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Abstract

Background

Supervised toothbrushing in nurseries, delivered as a component of Childsmile,
Scotland’s national oral health improvement programme for children, is
associated with reduced caries experience and cost savings in prevented dental
treatments. There is also evidence that it is effective in reducing oral health
inequalities, with greater improvements in oral health observed among children
living in the most deprived areas. However Childsmile process evaluation data
indicate that the nursery supervised toothbrushing programme does not take
place as intended in all nursery settings. This highlighted the need to undertake
further research to optimise its delivery, to maximise the gains for children’s

oral health and contribute to reducing oral health inequalities.
Aims

The overarching aim of the research is to optimise delivery of the nursery
supervised toothbrushing programme, which is achieved by: further developing
its Theory of Change; assessing the fidelity of its implementation compared with
the Theory of Change; identifying the barriers and facilitators to its
implementation; and identifying implementation strategies to overcome those
barriers. It is intended that findings will be fed back into the Childsmile
programme to inform ongoing improvement of the nursery supervised

toothbrushing programme component.
Methods

The research was framed within the paradigm of pragmatism and utilised a
mixed-methods approach, informed by a programme theory approach and
implementation science methods, making it the first study of its kind to utilise
this approach to investigate the implementation of a complex toothbrushing
intervention delivered in educational settings. The researcher explicated the
programme’s Theory of Change via documentary review, to identify its key

components (the inputs, activities and outcomes); and qualitative interviews and



focus groups with programme stakeholders, to discuss and agree the Theory of

Change, which was depicted in a logic model.

Using a mixed methods approach, the researcher undertook national, cross-
sectional surveys of nurseries, qualitative interviews with programme
stakeholders and extracted data from ongoing Childsmile process evaluation, to
assess fidelity of implementation and identify barriers and facilitators to
delivery. Delivery-in-reality was assessed in comparison with the intended model
(per the logic model developed in the previous stage of the research). The
researcher used the Consolidated Framework for Implementation Research to
categorise the barriers and facilitators identified and mapped these to the
Expert Recommendations for Implementing Change compilation of
implementation strategies to identify potential methods and techniques to

overcome barriers to programme delivery.

Results

This novel study identified that optimising the Childsmile nursery supervised
toothbrushing programme requires a shared vision to be developed and
strengthened among partners involved in its implementation, supported by
developing a formal implementation blueprint and further work to increase
nursery staff’s buy-in, such as local champions and enhanced training. The
fidelity of programme delivery should continue to be monitored and evaluated

using the methodology and logic model developed via this research.

The inputs, activities and outcomes comprising the Theory of Change of the
nursery supervised toothbrushing programme were specified, with consensus on
those reached among programme stakeholders. This included stating the primary
aim of the programme: 100% of children brush their teeth in nursery, every day
they attend. However, national survey results showed that this target was not
met, with 92% of eligible children brushing in nurseries on the day of the survey
and variation in percentages of children brushing across geographical health
boards. Nurseries with 100% toothbrushing rates were more likely to have fewer
children attending, only have a single age group attending and were situated in

certain geographical health board areas and not others.



Using a mixed methods approach highlighted inconsistencies between these
quantitative data on nurseries’ participation and qualitative findings on
stakeholders’ perceptions about nurseries’ participation. There were variations
between health boards in the extent to which delivery-in-reality matched what
was intended. This included the content and frequency of training provided to
nursery staff to support their delivery of the programme, with no standardised
training package available nationally. Relationships between Childsmile teams
and local authorities’ education departments were identified as important
although these required careful management and communication. Barriers and
facilitators influencing programme implementation before and during the Covid-
19 pandemic were identified and the Consolidated Framework for
Implementation Research provided good coverage of these (encompassing all
five domains and 14 out of 26 constructs associated with intervention
implementation). Relevant constructs included: ‘Complexity’, in relation to
fitting toothbrushing in to nursery routines and perceptions about it being too
time-consuming; ‘Patient Needs and Resources’, in terms of children’s ability to
perform the required actions as well as their reluctance to participate in
toothbrushing instead of other available activities; and ‘External Policies and
Incentives’, which related to the interpretation of early years policies which
conflicted with directing children to participate in activities, including
toothbrushing. An overarching theme related to the prioritisation of the nursery
supervised toothbrushing programme by nursery staff, including the extent to
which other activities were given precedence over it; and nursery staff’s

willingness to accommodate toothbrushing flexibly within nursery schedules.

The Covid-19 pandemic disrupted delivery of the programme due to nursery
closures in 2020 and 2021, as well as creating additional pressures for nursery
staff once establishments reopened. This affected the extent to which they

engaged with efforts to restart the toothbrushing programme.

Conclusions

This research has explicated the Theory of Change for Childsmile’s nursery
supervised toothbrushing programme, from the perspective of programme

stakeholders. There is scope for further specification of core, ‘essential’



programme components and adaptable, peripheral components, to identify an
acceptable level of delivery which will allow progress towards outcomes. There
are also opportunities to work with stakeholders from other organisations, aside
from Childsmile, to identify changes to the Theory of Change to enhance its fit

with their needs and priorities.

In assessing the fidelity of programme implementation, it was found that aspects
were delivered as intended; however, most logic model activities had
components that were not being delivered with fidelity, including that less than
100% of children brushed their teeth every day they attended nursery. It was
identified that the nursery context in which the programme is delivered was
complex and fluctuating, with competing demands on nursery staff’s time. This
indicated a need to accept that the programme has to fit within overall nursery
provision, to ensure it is given enough priority. This requires identifying
implementation strategies to find ways to help it fit alongside other priorities,
including strategies to enhance engagement among nursery staff while taking

their perspectives into account.

A number of recommendations are made to support and optimise programme
delivery going forward. These include supplementing the programme’s ongoing
work in fostering relationships with partners with a focused communications
campaign, targeted at stakeholders in individual nurseries and local authority
education departments, which demonstrates how the programme fits within the
wider nursery curriculum and its contribution to children’s health and wellbeing
alongside information (tailored to stakeholders’ roles) that clarifies what is
involved in programme delivery. It is also recommended that a knowledge
exchange and support network should be established among nurseries, led by
champions (invited to undertake this role among nursery staff with an interest in
oral health working in nurseries identified to deliver the programme well) who
support and mentor their peers to overcome challenges to delivering the
toothbrushing programme. This could include enhanced training, tailored to
individual nurseries’ needs, to provide practical solutions to overcome
challenges encountered. To encourage participation among local authorities’
education departments and individual establishments’ head teachers and

managers, it is recommended that further, supportive dialogue takes place



between the Childsmile programme, the Scottish Government and local

authority education departments.
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Abbreviations

The following abbreviations are used in this thesis:

BASCD
CFIR
Cl
COM-B
COREQ
CS
DHSW
dmft
ECC
EDDN
ERIC
GA

LA

LM
NDIP
NHS
NSTP
OHRQoL
OLM
P1
PARIHS

ppmF
QoL
SIMD
TDF
TICD
ToC
WHO

British Association for the Study of Community Dentistry
Consolidated Framework for Implementation Research
Confidence interval

Capability, Opportunity, Motivation - Behaviour model
Consolidated Criteria for Reporting Qualitative Research
Childsmile

Dental health support worker

Decayed, missing, or filled primary teeth

Early childhood caries

Extended duties dental nurse

Expert Recommendations for Implementing Change
General anaesthetic

Local authority

Logic model

National Dental Inspection Programme

National Health Service

Nursery supervised toothbrushing programme

Oral health-related quality of life

Overarching logic model

Primary One

Promoting Action on Research Implementation in Health
Services

Parts per million fluoride

Quality of life

Scottish Index of Multiple Deprivation
Theoretical Domains Framework

Tailored Implementation for Chronic Diseases
Theory of Change

World Health Organization



NHS boards abbreviations

The following abbreviations are used to denote geographical NHS board areas:

AA Ayrshire & Arran

B Borders

DG Dumfries & Galloway

F Fife

FV Forth Valley

G Grampian

GGC Greater Glasgow & Clyde
H Highland

La Lanarkshire

Lo Lothian

0] Orkney

S Shetland

T Tayside

WI Western Isles

Islands Orkney, Shetland & Western Isles (combined)

Sco Scotland
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1 Introduction

This chapter aims to set out the background to this doctoral research and place
it within the wider context of the status of poor oral health among children in
Scotland, inequalities, and the national child oral health improvement
programme, Childsmile. Firstly, the problem of poor oral health among children
is discussed, in relation to the definition of dental caries, its prevalence and
impact, and approaches to prevention. The chapter then provides an overview of
supervised toothbrushing programmes in nurseries and schools within published
and grey literature. Approaches to oral health improvement and addressing oral
health inequalities in Scotland is covered, focusing on the establishment and
delivery of Scotland’s national child oral health improvement programme,
Childsmile, including its nursery supervised toothbrushing component. Finally,
this chapter will establish how this doctoral research adds to the existing
literature on supervised toothbrushing programmes as well as its contribution to

the overarching, theory-based evaluation of the Childsmile programme.

It is important to highlight up front that this research took place partly during
the Covid-19 pandemic. The pandemic disrupted the operation of the Childsmile
programme, with two periods of educational establishment closures across
Scotland between March 2020 and February 2021, resulting in the nursery
supervised toothbrushing programme being suspended. Fieldwork including visits
to nurseries to undertake interviews and focus groups with nursery staff and
parents/carers of children attending, to assess delivery of the nursery supervised
toothbrushing programme in reality, was due to take place from March 2020.
However all arranged fieldwork was cancelled due to the pandemic lockdown
measures and it was not possible to rearrange these for future dates (i.e. once
establishments reopened), due to ongoing restrictions (which prevented in-
person visits to nurseries) within the period available to complete the fieldwork.
It was also not possible to undertake in-person fieldwork with Childsmile staff,
due to lockdown measures in place and the redeployment of Childsmile staff to

other roles within health boards to support the NHS pandemic response.
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As an NHS employee myself, | was redeployed to support my employing health
board’s Covid-19 pandemic response from April 2020 to June 2021. Furthermore,
| had two primary-school-aged children for whom | had sole responsibility for
their care and home-schooling during working hours during the educational
establishment closures; both of these factors presented challenges to completing
this doctoral work. However, the pandemic also provided an opportunity to re-
focus the final stages of fieldwork on investigating the remobilisation of the
nursery supervised toothbrushing programme once establishments reopened,
focusing on assessing fidelity of delivery of the nursery supervised toothbrushing
programme during the pandemic and identifying barriers and facilitators to its

delivery in this period.

1.1 Dental caries

Dental caries is a disease of the mouth, affecting the hard tooth tissues of
enamel and dentine as well as the pulp (World Health Organization, 2017b) and
can occur in individuals throughout the life course (Heilmann et al., 2015, Pitts
et al., 2017). Bacteria present in dental plaque on tooth surfaces can metabolise
free sugars coming into contact with the plaque biofilm to produce acid,
lowering the pH level of the plaque which in turn causes demineralisation of
tooth surfaces (Kidd and Fejerskov, 2016). The progression of caries
development depends on whether tooth surfaces are remineralised, due to the
pH of plaque biofilm being restored (e.g. by the presence of fluoride in saliva)
which stops or reverses caries development; or continues to demineralise,
leading to caries lesions developing over a period of time. This process is
recognised to be dynamic, depending on the pH of the plaque biofilm, with
intermitting periods of remineralisation and demineralisation (Selwitz et al.,
2007, Peres et al., 2019).

While it is possible for caries to develop on any tooth surface where dental
plaque has developed, in both primary and permanent teeth (Kidd and
Fejerskov, 2016) it has been found that some tooth surfaces are more
susceptible to caries than others. Caries are more likely to develop in the ‘pit’

and ‘fissure’ surfaces of children’s posterior teeth, compared with the smooth
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surfaces of the anterior teeth, which has been attributed to the accumulation of
bacteria on those surfaces due to being more difficult to clean manually
(Batchelor and Sheiham, 2004).

1.1.1 National and international prevalence of dental caries

Global rates of dental caries have been described as being “of epidemic
proportions” (Edelstein et al., 2016, p.15) and a “pending public health crisis”
(Bagramian et al., 2009, p.3), with Peres et al. (2019) identifying that oral
diseases, including dental caries, affect 3.5 billion people globally. Dental caries
is recognised to be the most common non-communicable disease worldwide
(World Health Organization, 2017b) and as one of the most prevalent diseases
affecting children throughout the world (Macpherson et al., 2019a). In their
systematic review of 64 studies (from 29 countries) utilising World Health
Organization criteria to assess and record caries, Uribe et al. (2021) found there
was a 48% global prevalence of early childhood caries (ECC), which they defined
as occurring in children under five-years-old, with one or more missing, filled or
decayed primary teeth. (There are other definitions of ECC, such as that used by
the American Academy of Pediatric Dentistry (2021): the presence of one or
more decayed (non-cavitated or cavitated lesions), missing (due to caries), or

filled tooth surfaces in any primary tooth in child aged under six.)

Historically, rates of childhood dental caries in Scotland have been high
(Macpherson et al. 2010), particularly compared with children in other countries
in the UK (Pitts et al, 2007). Epidemiological data on prevalence of caries
experience among children in Scotland is gathered annually through the National
Dental Inspection Programme for Scotland (NDIP). Detailed inspections are
carried out by trained and calibrated dental care professionals, using a mirror,
light and ball-ended probe; the status of each surface of each tooth is recorded
to measure obvious decay (that has penetrated below the dentine) per British
Association for the Study of Community Dentistry (BASCD) diagnostic criteria
(Macpherson et al., 2020). Detailed inspections are carried out with a
representative sample of children in Primary One (P1) classes, every two years;

in 2020, 13,208 children in P1 received a detailed inspection, representing 22.5%
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of the estimated P1 population. (Due to restrictions related to the Covid-19
pandemic, only basic dental inspections were carried out in 2022 with a smaller
sample: 76% of P1 children, compared with 88% of the population receiving a
basic inspection normally.) Children attending Primary Seven receive detailed
inspections in the intervening years. The most recent data from detailed
inspections showed that 73.5% of P1 children had no obvious decay experience
(Macpherson et al., 2020), with 73.1% of P1 children receiving basic inspections
found to have no obvious caries in 2022 (Conway et al., 2022). Figure 1 shows
that the percentage of P1 receiving detailed dental inspections, assessed to have
no obvious decay experience, has increased over time. (Data for Figure 1 were
extracted from National Dental Inspection Programme reports of P1 detailed
inspections published between 2008-2022: Merrett et al. (2008); Macpherson et
al. (2010b, 2012, 2014, 2016, 2018, 2020).)
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85%

80%

73.5%
75% 71.1% .

69.4% [
70% 68.2%
67.0%

64.0% .
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60%

55%

50%
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Figure 1 National Dental Inspection Programme data showing percentages of P1 children
with no obvious caries experience, 2008-2020

However, while there has been year-on-year improvements in percentages of
children without obvious decay, there remain considerable numbers of children

starting primary school in Scotland with dental caries, as the most recent
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National Dental Inspection Programme data show 26.9% of P1 children had caries

experience (Conway et al., 2022).

Dental extractions due to caries under general anaesthetic have long been the
most common reason for elective hospital admissions among children in Scotland
(Scottish Government, 2016f), with recent data from Public Health Scotland
showing that there were 7291 children admitted to hospital for dental extraction
in 2019/20 (Public Health Scotland, 2022).

1.1.2 Impact of dental caries on children

It is recognised that poor oral health causes “extreme pain and discomfort,
infection, social embarrassment and interrupted work and education for a
significant part of the Scottish population” (Scottish Executive, 2002, p.7).
Experiencing dental caries has a negative impact on children’s quality of life
(QolL) and disrupts eating, drinking, sleep, and nursery and school attendance
(Clarke and Stevens, 2019). Research on oral health-related QoL (OHRQoL)
among preschool children in Brazil found that children with dental caries
commonly reported pain and experienced difficulties with eating and drinking
(Abanto et al., 2011, Ramos-Jorge et al., 2014, Firmino et al., 2016) as well as
missing preschool or school, disrupted sleep and impaired speech development
(Ramos-Jorge et al., 2014, Abanto et al., 2011). Experiencing dental pain has an
emotional impact, with Knapp et al. (2021) reporting over half of children (aged
5-16) participating in their study, who were awaiting treatment for dental

caries, had cried because of painful teeth.

Dental caries may contribute to a ‘failure to thrive’ in children with no other
underlying health conditions (Clarke and Stevens, 2019). While several studies
have examined the relationship between dental caries, malnutrition and sub-
optimal growth among children, evidence on the association between nutrition
and dental caries among children remains inconclusive. For example, Tanner et
al. (2021)’s systematic review found an association between dental caries and
under-nutrition among children aged 0-18 years; and Sheiham (2006) found that

bodyweight among children experiencing severe dental caries was significantly
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lower than that of controls. This relationship has been attributed to dental pain
preventing children from eating adequately, which restricts growth (Alkarimi et
al., 2014, Plutzer and Spencer, 2008). Shen et al. (2019) described a bi-
directional association between dental caries and children’s height and weight
from their longitudinal study of preschool children in China: dental caries
hampered children’s growth (height), while children with low weight at baseline
were more susceptible to developing dental caries. Conversely, a systematic
review by Hayden et al. (2013) found a significant relationship between obesity
(rather than low weight) and dental caries in children from industrialized
countries, while two further recent systematic reviews found that dental caries
is associated with both high and low body mass indexes (Hooley et al., 2012,
Chen et al., 2018). Indeed it is recognised that chronic, non-communicable
diseases, including dental caries, have multi-factorial causes which require
action targeted at a number of common risk factors; these include dietary
factors (i.e. high sugar consumption), stress and low control, and environmental
factors (Sheiham and Watt, 2000).

Experiencing dental caries may affect children’s education: for example,
examining US child health survey data from 2016/17, Guarnizo-Herreno et al.
(2019) found that the odds of being absent from school was 1.54 times greater
for those with caries, among children aged six-to-eleven years (95% Cl 1.28-
1.85). Systematic reviews have found that children experiencing decay were
1.43 (95% Cl 1.24 to 1.63 ) to 1.57 (95% ClI 1.08-2.05) times more likely to have
poorer school attendance; and 1.44 (95% ClI 1.24-1.64) to 1.52 (95% Cl 1.20 to
1.83) times more likely to have poorer school performance, compared with
children with no dental caries (Rebelo et al., 2019, Ruff et al., 2019); although
Ribeiro et al. (2018)’s systematic review found too few studies of sufficient
quality to be able to assess whether there was an association between dental

caries and academic performance in children.

Experiencing dental caries can also have negative psychosocial impacts; for
example, Guarnizo-Herreno et al. (2012) found that, among six-to-eleven-year-
olds with caries, the odds of experiencing shyness was 1.37 times greater (95% ClI

1.16-1.61); the odds of experiencing feeling worthless was 1.20 greater (95% Cl
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1.03-1.40); and the odds of experiencing feelings of unhappiness was 1.21
greater (95% Cl 1.05-1.40), compared with those without caries. Families of
children with dental caries also experience poorer QoL; Knapp et al. (2021)
assessed the QoL of parents whose children were awaiting treatment for dental
caries and found that 58.8% of participants reported disrupted sleep and 45.9%
had taken time away from work due to their child’s dental caries. Abed et al.
(2020) linked data from the Child Dental Health Survey (undertaken in England,
Wales and Northern Ireland in 2013) with participants’ responses to QoL
measures and found that parents/carers whose children experienced severe
dental caries were more likely to have time off work; experience feelings of
guilt or stress; and have disrupted sleep. Other studies have also reported
parents/carers’ experiencing distress and guilt due to their child’s dental caries
(Abanto et al., 2011, Abanto et al., 2012, Ramos-Jorge et al., 2014).

It is recommended that dental extractions under general anaesthesia should only
be carried out as a last resort (i.e. if other methods for managing dental caries
have not succeeded or are not appropriate) (Adewale et al., 2011, Oubenyahya
and Bouhabba, 2019); however, it may be the only available treatment option in
some cases, particularly for children aged five and under who may not
understand what is required of them for treatment (Scottish Dental Clinical
Effectiveness Programme, 2018). It is an expensive procedure, with Anopa et al.
(2015) calculating that the cost of a dental extraction under general anaesthetic
for a child in Scotland was £653 in 2009/10 (with costs likely to have increased
since). It should also be noted that the Covid-19 pandemic has impacted on
access to dental treatment, due to suspension of routine care including dental
extractions under general anaesthetic, leading to longer waiting times for
children requiring extractions (Elsherif et al., 2021) and these suspensions have
had a greater impact on children from more deprived areas (Stennett and
Tsakos, 2022).

1.1.3 Oral health inequalities

Health inequalities are differences in health occurring between social groups,

which cause disproportionately higher levels of ill health and mortality among
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the most disadvantaged communities (Scottish Government, 2008b, Jack et al.,
2019). It is posited that health inequalities result from uneven distribution of
power and resources which influence indi