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1.0 Title
Can Hygiene-Therapists maintain the oral health of routine low-risk dental recall patients in high-street dental practices: a pilot study.

1.1 Researchers
Professor Paul Brocklehurst, Professor of Health Services Research and Director of NWORTH Clinical Trials Unit, Bangor University;
Professor Christopher Burton, Head of the School of Healthcare Sciences, Bangor University;
Professor Philip Preshaw, Professor of Periodontology, Newcastle University;
Dr Zoë Hoare, Principal Statistician, NWORTH Clinical Trials Unit;
Dr Lynne Williams, Senior Research Fellow; and
Dr Jing Shen, Senior Research Associate (Health Economics), Newcastle University.

2.0 Background 
The use of General Dental Practitioners (GDPs) as the front-line clinician in NHS high-street dental practices is costly. Over half of the 21.7 million check-ups undertaken each year are undertaken on low risk patients and result in no further treatment. Hygiene-Therapists (H-Ts) have been shown to be equally efficacious at screening for oral diseases (Brocklehurst et al., 2015; Macey et al., 2015). What is not known is whether they are as effective as GDPs at undertaking the check-up for low risk routine NHS dental patients and whether they could reduce the cost of service provision. This is important as the proportion of low risk routine NHS dental patients is expected to increase further as the oral health of regular dental attenders continues to improve. In contrast, almost half of the population do not regularly attend the dentist and this group has the highest need.

Two earlier NIHR grants have investigated both the efficacy and efficiency of using H-Ts in NHS practices (NIHR/CS/010/004 & HS&DR 11/1025/04) (PRB was CI). The former demonstrated their efficacy (their diagnostic test accuracy) and feasibility of using H-Ts for ‘check-up’s and the latter found that dental practices using H-Ts in the NHS could be better organised to improve efficiency (Macey et al., 2016; Brocklehurst et al., 2016). A pilot study is the next step to inform the design of a definitive trial. This will test whether H-Ts are as good at maintaining the oral health of low-risk routine NHS dental patients (but are a cheaper option) i.e. a non-inferiority design. It will also test cross-overs from the intervention arm to the treatment as usual arm (check-up and treatment by the GDP). 

2.1 Aims and objectives
The aim of this study is to inform the design for a definitive trial to determine whether H-Ts can maintain the oral health of low-risk routine NHS patients, who form the predominant proportion of the regularly attending practice population. The objectives of this study are to:

1. Determine the most appropriate design of a definitive trial;
2. Determine whether Bleeding on Probing (BoP) is the most appropriate primary outcome measure (and if not, determine the most appropriate measure);
3. Confirm the appropriateness of the non-inferiority margin of the chosen outcome measure for the definitive trial (i.e. whether the effect estimate lies within an appropriate margin of non-inferiority);
4. Further investigate recruitment, retention and fidelity rates;
5. Confirm willingness to be randomised amongst study participants;
6. Determine the potential for patient cross-overs between arms (e.g. where the patient is considered too complex to be managed by the H-T);
7. Rehearse the health economic analysis and pilot the health economic data collection tool to inform the definitive trial design; and explore patients’ preferences in a focus group setting to inform a preference elicitation exercise (e.g. discrete choice experiment) in the definitive trial.
8. Undertake a process evaluation underpinned by a realist framework to understand "what works, for whom, why and in what circumstances?"

3.0 Methodology
Three work-streams (WSs) are proposed. WS1 will address objective 1. 

An individually randomised pilot study in the North-West of England over a 15 month period is proposed:

· P (Population): adult asymptomatic low-risk routine dentate or partially dentate NHS patients;
· I (Intervention): check-up and any subsequent treatment undertaken by a H-T;
· C (Control): check-up and subsequent treatment by a GDP (‘current practice’); and
· O (Outcome): proportion of sites that bleed on probing (measure of oral cleanliness and periodontal health).

The unit of randomisation will be at the patient level. Primary end-points are pragmatic, based on simple adaptations of indices in common use in practice. Other secondary outcome measures will include:

· Proportion of sites that have visible plaque present (measure of oral cleanliness);
· Proportion of sites with a probing depth that exceeds Code 2 of the Basic Periodontal Examination periodontal probe;
· Number of new decayed and filled teeth;
· Unplanned visits between ‘check-up’s;
· Oral health related quality of life (Oral Health Impact Profile); and
· Patient centred outcomes to explore behaviour change and dental anxiety.

In WS1, 216 (108 in each arm) ‘low risk’ routine dental patients will be recruited across six NHS dental practices in the North-West of England. This accounts for an attrition rate of 30%, which is similar to the attrition rate seen in our feasibility study and other dental practice based trials (Macey et al., 2016; Jones et al., 2011). This is based on the confidence interval approach described by Cocks & Torgerson (2013), that considers the likelihood of the main study finding a relevant effect size. Using the logic that if the observed difference between the groups in the pilot trial is zero, then the upper confidence interval will exclude the estimate that is considered clinically significant in any future trial. For an 80% confidence interval, this will be 9% of the full study design. As a non-inferiority trial will require a larger sample size than a superiority trial, we have considered this to be appropriate for the calculation of an adequate sample for the pilot, to indicate the likelihood of observing a clinical meaningful difference. Assuming that bleeding on BoP is the primary outcome measure in the definitive trial, then taking a non-inferiority margin of 5% a main trial would require a sample of approximately 1,618 and 9% of this is approximately 150 (which becomes 216 when attrition is accounted for). 

In the latest epidemiological survey (conducted every decade) (n=11,380), half of all dentate adults reported that they attended the dentist at least once every six months and a further 21 per cent indicated that they attended at least once a year (ADHS, 2009). This means that approaching three-quarters of patients would be seen twice within the 15 month period. This concurs with our experience in the feasibility study, where patients were seen for three ‘check-up’s during the study period (Macey et al., 2016).

WS2 will develop and test the health economic data collection tool, and rehearse the health economic analysis of the intervention compared to the current practice, to inform the definitive trial design. The pilot will adopt the view point of both the NHS and the patient, and collect resource use data which include the costs of dental consultation by GDPs and H-Ts and the use of primary and secondary NHS dental services, as well as participants’ out-of-pocket expenses relating to any dental problems during the trial’s follow-up period (however ‘unlikely’, and this will inform the definitive trial whether such data collection is necessary and how such data should be collected with minimum burden to the patients and cost to the trial). With regard to effects, we will primarily use the clinical measure and will explore other oral health related quality of life measures, using the Oral Health Impact Profile.

Within WS2, we will also explore patients’ preferences over being seen by H-Ts compared to being seen by GDPs. There may be issues raised on the acceptability and compliance of patients to be seen by H-Ts instead of GDPs, and treatment charges that are considered acceptable by patients to be seen by an H-T. Those can be explored in a focus group setting, and results will be used to prepare a preference elicitation exercise (e.g. discrete choice experiment) in the future definitive trial. The preference elicitation exercise in a definitive trial would then be able to provide a metric to value the benefits of the intervention in monetary terms, inform the implementation and organisation of care and improve patients’ acceptability and compliance.

WS3 will employ a theory-driven approach to understand  “what is it about a programme that works for whom, in what circumstances, in what respects, over which duration” (Pawson, 2013). Realist evaluation is a recognised methodology used extensively in health services research, because it recognises the complex and contingent nature which underpins the settings for new interventions and service delivery. 

3.1 Eligibility criteria
For WS1, practices will be recruited across the North-West of England using the following eligibility criteria:

1. The practice should employ at least one H-T, with at least two years clinical experience;
2. The majority of adult service provision should be in the NHS;
3. The patient should be treated under the NHS; and
4. The practice should have the support of a practice manager.

The eligibility criteria for the individual patients are:

1. NHS adult patient (> 18 years of age) on the recall list of the practice;
2. Has presented with no more than one active lesion in the last year or required no more than one dental filling due to dental caries within the previous year (defined as "low-risk”)
3. Asymptomatic at time of the ‘check-up’;
4. Have no predisposing medical history that elevates risk status;
5. Were seen for their routine recall at least six months ago;
6. Dentate or partially dentate.

New patients, adult patients presenting in pain, patients requiring root fillings or extractions, edentate and those that have or are receiving on-going periodontal treatment will be excluded. Patients with sites that have a BPE code of 3 or above will also be excluded. 
3.2 Patient pathway
The detailed patient pathway is provided in Figure 1. On arrival for their ‘check-up’, identified patients will be asked by a member of the research team whether they have any questions and if they wish to participate in the study. If they agree, the patient will be asked to sign their Consent Form and a unique patient identifier will be provided to ensure anonymity. A unique patient identifier reference sheet will be kept, which will enable the patients to be tracked, when necessary. The patients will then visit a trained epidemiologist who will first check that the patient is eligible for the study and then will undertake the baseline measurements (see above) for the Case Report Form (CRF). The patient will then be randomised (using NWORTH Clinical Trials Unit’s sequentially randomised dynamic adaptive algorithm) to see a H-T or their GDP.

The patient pathway in the pilot will follow the procedure in the published 15 month feasibility study. Given that half of the adult population do not require any further treatment after a ‘check-up’, the pilot study will only focus on ‘low-risk’ patients. ‘High-risk’, complex or symptomatic patients will be excluded. 

In the intervention arm, patients will attend their practice and undergo a ‘check-up’ and any subsequent treatment within the H-Ts’ Scope of Practice. As highlighted earlier, regulatory changes made by the General Dental Council in 2013/14 allow H-Ts to see patients directly, diagnose and undertake all of the routine direct restorative treatment that GDPs can do, except for root fillings. In the feasibility study, no patient cross-overs were seen with the 60 patients recruited. Patients were willing to be randomised and had recruitment and retention rates of 82% and 78% respectively. Records will be kept of those participants who start off in the H-T arm, but cross-over to the control arm because they are considered to be too complex for H-T to manage their care (this was not seen in the feasibility study). At least two ‘check-ups’ are expected in the 15m duration of the pilot. Again, this is consistent with the feasibility study.

Should patients experience pain or present with problems during the study, they will be seen by the H-T initially and then offered appropriate treatment (this was not seen in the feasibility study). This may be with the H-T or the GDP, depending on the presenting problem. All treatment information will be entered onto the CRF, which will record the type of treatment undertaken and the clinician type involved. In the likely event that the patient is deemed healthy, the patient will be placed back on the recall list according to the recommendations of the clinician. Fidelity rates amongst clinicians in the feasibility study were 97%.

Randomisation will be at the individual level (patient) and performed by NWORTH CTU. Treatment allocation will be on a 1:1 basis using a sequentially randomised dynamic adaptive algorithm (Russell et al., 2011). For each participant randomised the likelihood of their allocation to each treatment group is re-calculated based on the participants already recruited and allocated. This re-calculation is done at the overall allocation level, within stratification variables and within stratum level (the relevant combination of stratification levels). By undertaking this re-calculation, the algorithm ensures that balance is maintained within acceptable limits of the assigned allocation ratio while maintaining unpredictability. 

WS2 will take place alongside the main pilot trial. The pilot cost-effectiveness analysis will collect costs and effects data on all trial participants. The focus group to explore patients’ preference will select a subsample of the trial participants, and it is anticipated that about 12-30 patients in total will be recruited to take part in two to three focus group discussions. Participants for the focus group will be selected from a broad range (covering different socio-demographic profiles) of consented eligible patients who may or may not participate in WS1.

In WS3, we will use purposive and convenience sampling to identify interview participants. At this stage, we would expect to collect data from a sub-group of WS1 (see below), GDPs and H-Ts, patients and dental commissioners. Given the inclusion criteria, we will be focusing on ‘low-risk’ dental patients, but we will seek to recruit across the age-range for adults and ensure a culturally and ethnically diverse sample, as far as possible. We will take a systems wide approach to the evaluation, as we argue that facilitating implementation and change in complex interventions are affected by macro and meso level factors in addition to those identified at micro/individual level. In this way, we can identify the systems level triggers, as well as individual behaviour change factors. As a result of this, we would also expect to contact the Chief Dental Officers.

3.3 Data collection
Trained epidemiologists will act as blinded external assessors in WS1. The proposed primary outcome measure is the number of sites that bleed on probing (BoP). BoP is both relevant to clinicians and relevant to patients. It is stable, measurable and would change over the timescale of the project. BoP is the primary outcome measure used in three of the four on-going/recent NIHR HTA trials in a primary dental care setting (IQuAD, INTERVAL, INCENTIVE). Other measures of periodontal health (e.g. pocket depths) are more sensitive to measurement bias and take a long time to express a smaller effect (Imrey, 1986). 

Dental caries has been chosen as a secondary rather than a primary outcome measure. This is because it has a relatively low prevalence and a long time to expression in routine NHS adult patients. This was evidenced in the 15m feasibility study (Macey et al., 2016). In contrast, BoP is widespread and a relatively sensitive measure of oral health. BoP is routinely assessed in clinical practice to measure the degree of gingival and periodontal inflammation. Whereas the presence of bleeding on probing at isolated sites is not a particularly good indicator of risk for future disease progression (Lang et al., 1986), absence, or minimal levels, of BOP are a very good indicator of periodontal health and tissue stability (Chapple, 1997; Lang et al., 1990). BoP provides an indication of inflammation in the gingival and periodontal tissues. It is also highly relevant to patients, who often complain of bleeding gums as a first sign of gingival and periodontal problems. As a result, this pragmatic primary end-point is very relevant to both patients and clinicians, and has high generalizability to every-day clinical practice. Furthermore, within the context of the pilot, which will recruit primarily dentally healthy patients and assess whether H-Ts are able to safely undertake ‘CHECK-UP’s, BoP is the most sensitive measure to signs of developing gingival inflammation. Participants will also be asked to complete questionnaires to record their experience of the procedures, any anxiety and their quality of life (OHIP) (as detailed above).

NHS resource use (primary and secondary dental services) data for WS2 will be collected in the CRF. Patients’ use of dental health services and out of pocket expenses related to dental problems during the trial’s follow-up will be collected through the development and application of a participant costs questionnaire (PCQ). PCQ will be distributed every 6 months following randomisation. Data on effects will be collected for the primary outcome of the proportion of sites that bleed on probing as well as through patient reported outcome measures, such as oral health related quality of life measured by OHIP. 

Focus group discussions will be conducted alongside the main trial using a group of consented eligible patients. Eligible patients will be asked whether they are interested in participating in a separate focus group discussion regardless of whether they want to participate in the main trial, where questions on their preferences and views of being seen by H-Ts or GDPs will be asked and discussed. After gaining consent, the focus groups will be undertaken at the practice and interview questions will be informed by the PPI group, expert panel (clinicians and experts in the study team) and the developing programme theory from WS3. The focus groups are expected to last for approximately one hour. The audio-taped interviews will be transcribed and analysed and anonymised. The focus group formats and questions will be informed by the literature on qualitative research methodology used for designing a discrete choice experiment (the detail of the likely domains are provided in Appendix 1).

WS3 will be undertaken over three phases. In Phase 1, a review of extant literature and structured discussions with practitioners (e.g. GDPs and H-Ts) and commissioners will contribute to the development of an initial theoretical framework representing a hypothetical model of successful intervention implementation. This work will be produced jointly with stakeholders using meetings and workshop-type events to test out ideas and propositions with a range of people who use the intervention. 

In Phase 2, empirical data collection methods will include video diaries (n=10) and semi-structured interviews with participants in WS1 (n=20) to test and refine the initial programme theory. The purpose of using video diaries is to provide participants with an opportunity to reflect on their experiences of the intervention, and to enable data about participants’ interpretations and perceptions of the intervention to be captured. Video diaries provide another dimension to the data, and will ensure robust testing and refining of the initial programme theory. This will be undertaken after the literature review (see Figure 2).

Data collection will focus on implementation issues for different participant groups. For example, for practitioners and commissioners, perceptions of acceptability, additional cost and adherence may influence the success or otherwise of the intervention. There may also be external factors to consider which relate to how the intervention is perceived. A semi-structured interview schedule will be developed (in collaboration with the PPI group). Audio-taped interviews will be conducted in person and via the telephone (as appropriate) and will last up to 60 minutes. Data will be anonymised, fully transcribed, and analysed by co-applicants CB, LW and PRB.

3.4 Data analysis
From the perspective of effectiveness, initial analysis will focus in WS1 on the width of the non-inferiority margin for the primary outcome measure and differences in means and proportions for the secondary outcome measures. The effect estimate will be the difference in means between the two arms and will be evaluated with respect to clinical and statistical significance. The remaining clinical and patient reported outcomes will be analysed similarly and interpreted. Analyses will be made on an intention-to-treat basis. The selection of co-variates for the models will include those considered as possible stratification variables (dental practice size, deprivation, previous history of disease, number of teeth remaining). The process of selection and inclusion of co-variates will be fully detailed in the statistical analysis plan that will be developed and agreed before completion of data collection.

The confidence interval around the effect estimate will be considered for the outcomes measured. Consideration of whether this “effect” lies within a reasonable proposed non-inferiority margin will feed into the decision on future design of the trial. If evidence indicates that there is potential for the treatment to be considered superior then future design will be influenced. This indicative cut off will be defined in the full statistical analysis plan that will be drawn up prior to completion of data collection. As part of the analysis of the pilot data we will assess the possibility of there being a significant intra-cluster correlation with regard to the primary outcome measure. This would then be included in the sample size calculations for a future definitive trial.

In WS2, we will rehearse the health economic analysis comparing the cost-effectiveness of using H-Ts with using GDPs for routine check-ups of low risk patients. For each participant, use of resources will be combined with unit costs to provide a cost for that participant, and then a mean cost per patient for each arm calculated. The effect of the intervention will be primarily measured by the clinical indicator – the proportion of sites that bleed on probing. We will also consider oral health related quality of life (measured by OHIP) as the effect of the intervention. Changes in the clinical measure between baseline and end of the follow-up will be calculated for each arm as effectiveness. Mean cost and effectiveness per patient will be derived for each arm. Differences in mean cost and effectiveness between two arms will then be used to estimate incremental costs, incremental effectiveness and incremental costs per unit change in the proportion of sites that bleed on probing. These data will be presented as point estimates. Uncertainty in parameter estimates will be addressed through the application of the bootstrapping technique that produces confidence intervals around estimates of the means. The results of this stochastic analysis will be presented as cost and effectiveness plots and as cost-effectiveness acceptability curves. Deterministic sensitivity analysis will be used to explore other uncertainties such as alternative cost estimates.

The focus group discussions of patients’ preference on being seen by H-Ts or GDPs will help prepare a preference elicitation exercise (e.g. discrete choice experiment) in the future definitive trial to predict patients’ compliance of attending H-T appointments and provide recommendations for the organisation of care. We will prepare a list of possible characteristics of both being seen by H-Ts and GDPs based on trial data, literature search and expert opinions. The participants will be asked to rank those characteristics from the most important to least important in their view. Participants will also be encouraged to discuss their views on the intervention and suggest any other concerns they may have. Data collected from the focus group discussions will be listed in a table and grouped by themes with illustrative anonymised quotes, and results will be summarised and presented at the end of the health economic report to provide recommendations for conducting a preference elicitation exercise in the future definitive trial.

In WS3, data analysis will follow a recognised approach to enable the testing and refining of the CMO configurations. The principles of framework analysis (Spencer, 2014) will be used to analyse data across WS3. Interview transcripts will be transcribed and analysed using a deductive coding framework based on the initial programme theory. The main approach to  analysis will be the use of abductive reasoning to seek patterns (demi-regularities) from and within the CMO configurations. Data from the video diaries will be integrated within this process.

4.0 Ethical issues
Patient safety might be thought to be a concern, however, previous research undertaken by the same Chief Investigator has shown that H-Ts are safe as front-line healthcare workers (in terms of detecting oral cancer and its precursors). Two large National Institute of Health Research grants (NIHR) (led again by the Chief Investigator) has also shown that H-Ts are as good as dentists in the detection of tooth decay and gum disease. In addition, changes made by the dental regulator in 2013 now allow patients to ‘directly-access’ H-Ts for their care. This study will explore whether H-Ts can be used to maintain the health of ‘low risk’ regular dental attenders.

Patient acceptability is another potential concern, but results from earlier studies suggest that this is positive (including a published feasibility study and a separate large NIHR project). However, the purpose of the study will be fully explained in the Information Sheet and patients will have the opportunity of asking any questions to the dental team at the practice, prior to being consented.

The study will be managed in accordance with Good Clinical Practice and overseen by NWORTH Clinical Trials Unit, using a dedicated trial manager. The Chief Investigator is Director of the Unit, which is registered with the UKCRC and has detailed Standard Operating Procedures. 

Patient confidentiality is also a key priority and all record forms from the study will be anonymised. All forms and files will be kept securely on a password protected PC and any paper records kept in a locked drawer in the Chief Investigator’s Office. 

4.1 Oversight
The governance and management of the study will be undertaken by NWORTH, a UKCRC accredited Trials Unit. As a result, the study will adhere to NWORTH’s Standard Operating Procedures, for all trial and data management, statistical and regulatory matters. Best practice will be employed throughout to ensure this project is managed to the highest possible standard. Appropriate supervision and training of project-specific staff and training in Good Clinical Practice will be ensured. Trial-specific training requirements will be addressed throughout the study period and regularly reviewed. NWORTH’s Quality Assurance Officer will co-ordinate oversight of monitoring, documentation and all aspects of quality management and regulatory issues. NWORTH’s Senior Trials Manager will provide advice to the management team on all aspects of the running of the study. 

The research will be sponsored by Bangor University. The Trial Steering Committee will consist of an independent chair, independent and PPI representatives. The group will oversee the running of the trial on behalf of the Sponsor (Bangor) and funder (NIHR HS&DR) and will have overall responsibility for the continuation or termination of the trial. It will ensure that the trial is conducted in accordance with the principles of Good Clinical Practice and the relevant regulations, and to provide advice on all aspects of the study. 
APPENDIX 1: Likely domains for the focus groups

Although informed by the literature review and initial programme theory, the likely domains are as follows:

· What factors act as barriers and enablers to implementation?

· Acceptability;

· Cost and adherence;

· External factors which facilitate/hinder implementation;

· Local practice; and

· Integration with existing services.



Figure 1: Patient pathway
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Figure 2: Gantt chart
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