’t mean to sort of delve in to these too much but this questionnaire that you filled, you put sort of never for all the answers, now if I was to sort of give a questionnaire to somebody who has all their teeth, depending on their sort of state of mind or whatever they might answer that they’ve had difficulty with certain things.
Participant		I’m a very positive person you see, I see things in black and white, I don’t, you know I mean straight lines; it comes with being a Yorkshireman I think.  Very direct, certainly positive about myself, I can walk on in front of 2-300 people and sing without the slightest problem, not embarrassed at all, feels perfectly natural, (participant’s wife name removed) the same because she, with all the props and things we made a 6 foot wide 7 foot high, 13 foot long Indian elephant for Aladdin, full sized Indian elephant, no kidding, its not all that clever actually because if you think of a model aircraft you get bits of wood and you stick ‘em round a frame and make a skeleton and you cover that with paper, same thing bigger, you get some 10mm water pipe and if you bend a 3 metre length it forms an elephants body and you do that, attach pieces and you build your skeleton to cover than and somebody really clever makes the fact and the head.
Interviewer 	So that takes a lot of positivity and skill?
Participant		Very positive, anything.  "Can you make an elephant?" I said, "Yeah." 
Interviewer 	And do you think that that’s something that isn’t impacted by what denture you have or whether you have teeth or?
Participant		It does make a subtle difference, its go to do because it affects you speech and everything and when you’re in close proximity like we are and you turn and smile, somebody says what do you think about this, that picture, you know what I mean, your teeth and everything, everything’s nice, everything’s in the proper place, if you went good evening and half your teeth are missing you know people would go god. (Participant 5, Interviewee no.3, male, 75 years, 15+ years denture wearing experience).
There was also evidence of positive reinterpretation in the interview with participant 8 when discussing his views on people knowing that he had missing teeth.
Interviewer 	So that’s important that people, whether people know?
Participant		No people doesn’t know that, you know, you don’t have to let people know and then the jaw is better, your teeth is being taken care of even though maybe no-body care, its good your teeth is bright and everybody knows that when you go and see a dentist and get your dentures sorted out you are thinking of yourself and there is not too bad about it.  So before I had it I really, there wasn’t awareness, you know if someone encouraged me to go for it and clean my teeth, I polish my teeth after I done it but when I got that job to go for supervisor and I succeeded to grab the post as supervisor.  So thankful for that and my teeth also helped me because I brush myself, get my teeth, polished and everything and the denture really helped me.   I smile, I talk to the boss, I talk to people, I need to talk to people who me I want to go this way or that way, where do I catch the train, where do I catch it get the tram or where can I get this, ok you might not talk to them a lot but I smile and they see that they are good teeth. (Participant 8, Interviewee no.5, male, 40 years, 5 years denture wearing experience).
Coping strategies therefore may have mediated the effect of impacts from different experiences prior to tooth-loss and after becoming partially dentate. The impact therefore may still be felt, but it’s effect on behaviour or belief about dentistry may be mediated by a person’s ability to cope. Whilst many participants were clearly employing active coping strategies, emotion-focused strategies such as drawing on emotional support and acceptance were also seen. Though emotion-focused coping is often considered ineffective it does seem to have played an effective role in these situations, if the goal of treatment is for patients to wear their dentures. It could be argued that this is another example of paternalism within healthcare, and that the true goal of any treatment program should be agreed by consensus between the patient and clinician, with the former having the ultimate say after they have appraised all relevant information they have been provided with.
[bookmark: _Toc506551485]Determinants of impacts, belief and coping
Several data items suggested that specific features associated with the person’s experience such as extent of tooth loss, age and gender may play a role in moderating how the person views and copes with the impacts of their experience. As well as extent of tooth loss, age and gender, wider social issues like finances, responsibilities and priorities, dental awareness, access to treatment, parental support and anxieties were identified as playing a role as determinants.
Anterior tooth loss
Several participants reported that the loss of anterior teeth had a greater impact on their OHRQoL as a result of the missing teeth being visible at the ”front of the mouth”. These impacts were generally alleviated by the provision of an RPD. The use of an RPD was a way for people who did not generally wear their dentures to eat with to overcome psychosocial impacts of tooth loss. As seen in the following extract from the interview with participant 9, a male interviewee, who suggests that the loss of front teeth is ‘more important’ and that he associated this look with one associated with drug abusers’ a very negative imagery.
Interviewer	And do you think that the front ones are more important?
Participant		Yeah, well they’re the first thing that people see aren’t they.
Interviewer	Yeah, ok.  Does that mean that having missing teeth in general is important or it’s just the front teeth?
Participant		I would say the front ones are more important, I don’t know, some people can have a front tooth missing and it can suit them but personally I don’t think it suits me, I think it makes me look like people like I said on drugs or an alcoholic or something like that. (Participant 9, Interviewee no.6, male, age 49, 3 years denture wearing experience).
Also, from the female point of view, from participant 4 who suggests the loss of her front teeth made her feel very self conscious, particularly as she lost her teeth at a young age, which was another determinant of impact.
Interviewer	And you mentioned that it was upsetting because it was front teeth?
Participant		Yeah.
Interviewer	Just go in to that a bit more.
Participant		Well when you’re young, your front teeth as you smile its important so you felt really conscious, I mean once I'd got the false teeth in then obviously you get over it and you feel more confident and when you realised people don’t know it just builds your confidence back up again. (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Age and other responsibilities
Several people indicated that they believed younger people would find it harder to adjust to the loss of teeth and the use of an RPD. As seen in the last excerpt from participant 4, but also from other interviewees who expressed the view that as people age their other responsibilities to partners and children may shift the priorities with teeth and dental treatment having a lower priority in their hierarchy of concerns. Here participant 4 goes on to describe how at a young age going out with friends and how a person looks was a priority for her, but that as her priorities have changes, so too has the way she interprets her tooth-loss.
Interviewer	Do you think that age is a factor?
Participant		Oh definitely yeah because when you’re young if you, your teeth, going out with your mates everything else, but as you get older other things factor in, life factors in, different people, you lose people, illnesses and certain things then don’t come as much of a priority as what they would have done when there was just you to consider you know. I think when you get into a family, well mum’s especially, seem to go down the list you know the more, you’ve got your husband then you have kids and then you have grandkids and then your parents get older so you go further and further down the list in my opinion, checking on them and making sure they’re all alright. (Participant 4, Interviewee no.2, female, aged 60, over 20+ years denture wearing experience).
This extract from the interview with participant 3 shows how being younger was associated with self consciousness about wearing a denture, less so as she had got older as more of her peers were wearing dentures.
Interviewer	Do you feel that missing teeth has an impact on life or interactions with other people?
Participant		Less as I get older, you know I was very conscious of having this partial denture when I was younger I was worried anyone would find out about it, I always felt very self-conscious about it, I mean as you get older you know more and more people my age have got a partial denture or sometimes full dentures so less so. (Participant 3, Interviewee no.1, female, aged 63, 20+ years denture wearing experience).
Gender
Participant 20, a female participant aged 65, expressed a view that women would be more likely to feel embarrassed by people knowing they have missing teeth than men would be. This extract also identifies the loss of anterior teeth, age and the fact that she was about to marry as being important determinants.
Interviewer	And that was important because it was a front one?
Participant		Yeah, it was a front one and it was an important tooth and I was getting married later that year, just after the New Year and I wasn’t even 21 so it can be an embarrassing time when you lose your first teeth. 
Interviewer	And why is that?
Participant		Especially for a woman, because you’re teeth are what people see when first time you meet them, first time you smile at somebody, and you want them to look reasonable, or I did anyway. (Participant 20, Interviewee no.11, female, aged 65, 20+ years denture wearing experience).
Financial determinants
Several participants raised cost of dental treatment as a factor influencing their decision to avoid seeking dental treatment. In this account from participant 12, an 82 year-old male, there is an account of how social class and poverty when he was growing up impacted on his ability to look after his teeth.
Interviewer 	Were you kind of aware of other ways of saving your teeth?
Participant		When I was younger?
Interviewer 	When you had your teeth out or when you were younger?
Participant		Well I came from a big family and when you’re speaking about teeth and that it worked out that we didn’t all have toothpaste, you understand what I mean, because we were poor, very poor and I've always said that, but yet my brothers and sisters they’ve all got these teeth and I was the oldest but I just couldn’t understand how it worked out that for me, couldn’t understand it at all but they’ve all got pretty good teeth. (Participant 12, Interviewee no.8, male, 82 years, first time denture wearer).
Participant 8, a 40-year old male, described how the primary motivation to seeking dental treatment was the potential for a job promotion.
Interviewer 	So the actually, lets go back before you actually lost the teeth, how did you feel when you found out that you needed to lose the teeth, what were your feelings at that point?
Participant		At first they started to decay and had some cracks and it wasn’t clean so one day when I was nominated to go for that post, as supervisor I think I thought about it and I said no I have to go to the dentist and ask them what to do so that I can brush my teeth up so that I would go for the post so I came in for advice and they gave me advice and I started the procedure and it finished up they removed the bad one and they did a very good denture for me and that gave me a very good confidence to go for that job. (Participant 8, Interviewee no.5, male, 40 years, 5 years denture wearing experience).
Dental awareness, anxiety and the role of parents
The availability of information regarding the options open to people prior to, or after, losing teeth and preventative oral health advice is an area which several participants suggested has improved since they lost their teeth. Here, participant 4 describes how the availability of dentifrices such as mouthwash and floss and educating her grandchildren was much more important now. 
Participant		… there’s everything today to what they're used to be then, I mean parents now, I mean even me, and I’m a stickler with my grandkids:  “Have you been to the dentist? You need this. Have you done that?” Mouthwashes, dental floss, allsorts, at my house for when they come to stay with me.  You didn’t get that when I was younger, you had to sort that out yourself because your parents weren’t educated in that, well my weren’t educated, I mean you cleaned your teeth, you had toothpaste but nothing additional, you know what I mean.
Later in the conversation:
Interviewer 	We talk about giving patients information so they make informed choices, is that any different now?
Participant		Oh yeah I think there’s a lot more choice now given to people than what there were then. (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
Participant 4, a 60-year old female, relayed how, as a child, having an alert parent who questioned her dentist’s suggestion that she required removal of multiple teeth was important. It allowed them to obtain a second opinion and treatment to restore her teeth thus delaying their loss. 
Interviewer 	And go back to, you mentioned the story about when you had been told you need to have all your teeth out, just go back to that.
Participant		Well because I was so young I was very naïve in them days, I mean we’re going back a lot of years, you just listen to what people say and my dad said no that can’t be right, she’s not having all her teeth out and my dad brought me to the Dental Hospital and I don’t know who he spoke to but I didn’t actually get a junior, I did get Mr…and he said "No no that’s not necessary, you don’t need them out." and he started my treatment, because I was nervous you know, I didn’t know what to expect and I was so panicking that I was going to be waling about with just gums because at that age you didn’t know much about it you know other than you’d been to the dentist and had your teeth cleaned and he just, I know when I was young I didn’t have a lot of calcium in my baby teeth and they went black, whether it was onslaught from that I don’t know, but as I say Mr…….  did sort me and then I've always had more confidence here than other dentists, I suppose it’s in your mind from that.
Later in the conversation
Interviewer 	It sounds like you had, in your dad, someone to fight your corner and protect you?
Participant		Yeah I did yeah.
Interviewer 	Had you not had him…?
Participant		Well probably, well if I’d not, I mean I was under age then anyway so if my dad hadn’t have gone my mum would have done but in them days my mum worked and usually mums didn’t work so it was easy, my dad worked as well but he worked shifts so it was easier for him to bring me you know than my mum, as I say it just always logs in my mind that you wouldn’t want to take your teeth out at that age, at such a young age. (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
People’s anxieties about having treatment also impacted on their beliefs about dentists and the options for treatment that they were given, perhaps due to delays in presentation. Here participant 21 her experiences with ‘school dentists’ at a young age put her off visiting the dentist until “it were too late”
Interviewer 	And it’s hard to say without sort of knowing what the condition of your teeth was like but did you feel like you had other options and were they explained to you?
Participant		No, no, never.
Interviewer 	When do you feel that some things changed in that respect?
Participant		When it were too late for one thing but for another when I got sort of started thinking well I’ve only got these few teeth left, I’ve got to now try and keep these, so I did sort of, but I did try and get a dentist but it’s hard when you’re not, when you’re frightened really.  
Interviewer 	Do you think that being frightened affected what options were given to you?
Participant		Yeah.
Interviewer 	In what way?
Participant		Because I didn’t want to go.  I was just frightened.
Later in the conversation:
Interviewer 	What was your sort of experience after leaving school? Of dentistry?
Participant		I never went, I never went, only when it was too late really and then the teeth had to come out.  
Interviewer 	When those decisions were taken to have the teeth out again what was your involvement in that stage about what decisions were taken?
Participant		Well it was my decision because I’d got toothache and I was going, I’d left it until I couldn’t stand it anymore. (Participant 21, Interviewee no.12, female, aged 74, 20+ years denture wearing experience).
[bookmark: _Toc506551486]Perceptions about RPD framework material
All participants were involved in the trial reported in Chapter 6. Each had been provided with an RPD made with a PEEK framework and one with a CoCr framework. 
Impacts determined by framework material
Each of the frameworks had unique impacts. PEEK frameworks seemed to have negative aesthetic and functional but were considered as being a more comfortable material by some participants. Here participant 4 describes how the PEEK denture would trap more food around the clasping elements than she had experienced with her CoCr denture.
Impacts of PEEK dentures
Interviewer	Yeah.  So which denture would you say you got on better with?
Participant		I like the metal one for the fact as I said I can keep it in while I'm eating because it doesn’t seem to get under that as much as the plastic one but the plastic one seemed to be more comfortable when I wasn’t eating you know… you get the feeling that there’s always something between the actual plastic and the tooth its not a nice feeling because your tongue goes to try and poke it away so you take it out yeah. 
Interviewer	So with the plastic one it would be better not to have, I'm just suggesting, would it be better not to have as many sort of elements in the design on the biting surface?
Participant		Yeah I think that’s the problem because there’s a lot of little curves and hooks and things and because its more flexible things get in easier so you don’t feel as confident.  It’s just like a confidence issue really. (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).
 As well as masticatory function and food trapping, speech was considered as another functional area influenced by the presence of a PEEK framework. Here, participant 8 describes how he felt the PEEK framework negatively impacted his speech.
Interviewer	Is there any bad things about dentures?
Participant		No I don’t think there is any bad thing about it, because I have been using it and I don’t feel back about it.
Interviewer	Does it bother you that it’s removable, or does it feel loose ever?
Participant		Sometimes you know when I, not this metal one, the other one, the plastic one, when I speak sometimes you know it makes speech difficult you know, maybe once in a while but not everyone knows, probably no-one knows. (Participant 8, Interviewee no.5, male, 40 years, 5 years denture wearing experience).
Participant 24, a male patient who actually chose the PEEK RPD as his preferred option, described the colour of the PEEK framework relatively negatively.
Interviewer	Could it be made better?  Are there anything that you recommend?
Participant		Well the only problem I’ve had is that it had movement on the top one you know so a bit more firmness would help. The colour is ok, I was probably a little bit put off, well not put off but with the whiteness of the back plate, probably could be more natural coloured. (Participant 24, Interviewee no. 12, male, aged 64, wearing dentures for 5 years).
Despite these negative impacts, PEEK dentures were associated with greater comfort in several participants. Here participant 3 describe how they found the PEEK denture more comfortable than the CoCr framework.
Interviewer	Overall would you say your experience has been positive with the newer dentures compared to the plastic ones that you had before or would you say that there’s not much different or better?
Participant		This (PEEK denture) feels like its not hurting my mouth so much even though it took a long time to get used it being in my mouth…but I am used to it now and the other one just doesn’t fit anymore because my mouth has got used to this one.  I’m very happy with these. (Participant 3, Interviewee no.1, female, aged 63, 20+ years denture use).
This excerpt from participant 13 demonstrates that she was rather pleased with the comfort of the PEEK RPD.
Interviewer	Good.  Is there anything else you want to say about the metal or the plastic dentures or about dentures in general that you think…?
Participant		No I’m just so comfortable with the plastic ones and I can’t thank you enough. (Participant 13, Interviewee no.9, female, aged 55, 2 years wearing dentures).
Impacts of CoCr dentures
CoCr dentures were uncomfortable for some participants. Here participant 24 describes how he found the CoCr felt worse in his mouth than the PEEK denture. 
Interviewer	So moving to the metal one was that an improvement or not?
Participant		No I didn’t like the metal one.
Interviewer	And why was that?
Participant		It just felt wrong…. it just didn’t feel good in the mouth. (Participant 24, Interviewee no.12, male, aged 64, wearing dentures for 5 years).
In the same way that PEEK removable dentures were associated with negative impacts on aesthetics and function, so too were CoCr dentures. Here participant 4 describes her experience of the CoCr framework RPD. 
Participant		as I said I didn’t have as much a problem with one with just the metal bar and then there were teeth, this ones got wires that is a bit more like a brace type of thing I call it, and food can get caught in between that and the tooth so your tongue plays with it so people must know “what’s she fiddling about with?” you think because you're trying to get it to come out and so as I say I've overcome that now by if I know I'm going I don’t have them in until after I've done and I can clean them and put them back.
Interviewee	So actually having more on a denture means…?
Participant		Means more restriction in that respect yeah.
Interviewee	So we kind of think of clasps and things as helping but?
Participant		Yeah if they're lower then they don’t seem to be a problem because you can deal with it after the event but when they're actually on the surface and in between your tooth and above, even the plastic tooth, you’ve got to try and, it gets caught up, even if its salad, a tomato, even a tomato can get, and its wrapped in it and you can’t get it out and the majority of places now if you have something to eat and you’ll have a baguette or something there’s always side salad which you love so you start eating it and now I have to make sure I've not got it in before I do because you do feel awkward and then you think if you're talking can they see it, if you’ve got a piece of food that gets stuck so the parts on the top can be more restricted in that sense. (Participant 4, Interviewee no.2, female, aged 60, 20+ years denture wearing experience).

As well as comfort, one participant described experiencing a transient metallic taste from the CoCr denture.
Interviewer	Which one did you feel was most comfortable?
Participant		In all honesty the metallic ones, although they do have a slightly metallic taste to them, only for the first five minutes but that’s to be expected. (Participant 7, Interviewee no.11, male, 69 years, never worn dentures prior to the study).

Several participants described the metal of the CoCr framework as being less favourable than the PEEK aesthetics. Participant 24 felt that the metal colour of the CoCr framework RPD shone through and was less aesthetic when compared to the PEEK denture framework.
Interviewer	OK, was the appearance different at all?
Participant		Yes on the metal one you could see it more, there was shiny things showing through.  Yeah again the appearance wasn’t as good for me. (Participant 24, Interviewee no.12, male, aged 64, wearing dentures for 5 years).
Beliefs and perceptions of material
As well as the functional and aesthetics of different framework materials due to their physical properties or impact on food trapping etc. people’s beliefs about certain features particular to each framework material emerged from the data as being important to people’s perception of the RPD. 
Two participants reported that the thought of wearing something metallic was negative. They suggested that there was something ‘psychological’ about metal as opposed to plastic. In this next extract from the interview with participant 3 she references the movie character from the James Bond films ‘Jaws’.
Interviewer 	Which of the two have you found the best?
Participant		I’ve gone for the polymer ones partly because of the appearance of them, the other ones look a bit more heavy duty and the ones I had before these were much smaller and lighter, these feel much bigger but out of the two of them these feel slightly less bulky.
Interviewer 	And when you say the heavy duty, the metal ones, what do you mean?
Participant		I don’t know whether it’s just something psychological about metal as opposed to plastic, it just feels a bit more like Jaws or something, what’s his name out of that James Bond film.  It’s completely psychological that because the feel the same once they’re in. (Participant 3, Interviewee no.1, female, aged 63, 20+ years denture use).
Participant 13, a 55-year old female patient, suggested that she was concerned that being a “plastic” material that the PEEK framework was weaker and more likely to fracture.
Interviewer 	Is there any way we could improve this plastic at all do you think?
Participant		The only worry I’ve got is how strong it is, you know will it crack or is it less robust than the metal ones, that’s what worries me.  Up to now they’re alright. (Participant 13, Interviewee no.9, female, aged 55, 2 years wearing dentures).
Similar to their inherent biases for or against a particular material as seen in the last section, several participants mentioned properties that they found more preferable. For example, the issue of framework bulk was considered a negative feature and was associated with functional difficulties such as speech and mastication. Here participant 16 suggests that he felt the CoCr dentures were bulkier in his mouth. Objectively speaking of course PEEK dentures need to be processed in thicker section than CoCr, though it is interesting that some participants perceived this differently.
Interviewer 	What about the metal ones? 
Participant		They feel a bit bulkier for some reason, I don’t know reason why but if I put the metal ones in they’re ok but they just feel a bit more bulk in your mouth than the plastic ones. (Participant 16, Interviewee no.10, male, aged 70, worn dentures for over 10 years).
Here participant 20 suggests that PEEK dentures felt more bulky.
Interviewer 	How do these compare to your previous plastic dentures?
Participant		Just a little bit thicker but I’ve got used to it. 
Interviewer 	Finally, do you think that the denture could be made better, the polymer one?
Participant		I suppose it could be in an ideal world but not everything’s ideal in this world is it.  
Interviewer 	Ok, how would you improve it?
Participant		Just make a little bit thinner, yeah just a bit thinner. (Participant 20, Interviewee no.11, female, aged 65, 20+ years denture wearing experience).
As a second example, the ability to re-activate clasps a positive feature of his experience with the CoCr RPD. However one may see this as an indication that metal frameworks can distort over time which may be considered to be a negative feature. 
Interviewer 	And what’s good about the metal ones?
Participant		Well what’s good about the metal ones is this, they're easy to get out, like the other ones they were plastic, you know them plastic, the metal ones at the top they’ve got that little wire and if you wanted to you could just turn that wire a little tiny bit so that it fits properly, there’s no problem.  After about 3 or 4 weeks sometimes you can just feel a little bit of a twinge like so what I did I took them out and I just a touch, that were it.  See them plastic ones they don’t move do they, but these steel ones you can move. (Participant 12, Interviewee no.8, male, 82 years, first time denture wearer). 
[bookmark: _Toc506551487]Summary
Appendix G provides a summary of the primary and secondary themes that were drawn from an inductive thematic analysis of 13 interviews with partially dentate patients who had experience of RPD use. These themes suggest that people may undergo various experiences as they progress through life and through different dentate states and states of prosthodontics rehabilitation. The interpretation of these experiences may be associated with various determinants such as the prominence of the damaged or lost teeth in their smile or their age and priorities in life at the time of the experience. Nonetheless, the experience may be associated with the nature of OHRQoL impacts as well as people’s belief about dentistry and about dentists. Experiences may also be associated with a sense of regret about the person’s own role in the decline of their teeth and a change in behaviour to avoid further deterioration may be seen.
The impacts on OHRQoL, both positive and negative seem to be associated with a person’s ability to cope and to employ techniques such as acceptance, adaptation or positive re-interpretation to live with their condition. This may be made easier if they have emotional support during their experiences. Others may draw on less favourable coping strategies such as avoidance. However people cope may also be associated with determinants such as cost or availability of treatment, anxiety, or other priorities in life. External factors too such as such as expectations setting from the media, availability of educational resources and information regarding access to dental care as well as pre-conceived biased about different types of treatment of materials may also be associated beliefs and behaviours.
The degree of importance attached to each of these themes is impossible to quantify, however the questions raised by the identification of these themes are important points for discussion.
[bookmark: _Toc506551488]Discussion
In this final study the aim was to explore people’s experience of tooth loss, use of removable partial dentures and denture materials. Data emerging from interviews with partially dentate participants who have lost teeth and have had experience of using removable dentures of varying types have indicated that there are several key themes. It is important to note that there is a clear risk of performance bias in the current study and as such all conclusions should bear this in mind. The use of a clinician who has provided treatment for patients as an interviewer and main researcher analysing data was necessary for pragmatic reasons of funding and resources. Whilst every effort was made to put patients at ease, conducting interviews in a non-clinical environment in a separate part the building, performance bias cannot be ruled out. The discussion of the themes that follows should therefore be read with this important caveat in mind. Where participants gave negative views of past experiences but positive views about their current dentures the reader should be mindful that the person who provided them with their current dentures was interviewing them. They may therefore have avoided describing their current prostheses in a negative way.
Firstly the theme of Impacts was a recurring one. This theme emerged during discussions about people’s experiences before they lost teeth, after tooth loss and resulting from RPD use. Impacts were also seen as being particular to different framework materials. In addition to the impacts described by seminal research into OHRQoL, namely Locker’s seven domains of OHRQoL and latterly the domains described by John et al., there were several, more nuanced impacts, which may not necessarily fit into the neat domains of orofacial pain, orofacial aesthetics and psychosocial concerns (Locker, 1988, John et al., 2014a). Impacts such as dry mouth, taste and abnormal sensations do not necessarily fit into any of these domains. 
Tools developed and modelled around such broad themes such as the OHIP are frequently used to measure OHRQoL. If OHRQoL is then described only using these broad themes or domains, important features may be being missed. OHIP for example does include items on food trapping and taste, however these individual items are rarely drawn out in the discussion of interventions. Even if they were, a Likert score on one item in a questionnaire cannot provide data as rich as might be achieved using qualitative methods such as were employed in this study. This begs the question whether, in an effort to simplify the measurement of OHRQoL, the data emerging is diluted and moves away from the original purpose of adopting a ‘person-centred’ approach to measuring outcomes? One may conclude that the construct of OHRQoL is more adequately explored using qualitative analysis, rather than via quantitative scales. Alternative qualitative methods that can be practically implemented in clinical trial research or perhaps used alongside quantitative scales would help in the understanding of how numeric changes in these scales translate to how people truly experienced their condition or their treatment.
A second theme emerging from this data was that of people’s Coping strategies to manage their tooth loss and to manage their need for a removable prosthesis. These strategies varied considerably and it was not possible to identify in any more detail why some people used one strategy such as acceptance and others relied on another such as mental disengagement or emotional support. Various examples of adaptation, or acceptance were seen in the analysis of interviews in this study. Research into coping strategies employed during prosthodontics treatment is limited. Studies investigating how people cope with other dental disorders such as periodontal disease found that people who reported behaviours that were associated with active coping strategies tended to be more optimistic than those who adopted more passive coping strategies (Ylostalo et al., 2003). Whether or not the same can be said of RPD wearers cannot be concluded from the research presented here. A person’s ability to tolerate a removable prosthesis has been the subject of continued research (Jepson et al., 1995, Ali et al., 2017). The data seen in this qualitative analysis of RPD wearer’s experiences indicates that both active and passive coping strategies are used. Furthermore, whilst passive coping strategies may be considered ineffective, they do seem to have a role to play in helping some RPD wearers to live with their dental status (Headey and Wearing, 1988). Traditionally prosthodontics research has reviewed people’s “adaptive capacity” (Friedman et al., 1988b, Friedman et al., 1988a, Friedman et al., 1987). Affective regulation for example, considered ineffective by Headley and Wearing, is associated with “seeing the positive side of a situation” (Headey and Wearing, 1988). Adaptation to and acceptance of the edentulous state were generally considered positive traits in complete denture patients, however, if this adaptation does nothing to improve the emotional state of denture wearers can the treatment be considered effective (Friedman et al., 1988b, Friedman et al., 1988a, Friedman et al., 1987)? Both active coping and passive coping measures therefore seem to be effective if we consider the ultimate goal to be the patient uses their prosthesis. However, there is a risk with this approach in that as a profession we may be allowing many people to simply be ‘suffering in silence’. Effectively silencing them with the narrative that success with an RPD is to find a way of living with it. 
The question of what effective coping is in regards to the management of tooth loss would require far greater depth of exploration perhaps with focus groups of different dental statuses, as well as health service providers and managers. One hypothesis may be that effective coping with tooth loss is the strategy that allows a person to function and live with a minimal degree of negative OHRQoL impact. For some people an RPD may serve this purpose very effectively, however, the narrative of ‘adaptation and acceptance’ may be unhelpful if in-reality these forms of coping are ineffective in overcoming people’s functional and social difficulties from tooth-loss. Further in-depth research on the features associated with different coping strategies may help in directing undergraduate and postgraduate dental education on recognition of ineffective coping in their patients. Development of patient communication tools educational leaflets on the psychology of tooth-loss may be useful adjuncts to the consent process for people about to undergo treatment (Nilsen et al., 2006). 
The study sample used in this investigation may be considered to be a limitation of the research as the very fact that these participants were actively seeking treatment in a dental hospital and prepared to enrol in a clinical trial indicates that they were likely to demonstrate active coping strategies, even if they described some emotional or passive strategies such as acceptance to deal with their partially dentate state. The research may well have missed out on a number of partially dentate patients who did not actively seek treatment and coped with their partial edentulousness in different ways.
Determinants were identified as commonly influencing how people experienced different dentate states and the use of RPDs. Anterior tooth loss, age, gender, anxiety, other responsibilities in life, treatment costs and fear of attendance all emerged as determinants of behaviour and determinants of how impacts of experiences were interpreted. Some of these are not new within dental research. For example, gender, education level and socio-economic status have been found to be determinants of dental health behaviours (Ylostalo et al., 2003, Chen and Stone, 1983). In Chapter 5 the loss of anterior teeth, gender, age and number of missing teeth were seen as correlating with OHRQoL outcome. Interestingly the replacement of anterior teeth was associated with improved OHRQoL outcomes whereas this study suggests that losing these teeth has a significant deleterious impact on patients. People with RPDs replacing anterior teeth have been shown to wear their dentures more consistently and it may be argued that they therefore see greater value in the RPD (Jepson et al., 1995). Another explanation may be that people with anterior tooth loss has such a large impact on the deterioration of OHRQoL that it’s management even with a removable solution has a far greater impact on OHRQoL than removable prostheses have for those without missing anterior teeth. Socio-economic status was identified in this study as being a possible determinant of experience and this is in line with other research suggesting that dental health status correlates with socio-economic status (Gilbert et al., 2003). That being said research has often focused on objective and quantitative measures of oral health status and of socio-economic status. The extent of systemic obstacles to health care education and health care access on people’s lived experiences of tooth loss is not adequately researched. More importantly, understanding these lived experiences may help to identify how these barriers can be overcome to limit the impact of healthcare inequalities on people in lower socio-economic brackets. Whilst these problems are likely to be widespread, there is evidence to suggest that barriers can be overcome at an organisational level by adopting a patient centred approach to measuring outcomes and patient involvement in clinical governance (Luxford et al., 2011).
Beliefs about dentists and dentistry emerged from the data as an important theme. Recollections that stood out about previous dental experiences were often either very negative or very positive. In several cases negative experiences with dentists at a young age had a negative association with people’s interaction with dentistry. These findings seem to be in agreement with other studies that have demonstrated that ‘painful’, ‘frightening’ or ‘embarrassing’ experiences have a strong relationship with dental anxiety (Locker et al., 1996). These results have been replicated with various methods including telephone interviews and mailed questionnaires (Armfield, 2013, Armfield, 2010). These experiences can produce dental anxiety if experienced as children but also as adults (Locker et al., 1996). Managing these experiences again relates to people’s ability to cope. In this case a person’s ability to cope with a threatening situation may be considered to fall under either a “monitoring” style or a “blunting” style with the former being an active strategy and the latter an avoidance strategy (Williams, 2010, Miller et al., 1988). The fact that the threats posed by earlier experiences had led many to avoid visiting the dentist suggests that most participants were demonstrating blunting styles of coping, though this was not the focus of the analysis and therefore further research would be necessary to determine how dentally anxious RPD wearers cope with their feeling about visiting the dentist.
Finally there were several data items that suggested the framework material is associated with particular impacts, and preconceptions about the material affect how the person views their RPD. For example, CoCr frameworks were associated with a short lasting taste when they were first inserted, or PEEK frameworks were associated with concerns that they may fracture or a feeling of being bulkier. As stated in Chapter 6, further research is required to ascertain the ideal design requirements for PEEK frameworks, which are a relatively new addition to the range of available materials. It would be important to qualify any research in this area with both clinical studies into effectiveness of these designs and qualitative analysis of people’s experiences of using the prosthesis.
Chapter 8 [bookmark: _Toc506551489]Conclusions and recommendations
The aim of this thesis was to investigate the impact of RPDs on patient-reported outcomes of OHRQoL; how initial presentation may influence this impact and the impact of people’s subjective experiences of RPDs. The studies reported within this thesis have demonstrated that RPDs do indeed make measurable improvements to OHRQoL. These improvements are significant at follow-up periods of ≤ 9-months. Current literature does suggest however that at follow-up >9-months the positive impact of RPDs may rebound. A number of variables may mediate the impact on OHRQoL that rehabilitation with an RPD can have. These variables include whether or not the RPD replaces missing anterior teeth, the number of teeth being replaced, patient age and gender. People with missing teeth describe their experience of tooth loss as invariably negative, modified by several determinant features such as age and aesthetic impact of this loss. As well as these determinants being associated with impact of tooth loss or RPD use, people described the use of coping mechanisms to manage life without teeth and with RPDs. Finally the use of PEEK RPD frameworks improves OHRQoL to a similar extent to the improvements seen with traditional CoCr framework RPDs. That said limitations have been identified in the current understanding of ideal design principles for this relatively novel type of prosthodontics framework material. The implications of RPDs on periodontal health are no different with PEEK frameworks than it is with CoCr frameworks. Traditional CoCr framework RPDs are more cost effective than RPDs made with PEEK frameworks at follow-up of only 4-weeks though this difference is not apparent when considering outcomes up to 1-year.
These conclusions require greater discussion and reflection prior to making recommendations for clinical practice or future research. The following narrative will summarise the findings, strengths and weaknesses of the studies in this thesis and address the research question posed by each study.
[bookmark: _Toc506551490]Research question one
The systematic review reported in Chapter 4 sought to answer the question: “What is the impact of different treatment methods of replacing missing teeth in partially dentate patients on quantifiably measurable OHRQoL outcomes and do RPDs made significant improvements in OHRQoL?”
The literature identified in this systematic review of the literature indicated that the treatment of partially dentate patients with ISFB, FBW and RPD had a statistically significant positive impact on OHRQoL at follow-up periods of <9-months, compared to pre-treatment levels. At follow-up periods of >9-months treatments with fixed options of ISFB and FBW have a statistically significant positive impact on OHRQoL though removable treatment with RPDs did not. Comparing RPDs against ISFB at follow up periods of <9-months suggested ISFB had approximately 40% greater positive impact on OHRQoL than that of RPD. 
There was significant heterogeneity in the studies reporting on the effects of FBW versus RPD. The range of presentations including number of missing teeth, and variety in the extent of functional, aesthetic or psychosocial impact on OHRQoL experienced by patients with different clinical presentations may have been a contributory factor and merits further investigation. There was a lack of high quality (level 1b) evidence, investigating the impact of prosthodontics interventions to replace missing teeth. Studies are often un-controlled and do not account for important confounding variables.
With respect to follow-up ≤9-months it seems that RPDs do make improvements to OHRQoL. The same could not be demonstrated over longer follow-up. There are several reasons why this may be the case. Firstly, there may be changes that take place in the RPD or the patient, which impact on the effectiveness of an RPD to continue to achieve the objectives of treatment. These changes may relate to the fit of the framework, wear of the prosthesis or changes in the patient’s anatomy. Secondly, the quality of the current evidence base has been discussed above. Investigations that recall patients over longer-term follow-up periods may incur greater cost, and commitment from research teams. The quality of reporting of the total score changes from baseline to follow-up was also a weakness of the literature reviewed. Whilst researchers invariably report pre-treatment and follow-up total scores with standard deviations, the reporting of the change score with the standard deviation of change was less common. As a result the meta-analysis used pooled standard deviations, which may over-estimate the variability in change scores. It is perfectly plausible therefore to argue that the inability to confirm longer-term improvements in OHRQoL from RPDs may be due to inadequate reporting of the change scores with SD of change. Thirdly, the question of response shift cannot be discounted. Patients may, having overcome their initial concerns with tooth loss, have shifted expectations or the focus of their perception to issues that cannot be addressed by an RPD or to negative impacts resulting from the use of a removable appliance. 
The systematic review also highlighted that there has been a material increase in the number of studies using validated OHRQoL measures to investigate outcomes of prosthodontic treatments to replace missing teeth. The difficulty in assessing this research arises when attempts are made to group interpret of scores of measures with different scales and in different populations. 
[bookmark: _Toc506551491]Research question two
In Chapter 5, the following research question was investigated: “What are the relative effects of different patient variables and denture variables on OHRQoL in patients provided with removable partial dentures in a controlled denture service in a UK dental hospital?”
Factors influencing OHRQoL outcome in a group of patients provided with RPDs one to seven months before assessment indicated that replacement of anterior teeth is associated with significantly improved OHRQoL outcomes. The clinical significance of this effect was over four times the MCID. Secondly, OHRQoL was worse as more teeth were lost and as such clinicians should be mindful of the cumulative effect of tooth loss on OHRQoL impacts for patients. The loss of six to seven additional teeth demonstrated a meaningful reduction in OHRQoL that would be noticeable to patients. Finally increased age was associated with a reduced impact of oral diseases on OHRQoL and this has a clinically meaningful difference for every seven to eight additional years of age.
Validity of measuring OHRQoL using the OHIP-20 scale in removable prosthodontics outcome research has been further supported as it has demonstrated excellent internal consistency.
[bookmark: _Toc506551492]Research question three
In Chapter 6, a clinical trial comparing PEEK and CoCr frameworks for RPDs is reported. The research question being investigated in this study was: “What is the effect on OHRQoL and patient preference between CoCr and PEEK materials used for RPD frameworks? How do these material compare with respect to: HRQoL, denture satisfaction, masticatory efficiency, periodontal health of remaining teeth, tooth mobility of remaining teeth or cost effectiveness?”
This pilot RCT demonstrated primarily that RPDs made with frameworks of both CoCr and PEEK improve OHRQoL to a degree greater than the MCID at 4-weeks, 6-months and 1-year follow-up compared to pre-treatment baseline. There were also no differences between PEEK and CoCr in respect of denture preference, masticatory efficiency, denture satisfaction and periodontal health or tooth mobility and neither RPD material made a significant impact on HRQoL.
The cost-effectiveness of CoCr RPDs, however, was greater than that of PEEK RPDs at four-week follow-up. At one-year follow-up though this difference was not statistically significant. As the costs of production for high performance polymers (HPP) frameworks change with the introduction of more companies into the marketplace and perhaps alternative production methods such as injection moulding, the cost effectiveness will need to be re-evaluated. 
Differences in the experiences of the two denture materials were also investigated in Chapter 7. Perceptions of framework materials suggested that some people had negative perceptions of metal that were related to function, taste, aesthetics and comfort. Other participants felt that the PEEK material may be weaker, more loose than metal, but they generally found it more comfortable and aesthetic. Beliefs and perceptions about metals and plastics in general impacted on people’s interpretations of the two materials. The bulk of a framework material and the ability to modify it were the two most important properties identified from the interviews in association with an RPD framework material.
[bookmark: _Toc506551493]Research question four
In Chapter 7, a qualitative research design was used to investigate the following research question: “What are the common and significant themes emerging from discussions with people about their experiences of tooth loss, denture use and preference for different types of denture framework.”
Inductive thematic analysis of semi-structured interviews with thirteen RPD wearers indicates that the themes: ‘beliefs’, ‘OHRQoL impacts’ and ‘coping’ were key to understanding peoples experiences of tooth loss and RPD use. Impacts were described in greater detail as including those prior to tooth loss, after tooth loss and those associated with RPD use. RPD use was associated with a number of positive and negative impacts including:
1. Positive impacts: increased confidence, improved orofacial aesthetics, improved speech and positive psychosocial impacts. 
2. Negative impacts: orofacial pain, dryness, abnormal oral sensations, concern about deteriorating oral health, functional problems, food trapping and negative psychosocial impacts.
Beliefs about dentistry, about dentists and the patient’s own responsibilities shaped their interpretation of their tooth loss and use of RPDs. RPDs were seen as a necessary accessory for those that required them. Some participants felt there was variability in the quality of dental care and a lack of information about how to access dental care and un-realistic portrayals of dentistry in the media.
There were some participants who accepted their dentists’ professional judgement, though some participants were believed that some dentists prefer to extract teeth rather than restore them. Most participants expressed regret about their role in tooth loss and accepted of the importance of dental awareness and good oral hygiene.
The ability to cope with tooth loss and RPD use was associated with certain styles of coping strategy at different stages. These were: active coping, emotional support, acceptance and positive re-interpretation. 
Both a person’s capacity to cope with and how they interpreted impacts of tooth loss/RPD use were influenced by several variables, some of which were highlighted in Chapter 5. Anterior tooth loss again emerged as an important theme and the degree of impact on OHRQoL seemed significant from the data. Clearly the ability to overcome the impact of anterior tooth loss with a denture as seen in Chapter 5 is important but it perhaps more important to recognise that the loss of anterior teeth can lead to significant emotional impacts for patients. 
Similar to findings in Chapter 5, age and gender were important features associated with how tooth loss and RPD use were interpreted. However, in addition a person’s other responsibilities in life, financial constraints or socio-economic status, dental awareness, experiences of pain prior to tooth loss, dental anxiety and availability of emotional and other support were key features. 
[bookmark: _Toc506551494]Limitations
The systematic review and meta-analysis was limited by several decisions that were taken for practical reasons. Firstly the review was limited to studies that were in the English language, this may have introduced an element of publication bias. At the time of completion of this thesis it may also be argued that the literature review is not current, including only literature published up to April 2016. This review, as any other, will require periodically updating. The Cochrane collaboration initially suggested that systematic reviews are updated every two years, though they have subsequently revised this advice to suggest that reviews should be updated “based on need and priority” (Garner et al., 2016).
The use of a mathematical standardisation of change scores’ for OHRQoL data allowed disparate scales with different scoring methods to be summarised with a common score. Whilst this allowed the analysis of a range of scales, the ability to relate changes in the standardised scores, which were effectively a percentage of the total range, to clinically meaningful changes was not possible. The use of a measure that has been previously related to ‘clinical meaningfulness’, namely the MCID, would allow any synthesised evidence from different scales to be compared in a more meaningful way. Arguably any update of this review should include a modification to the inclusion criteria to include only studies where the authors have either reported OHRQoL in terms of the MCID, or have used a scale for which the MCID is freely available and can be used to relate OHRQoL to MCID. 
A major limitation of the second study was in the cross sectional nature it was not possible to make comparisons of patient’s current status of OHRQoL with their pre-treatment state. Furthermore, the RPDs provided to patients who took part in this evaluation were made by a range of clinicians with a range of skills. Whilst this presents concerns to the internal validity of the findings with operator skill being a potential confounder, it strengthens the external validity. A range of skill mix was represented by undergraduate dental students at one end and specialists in prosthodontics at the other end of the scale. The use of a postal questionnaire may have introduced an element of selection bias as some patients who may have struggled to complete and return the questionnaires would have been missed by the mailshot. Despite this the response rate to study two was very good at 70%.
When reflecting on other potential variables that may account for the 61% of OHIP-20 variability that were not explained by the model given in Chapter 5, several variables that have been shown to impact on OHRQoL were not included. Of these a measure of social deprivation would have been helpful. This would have been possible to include using a simple index of social deprivation from the participant’s postcode and may have identified this as a very important variable. Other variables may include measures of anxiety, depression, periodontal health and type of occupation to name but a few. The difficulty for any such study lies in collection of the data and recruiting adequate participant numbers for the regression analysis. 
The pilot randomised crossover controlled trial was limited by the nature of any pilot study in that it was primarily exploratory in nature. Several outcomes were assessed both to address the potential implications to OHRQoL with novel PEEK frameworks, but also to investigate how this novel material may impact on other clinical and cost-effectiveness parameters. The trial was un-powered to address whether PEEK framework RPDs could make improvements in OHRQoL that were of a magnitude of the MCID. All other conclusions with respect to this trial should be made with caution. 
It was not possible to blind participants or treating clinicians to the denture being provided. This is a limitation that it would be possible to overcome in respect to periodontal outcomes, provided another, blinded, clinician took periodontal health measures without knowing which denture had been worn. Whilst the crossover design overcame a number of potential confounders such as number of and position of missing teeth, periodontal health of remaining teeth, denture wearing experience etc. it did present a limitation in longer term follow up. Participants chose their preferred denture after wearing each denture for 4-weeks, therefore at all follow-up points thereafter were being reviewed with respect to their preferred denture. 
The principles of PEEK framework design were another limitation to this study in that at the time of undertaking the trial the exact design parameters were unclear with regards to the use of PEEK. Principles of RPD design used in designing traditional tooth supported RPDs were employed in the first group of participants that went through the trial. This was done in an effort to ensure the design of each denture was the same as might be considered appropriate in a crossover-designed trial. As it became clear that the flexibility of PEEK was such that design principles for CoCr were inappropriate, a substantial amendment to the study’s protocol was made and re-evaluated by the NHS ethics committee. This substantial amendment submitted that the design of PEEK could be modified to differ from that of CoCr, using shorter clasps engaging more undercut. The lack of a single, standardised set of design rules was clearly a limitation of the trial and in theory would have placed the PEEK framework as a disadvantage. Since the study was completed further details have been released detailing the exact dimensions for individual components for PEEK in fixed and removable prosthodontics applications, however there remains a lack of detail with respect to ideal designs for different clinical presentations (JUVORA(Ltd), 2017). 
Finally the second part of the trial, namely the involvement of trial participants in semi-structured interviews analysed with inductive thematic analysis, had several limitations. Firstly the participants included in the study were recruited from a dental teaching hospital and were participants who had agreed to take part in a randomised clinical trial. Clearly these people do not necessarily represent the full range of people who have lost teeth or who wear removable dentures. The use of the primary clinician providing dentures for the participants as the only interviewer introduces a high risk of performance bias. People wearing dentures provided by primary dental care providers, people with very old removable dentures who may not have access to dental services and others who have lost teeth but have no prosthesis were not represented in the sample population. The study was exploratory in nature and no subsequent quantitative studies were undertaken to validate the findings or identify correlations between themes identified and OHRQoL. At best the study was able to identify themes, however it was not possible to model the relationship between these themes or imply causality between phenomena such as coping ability and OHRQoL. 
[bookmark: _Toc506551495]Recommendations for clinical practice
As a result of the current thesis the following clinical recommendations can be made:
· In general clinicians can advise patients who have missing teeth that rehabilitation with RPDs can make improvements to their OHRQoL in the short term.
· When counselling patients with regards to their options for the replacement of missing teeth they may be advised that rehabilitation with fixed implant-supported prostheses may make greater improvements to their OHRQoL.
· When identifying patients for rehabilitation with an RPD, those with missing anterior teeth and older patients are likely to perceive the greatest benefit from treatment. 
· RPDs made with both PEEK and CoCr RPDs make clinically significant improvements to OHRQoL over 1-year follow-up. 
[bookmark: _Toc506551496]Recommendations for future research
As a result of the findings of the systematic review and meta-analysis it is clear that the reporting of OHRQoL outcomes in research investigating prosthodontics interventions has several limitations. Clinical evaluations using OHRQoL outcomes to investigate prosthodontic treatment to replace missing teeth should report outcomes in terms of change in total score and relate change to the MCID of the scale being used. The reporting of both the change in total score as well as the standard deviation of change is critical to enabling the synthesis of evidence. By extension therefore, when reporting the number of MCID changes researchers should also report the standard deviation of MCID changes.
With respect to (a) the findings of the systematic review and (b) the findings of the clinical trial, that CoCr RPDs may not sustain OHRQoL improvements in the long term the mode of failure for traditional RPDs should be considered. For example, what is the rationale for the apparent loss of their effectiveness in improving OHRQoL at more medium and long-term follow-up periods? One potential mode of failure is distortion in the original framework. Metals are subject to distortion if their elastic modulus is exceeded. This begs the question whether the prosthodontic dogma of rigidity in framework materials can be applied to the retentive clasp assemblies of RPD clasps in the same way as it is applied to the major connectors of an RPD. Do clasp assemblies suffer distortion when subjected to the ‘manhandling’ by patients or the rigours of functioning in the mouth? By extension: are clasp assemblies an exception to the rule? Further in-vitro research comparing various clasp assembly designs subjected to insertion and removal or functional simulations would help to elucidate this point. It would sensible for such studies to compare both traditional framework material which have been cast against emerging novel selective laser melted (SLM) frameworks and HPP frameworks of different designs. 
To qualify the impact of patient and denture variables on OHRQoL outcomes with RPDs, a prospective longitudinal clinical study should be considered. The benefits of such a study would include the ability to recruit patients prospectively and identify the variables of interest with greater certainty. This design would also allow researchers to identify change in OHRQoL from baseline to follow-up.
Chapter 6 demonstrated that the design required for HPP frameworks has not been considered as a specific determining factor for their successful clinical performance. This aspect, design concepts and associated design rules, clearly requires further research with the aim of establishing clear design and construction rules for the various clinical presentations (e.g.: Free-end saddles, bounded saddles and when managing teeth of unfavourable inclination). 
There was a suggestion from the trend seen in Figure 6–6 that PEEK RPDs may sustain improvements in OHRQoL over a longer period. Several further research questions arise as a result. Firstly there may be potential to investigate the effect of PEEK or other HPP framework RPDs on OHRQoL over longer-term follow-up, perhaps two or three year. A powered RCT investigating difference in OHRQoL over such a period may require 217 participants in each arm based on the findings of the pilot study in Chapter 6. This assumes that the primary outcome was the change in OHRQoL from baseline to one-year. The feasibility of such a study is questionable, though as further HPP frameworks become more mainstream, the funding and will to undertake such a study may materialise with appropriate collaborations between dental teaching hospitals and industry. Again, it would sensible for such studies to compare SLM frameworks against HPP frameworks as comparing traditional workflows to the use of digital design and manufacturing workflows may introduce a significant systemic bias to any clinical trial. This study should take place once the preliminary questions of optimal design for HPP frameworks have been carefully considered.
This thesis has investigated the use of HPP frameworks in RPDs; however there is a lack of good clinical data investigating these materials in other prosthodontics applications such as fixed implant supported frameworks and fixed tooth supported frameworks. The application of a material with ‘stress-breaking’ qualities akin to the periodontal ligament may be most applicable in dental implant prostheses as osseo-integration of implants effectively ankylosed the implant fixture to the bone, with no room for functional or physiological cushioning seen with teeth. Randomised controlled clinical trials investigating the difference in such mechanical failures between traditional metal-ceramic, metal-acrylic or all-ceramic implant supported prostheses against a HPP framework veneered with either composite or ceramic. 
The semi-structured interviews with partially dentate people RPD wearers revealed a number of interesting findings. There was a greater detail to the information regarding impacts of tooth loss and RPD use than could be gleaned using a quantitative PCOM. The influence of determinant factors such as age and the site of tooth loss also were of interest. Other tools such as focus groups and video diaries may be of great value in measuring the outcomes of participants involved in clinical studies in future. Findings may help to inform the profession and policy makers of the impacts of tooth loss and serve to highlight how different types of prosthodontic rehabilitation may overcome these impacts as well as the impacts they might introduce. 
All of the participants involved in this study had lost teeth some time before presenting to participate in the study. A commonly accepted time of transition for many people rendered partially dentate is in the weeks and months after their tooth loss. The use of video diaries and interviews in people who present with neglected dentitions, and who are transitioning to being partially dentate, perhaps with the use of provisional prostheses may highlight the difficulties these people face in managing this transition in their daily lives. The richness of data gathered in Chapter 7 highlights the role for mixed method research in investigating this and a number of other prosthodontics research questions faced by the profession. Simply using validated OHRQoL instruments may be miss opportunities to identify key issues faced by patients.
[bookmark: _Toc506551497]Presentations and Publications
The study in Chapter 4 was presented to the British Society for Prosthetic Dentistry conference, London, April 2017. The research has been submitted for peer review at the Journal of Prosthetic Dentistry. Initial review was positive and a revised manuscript is being reviewed with a decision pending.
The study in Chapter 5 was presented to the joint meeting of Restorative Dentistry-UK (RD-UK), Specialty Registrars in Restorative Dentistry Group (SRRDG) and the European College of Gerodontology (ECG) meeting, Belfast, October 2015, winning the SRRDG Poster Prize. The research has been subjected to peer review and was published in the European Journal of Prosthodontics and Restorative Dentistry: Ali, Z., Baker, S., Barabari, P. & Martin, N. (2017) Efficacy of removable partial denture treatment: A retrospective oral health-related quality of life evaluation. Eur J Prosthodont Restor Dent 25: 101-107.
The study in Chapter 6 was presented to the International Association of Dental Research annual meeting in San Francisco, USA, March 2017. The presentation was shortlisted as a finalist for the Frechette Award.
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[bookmark: _Ref374026331][bookmark: _Toc378840060]APPENDIX G 	Summary of primary themes, secondary themes and codes
	Primary Theme
	Secondary Theme
	Codes

	Impacts
	Impacts prior to tooth loss


	Pain and psychosocial discomfort

	
	
	Pain

	
	
	Psychosocial impacts

	
	Impacts of being partially dentate

	Psychosocial impacts and aesthetic impacts

	
	
	Psychosocial only

	
	
	Functional

	
	Impacts of RPD use

	Positive impacts of RPDs:
1. Confidence
2. Appearance
3. Speech
4. Psychosocial 

	
	
	Negative Impacts of RPDs:
1. Orofacial Pain 
2. Dry mouth
3. Abnormal sensations (dryness, numbness)
4. Deteriorating oral health
5. Functional
6. Food trapping
7. Psychosocial

	Beliefs
	Beliefs about Dentistry
	Beliefs about RPDs

	
	
	Quality of care

	
	
	Availability of information

	
	
	Impact of media on perceptions

	
	Beliefs about Dentists
	Acceptance of professional judgement

	
	
	Negative views of dentists
1. Lacking understanding and empathy
2. Preferring to extract teeth
3. Traumatic experiences

	
	Belief about self
	Regret and personal blame about tooth loss

	
	
	Improved self-care and acceptance of importance of good oral hygiene

	Coping
	Coping styles
	Active coping 

	
	
	Emotional support

	
	
	Acceptance

	
	
	Mental disengagement and denial

	
	
	Positive reinterpretation

	
	Determinants of Coping +/ Belief
	Anterior tooth loss

	
	
	Age and other responsibilities

	
	
	Gender

	
	
	Financial / Socioeconomic

	
	
	Dental awareness

	
	
	Anxiety

	
	
	Pain

	
	
	Role of advocates e.g. parents

	Perception of material
	Impacts of framework based on material
	Impacts of metal 
1. Psychosocial
2. Functional
3. Taste
4. Aesthetic
5. Comfort

	
	
	Impacts of PEEK
1. Psychosocial
2. Functional
3. Comfort
4. Aesthetic

	
	Perception and belief of material
	Perception of metals

	
	
	Perception of plastics

	
	Important material features
	Importance of framework bulk

	
	
	Importance of being modifiable




Preference for CoCr Dentures	4-weeks follow-up	6-months follow-up	1-year follow-up	12.0	9.0	8.0	Preference for PEEK Dentures	4-weeks follow-up	6-months follow-up	1-year follow-up	13.0	12.0	11.0	


Group 1 PEEK = CoCr	4-weeks follow-up	6-months follow-up	1-year follow-up	0.36	0.33	0.43	Group 2 PEEK ≠ CoCr_x000d_	4-weeks follow-up	6-months follow-up	1-year follow-up	0.64	0.75	0.67	
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Progress through trial 
Appointment 1 
Written Consent 



Clinical examination + baseline indices 
Primary Denture Impressions 



Appointment 2 
Occlusal Registration 



Surveying of study casts 



Appointment 3 
Confirmation of Denture Design 



Oral Preparation 
Working Impressions 



 



Appointment 5 
Tooth position trial 



 



Appointment 4 
Occlusal registration (if required) 



CCDH laboratory 
Preparation of duplicated stone 



model 
Manufacture of CoCr framework 



 



Reger Zahntechnik 
Scanning master model  



Digital design & milling of 
PEEK framework 



 



Appointment 6 
Try in framework 



 



Appointment 7 
Try in framework & teeth 



 



CCDH laboratory 
Addition of teeth to CoCr 
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Addition of teeth to PEEK 
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Progress through trial 
Denture fit  



Random allocation of dentures 
Participant given both dentures to wear 



according to two-week schedule 



2 week review 
Adjustment of dentures for patient comfort 



4 weeks later 
Review denture A & collect data 



4 weeks later 
Review denture B & collect data 



6 months review 



1 year review 



End of Trial 
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Assessed for eligibility (n=30) 



CoCr and PEEK framework RPDs fitted 
RPDs trialed for 2 weeks (n=26) 



Excluded – did not meet 
inclusion criteria  (n=4) 



Loss to follow up – did not return 
after dentures fitted (n=1) 



Randomised (n=25) 



Allocated to wear CoCr RPD first 
(n=11) 



Allocated to wear PEEK RPD 
first (n=14) 



Review at 4 weeks  
Crossed over to PEEK RPD 
(n=11) 



Review at 4 weeks  
Crossed over to CoCr RPD 
(n=14) 



Review at 4 weeks  
Selected preferred RPD (n=25) 
Prefer CoCr – n=13            
Prefer PEEK – n=12 



Review at 6 months (n=21) 
Wearing CoCr – n= 9     
Wearing PEEK – n=12 



Review at 12 months (n=19)  
Wearing CoCr – n= 8     
Wearing PEEK – n=11 
 



Loss to follow up 
- Preferred review with GDP (n=3)   
- Ill-health (n=1)  



Loss to follow up 
- Unable to contact (n=1)                 
- Moved away (n=1)  
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Warning: False teeth can wreck your
gums. But there IS an answer - if you
can conquer your fear of the dentist

- James Coney's front tooth had been knocked out twice while playing hockey
- He'd asked about replacing the denture, but procedure 'sounded terrifying’
+ Last December he saw Dr Eddie Scher, a ‘walking, talking anaesthetic'

- The supportive dentist fitted him with a colour-matched dental implant

By JAMES CONEY FOR THE DAILY MAIL W'
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Thank you for taking time to complete this questionnaire. Please read the 
questions carefully   
 



Section A: General Questions 



	



1. What types of dentures were provided for you? (PLEASE CIRCLE) 
	



Top denture:    Metal frame      Plastic frame     No denture  



Bottom denture:   Metal frame      Plastic frame    No denture 



 



2. Do you still wear the dentures which were provided? (PLEASE CIRCLE) 



  



Top denture:   Yes     



No, I don’t wear any dentures     



No, I am wearing a different set 



Bottom denture:  Yes     



No, I don’t wear any dentures     



No, I am wearing a different set 



 



3. Please circle any number of words that you feel apply to wearing dentures to 
replace missing teeth.  



	



Comfortable  Bulky   Loose  Sore   Ugly 



Embarrassing  Perfect  Stable  Liberating 



Unstable     Sleek   Painful   



Secure Aesthetic  Depressing    Easy  



Great  Difficult  No Problems  Useless 










	

Thank you for taking time to complete this questionnaire. Please read the 

questions carefully   

 

Section A: General Questions 

	

1.

 

What types of dentures were provided for you? 

(PLEASE CIRCLE

) 

	

Top denture:

      Metal frame       Plastic frame      No denture  

Bottom denture:

    Metal frame       Plastic frame     No denture 

 

2.

 

Do you still wear the dentures which were provided? 

(PLEASE CIRCLE

) 

  

Top denture:

    Yes     

No, I don’t wear any dentures     

No, I am wearing a different set 

Bottom denture:

  Yes     

No, I don’t wear any dentures     

No, I am wearing a different set 

 

3.

 

Please circle any number of words that you feel apply to wearing dentures to 

replace missing teeth.  

	

Comfortable    Bulky     Loose   Sore    Ugly 

Embarrassing    Perfect    Stable   Liberating 

Unstable        Sleek     Painful     

Secure  Aesthetic    Depressing     Easy  

Great   Difficult    No Problems    Useless 
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4. Dental implants (screw-in teeth) are an alternative for replacing teeth with 
fixed artificial teeth, but are also the most expensive in terms of both provision 
and long-term maintenance.  Partial dentures are removable and the cost of 
providing and maintaining partial dentures is significantly lower (about 70% 
less).  Given your experience of wearing partial dentures, do you feel that they 
represent good value for money? (please comment) 



 



 



 



 



 



 



 



 



 



 



 



	










4.

 

Dental implants (screw-in teeth) are an alternative for replacing teeth with 

fixed artificial teeth, but are also the most expensive in terms of both provision 

and long-term maintenance.  Partial dentures are removable and the cost of 

providing and maintaining partial dentures is significantly lower (about 70% 

less).  Given your experience of wearing partial dentures, do you feel that they 

represent good value for money? (please comment) 
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Section B: Oral Health Impact Profile 



 



Please answer the following questions regarding the following problems that you may 



have had with your teeth during the last three months.  



DURING THE LAST THREE MONTHS, HOW OFTEN… 



1. Have you had difficulty chewing because of problems with your teeth or 
dentures? 



ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
2. Have you had food catching in your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
3. Have you felt that your dentures not fitting properly? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
4. Have you had painful aching in your mouth? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
5. Have you found it uncomfortable to eat some foods because of problems with 



your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
6. Have you had sore spots in your mouth? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
7. Have your dentures been uncomfortable 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
8. Have you been worried by dental problems? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
9. Have you been self-conscious because of problems with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
10. Have you avoided eating some foods because of problems with your teeth or 



dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 










 

Section B: Oral Health Impact Profile 

 

Please answer the following questions regarding the following problems that you may 

have had with your teeth during the last three months.  

DURING THE LAST THREE MONTHS, HOW OFTEN… 

1.

 

Have you had difficulty chewing because of problems with your teeth or 

dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

2.

 

Have you had food catching in your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

3.

 

Have you felt that your dentures not fitting properly? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

4.

 

Have you had painful aching in your mouth? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

5.

 

Have you found it uncomfortable to eat some foods because of problems with 

your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

6.

 

Have you had sore spots in your mouth? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

7.

 

Have your dentures been uncomfortable 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

8.

 

Have you been worried by dental problems? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

9.

 

Have you been self-conscious because of problems with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

10.

 

Have you avoided eating some foods because of problems with your teeth or 

dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 
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11. Has your diet been unsatisfactory because of problems with your teeth, mouth or 
dentures? 



ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
12. Have you been unable to eat with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
13. Have you had to interrupt meals because of problems with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
14. Have you been upset because of problems with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
15. Have you been embarrassed because of problems with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
16. Have you avoided going out because of problems with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
17. Have you been less tolerant of your spouse or family because of problems with 



your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
18. Have you been irritable because of problems with your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
19. Have you been unable to enjoy other people’s company because of problems with 



your teeth or dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
 
20. Have you found life less satisfying because of problems with your teeth or 



dentures? 
ο Very often     ο Fairly often      ο Occasionally       ο Hardly ever       ο Never 
	










	

11.

 

Has your diet been unsatisfactory because of problems with your teeth, mouth or 

dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

12.

 

Have you been unable to eat with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

13.

 

Have you had to interrupt meals because of problems with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

14.

 

Have you been upset because of problems with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

15.

 

Have you been embarrassed because of problems with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

16.

 

Have you avoided going out because of problems with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

17.

 

Have you been less tolerant of your spouse or family because of problems with 

your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

18.

 

Have you been irritable because of problems with your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

19.

 

Have you been unable to enjoy other people’s company because of problems with 

your teeth or dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 

 

20.

 

Have you found life less satisfying because of problems with your teeth or 

dentures? 

o

 Very often     

o

 Fairly often      

o

 Occasionally       

o

 Hardly ever       

o

 Never 
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Information for Participants 
 



Oral health related quality of life with partial 
dentures; a pilot study 



 
As you are on a waiting list to have some new part dentures made to 
replace some of your missing teeth we would like to invite you to 
take part in a research study to see which types of materials 
patients prefer their dentures to be made of. 
 
Please read the following information carefully and discuss it with 
others if you wish. Ask us if there is anything that is not clear or if 
you would like further information. Take time to decide whether or 
not you wish to take part. A member of the team will go through 
the study with you and answer any questions you have at your 
appointment. 
 
Why are we doing this study? 
There are different types of part dentures and the best ones tend 
to be made with a metal framework and plastic teeth and gums.  A 
new type of part denture has recently been developed that uses a 
very special type of plastic for the framework with similar 
properties to the metal. At the moment there is no good research 
telling us which material improves people’s quality of life more, so 
this is a question we’d like to try to answer. 
 
Why have I been invited? 
You have been invited because you are on a student waiting list for 
new part dentures. If you choose to take part in the study a 
qualified dentist, Mr Ali, will make your dentures instead of an 
undergraduate student.  
 



 










 

 

Information for Participants 

 

Oral health related quality of life with partial 

dentures; a pilot study 

 

As you are on a waiting list to have some new part dentures made to 

replace some of your missing teeth we would like to 

invite

 you to 

take part in a research study to see which types of materials 

patients prefer their dentures to be made of.

 

 

Please read the following information carefully and discuss it with 

others if you wish. Ask us if there is anything that is not clear or if 

you would like further information. Take time to decide whether or 

not you wish to take part. 

A member of the team will go through 

the study with you and answer any questions you have at your 

appointment.

 

 

Why are we doing this study? 

There are different types of part dentures and the best ones tend 

to be made with a metal framework and plastic teeth and gums.  A 

new type of part denture has recently been developed that uses a 

very special type of plastic  for the framework with similar 

properties to the metal. At the moment there is no good research 

telling us which material improves people’s quality of life more, so 

this is a question we’d like to try to answer. 

 

Why have I been invited? 

You have been invited because you are on a student waiting list for 

new part dentures. If you choose to take part in the study a 

qualified dentist, Mr Ali, will make your dentures instead of an 

undergraduate student.  
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What will happen to me if I take part? 
If you decide to take part one of the specialist training registrars, 
an experienced dentist, will make you two sets of dentures in the 
normal way. The appointments to check the fit of the dentures may 
take a bit longer because we will have to check that two dentures fit 
well instead of just one. You will be able to try them both out for 
two weeks where you will be asked to alternate the dentures 
according to a routine we will ask you to follow. These two weeks will 
allow you to get a feel for both sets. We will give you one of the 
dentures, chosen at random, to wear for four weeks and we will swap 
them after four weeks so you can wear the other one for 4 weeks. 
This type of study is called a crossover trial. 
 
What do I have to do? 
We will ask you to answer some questions about how the dentures 
made you feel and check the health of your teeth and gums. At the 
end we will ask you to choose which denture you prefer. You can keep 
the second one as a spare set.  
 
All together you will have to come for one extra review appointment 
more than normal. We won’t need to repeat any of the impressions or 
other records we take in your mouth because we can just make 
duplicates of the ones we would normally take for you. 
 
What happens when the research in the study stops? 
Once you’ve tried both dentures you will be able to keep them both, 
so you will essentially have a spare set. However we will only be 
able to maintain and repair the standard dentures. One of the 
dentures is being made using newer technology, which we won’t have 
the facilities to do repairs for.  
 
After you’ve chosen your preferred denture you will have the option 
of coming to see us for up to 12 months for further inspections. 
 
We will ask you if you’d like give us written feedback on the 
research. We plan to do some more research on this issue in future 
so your feedback will be very valuable. The results will be used to 
plan a larger follow up study. The results will be written up to tell 
other dentists about the findings. 










What will happen to me if I take part? 

If you decide to take part one of the specialist training registrars, 

an experienced dentist, will make you two sets of dentures in the 

normal way.

 The appointments to check the fit of the dentures may 

take a bit longer because we will have to check that two dentures fit 

well instead of just one. You will be able to try them both out for 

two weeks where you will be asked to alternate the dentures 

according to a routine we will ask you to follow. These two weeks will 

allow you to get a feel for both sets. We will give you one of the 

dentures, chosen at random, to wear for four weeks and we will swap 

them after four weeks so you can wear the other one for 4 weeks. 

This type of study is called a crossover trial. 

 

What do I have to do? 

We will ask you to answer some questions about how the dentures 

made you feel and check the health of your teeth and gums. At the 

end we will ask you to choose which denture you prefer. You can keep 

the second one as a spare set.  

 

All together you will have to come for one extra review appointment 

more than normal. We won’t need to repeat any of the impressions or 

other records we take in your mouth because we can just make 

duplicates of the ones we would normally take for you. 

 

What happens when the research in the study stops? 

Once you’ve tried both dentures you will be able to keep them both, 

so you will essentially have a spare set. 

However we will only be 

able to maintain and repair the standard dentures.

 One of the 

dentures is being made using newer technology, which we won’t have 

the facilities to do repairs for.  

 

After you’ve chosen your preferred denture you will have the option 

of coming to see us for up to 12 months for further inspections. 

 

We will ask you if you’d like give us written feedback on the 

research. We plan to do some more research on this issue in future 

so your feedback will be very valuable. The results will be used to 

plan a larger follow up study. The results will be written up to tell 

other dentists about the findings. 
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Do I have to take part? 
You do not have to take part if you don’t want to. It is completely up 
to you to decide to join the study or not. We will describe the study 
again and go through this information sheet with you when you come 
for your appointment. If you agree to take part, you will be asked to 
sign a consent form.  
 
If you decide not to take part we will return your spot on the waiting 
list until a student can start your case. You are free to withdraw 
from the research at any time without giving a reason. This will not 
affect the standard of care you receive. 
 
 



What will happen if I don’t want to carry on with the 
study? 
If you decide to withdraw from the study part way through then we 
will arrange for your continued care as was originally planned. If you 
haven’t had the dentures fitted yet the laboratory work you have 
had done so far will be kept in the laboratory until you are allocated 
to another clinician. Once you are taken on for treatment your 
dentures will be continued.  
 
If you stop after your dentures have been made, the questionnaires 
which you have completed may still be of use to the research. We 
would always recommend that the dentures you have made are 
reviewed at least once to check that they are fitting well and not 
damaging the teeth or gums. 
 
If the study is stopped for any other reason, we will tell you and arrange 
your continuing care.  
 
Will my taking part in the study be kept confidential? 
All information that you provide us for this study will be kept 
strictly confidential. None of your personal information will leave 
the hospital where you will be treated. 
 
To protect your privacy you will be given a code number which only 
the principal researcher will be able to break and all data will be 
kept in a safe locked office and will only be reviewed by the 
researchers. 










Do I have to take part? 

You do not have to take part if you don’t want to. It is completely up 

to you to decide to join the study or not. We will describe the study 

again and go through this information sheet with you when you come 

for your appointment. If you agree to take part, you will be asked to 

sign a consent form.  

 

If you decide not to take part we will return your spot on the waiting 

list until a student can start your case. You are free to withdraw 

from the research at any time without giving a reason. This will not 

affect the standard of care you receive. 

 

 

What will happen if I don’t want to carry on with the 

study? 

If you decide to withdraw from the study part way through then we 

will arrange for your continued care as was originally planned. If you 

haven’t had the dentures fitted yet the laboratory work you have 

had done so far will be kept in the laboratory until you are allocated 

to another clinician. Once you are taken on for treatment your 

dentures will be continued.  

 

If you stop after your dentures have been made, the questionnaires 

which you have completed may still be of use to the research. We 

would always recommend that the dentures you have made are 

reviewed at least once to check that they are fitting well and not 

damaging the teeth or gums. 

 

If the study is stopped for any other reason, we will tell you and arrange 

your continuing care.  

 

Will my taking part in the study be kept confidential? 

All information that you provide us for this study will be kept 

strictly confidential

. None of your personal information will leave 

the hospital where you will be treated. 

 

To protect your privacy you will be given a code number which only 

the principal researcher will be able to break and all data will be 

kept in a safe locked office and will only be reviewed by the 

researchers. 
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Complaints 
If you have a concern about any aspect of this study, you should ask 
to speak to the researchers who will do their best to answer your 
questions.  
 
The main researcher may be reached on 0114 271 7921 or email at 
zaid.ali@sth.nhs.uk or zaid.ali@sheffield.ac.uk  
 
If you remain unhappy and wish to complain formally, the normal 
National Health Service complaints mechanisms are available to 
you and are not compromised in any way because you have taken 
part in a research study. To do this you may contact Mrs Tracey 
Plant, Tel: 0114 271 7832. 
 
In the event that something does go wrong and you are harmed during the 
research and this is due to someone‘s negligence then you may have 
grounds for a legal action for compensation against Sheffield Teaching 
Hospitals NHS Foundation Trust but you may have to pay your legal costs.  
 
 



Who is organising the research? 
The principal researcher (Mr Zaid Ali) is a Registrar at the Charles 
Clifford Dental Hospital and is undertaking this research as part of 
a PhD. 
 
The co-investigators are; Professor Nicolas Martin, (Professor in 
Restorative Dentistry) and Dr Sarah Baker (Reader in Psychology) at 
the School of Dentistry, University of Sheffield.  
 
Who has reviewed the study? 
All research in the NHS is looked at by independent group of people, 
called a Research Ethics Committee, to protect your interests. This study 
has been reviewed and given favourable opinion by the Research Ethics 
Committee.  
 
Thank you for reading this. We hope you wish to participate. 
 
Date: 19/12/13  Version number: 5.0 










Complaints 

If you have a concern about any aspect of this study, you should ask 

to speak to the researchers who will do their best to answer your 

questions.  

 

The main researcher may be reached on 0114 271 7921 or email at 

zaid.ali@sth.nhs.uk or zaid.ali@sheffield.ac.uk  

 

If you remain unhappy and wish to complain formally, 

the normal 

National Health Service complaints mechanisms are available to 

you and are not compromised in any way because you have taken 

part in a research study

. To do this you may contact M

rs Tracey 

Plant, Tel: 0114 271 7832.

 

 

In the event that something does go wrong and you are harmed during the 

research and this is due to someone‘s negligence then you may have 

grounds for a legal action for compensation against Sheffield Teaching 

Hospitals NHS Foundation Trust but you may have to pay your legal costs.  

 

 

Who is organising the research? 

The principal researcher (Mr Zaid Ali) is a Registrar at the Charles 

Clifford Dental Hospital and is undertaking this research as part of 

a PhD. 

 

The co-investigators are; Professor Nicolas Martin, (Professor in 

Restorative Dentistry) and Dr Sarah Baker (Reader in Psychology) at 

the School of Dentistry, University of Sheffield.  

 

Who has reviewed the study? 

All research in the NHS is looked at by independent group of people, 

called a Research Ethics Committee, to protect your interests. This study 

has been reviewed and given favourable opinion by the Research Ethics 

Committee.  

 

Thank you for reading this. We hope you wish to participate. 

 

Date: 19/12/13   Version number: 5.0 
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Charles Clifford Dental Hospital  
 
Study Title	 Oral	 health	 related	 quality	 of	 life	 with	 partial	



dentures;	a	pilot	study?	
	
Principle	Investigator	 Mr	Zaid	Ali,		
Project	Supervisors	 	 Professor	Nicolas	Martin,		



Dr	Sarah	Baker	
 



Participant agreement to investigation  
 



 
Participant details or Patients Label 



 
Participant’s surname/family name: ..…………………………. 



 
Participant’s first name(s): .………………………………………. 



 
Date of birth: …………………………………………………. 
 
�  Male   �  Female 



 
Responsible health professional: .…………………………… 



 
 
Please read this form carefully along with the participant information sheet which describes 
the procedure to be carried out in this study. If you have any further questions, do ask – we 
are here to help you. You have the right to change your mind at any time, including after you 
have signed this form. 
 
Statement of health professional:  
I have explained the procedure to the participant. In addition, I have explained that this study 
is important in order to better understand patient’s preferences and oral health related quality 
of life with different types of removable partial denture. The patient is aware that they will be 
required to attend for additional review visits and complete questionnaires about how each 
denture made them feel while they were using it.  
 










	

	

	

Charles Clifford Dental Hospital  

 

Study Title

	

Oral	health	related	quality	of	life	with	partial	

dentures;	a	pilot	study?	

	

Principle	Investigator	 Mr	Zaid	Ali,		

Project	Supervisors	 	 Professor	Nicolas	Martin,		

Dr	Sarah	Baker	

 

Participant agreement to investigation  

 

 

Participant details or Patients Label 

 

Participant’s surname/family name: ..…………………………. 

 

Participant’s first name(s): .………………………………………. 

 

Date of birth: …………………………………………………. 

 

 

  Male     

 

  Female 

 

Responsible health professional: .…………………………… 

 

 

Please read this form carefully along with the participant information sheet which describes 

the procedure to be carried out in this study. If you have any further questions, do ask – we 

are here to help you.

 

You have the right to change your mind at any time, including after you 

have signed this form. 

 

Statement of health professional:  

I have explained the procedure to the participant. In addition, I have explained that this study 

is important in order to better understand patient’s preferences and oral health related quality 

of life with different types of removable partial denture. The patient is aware that they will be 

required to attend for additional review visits and complete questionnaires about how each 

denture made them feel while they were using it.  
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 Please initial in 
the boxes below 



I	confirm	that	I	have	read	and	understand	the	information	sheet	
dated	20.09.2013	version	4.0	for	the	above	study	and	have	had	
the	opportunity	to	ask	questions.	
 



 



I understand that participation in this study is voluntary and I 
can withdraw at any time, without my medical care or legal rights 
being affected. 
 



 



I understand my details will be kept confidential. I give 
permission for members of the research team to have access to 
my details. 
 



 



I understand that data collected during the study, may be looked 
at by individuals from regulatory authorities or from the NHS 
Trust, where it is relevant to my taking part in this research.  I 
give permission for these individuals to have access to my 
records. 
 



 



I understand that I will be asked to complete questionnaires. 
 



 



I understand that I will need to attend for an additional review to 
give feedback on two dentures rather than just one. 



 



I agree to take part in this study. 
 



 



	 	
	
	
	
________________________	 ___________________										____________	
Participant	Name	(PRINT)	 Signature	 Date	 	
	
	
	
Mr	Zaid	Ali	
	________________________	 ___________________											____________	
Principle	Investigator	 Signature	 Date	
	
	
Fair	Processing	Notice	
Your	 personal	 data	 will	 be	 used	 only	 in	 accordance	 with	 Sheffield	 Teaching	 Hospitals	 NHS	 Foundation	 Trust	
notification	under	the	Data	Protection	Act	1998	and	 in	compliance	with	the	Freedom	of	 Information	Act	2000.	
The	Trust	will	not	disclose	any	personal	 information	 to	any	other	 third	parties,	except	where	 required	by	 law,	
without	your	express	consent.	Further	details	in	relation	to	the	use	of	personal	data	can	be	found	on	the	Trust’s	
web	 site	 http://www.sth.nhs.uk/info-gov/Data%20Protection.htm	Any	 queries	 concerning	Data	 Protection	 and	
Freedom	 of	 Information	 should	 be	 addressed	 to	 the	 Information	 Governance	 Manager,	 Sheffield	 Teaching	
Hospitals.	Telephone	0114	2265153	
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  Please  initial  in 

the boxes below 

I	confirm	that	I	have	read	and	understand	the	information	sheet	

dated	20.09.2013	version	4.0	for	the	above	study	and	have	had	

the	opportunity	to	ask	questions.	

 

 

I understand 

that participation in this study is voluntary and I 

can withdraw at any time, without my medical care or legal rights 

being affected. 

 

 

I understand my details will be kept confidential. I give 

permission for members of the research team to have access to 

my details. 

 

 

I understand that data collected during the study, may be looked 

at by individuals from regulatory authorities or from the NHS 

Trust, where it is relevant to my taking part in this research.  I 

give permission for these individuals to have access to my 

records. 

 

 

I understand that I will be asked to complete questionnaires. 

 

 

I understand 

that I will need to attend for an additional review to 

give feedback on two dentures rather than just one.

 

 

I agree 

to take part in this study. 

 

 

	 	

	

	

	

________________________	 ___________________										____________	

Participant	Name	(PRINT)	 Signature	 Date	 	

	

	

	

Mr	Zaid	Ali	

	________________________	 ___________________											____________	

Principle	Investigator	 Signature	 Date	

	

	

Fair	Processing	Notice	

Your	personal	data	will	be	used	only	in	accordance	with	Sheffield	Teaching	Hospitals	NHS	Foundation	Trust	

notification	under	the	Data	Protection	Act	1998	and	in	compliance	with	the	Freedom	of	Information	Act	2000.	

The	Trust	will	not	disclose	any	personal	information	to	any	other	third	parties,	except	where	required	by	law,	

without	your	express	consent.	Further	details	in	relation	to	the	use	of	personal	data	can	be	found	on	the	Trust’s	

web	site	http://www.sth.nhs.uk/info-gov/Data%20Protection.htm	Any	queries	concerning	Data	Protection	and	

Freedom	of	Information	should	be	addressed	to	the	Information	Governance	Manager,	Sheffield	Teaching	

Hospitals.	Telephone	0114	2265153	

	

	 	

Date:	20.09.2013		 	 Version:	3.0	
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Patient	Denture	Usage	Instructions	



Dear	Participant,	



Thank	you	 for	kindly	agreeing	 to	 take	part	 in	 this	 study.	You	have	now	
had	 two	 sets	of	 removable	dentures	made	 for	 you.	 These	 should	have	
been	adjusted	to	fit	and	both	given	to	you	today.		



To	look	after	these	dentures	please	follow	these	instructions:	



• Remember	that	your	dentures	are	not	teeth	and	don’t	behave	like	
teeth	



• Using	a	denture	is	a	skill,	and	takes	practice	to	learn	well	



• During	the	daytime	try	to	use	the	dentures	as	much	as	possible	to	
get	your	muscles	used	to	how	they	feel.	Best	to	wear	them	whilst	
you	 are	 busy	 doing	 something	 else	 (e.g.	 house	 duties,	 cooking,	
hobbies...)	



• Clean	your	dentures	regularly:	



o Rinse	 and	 brush	 them	 after	 every	 meal	 to	 remove	 any	
debris,	using	a	soft	brush	under	running	water.	Take	care	to	
clean	all	the	surfaces.		



o Clean	 them	 over	 a	 bowl	 of	 water	 to	 protect	 them	 if	 they	
drop.	



o Soak	in	cold	water	overnight.	



o Use	diluted	Milton®	for	20	minutes	in	an	evening	twice	per	
week.	



o Never	use	how	water.	



o Never	use	strong	bleach.	



o Never	use	acid	cleaners.		



	










Patient	Denture	Usage	Instructions	

Dear	Participant,	

Thank	you	for	kindly	agreeing	to	take	part	in	this	study.	You	have	now	

had	two	sets	of	removable	dentures	made	for	you.	These	should	have	

been	adjusted	to	fit	and	both	given	to	you	today.		

To	look	after	these	dentures	please	follow	these	instructions:	

·

 

Remember	that	your	dentures	are	not	teeth	and	don’t	behave	like	

teeth	

·

 

Using	a	denture	is	a	skill,	and	takes	practice	to	learn	well	

·

 

During	the	daytime	try	to	use	the	dentures	as	much	as	possible	to	

get	your	muscles	used	to	how	they	feel.	Best	to	wear	them	whilst	

you	are	busy	doing	something	else	(e.g.	house	duties,	cooking,	

hobbies...)	

·

 

Clean	your	dentures	regularly:	

o

 

Rinse	and	brush	them	after	every	meal	to	remove	any	

debris,	using	a	soft	brush	under	running	water.	Take	care	to	

clean	all	the	surfaces.		

o

 

Clean	them	over	a	bowl	of	water	to	protect	them	if	they	

drop.	

o

 

Soak	in	cold	water	overnight.	

o

 

Use	diluted	Milton®	for	20	minutes	in	an	evening	twice	per	

week.	

o

 

Never	use	how	water.	

o

 

Never	use	strong	bleach.	

o

 

Never	use	acid	cleaners.		
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OVER	THE	NEXT	TWO	WEEKS	



We	 ask	 that	 you	 always	 leave	 your	 dentures	 out	 at	 night	 to	 give	 your	
teeth	and	gums	a	rest.	We	would	like	you	to	change	the	denture	you	use	
during	the	day	at	certain	points	over	the	next	two	weeks.		



The	schedule	below	tells	you	which	denture	we	want	you	to	use	on	each	
day	over	the	next	two	weeks.	



Today,		………………………………………………….is	Day	1	on	the	schedule.	



In	your	case:	



The		 ................................................	 is	denture	A.		



The	 ……………………………………….......	 is	denture	B.	



DAY	 DENTURE	TO	USE	
1	 A	
2	 B	
3	 A	
4	 A	
5	 A	
6	 A	
7	 B	
8	 B	
9	 B	
10	 B	
11	 A	
12	 B	
13	 USE	YOUR	FAVOURITE	
14	 USE	YOUR	FAVOURITE	



DAY	14	will	be	………………………………………………..	



On	Day	14	you	will	have	a	review	appointment	with	us	at	………………	



Date:	27/09/2013	 Version	number	3.	










OVER	THE	NEXT	TWO	WEEKS	

We	ask	that	you	always	leave	your	dentures	out	at	night	to	give	your	

teeth	and	gums	a	rest.	We	would	like	you	to	change	the	denture	you	use	

during	the	day	at	certain	points	over	the	next	two	weeks.

		

The	schedule	below	tells	you	which	denture	we	want	you	to	use	on	each	

day	over	the	next	two	weeks.	

Today,		………………………………………………….is	Day	1	on	the	schedule.	

In	your	case:	

The		 ................................................	 is	denture	A.		

The	 ……………………………………….......	is	denture	B.	

DAY	 DENTURE	TO	USE	

1	 A	

2	 B	

3	 A	

4	 A	

5	 A	

6	 A	

7	 B	

8	 B	

9	 B	

10	 B	

11	 A	

12	 B	

13	 USE	YOUR	FAVOURITE	

14	 USE	YOUR	FAVOURITE	

DAY	14	will	be	………………………………………………..	

On	Day	14	you	will	have	a	review	appointment	with	us	at	………………	

Date:	27/09/2013	 Version	number	3.	
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Charles Clifford Dental Hospital 



Study Title	 Oral	 health	 related	 quality	 of	 life	 with	 partial	 dentures;	 a	
pilot	study?	



	
Principle	Investigator	 	 Mr	Zaid	Ali,		
Project	Supervisors	 	 	 Professor	Nicolas	Martin		



Dr	Sarah	Baker	
 



Participant agreement to investigation  
 



Participant details or Patients Label 
 



Participant’s surname/family name: ..…………………………. 
 



Participant’s first name(s): .………………………………………. 
 



Date of birth: …………………………………………………. 
 
�  Male   �  Female 



 
Responsible health professional: .…………………………… 



 
 
Please read this form carefully along with the participant information sheet which 
describes the procedure to be carried out in this study. If you have any further 
questions, do ask – we are here to help you. You have the right to change your mind 
at any time, including after you have signed this form. 
 
Statement of health professional:  
I have explained that the taped interviews are entirely voluntary and will be used to 
assess what people feel about wearing dentures and having teeth missing. I have 
explained how this will be done to the participant. The patient is aware that their 
review appointment will take longer if they take part in the taped interview.  










	

	

 

Charles Clifford Dental Hospital 

Study Title	 Oral	health	related	quality	of	life	with	partial	dentures;	a	

pilot	study?	

	

Principle	Investigator	 	 Mr	Zaid	Ali,		

Project	Supervisors	 	 	 Professor	Nicolas	Martin		

Dr	Sarah	Baker	

 

Participant agreement to investigation  

 

Participant details or Patients Label 

 

Participant’s surname/family name: ..…………………………. 

 

Participant’s first name(s): .………………………………………. 

 

Date of birth: …………………………………………………. 

 

 

  Male     

 

  Female 

 

Responsible health professional: .…………………………… 

 

 

Please read this form carefully along with the participant information sheet which 

describes the procedure to be carried out in this study. If you have any further 

questions, do ask – we are here to help you.

 

You have the right to change your mind 

at any time, including after you have signed this form. 

 

Statement of health professional:  

I have explained that the taped interviews are entirely voluntary and will be used to 

assess what people feel about wearing dentures and having teeth missing. I have 

explained how this will be done to the participant. The patient is aware that their 

review appointment will take longer if they take part in the taped interview.  
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 Please initial in 



the boxes below 
I	 understand	 that	 the	 participation	 in	 the	 taped	 interview	 is	
entirely	 voluntary and I can withdraw at any time in the 
interview, without my medical care or legal rights being affected.	
 



 



I understand my details will be kept confidential. The taped 
interviews will only be accessed by the research team. 
 



 



I understand that data collected during the study, may be looked 
at by individuals from regulatory authorities or from the NHS 
Trust, where it is relevant to my taking part in this research.  I 
give permission for these individuals to have access to my 
records. 
 



 



I agree to take part in the taped semi-structured interview. 
 



 



	
	
	
________________________	 ___________________										____________	
Participant	Name	(PRINT)	 Signature	 Date	 	
	
	
Mr	Zaid	Ali	
	________________________	 ___________________											____________	
Principle	Investigator	 Signature	 Date	
	
	
Fair	Processing	Notice	
Your	 personal	 data	 will	 be	 used	 only	 in	 accordance	 with	 Sheffield	 Teaching	 Hospitals	 NHS	 Foundation	 Trust	
notification	under	the	Data	Protection	Act	1998	and	 in	compliance	with	the	Freedom	of	 Information	Act	2000.	
The	Trust	will	not	disclose	any	personal	 information	 to	any	other	 third	parties,	except	where	 required	by	 law,	
without	your	express	consent.	Further	details	in	relation	to	the	use	of	personal	data	can	be	found	on	the	Trust’s	
web	 site	 http://www.sth.nhs.uk/info-gov/Data%20Protection.htm	Any	 queries	 concerning	Data	 Protection	 and	
Freedom	 of	 Information	 should	 be	 addressed	 to	 the	 Information	 Governance	 Manager,	 Sheffield	 Teaching	
Hospitals.	Telephone	0114	2265153	 	










 

  Please  initial  in 

the boxes below

 

I	understand	that	the	participation	in	the	taped	interview	is	

entirely	

voluntary and I can withdraw at any time in the 

interview, without my medical care or legal rights being affected

.	

 

 

I understand my details will be kept confidential. The taped 

interviews will only be accessed by the research team. 

 

 

I understand that data collected during the study, may be looked 

at by individuals from regulatory authorities or from the NHS 

Trust, where it is relevant to my taking part in this research.  I 

give permission for these individuals to have access to my 

records. 

 

 

I agree 

to take part in the taped semi-structured interview. 

 

 

	

	

	

________________________	 ___________________										____________	

Participant	Name	(PRINT)	 Signature	 Date	 	

	

	

Mr	Zaid	Ali	

	________________________	 ___________________											____________	

Principle	Investigator	 Signature	 Date	

	

	

Fair	Processing	Notice	

Your	personal	data	will	be	used	only	in	accordance	with	Sheffield	Teaching	Hospitals	NHS	Foundation	Trust	

notification	under	the	Data	Protection	Act	1998	and	in	compliance	with	the	Freedom	of	Information	Act	2000.	

The	Trust	will	not	disclose	any	personal	information	to	any	other	third	parties,	except	where	required	by	law,	

without	your	express	consent.	Further	details	in	relation	to	the	use	of	personal	data	can	be	found	on	the	Trust’s	

web	site	http://www.sth.nhs.uk/info-gov/Data%20Protection.htm	Any	queries	concerning	Data	Protection	and	

Freedom	of	Information	should	be	addressed	to	the	Information	Governance	Manager,	Sheffield	Teaching	

Hospitals.	Telephone	0114	2265153
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Individual	 semi-structured	 interviews	 will	 be	 conducted	 as	 part	 of	 6-month	



recall	 visits.	 Interviews	 will	 begin	 by	 outlining	 the	 purpose	 of	 the	 research,	



gaining	 consent	 and	 reassuring	 participants	 that	 all	 information	 will	 be	



confidential.	All	interviews	will	be	recorded.			



	



The	interviews	are	semi-structured	so	will	be	guided	around	a	series	of	general	



topics.	 However,	 as	 this	 qualitative	 research	 is	 iterative,	 questions	 will	 be	



adjusted	as	data	is	gathered	and	more	participants	take	part	in	the	process.		



	



The	interviewer	will	be	open	to	the	participants’	narratives	and	flexible	in	



switching	between	the	interview	topics.	



	
Opening	statement:	
	
“Thank	you	for	agreeing	to	take	part	in	these	recorded	interviews.	We’re	going	to	



start	now	with	some	questions	about	your	missing	teeth	and	what	you	think	about	



dentures	but	before	we	do	I	want	to	ask	you	to	try	to	forget	that	I	have	made	your	



dentures	and	be	open	and	honest	with	me	about	what	you	really	feel.	It	can	be	hard	



to	do	that,	because	you	might	want	to	say	things	that	you	think	I	want	to	hear,	but	



I	want	you	to	say	exactly	what	you	want	to.	Your	thoughts	and	feelings	are	really	



important,	to	me	so	please	do	share	them.”	



 










 

Individual	semi-structured	interviews	will	be	conducted	as	part	of	6-month	

recall	visits.	Interviews	will	begin	by	outlining	the	purpose	of	the	research,	

gaining	consent	and	reassuring	participants	that	all	information	will	be	

confidential.	All	interviews	will	be	recorded.			

	

The	interviews	are	semi-structured	so	will	be	guided	around	a	series	of	general	

topics.	However,	as	this	qualitative	research	is	iterative,	questions	will	be	

adjusted	as	data	is	gathered	and	more	participants	take	part	in	the	process.		

	

The	interviewer	will	be	open	to	the	participants’	narratives	and	flexible	in	

switching	between	the	interview	topics.	

	

Opening	statement:	

	

“Thank	you	for	agreeing	to	take	part	in	these	recorded	interviews.	We’re	going	to	

start	now	with	some	questions	about	your	missing	teeth	and	what	you	think	about	

dentures	but	before	we	do	I	want	to	ask	you	to	try	to	forget	that	I	have	made	your	

dentures	and	be	open	and	honest	with	me	about	what	you	really	feel.	It	can	be	hard	

to	do	that,	because	you	might	want	to	say	things	that	you	think	I	want	to	hear,	but	

I	want	you	to	say	exactly	what	you	want	to.	Your	thoughts	and	feelings	are	really	

important,	to	me	so	please	do	share	them.”	
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Interview	guide	
	
Main	Research	



topics	 Exploratory	Questions	



Feelings	about	having	
missing	teeth	



Tell	me	about	your	missing	teeth	



Does	having	missing	teeth	matter	to	you?	Can	you	be	more	
specific	about	why	that	is?	



“Did	losing	your	teeth	matter	to	you?”	
“Why?	“OR	“Why	not?”	



“Tell	me	how	you	thought	it	would	be	like	before	you	lost	your	
teeth?”	



“Tell	me	about	your	experience	of	loosing	your	teeth”	



“What	would	you	tell	a	loved	one	who	needs	some	teeth	
removing?”	



Thoughts	and	
experiences	with	



removable	dentures	in	
general	



“Tell	me	about	day-to-day	life	wearing	dentures”	



“Tell	me	what’s	good	and	bad	about	them	generally”	



“What	would	you	tell	a	friend	who’s	been	told	they	need	
dentures?”	



Thoughts	and	
experiences	with	the	



two	dentures	



“Which	denture	did	you	get	on	with	best”	“Why?”	



In	the	questionnaires	you	filled	 in	after	wearing	the	denture	you	
scored	….	Which	suggests	you	felt	the	……	denture	was	better	for	
talking	and	chewing.	Can	you	tell	me	about	that?”	



In	the	questionnaires	you	filled	 in	after	wearing	the	denture	you	
scored	….	Which	suggests	you	felt	the	……	denture	was	kinder	on	
your	gums	and	teeth.	Can	you	tell	me	about	that?”	



In	the	questionnaires	you	filled	 in	after	wearing	the	denture	you	
scored	….	Which	suggests	you	felt	the	……	denture	made	you	feel	
better	in	front	of	other	people.	Can	you	tell	me	about	that?”	



In	the	questionnaires	you	filled	 in	after	wearing	the	denture	you	
scored	….	Which	suggests	you	felt	the	……	denture	made	you	feel	
better	emotionally	about	yourself.	Can	you	tell	me	about	that?”	



Could	the	plastic	denture	be	made	better	for	you?	How?	
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