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Abstract

A randomised controlled trial to measure the effects and
costs of a dental caries prevention regime for young children
attending primary care dental services: the Northern Ireland
Caries Prevention In Practice (NIC-PIP) trial

Martin Tickle,1* Ciaran O’Neill,2 Michael Donaldson,3 Stephen Birch,4

Solveig Noble,5 Seamus Killough,6,7 Lynn Murphy,8 Margaret Greer,8

Julie Brodison,5 Rejina Verghis8 and Helen V Worthington1

1School of Dentistry, University of Manchester, Manchester, UK
2J.E. Cairnes School of Business and Economics, National University of Ireland, Galway, Ireland
3Health & Social Care Board of Northern Ireland, Belfast, UK
4Centre for Health Economics, University of Manchester, Manchester, UK
5Northern Health & Social Care Trust, Antrim, UK
6General Dental Practitioner, Ballycastle, UK
7British Dental Association Northern Ireland, Belfast, UK
8Northern Ireland Clinical Trials Unit, Belfast Health & Social Care Trust, Belfast, UK

*Corresponding author martin.tickle@manchester.ac.uk

Background: Dental caries is the most common disease of childhood. The NHS guidelines promote
preventative care in dental practices, particularly for young children. However, the cost-effectiveness of this
policy has not been established.

Objective: To measure the effects and costs of a composite fluoride intervention designed to prevent
caries in young children attending dental services.

Design: The study was a two-arm, parallel-group, randomised controlled trial, with an allocation ratio of
1 : 1. Randomisation was by clinical trials unit, using randomised permuted blocks. Children/families were
not blinded; however, outcome assessment was blinded to group assessment.

Setting: The study took place in 22 NHS dental practices in Northern Ireland, UK.

Participants: The study participants were children aged 2–3 years, who were caries free at baseline.

Interventions: The intervention was composite in nature, comprising a varnish containing 22,600 parts
per million (p.p.m.) fluoride, a toothbrush and a 50-ml tube of toothpaste containing 1450 p.p.m. fluoride;
plus standardised, evidence-based prevention advice provided at 6-monthly intervals over 3 years.
The control group received the prevention advice alone.

Main outcome measures: The primary outcome measure was conversion from caries-free to caries-active
states. Secondary outcome measures were the number of decayed, missing or filled tooth surfaces in
primary dentition (dmfs) in caries-active children, the number of episodes of pain, the number of extracted
teeth and the costs of care. Adverse reactions (ARs) were recorded.

Results: A total of 1248 children (624 randomised to each group) were recruited and 1096 (549 in the
intervention group and 547 in the control group) were included in the final analyses. A total of 87% of
the intervention children and 85% of control children attended every 6-month visit (p = 0.77).
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In total, 187 (34%) children in the intervention group converted to caries active, compared with 213
(39%) in the control group [odds ratio (OR) 0.81, 95% confidence interval (CI) 0.64 to 1.04; p = 0.11].
The mean number of tooth surfaces affected by caries was 7.2 in the intervention group, compared with
9.6 in the control group (p = 0.007). There was no significant difference in the number of episodes of pain
between groups (p = 0.81). However, 164 out of the total of 400 (41%) children who converted to caries
active reported toothache, compared with 62 out of 696 (9%) caries-free children (OR 7.1 95% CI 5.1
to 9.9; p < 0.001). There was no statistically significant difference in the number of teeth extracted in
caries-active children (p = 0.95). Ten children in the intervention group had ARs of a minor nature. The
average direct dental care cost was £155.74 for the intervention group and £48.21 for the control group
over 3 years (p < 0.05). The mean cost per carious surface avoided over the 3 years was estimated
at £251.00.

Limitations: The usual limitations of a trial such as generalisability and understanding the underlying
reasons for the outcomes apply. There is no mean willingness-to-pay threshold available to enable
assessment of value for money.

Conclusions: A statistically significant effect could not be demonstrated for the primary outcome. Once
caries develop, pain is likely. There was a statistically significant difference in dmfs in caries-active children
in favour of the intervention. Although adequately powered, the effect size of the intervention was small
and of questionable clinical and economic benefit.

Future work: Future work should assess the caries prevention effects of interventions to reduce sugar
consumption at the population and individual levels. Interventions designed to arrest the disease once it is
established need to be developed and tested in practice.

Trial registration: Current Controlled Trials ISRCTN36180119 and EudraCT 2009-010725-39.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 20, No. 71.
See the NIHR Journals Library website for further project information.
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Plain English summary

Tooth decay in primary (milk) teeth is the most common disease affecting young children and is
preventable. Decay can progress rapidly and common outcomes include pain and tooth extractions.

Treatment of decay in young children is costly to the NHS.

In this trial we tested a preventative package delivered in dental practice to see if it could keep 2- to
3-year-old children free from decay. The preventative package consisted of applying fluoride-containing
varnish to the child’s teeth, and giving their parents fluoride-containing toothpaste and toothbrushes for
the child’s use.

The trial recruited 1248 children in dental practices in Northern Ireland, UK. These children were divided,
at random, into two equal groups. The test group received the preventative package, the control group
did not. Both groups received standardised preventative advice at all visits.

At the end of the 3 years, 1096 children were examined. Overall, 87% of children in the test group and
85% of the children in the control group attended every 6-monthly appointment.

In total, 34% of children in the test group developed decay, compared with 39% in the control group,
but the difference was not statistically significant. On average, children with decay in the test group
experienced less severe decay. There were no important differences between the groups on the other
outcomes measured including pain and extractions.

The costs of avoiding one decayed tooth surface, as a result of the preventative package, was £251 and
the estimated mean cost per child of keeping children decay free over the 3-year period was £2093.
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Scientific summary

Background

Dental caries is the most common disease of childhood. In 2013, a national survey reported a prevalence
of 28% in England, 39% in Wales and 38% in Northern Ireland among 5-year-old children. The disease is
closely associated with deprivation and, once the disease develops, pain and extractions are common
consequences. In addition, developing the disease in the primary teeth in early childhood is the strongest
predictor of developing disease in the permanent teeth in late childhood into adolescence. The NHS in all
four home nations wants to reorientate dental services to focus on prevention of the disease. In England,
national evidence-based guidelines on prevention have been sent to all dental practices. The guidelines
recommend application of fluoride varnish twice a year, use of fluoridated toothpaste containing no less
than 1000 parts per million (p.p.m.) fluoride and advice about restricting sugar consumption and optimal
use of fluoride toothpaste for young children. These guidelines have not been tested in a pragmatic trial in
a general practice setting. If a new dental contract is to incentivise dentists to provide this care regime,
the costs and effects need to be determined.

Objectives

The Northern Ireland Caries Prevention In Practice (NIC-PIP) trial was designed to address the question of
whether or not an evidence-based ‘prevention package’ delivered in dental practice could keep a
substantial proportion of young children, who attend the dentist on a regular basis, caries free. The impact
of this intervention on costs for the NHS was an important element of the programme.

Aim
To measure the effects and costs of a composite fluoride intervention designed to prevent caries in young
children attending dental services.

Objectives
To compare, in children aged 2–3 years who were caries free at baseline, the effectiveness of a varnish
containing 22,600 p.p.m. fluoride, toothpaste containing 1450 p.p.m. fluoride and standardised health
education, provided twice a year in general dental practice, as a ‘preventative package’ compared
with standardised health education provided twice a year alone in:

l reducing the conversion of children from caries-free to caries-active states in the primary dentition
l reducing the number of carious surfaces (caries into dentine) in the primary dentition in children who

convert from the caries-free to caries-active state
l reducing the number of episodes of pain and/or extraction of primary teeth.

The cost-effectiveness of the preventative package relative to standardised health education alone was
also evaluated.

Methods

The study was a pragmatic, two-arm randomised controlled trial, with an allocation ratio of 1 : 1. The study
population was children aged 2–3 years who were caries free and were registered with 22 NHS general
dental practices across Northern Ireland, UK. Children were excluded if they had a past history of fillings or
extractions due to caries, fissure sealants on primary molar teeth, and/or a history of severe allergic
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reactions requiring hospitalisation. Dentists from the community dental service (CDS) screened children
attending the 22 practices according to the trial inclusion and exclusion criteria. The Belfast Clinical Trials
Unit centrally randomised children into intervention and control groups. The intervention was composite in
nature comprising:

l a varnish containing 22,600 p.p.m. fluoride, applied to their primary teeth by their dentist
l a free toothbrush and a free 50-ml tube of toothpaste containing 1450 p.p.m. fluoride
l standardised dental health education on optimal use of fluoride toothpaste and restriction of

sugar consumption.

The intervention was delivered at the child’s dental check-up, twice a year at approximately 6-month
intervals. The control group received the same standardised dental health education as the intervention
group every 6 months when they attended their dental check-up. The trial took place over a 3-year
follow-up period. Caries outcomes were assessed by 12 trained and calibrated dentists from the CDS,
who were blind to the allocation, undertaking clinical examination according to a standardised, national
diagnostic protocol in which caries was diagnosed at the caries into dentine level. The primary outcome
measure was conversion from the caries-free to the caries-active state and secondary outcome measures
included the mean number of decayed, missing, filled tooth surfaces in primary dentition (dmfs) in
children with caries. Additional secondary outcomes included episodes of pain and number of extractions.
All serious adverse events, and adverse reactions (ARs) associated with the fluoride varnish, were recorded.
The costs of care were also compared between groups. These outcomes were assessed by parental
questionnaires and data collection forms completed by the practices.

The sample size was based on the expectation of an absolute difference in the proportion of children with
caries after 3 years of 0.1 between intervention and control groups. Based on epidemiological and service
data available, it was estimated that 47% of children would develop caries over 3 years. A two-group
chi-squared test with a 0.05 two-sided significance level would have 90% power to detect the difference
between a proportion of 0.47 and a proportion of 0.37 [odds ratio (OR) 0.662] if the sample size in each
group is 510. We assumed that 75% of children approached would be caries free at eligibility assessment,
a 70% parental consent rate and a 15% dropout rate. Using these assumptions, we estimated we would
need to invite at least 2356 children to take part in the study and recruit 1200 children to ensure that we
had sufficient power at the end of the trial.

All statistical analyses were performed using Stata version 14.0 (StataCorp LP, College Station, TX, USA)
using an intention-to-treat approach with a two-sided 5% significance level. The primary analysis
compared the proportion of children in each group who converted from caries free to caries active over
the 3 years using a binary logistic regression model and was adjusted for age and socioeconomic status
measured using a small-area measure of multiple deprivation.

The economic analysis compared the mean cumulative costs per child incurred over the 3-year period in
each arm of the trial. NHS costs were subdivided into those related to the intervention (intervention group
only), those associated with other oral health care provided by dentists and those associated with care
provided by other health service professionals.

Results

A total of 2455 were screened by CDS dentists according to the trial inclusion and exclusion criteria, and
1248 children were recruited into the trial, exceeding the planned sample size of 1200. At the 3-year
follow-up period 1096 children (549 in the intervention group and 547 in the control group) were
examined at outcome, which exceeded the sample size of 510 per group specified in the sample size
calculation. Over the 3-year follow-up period, 87% of children in the intervention group and 85% of
children in the control group attended every 6-month scheduled appointment at their practice. For the
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primary outcome measure, the number and percentage of children who converted from caries free to
caries active was 187 (34%) in the intervention group, compared with 213 (39%) in the control group;
this difference was not statistically significant [OR 0.81, 95% confidence interval (CI) 0.64 to 1.04;
p = 0.11]. The secondary outcome was the difference in the mean number of carious surfaces (dmfs)
between caries-active children in the intervention and control groups. The mean number of tooth surfaces
affected by caries was 7.2 in the intervention group, compared with 9.6 in the control group. This
difference was statistically significant (adjusted mean difference –2.29 surfaces, 95% CI –3.96 to –0.63
surfaces; p = 0.007). There were no statistically significant differences between the intervention and
control groups in the numbers of episodes of pain [negative binomial regression coefficient (in favour of
intervention) –0.03, 95% CI –0.32 to 0.25; p = 0.81] or number of teeth extracted [negative binomial
regression coefficient (in favour of intervention) –0.03, 95% CI –0.88 to 0.82; p = 0.95]. The impact of
the disease was considerable and adverse outcomes were common: 164 out of the total of 400 (41%)
children who converted to caries active reported toothache, compared with 62 out of 696 (9%) caries-free
children (OR 7.1 95% CI 5.1 to 9.9; p < 0.001).

Of the 1248 children who were randomised, 82 reported 100 serious ARs: 45 (7.2%) in the intervention
group and 37 (5.9%) in the control group [negative binomial regression coefficient (in favour of
intervention) –0.19, 95% CI –0.27 to 0.65; p = 0.42]. Ten children in the intervention group had ARs or
unexpected ARs of a minor nature that were potentially related to the fluoride varnish. The costs of care
provision in the intervention group were statistically significantly greater than the costs for the control
group over the 3-year period. The mean cost per carious tooth surface avoided was £251 over the 3-year
period and the estimated mean cost per child kept decay free over the 3-year period was £2093.

Conclusions

Over one-third of children developed caries over the 3-year period of the study, and approximately 40% of
children who developed the disease reported pain. Therefore, development of caries and its consequences
was common and rapid.

There was no statistically significant difference between the intervention and control groups in the
conversion of children from the caries-free to the caries-active state, and so we cannot conclude that the
intervention prevented the conversion of children from the caries-free to the caries-active state. There was
a significant difference in the mean number of carious tooth surfaces between the intervention and control
groups. Children who received the intervention had, on average, 2.43 (95% CIs –0.77 to –4.08) fewer
tooth surfaces affected by caries than children in the control group. There was no statistically significant
difference between episodes of pain or extraction of primary teeth between intervention and control
groups; therefore, we cannot conclude that the intervention prevented episodes of pain or extraction of
primary teeth. The total cost of care was statistically significantly greater in the intervention group than in
the control group. There is considerable uncertainty about what people or the NHS might be willing to pay
to keep children caries free or to prevent carious surfaces. However, based on our calculations of net
monetary benefit, society would need to value carious surfaces avoided at approximately 55 times the cost
of restoring the same number of surfaces before the intervention was deemed to be value for money.
This value may be more than society is willing to pay, but we accept that we do not know if this is
the case.

Future work

Future work should assess the caries prevention effects of interventions to reduce sugar consumption at
the population and individual levels. Interventions designed to arrest the disease once it is established need
to be developed and tested in practice.
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Chapter 1 Introduction

Dental caries is the most common disease of childhood. Globally, the prevalence of dental caries varies
in different parts of the world; it also varies within countries or regions. The World Health

Organization estimates that the disease affects 60–90% of school children and the majority of adults.1,2

Serial cross-sectional surveys in UK have shown that dental caries in the primary (milk) teeth of 5-year-old
children is falling but, compared with other diseases of childhood, prevalence of caries remains high.
The Child Dental Health Survey 2013. Report 2: Dental Disease and Damage in Children England, Wales and
Northern Ireland.3 reported that 31% of children living in England, Wales or Northern Ireland had ‘obvious
decay experience’. In Northern Ireland, where this trial was conducted, 40% of 5-year-olds had obvious
decay experience in their primary teeth in 2013. The severity of dental caries in the population is assessed
using the decayed, missing, filled teeth in primary dentition (dmft – by convention denoted in lower case for
the primary dentition) index, which provides the mean number of teeth per child affected by dental caries
(decayed, missing because of extraction or filled). In 2013, the mean number of primary teeth with obvious
decay experience (dmft) in 5-year-old children living in England, Wales and Northern Ireland was 0.9 per
child and, for children with the disease, the mean number of teeth affected was 3.0 per child.3

The disease has a significant impact on the lives of children and their families, with pain and extraction
being common sequelae.4 Very young children often have difficulty complying with dental treatment,
making the management of their care difficult; consequently, young children with tooth decay often have a
general anaesthetic (GA) to have carious teeth extracted. Tooth decay was the most common reason for
hospital admissions in children aged 5–9 years in 2012–13.5 Owing to its high prevalence, the management
of this disease is very costly to the NHS, even though it is largely preventable.

The literature demonstrates a strong and consistent relationship between caries in 5-year-old children and
deprivation.6 As disease levels have fallen in the population over the last 40 years, the disease has become
increasingly concentrated in the most disadvantaged communities. Unfortunately, there is an inverse
relationship between deprivation and utilisation of dental services; children living in the most disadvantaged
communities, with greatest need, are less likely to attend the dentist and complete a course of treatment
than children living in more affluent areas.7

Caries is a chronic, non-communicable disease determined by the social, cultural and economic environment
a child grows up in. This environment influences behaviours such as diet, toothbrushing and dental visiting,
which affect a child’s risk of developing the disease. National policies5,8 have taken an integrated approach
to tackling the disease with complementary interventions delivered at a population (such as water
fluoridation), community (such as school-based prevention programmes) and individual level (through
preventative care provided in dental practices).

This trial estimates the costs and effects of a composite preventative intervention delivered in general dental
practice to children who were aged 2–3 years at recruitment. It focuses on primary prevention: to prevent
caries (cavitation of teeth) starting and its damaging sequelae from arising. Targeting very young children
fits with the desire to instil healthy lifestyle behaviours from a young age. The trial is complementary to a
number of other parallel National Institute for Health Research (NIHR)-funded studies commissioned to
evaluate different caries preventative and treatment interventions delivered to children in different settings.
These include an evaluation of the cost-effectiveness of water fluoridation in preventing caries in children,9

a comparison of the effectiveness of fluoride varnish and fissure sealants to prevent caries in the school
setting10 and the Filling Children's Teeth: Indicated Or Not? (FiCTION) trial,11 which compares different
treatment regimens for managing carious primary teeth.

The setting for the trial is NHS general dental practices, where > 90% of NHS dental resources are
consumed. Internationally, there is a consensus that dental services need to be designed to primarily focus
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on prevention of dental disease rather than its treatment.12 In the UK, new NHS dental contracts that are
designed to support and incentivise dentists to concentrate on prevention and quality are planned in
England, Wales and Northern Ireland. In England, Delivering Better Oral Health: An Evidence-Based Toolkit
for Prevention (DBOH)13 has been distributed to all NHS dental practices. First published in 2007 and now in
its third edition, this national guidance aims to support dental practices to provide high-quality care and
advice to prevent dental disease. DBOH provides advice about preventing caries in young children. However,
most of the evidence for the fluoride-based interventions recommended is based on explanatory trials rather
than pragmatic trials and, as a result, there is little understanding of the effectiveness of the interventions
recommended by DBOH in ‘real-life’ NHS dental practices. A pragmatic evaluation of the prevention
interventions, taking into account adherence of general dental practitioners (GDPs) and the target
population to the interventions, is required. There is also very little information on the costs associated with
preventative interventions delivered in general dental practice, which is important given the current cost
pressures on the NHS.14 Delivering a national preventative programme through general dental practice is
potentially a costly method of improving dental health because of the high salary costs involved.15 This trial
therefore seeks to inform policy and clinical practice on the costs and effects of a composite preventative
intervention provided to young children that is reflected in national guidelines distributed to all dental
practices in England.

Scientific background

Epidemiology of caries in young children
Although dental caries is a preventable disease, it is a persistent international public health problem.
A 2009 review16 of the available epidemiological data on caries from a number of countries suggested
that the prevalence of dental caries was increasing and that the increases are concentrated in lower
socioeconomic groups, new immigrants and children.

In the UK, national child dental health surveys are undertaken every 10 years and have been carried out since
1973, although Northern Ireland only started participating in the programme from 1983 and Scotland did not
participate in the latest survey published in 2013. The Children’s Dental Health in the UK National Survey 200317

reported that 43% of 5-year-olds had tooth decay. The dental examination undertaken in the 2003 survey was
an assessment of the ‘obvious decay experience’ of children’s teeth, defined as teeth that, at the time of the
examination, had decay into dentine (including teeth that were filled in the past but which needed further
treatment), were filled or were missing because of decay. Prevalence varied from 41% in England to 52% in
Wales and 61% in Northern Ireland (data for Scotland were not reported). The 2003 survey showed that little
had changed since the 1993 National Survey,18 which reported a prevalence of 45%.

The Children’s Dental Health Survey 2013. Report 2: Dental Disease and Damage in Children England,
Wales and Northern Ireland3 results were released in 2015. The diagnostic protocol for the survey was
changed from that of 2003 to enable dental caries to be measured across a range of detection thresholds.
The rationale for this change was to reflect the way in which the detection and management of tooth decay
has evolved towards more preventive approaches to care, rather than just providing treatment for disease.

There were also changes in the consent process; in previous surveys, negative (opt-out) parental consent
was obtained for the dental examination of children. However, in 2006 the Department of Health in
England produced guidance that required positive written consent from parents for the dental examination
of young children participating in epidemiological surveys. As a result, the consent procedures used in the
2013 survey for dental examinations of 5-year-olds required written positive (opt-in) consent to be collected
from parents. Children could also opt out on the day of the examination. Dental caries is closely associated
with deprivation,6 but providing consent for school-based surveys is also associated with deprivation19 and,
therefore, is likely to result in an under-representation of those children with the most severe dental caries.
The 2013 survey reports ‘obvious decay experience’ which includes untreated caries that has progressed
into dentine and caries that has previously been subject to restorative treatment (fillings) or tooth extraction.
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This categorisation includes both cavitated and ‘visual’ decay into dentine, the latter term describing caries
lesions in which dentinal decay can be visualised through the enamel but without frank cavitation.

In the 2003 survey, using an opt-out approach, 88% of Northern Irish children selected received a dental
examination. However, even with the opt-in approach used in the 2013 survey 79% of Northern Irish
children selected received a dental examination. The changes to the diagnostic protocol and consent
procedures meant that caries data for 5-year-olds reported in the 2013 survey were not directly
comparable to those of previous surveys and, consequently, trends in caries among 5-year-old children
were not presented in the 2013 survey (i.e. cross-sectional data for 5-year-olds were presented in
isolation). Nevertheless, there is reason to believe that caries levels in 5-year-olds in Northern Ireland fell
substantially between the 2003 and 2013 surveys. In 2003, in Northern Ireland, 61% of 5-year-olds had
obvious decay experience. In 2013, with slightly revised diagnostic criteria and a changed consent process,
40% of 5-year-olds had obvious decay experience in their primary teeth.

Since the early 1980s, the NHS in England and Wales has funded a programme of local child dental health
surveys complementary to the national child dental health surveys. These surveys of 5-year-old children are
undertaken more frequently than the national surveys and involve much larger numbers of participants,
which allows for statistics to be reported at lower levels of geography. Data from NHS surveys showed a
significant reduction in caries prevalence in 5-year-olds from 2005/6 to 2007/8.20 However, this reduction
could be attributed to a change in the parental consent procedure between the survey in 2005/6, that
used negative (opt-out) consent, and a requirement for positive (opt-in) consent in the 2007/8 survey.
If consent was influenced by socioeconomic status, poor children with higher levels of disease might have
been less likely to participate in the survey than their more affluent peers.19 A further survey of 5-year-olds
was published in 201321 using the same opt-in consent process. Comparing the results for England,
prevalence fell from 30.9% in 2007/8 to 27.9% in 2011/12. However, we cannot assume that disease risk
of children for whom consent was not provided was the same in both surveys. Nevertheless, these data
suggest that disease levels across the UK are falling.

The UK has an enviable library of epidemiological data sets describing trends in prevalence and severity of
dental caries in various population subgroups over the last 40 years. All of these data sets are cross-sectional
and there are few prospective studies available to provide an understanding of how the disease behaves
longitudinally. A prospective cohort study,22 published in 2008, followed 739 children aged 3–6 years
attending 50 dental practices in the north-west of England over a 3-year period. This study demonstrated a
stark difference between children who present with and without the disease at their first visit to the dentist.
Over the study period, 25% of children who were initially caries free developed caries active; by contrast,
72% of those with the disease at their initial visit developed further cavities. No matter what age a child
developed the disease, it progressed at the same rapid rate. An important finding of this study was that
more ‘cases’ (children with caries active) arose from the initially caries-free population (n = 155, 21% of the
total study population) than from those who presented with the disease at their first visit to the dentist
(n = 118, 16% of the total study population). The study also reported that restoration (filling) of primary
teeth made no difference to the trajectory of the disease. This is an important finding, as it points to the
failure of secondary prevention (restoration) and demonstrates the importance of primary prevention in
general dental practice.

Relationship with deprivation
A strong association between caries active in young children and deprivation has been reported consistently
over the last 20 years in different countries. Inequalities in caries prevalence and experience have been
demonstrated by poverty, race and ethnicity. In the USA, the National Center for Health Statistics reported
findings of the National Health and Nutrition Examination Survey, 2009–2010, in 2012.23 Among children
aged 3–5 years, the prevalence of untreated caries was significantly higher in non-Hispanic black children
(19.3%) and in Hispanic children (19.8%) than in non-Hispanic white children (11.3%). In this same age
group, the percentage of untreated dental caries was significantly higher in children living at or below the
federal poverty level (25.1%) than in children living above the poverty level (10.5%).
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In the UK, both geographical and social gradients in caries prevalence and experience have been
consistently observed.24 The NHS 2011/12 survey21 reported a prevalence of 21% in the south-east of
England (excluding London), compared with a prevalence of 35% in the north-west of England. The same
survey reported a strong correlation between caries and deprivation score at lower tier local authority level.
The Children’s Dental Health Survey 2013. Report 2: Dental Disease and Damage in Children England,
Wales and Northern Ireland3 reported that 21% of 5-year-olds who were eligible for free school meals had
severe or extensive tooth decay, compared with 11% of children who were not eligible for free school
meals. In Northern Ireland, the percentage of 5-year-old children with severe or extensive dental decay
showed a marked social gradient (Table 1): 38% of children in the most deprived quintile of deprivation
[categorised using the 2010 Northern Ireland Multiple Deprivation Measure (MDM) quintiles25] were
affected, compared with 10% in the least deprived quintile.

Impact of the disease
Once young children develop caries in their primary teeth, pain and extraction are common outcomes.
A prospective cohort study conducted in the UK followed a population of 3- to 6-year-olds over a 3-year
period.4 Approximately one in five children with caries active presented with dental pain at an unscheduled
visit at the dentist, compared with only 1 in 100 children who were caries free. In children with caries
active, 1 in 10 had a primary molar tooth extracted each year. Dental extraction is the most common
reason why young children have a GA. In 2013–14, in England, approximately 46,500 children and
adolescents under 19 years of age were admitted to hospital with a primary diagnosis of dental caries.
Most admissions were in the 5- to 9-year-old age group, among which group admissions showed a 14%
increase between 2010–11 and 2013–14, from 22,574 to 25,812. The second highest number of
admissions in 2013–14 were for tonsillitis, with approximately 11,500 cases, making dental caries the
most common reason for children aged between 5 and 9 years being admitted to hospital.27

In Northern Ireland, the significant reduction in dental disease identified between the 2003 and 2013
national surveys has been reflected in a reduction in the number of GAs for dental extractions. Data on the
annual number of primary teeth extracted under GA in Northern Ireland provided by the Business Services
Organisation of Northern Ireland are presented in Figure 1. From a peak of 33,686 teeth extracted under
GA in 2004, the number fell to 22,056 in 2013. Figure 2 shows a similar decline in the number of children
who had dental extractions under GA in Northern Ireland, from a peak of 8856 in 2004 to 5351 in 2013.

Extractions performed under GA have a negative impact on young children and their families,28 and there
is a strong association between a history of dental extraction at a young age and the development of
dental anxiety,29 which can continue to affect individuals in later life.30

Children who develop caries active in early childhood are likely to have a high risk of the disease into
adolescence.31 In the Children’s Dental Health Survey 2013. Report 2: Dental Disease and Damage in
Children England, Wales and Northern Ireland,3 15-year-old children were asked about the impact of oral
disease on their daily lives. More than half (54%) of 15-year-olds who had severe or extensive decay had
at least one problem resulting from oral health that affected their daily lives during the previous 3 months,

TABLE 1 Percentage of 5-year-olds from Northern Ireland with any severe or extensive dental decay2 by 2010
Northern Ireland MDM quintiles25,26

Quintile Decay prevalence (%)

1 (most deprived) 38

2 25

3 14

4 14

5 (least deprived) 10
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compared with 44% of those with no severe or extensive decay. The problems most likely to be reported
were embarrassment when smiling or laughing and difficulties with eating and cleaning their teeth.

Parents of 15-year-olds participating in the survey were asked whether or not the health of their child’s
teeth and mouth had affected their family life during the past 6 months. Just over one-third (35%) of
parents reported negative impacts resulting from oral health problems. The most frequent impacts were a
parent having to take time off work (23%); the child needing more attention (15%); the parent feeling
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FIGURE 1 The number of primary teeth extracted under GA in Northern Ireland 2002–13 (provided by Business
Services Organisation of Northern Ireland, Business Services Organisation, Belfast, UK).
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FIGURE 2 Total number of children receiving a dental extraction GA in Northern Ireland 2002–13 (provided by
Business Services Organisation of Northern Ireland, Business Services Organisation, Belfast, UK).
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stressed or anxious (13%); and the parent feeling guilty (11%). Some 37% of parents of 15-year-olds with
severe or extensive decay experience reported that their child had received a GA in the past as part of
dental treatment, compared with 8% of parents whose children did not have severe disease.

Dental caries in young children also has a significant impact on NHS costs. It was estimated in 2014 that
the NHS spends about £3.4B per year in England on primary dental care services.32 The Health & Social
Care Information Centre33 reported that in England 29.9 million patients were seen in the 24-month
period ending June 2014, which included 7.9 million (26.4%) children. The same report identified that
children received 10.6 million courses of treatment in 2013/14, just over one-quarter of the total number
of courses of treatment provided for all patients (39.7 million). This activity consumes roughly one-quarter
of the NHS dental budget, and is devoted primarily to the management of dental caries. These costs do
not include GAs, as they are provided in hospital at a cost of about £700–800 per case.

Different types of NHS contracts with different in-built financial incentives are in place in the four home
nations. In England and Wales a cost and volume contract, paying contract holders to deliver an agreed
amount of activity for an agreed price using units of dental activity (UDAs) as the contract currency, has
been in place since 2006. In both Northern Ireland and Scotland, patients are registered with a dentist and
the majority of fees paid to dentists for the care of children is through capitation payments. In Scotland,
the average cost to the general dental service (GDS) of treating a child during 2013/14 was £66. The total
GDS spend on child dental care for the year ending March 2014 was over £68M; this total was made up
of approximately 40% for items of service and 60% for capitation.34

Table 2 shows that in 2013, in Northern Ireland, where the trial was conducted, 73.2% of children were
registered with a GDS dentist. Registration has been increasing annually since 2010. Table 2 shows that
there is a very steep increase in registration between the age groups of 0–2 years (29.3% registered) and
3–5 years (74.8% registered).

Table 3 summarises the costs of NHS dental care provided by the GDS in 2013/14 and 2014/15. The total
costs in 2014/15 were £17.3M, with approximately 75% of costs made up of capitation payments.

Evidence base for interventions to prevent caries
Technologies designed to prevent caries fall into three broad categories designed to:

1. affect the dynamic balance of demineralisation and remineralisation at the tooth surface to favour
remineralisation primarily through the use of fluoride

2. decrease the volume, and frequency of consumption, of refined carbohydrates
3. seal the surface of the tooth to insulate it from acid attack.

Evidence base for fluoride interventions
The large reduction in population levels of caries witnessed over the last 40 years has been attributed
largely to increased exposure to fluoride.35 Fluoride can be delivered using a number of different vehicles.

TABLE 2 Proportion of Northern Ireland children in selected age bands registered with a GDP (provided by
Business Services Organisation of Northern Ireland)

Year

Age band (years) (%)

Total (%)0–2 3–5 6–8 9–12 13–17

2010 22.2 64.4 73.8 72.5 70.2 60.6

2011 31.8 69.0 79.2 79.3 77.1 69.3

2012 28.1 74.5 84.0 84.5 83.3 72.2

2013 29.3 74.8 84.6 85.1 83.3 73.2
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Water fluoridation
Fluoride occurs naturally in all domestic water supplies, usually at very low levels, but in many parts of the
world it occurs naturally at concentrations high enough to prevent caries. The caries prevention effects of
fluoride were discovered by comparing caries rates in areas where the water supply naturally contains high
levels of fluoride with caries rates in areas with low levels of fluoride in the water.36 A systematic review
of water fluoridation in 200037 estimated that a 15% absolute difference in the proportion of caries-free
children could be expected between fluoridated and non-fluoridated populations. It has been estimated
that this equates to a difference of around 40% in caries increment.38 More recently, a Cochrane review of
water fluoridation has been published.39 The included studies suggest that water fluoridation results in a
35% reduction in decayed, missing or filled primary teeth and a 26% reduction in decayed, missing or
filled permanent teeth. However, the review team queried the applicability of these findings to current
populations, as the majority of the studies included in the review were conducted before fluoride
toothpastes and other preventative measures were widely introduced. Iheozor-Ejiofor et al.39 reported that
over 97% of the 155 studies included in the review were at a considerable risk of bias and concluded that
the evidence for the effectiveness of water fluoridation is limited because of the considerable risk of bias
within the studies and substantial between-study variation. In the UK, the NIHR has commissioned an
evaluation of the cost, and effects, of water fluoridation in the contemporary context.9 However, water
fluoridation is not technically, economically or politically feasible in many areas of the UK, so other delivery
vehicles, such as professionally applied fluoride-containing varnish and fluoride-containing toothpaste,
feature prominently in DBOH.13

Fluoride-containing toothpaste
Fluoride-containing toothpaste is cited as the technology that is responsible for the significant decline
in dental caries since its introduction in the early 1970s.35 A Cochrane review40 of fluoride-containing
toothpaste use in children aged 5–16 years reported clear evidence that fluoride-containing toothpastes
are efficacious in preventing caries in permanent teeth, but there was little information concerning its
effectiveness in the primary dentition, or the incidence of adverse effects associated with its use.
A Cochrane systematic review41 examined the effectiveness of any fluoride-containing agent (gel, varnish,
mouth rinse) combined with toothpaste and reported a mean number of decayed, missing or filled tooth
surfaces in the permanent dentition (DMFS) pooled preventative fraction (i.e. the difference in caries
increments between the treatment and control groups expressed as a percentage of the increment in
the control group) of 10% [95% confidence interval (CI) 2% to 17%; p = 0.01] in favour of a combined
regimen over toothpaste alone, but the statistically significant difference in favour of the combined use of
fluoride-containing varnish and toothpaste accrued from a very small trial with a high risk of bias. A third
Cochrane review42 compared different concentrations of fluoride-containing toothpaste for preventing
tooth decay in children and adolescents. This review included 79 trials on 73,000 children and confirmed
the benefit of fluoride-containing toothpaste in preventing dental caries, but only for fluoride
concentrations of 1000 parts per million (p.p.m.) and above.

TABLE 3 Costs to NHS GDSs for dental care for children (aged 0–17 years) in Northern Ireland (provided by Business
Services Organisation of Northern Ireland)

Cost

Time period

2013/14 2014/15

Item of service fees (£M) 6.4 4.3

Capitation fees (£M) 13.0 13.0

Totala 19.4 17.3

a Excluding orthodontic treatments.
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Fluoride-containing varnish
A Cochrane systematic review of fluoride-containing varnish, which was first published in 2002,43 included
nine randomised controlled trials and reported a pooled dmfs-prevented fraction estimate of 33%
(95% CI 19% to 48%; p < 0.0001). A second systematic review44 of fluoride-containing varnish used
different selection criteria and identified only three trials examining primary teeth and concluded that the
evidence was inconclusive because of the poor quality of the studies. The updated Cochrane review of
fluoride-containing varnish was published in 201345 and suggested that fluoride-containing varnish is
efficacious. The pooled dmfs-prevented fraction estimate was 37% (95% CI 24% to 51%; p < 0.0001) for
the 10 trials that contributed data for the primary tooth surfaces meta-analysis. The quality of the evidence
was assessed as moderate, as it included mainly high risk of bias studies, with considerable heterogeneity.
There was little information on cost-effectiveness, and the authors, despite the large number of trials
identified, reported that ‘there is still a paucity of evidence from high quality randomised trials assessing
the effectiveness of fluoride varnishes for the prevention of caries in children’.45 The authors recommended
that future trials collect data on potential side effects and acceptability of this technology. One of the
recommendations for future research was that composite interventions using more than one fluoride
delivery method (such as the one under test in this trial) need to be evaluated in new trials. Composite
fluoride interventions reflect how fluoride is used in ‘real life’, that is, from multiple sources such as
fluoride-containing varnish delivered by health-care professionals and fluoride-containing toothpaste
consumed in the home.

Fluorosis
Dental fluorosis is a cosmetic defect affecting the teeth that is associated with ingestion of excessive
fluoride in infancy, as the permanent teeth are developing. Fluorosis is usually manifested as diffuse, white
patches on the teeth, but can present as severe mottling of the teeth with brown staining. Research shows
that fluorosis risk is related to an elevated fluoride intake for all of the first 3 years of life,46 but that the
first 2 years of life are the period with greatest risk.47 A Cochrane review48 that assessed fluorosis risk
associated with use of fluoride-containing toothpaste in early childhood included 25 studies of different
designs. There was weak, unreliable evidence that brushing a child’s teeth with a toothpaste containing
fluoride, before the age of 12 months, may be associated with an increased risk of developing mild
fluorosis. There was stronger evidence that higher levels of fluoride (≥ 1000 p.p.m) in toothpaste is
associated with an increased risk of fluorosis when given to children aged > 5–6 years. However, the
authors concluded that more evidence with low risk of bias is needed. They advocated that future trials
testing the caries preventative effect of fluorides in young children should have an adequate follow-up
period to assess fluorosis risk.

Evidence base for restriction of sugar consumption
Recently there has been a broad public health movement to restrict the consumption of sugar.49 Dental
public health specialists have advocated a common risk factor approach to prevent conditions that have
common determinants, as a more efficient and effective strategy than multiple disease-specific strategies.5

Childhood caries and obesity are often cited as two chronic non-communicable diseases that have
common determinants (consumption of sugar) and could be tackled through this common risk approach.
However, although average sugar consumption and obesity prevalence have increased over the past
decades,49 caries prevalence has decreased.20 There is uncertainty about the relationship between the two
diseases,50 with marked heterogeneity between studies making comparison difficult. Interventions to
reduce sugar consumption involve lobbying for changes in regulation, legislation or taxation at a
population-level intervention. However, health-care professionals also have a role to play in trying to
change an individual’s dietary behaviour and reduce the volume and, particularly important for caries, the
frequency of sugar consumption. Lingström et al.51 published a systematic review in 2003 to evaluate the
effectiveness of dietary changes to prevent dental caries and reported a lack of studies that could
demonstrate an effect of health education/advisory interventions to reduce sugar intake/frequency on
caries increment. In 2012, a Cochrane review52 of one-to-one dietary interventions delivered in a dental
setting aimed at changing dietary behaviour was published. Five studies met the criteria for inclusion in the
review and, of these, only one study evaluated a single intervention designed to prevent dental caries.53
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The authors of the review concluded there was little evidence that one-to-one dietary interventions
delivered in a dental setting are effective in preventing dental caries.

Evidence base for fissure sealants
Caries in the permanent teeth of children are now primarily found in the pits and fissures of molar teeth.
Fissure sealants are applied by a dentist or dental care professional and adhere to the surface of the teeth
forming a hard coating, which covers up the vulnerable pits and fissures, thereby preventing bacteria and
food ingressing into these pits and fissures and causing decay. There is good evidence that fissure sealants
are effective in preventing caries in the permanent molar teeth of high-risk children.54 However, they are
primarily used to prevent caries in permanent teeth and are not advocated in national guidance for caries
prevention in primary teeth.13,55

Dental visiting and prevention
There is a strong association between dental visiting and caries in young children. Those children who
attend the dentist regularly and asymptomatically are more likely to have lower levels of caries than peers
who are irregular, symptomatic attenders.7 A Cochrane review56 examined the effect of altering the recall
interval for dental check-ups and oral health and health-care system costs. The review looked at different
recall intervals for different types of dental check-up: (1) clinical examination only; (2) clinical examination
plus scale and polish; (3) clinical examination plus preventative advice; and (4) clinical examination
plus preventative advice plus scale and polish. The review included only one study57 of 185 children
(aged 3–5-years) and young adults (aged 16–20 years) attending a public dental clinic in Norway.
Participants were randomly chosen to have a clinical examination every 12 months or every 24 months
and were followed up for 24 months. For 3- to 5-year-olds, there was a non-significant difference
in mean dmfs increment of –0.90 (95% CI –1.96 to 0.16) in favour of a 12-month recall. The study was
judged to be of very low quality and the authors could not make any conclusions about whether
or not extending the time between dental check-ups reduces or increases the risk of tooth decay
and/or costs.

The reasons for the association between dental caries and dental visiting patterns remain unclear. There is
no evidence to demonstrate that this relationship is directly attributable to interventions provided by dental
services, or if regular dental visiting is a marker for a set of caries risk-reducing behaviours adopted by
parents of young children within the home, such as restricting sugar consumption and frequent use of
fluoride-containing toothpaste. However, if part of the national strategy for caries reduction is to deliver
evidence-based prevention within dental settings, then sufficient numbers of children have to attend the
dentist and attend at the recommended frequency if the benefits are to be realised at both the individual
and population levels.

Overall, the child dental health surveys3,17 suggest there has been little change in dental visiting patterns
across England, Wales and Northern Ireland between 2003 and 2013. Dental registrations of children in
Northern Ireland have increased in this period, but this appears to be a result of an increase in the
registration interval from 15 months to 24 months rather than a change in attendance behaviour.
According to parental responses in the national surveys, approximately 9 out of 10 children
across all age groups, and countries, attended for a regular check-up in both 2003 and 2013.
There has also been little change in the reported age of the first visit to the dentist since 2003, with
around one-third of 5- to 8-year-old children having visited the dentist by the age of 2 years in 2013.
Despite high-profile media coverage about problems in accessing NHS dentistry, more than 8 out of 10
parents, in both 2003 and 2013, reported that they had never experienced any difficulty finding an NHS
dentist for their child. So although visiting patterns have remained stable, there has been a decline in
disease, suggesting that a change in age of attendance and the volume and frequency of attendance are
not responsible for the fall in caries. However, the quality and effectiveness of the preventative care
delivered at dental visits may have improved. Research that informed the rationale and design of this
study suggested that the preventative care provided by GDPs was ineffective and inequitable58 and that
dentists were ill equipped in terms of their knowledge59 and how they present information to their
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patients60 to provide an effective preventative service. In response to the concerns about the quality of
prevention in practice, the Department of Health in England developed and distributed DBOH13 to every
dental practice in England. The advice for prevention of caries in children aged 0–6 years provided by
the third edition of DBOH is replicated in Table 4, and the classification used to grade the evidence is
provided in Table 5.

The guidance recommends prevention for all children including those who present caries free. The levels of
evidence for each intervention are provided; however, this evidence is based largely on explanatory studies
and there is an implicit assumption in the guidance that providing advice, or a professional intervention,
will replicate the effects of explanatory studies. The effectiveness of these interventions relies on changing
parents’ and health professionals’ behaviour in a sustainable way. The translation of advice to a change in
behaviour is tenuous for both patients61 and health-care professionals.62 A large amount of policy and
commissioning effort has been put into DBOH, and there is a concern that this effort may not result in
significant improvement at population or practice levels. DBOH is currently not an NHS contractual
obligation for dentists in England; however, the Health & Social Care Information Centre63 reported that in
2014/15 children’s courses of treatment that included fluoride-containing varnish application rose 24.6%
to 3.4 million from the previous year. The total number of courses of treatment provided to children in
2014/15 was 11 million, 70% of which were for band 1 (check-ups) alone. So although provision of
fluoride-containing varnish has been increasing, only a relatively small proportion of courses of treatment
provided to children involve reported application of fluoride-containing varnish.

There is also a concern that DBOH could increase inequalities in caries levels between the rich and
poor in society, as children from the most deprived backgrounds, with the greatest risk of dental
caries, are less likely to attend the dentist from an early age, and are less likely to attend on a regular
basis, than children from more affluent backgrounds. The Children’s Dental Health Survey 2013
Report 1: Attitudes, Behaviours and Children’s Dental Health England, Wales and Northern Ireland,
201364 recorded that around 90% of parents reported that their 5-year-old child attends
the dentist on a regular basis. Table 6 compares parentally reported visiting patterns in the
different countries.

Although these statistics may be subject to response bias, it seems that dental services can reach the
majority of the child population. Other interventions are required to reach the children who do not attend
the dentist on a regular basis. If prevention in practice is seen as a key means of improving population
health in young children, we need to understand the cost-effectiveness of interventions recommended
by DBOH. Estimating the cost-effectiveness of this approach to prevention is particularly important in the
current financial climate of the NHS, as prevention delivered in dental practice is a potentially expensive
option as a result of high staff costs.15

Explanation of rationale for undertaking the study

Situation in 2008
The planning for this trial took place in 2008 and the application was approved in 2009. From the inception
of the trial to its completion, policy has progressed with the intent to have prevention as the principal focus
of NHS primary care dental services. More significantly, national epidemiological surveys show that there
have been reductions in the prevalence and severity of the disease in the population of young children over
the last 10 years, particularly in Northern Ireland where the fall in disease in 5-year-old children has been
marked. Therefore, the trial has been conducted against a background of falling population disease levels.
However, the NHS contractual arrangements under which dentists in Northern Ireland operate have
remained stable during the period of the trial. During the conduct of the trial, policy-makers in all four home
nations have sought to elicit a change in emphasis of NHS dental services to focus primarily on prevention
rather than treatment. New NHS dental contracts with a system of remuneration based largely on
capitation, aimed at supporting prevention, are being evaluated in England, Wales and Northern Ireland.
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TABLE 4 Advice for prevention of caries in children aged 0–6 years (summarised from Delivering Better Oral
Health: An Evidence-Based Toolkit for Prevention13)

Advice to be given Professional intervention

Children aged up to 3 years

Breastfeeding provides the best nutrition for babies I

From 6 months of age infants should be introduced to
drinking from a free-flow cup, and from age 1 year feeding
from a bottle should be discouraged III

Sugar should not be added to weaning foods or drinks V

Parents/carers should brush or supervise toothbrushing I

As soon as teeth erupt in the mouth, brush them twice daily
with a fluoridated toothpaste I

Brush last thing at night and on one other occasion III

Use fluoridated toothpaste containing no less than
1000 p.p.m. fluoride I

It is good practice to use only a smear of toothpaste

The frequency and amount of sugary food and drinks should
be reduced III, I

Sugar-free medicines should be recommended III

All children aged 3–6 years

Brush at least twice daily, with a fluoridated toothpaste I Apply a fluoride-containing varnish to teeth two times a
year I (2.2% NaF–) (I)

Brush last thing at night and at least on one other
occasion III

Brushing should be supervised by a parent/carer I

Use fluoridated toothpaste containing more than
1000 p.p.m. of fluoride I

Use only a pea-size amount (good practice)

Spit out after brushing and do not rinse, to maintain fluoride
concentration levels III

The frequency and amount of sugary food and drinks should
be reduced (III, I)

Sugar-free medicines should be recommended III

Children aged 0–6 years giving concern (e.g. those likely to develop caries, those with special needs). All advice
as above plus

Use fluoridated toothpaste containing 1350–1500 p.p.m.
fluoride I

Apply fluoride varnish to teeth two or more times a year
(2.2% NaF–) I

Use only a smear or pea-size amount (good practice) Reduce recall interval V

Investigate diet and assist adoption of good dietary practice
in line with the Eatwell Plate I

When medication is given frequently or long-term request
that it is sugar free, or used to minimise cariogenic effects
(good practice)

(It is good practice) when medication is given frequently or
long term, liaise with medical practitioner to request that it
is sugar free or used to minimise cariogenic effects

Children aged up to 3 years (strength of evidence grades in bold font).
Adapted under the Open Government Licence from DBOH.13
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Caries in 5-year-olds: a priority
Prevention of dental caries in young children is a policy priority across the UK. The Primary Dental Care
Strategy for Northern Ireland,65 published in 2006, placed a strong emphasis on prevention of caries in
general practice and the subsequent An Oral Health Strategy for Northern Ireland,66 in 2007, sets targets
for reduction in the caries levels of 5-year-olds. In England, tooth decay in children aged 5 years is an
indicator in the Public Health Outcomes Framework67 and caries prevention in young children figures
prominently in Public Health England’s document, Local Authorities Improving Oral Health: Commissioning
Better Oral Health for Children and Young People. An Evidence-Informed Toolkit for Local Authorities.5

In Scotland, Route Map to the 2020 Vision for Health and Social Care in Scotland68 identified preventative
measures on alcohol, tobacco, dental health, physical activity and early detection of cancer as a particular
focus. The priority for prevention of dental caries in young children is reflected in a national HEAT (Health
Improvement, Efficiency, Access to treatment, Treatment) target: ‘At least 60% of 3 and 4 year old
children in each Scottish Index of Multiple Deprivation (SIMD) quintile to receive at least two applications
of fluoride varnish (FV) per year by March 2014’.69 This forms part of the Quality Measurement Framework
to measure progress of the National Quality Strategy to realise the 2020 vision. A national approach to
prevention in Scotland started in 2011 with the establishment of the Childsmile programme, designed to
improve the oral health of children in Scotland and reduce social inequalities both in dental health and
access to dental services. There are a number of elements to the programme.

l Childsmile Core programme: every child is provided with a dental pack containing a toothbrush and a
tube of toothpaste containing 1000 p.p.m. fluoride on at least six occasions by the age of 5 years.
Children also receive a free-flow feeder cup by 1 year of age. In addition, every 3- to 4-year-old child
attending nursery (whether it is a local authority, voluntary or private nursery) is offered free, daily,
supervised toothbrushing.

l Childsmile practice: a network of Dental Health Support Workers facilitate regular attendance at dental
practices of children from the age of 6 months to receive preventative care including twice-yearly
fluoride-containing varnish applications from 2 years of age.

TABLE 6 Percentage of parent-reported patterns of 5-year-old child dental attendance by country

Country

Pattern of attendance (%)

For a check-up Only when have trouble with teeth Never been to the dentist

Northern Ireland 90 4 4

Wales 92 3 5

England 89 4 7

TABLE 5 The grades of evidence used by DBOH13

Grade Strength of evidence

I Strong evidence from at least one systematic review of multiple well-designed randomised control trial(s)

II Strong evidence from at least one properly designed randomised control trial of appropriate size

III Evidence from well-designed trials without randomisation, single-group pre-post, cohort, time series of matched
case-control studies

IV Evidence from well-designed non-experimental studies from more than one centre or research group

V Opinions of respected authorities, based on clinical evidence, descriptive studies or reports of expert committees

Adapted under the Open Government Licence from DBOH.13
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l Childsmile Nursery and School: educational establishments with the highest proportion of children
living in the most-deprived local quintile, as defined by the Scottish Index of Multiple Deprivation,
are targeted for provision of additional twice-yearly fluoride-containing varnish applications within the
nursery and school setting.

Childsmile is a composite national programme. It is an evaluation programme, which has largely been
confined to assessment of process.70 Serial cross-sectional studies71 in Glasgow, an early adopter of the
Childsmile programme, show reductions in dental caries in 3-year-old children, but without a control
population causal inference is difficult and no data have been published on the cost-effectiveness of
the programme.

In Wales, Together for Health: A National Oral Health Plan for Wales (2013–18)72 was published in 2013.
A central element of the plan is ‘Designed to Smile’,73 and this national programme has two
main elements:

1. A preventative programme for nursery/primary school children: this involves the delivery of school-/
nursery-based toothbrushing and fluoride-containing varnish programmes for children aged 3–5 years,
helping establish good habits from an early age. In addition, children aged 6–11 years will receive a
fissure sealant programme as well as preventative advice on how to look after their oral health.

2. A preventative programme for children from birth to 3 years of age. The aim of this programme is to
give good consistent advice to parents, to provide toothbrushes and toothpaste, and to encourage
going to the dentist.

Similar to the situation in Scotland, evaluation has been hampered by the lack of a counterfactual and
monitoring reports have focused largely on process evaluation.74

In Northern Ireland, funding has been provided to the community dental services (CDSs) to run
fluoride-containing toothpaste schemes, which started in 2005. There are three categories of scheme,
with children aged 3–5 years (inclusive) being the targeted age group:

1. postal schemes: fluoride toothpaste is posted out in a pack, along with a toothbrush and instructions
on use, to children from deprived families

2. supervised tooth brushing schemes: children in pre-school settings were overseen by staff in a daily
brushing routine with fluoride toothpaste

3. pre-school distribution schemes: children attending pre-schools in selected areas receive toothbrushes,
toothpaste and instructions at school for home use.

In total, across all three types of scheme, approximately 22,000 children were/are involved each year,
which equates to about one-third of all children in Northern Ireland in the 3- to 5-year-old cohort.
A personal correspondence with the dental lead for the NHS in Northern Ireland confirmed that this
programme is now well established and has involved consistent numbers of children each year from 2005
to 2015 (Mr Michael Donaldson, Consultant in Dental Public Health. Health and Social Care Board of
Northern Ireland, 2015, personal communication).

Therefore, prevention of dental caries in early childhood is a priority for all four home nations. In each
country evidence-based preventative programmes using fluoride-containing varnish and fluoride-containing
toothpaste are delivered in various settings, including general dental practice. However, there have been no
pragmatic trials that investigate health and cost outcomes of these interventions. Serial cross-sectional
surveys show reductions in disease and are encouraging, but the evidence produced is weak with a high risk
of bias. This illustrates the need to undertake high-quality pragmatic trials to establish the cost-effectiveness
of these interventions, particularly at a time when the NHS across the UK is seeking to invest in prevention
by redesigning dental services.
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Redesigning NHS dental services to support prevention
Internationally there has been a consensus that dental services should be reoriented to prioritise
prevention. The Liverpool Declaration: Promoting Oral Health in the 21st Century75 was produced by the
eighth World Congress on Preventive Dentistry, organised jointly by the International Association for Dental
Research, the World Health Organization, the European Association of Dental Public Health and the British
Association for the Study of Community Dentistry. The declaration called for a number of areas to be
strengthened by 2020, including ‘countries should ensure access to primary oral health care with emphasis
on prevention and health promotion’.

In England and Wales, locally commissioned NHS dental contracts were introduced in April 2006. One of
the reasons the English Department of Health changed the NHS dental contract at that time was to
encourage prevention. However, the 2006 contract in England was heavily criticised by the dental
profession and NHS managers76 and by the House of Commons Health Select Committee77 for offering
little incentive for dentists to provide preventative care. Indeed, one of the recommendations of the
House of Commons Health Select Committee report was that ‘the Department of Health undertake
research to determine the extent to which the provision of preventive advice is being given and its
cost-effectiveness’.

In England piloting of new contracts started in 2011, based on a registration and capitation remuneration
model with additional financial incentives for quality. Central to the pilot contract was an information
technology-supported system of care pathways, based on the outcomes of a standardised risk assessment
with a strong focus on prevention. The pilots have not been subject to a robust academic evaluation
testing a priori hypotheses. The reports of the pilots have been mainly descriptive in nature78 and the
evaluation of the standardised oral health assessment, which forms the cornerstone of the new contract,
was limited to professional and social acceptability. The ability of the associated risk algorithms to correctly
classify patients and predict future disease development was not tested, only a count of the number
of additional appointments made for those considered to be at most risk was reported. During the
evaluation, changes were made to the data collected, and there were concerns about the quality of the
information being generated, for example only a small sample (n = 10) of the 70 pilot practices were
chosen to record tooth-level data.

The Department of Health in England developed a Dental Quality and Outcomes Framework (DQOF),79

which was planned to be included in the pilots. The DQOF includes caries in 5-year-old children as a
quality indicator: ‘Decayed teeth (dt) aged 5 years old and under, reduction in number of carious teeth/
child’.79 The rationale for use of this indicator was to ‘monitor the primary dental care team’s adoption
of evidenced informed preventative advice and intervention and their impact on oral health’.79 However,
the DQOF was not included in the pilots of the new English NHS dental contract and is also untested.
This makes conclusions about the impact of the English pilots difficult to infer. In January 2015, the
Department of Health announced dental contact reform prototypes,80 acknowledging the frustrations
with the pace of reform and reiterated a commitment to prevention. The remuneration mechanism for
prototypes is to be based on a blend of capitation, activity and quality. Remuneration will be based on
minimum activity and capitation targets, adjusted for performance against the DQOF. The timescales for
the start and completion of prototypes are unclear and the phrase ‘evolution not revolution’
was mentioned.

In Wales, piloting of a new dental contract started in 2011. The National Oral Health Plan for Wales72

referenced the fact that the Department of Health was testing a new prevention-oriented GDS contract.
Two pilots were selected, one basing payment on capitation and quality to incentivise practices to maintain
and increase patient numbers and to promote prevention. The second was a children and young people’s
pilot for 0- to 17-year-olds, which aimed to incentivise preventative care for 0- to 17-year-olds and was
designed to complement ‘Designed to Smile’. The pilots were completed on 31 March 2015 and at the
time of writing the evaluation has yet to be published.81
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In Northern Ireland, the Department of Health Social Services and Public Safety and the Health & Social
Care Board of Northern Ireland have started pilots for a new dental contract. The first wave of pilots to test
a potential capitation-based model for primary dental care started on 13 November 2014 and has paved
the way for a larger intake of practices in wave 2, which commenced in August 2015. The wave 2 pilot
will run for a period of 1 year and the practices involved will switch from the current fee-for-service system
of remuneration to capitation and then back to fee for service at the end of the year. This change in the
contract, like those in England and Wales, is designed to support prevention. The evaluation of the new
contract pilots in Northern Ireland will be subject to an independent evaluation funded by a NIHR project
grant [URL: www.nets.nihr.ac.uk/projects/hsdr/141912 (accessed 26 August 2016)].

This summary demonstrates that prevention of caries in the primary dentition of young children is a public
health priority for the four home nations. In all four nations there is activity to reorientate dental services to
focus on prevention. The Children’s Dental Health Survey 2013 Report 1: Attitudes, Behaviours and
Children’s Dental Health England, Wales and Northern Ireland, 201364 reported that 90% of 5-year-olds in
England, Wales and Northern Ireland had visited a dentist in the last 12 months. Therefore, interventions
delivered in dental practice, in which over 90% of NHS dental resource resides, should be able to reach a
high proportion of the child population. Although there is national guidance13,55,82 on providing evidence-
based preventative care, primarily using fluoride interventions, to young children in general practice, the
guidance is based on evidence that has some significant gaps, particularly how evidence from largely
explanatory trials performs in the real world, taking into account compliance of practitioners and patients.
There is also little understanding of the economics of prevention delivered in a practice setting. Dentists
are highly paid health-care professionals; the Health & Social Care Information Centre15 reported that the
average NHS earnings for providing-performer dentists in England and Wales was £114,100 in 2012/13
and the average for performer-only dentists was £60,800. There have been attempts to use skill mix to
reduce staff costs for prevention, a good example being use of the extended duties dental nurse in the
Scottish Childsmile programme, but these programmes are staff intensive and may not be as cost-effective
as community-based prevention programmes such as water fluoridation or distributed fluoride toothpaste
programmes in reducing population disease levels. There is a need to understand the costs and effects of
preventative programmes delivered in general practice through well-designed and adequately funded,
pragmatic, randomised controlled trials, particularly in the context of falling population disease levels.

Once young children develop caries active in their primary teeth, they are very likely to experience pain or
have an extraction over a 3-year period.4 In addition, the majority of preventative care in dental practice is
directed to children who initially present caries free, and it is believed that the majority of 5-year-old
children who have the disease emerge from this population.22 As adverse outcomes are common in
children once they develop the disease and the majority of NHS resources are directed to those who
initially present caries free to keep them in this state, the rationale for this trial was to develop the
evidence base for preventative care delivered in general dental practice, with a focus on primary prevention
and attempting to keep children caries free.

Dentists cannot prevent caries from starting in children who at their first visit already have the disease.
These children with the disease should be considered as a separate population from those who are caries
free; their dental care needs are quite different and are complicated by the effects of restorative treatment.
Another Health Technology Assessment programme-funded trial is investigating the management of active
disease in this population.11

If the technologies tested in this trial are shown to be effective at preventing caries and/or reducing costs it
will reassure policy-makers that the investment in prevention and the reorientation of dental services is
justified. If the intervention is shown not to be a cost-effective use of resources, policy-makers may wish to
consider the merits of community-based prevention interventions.
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Objectives of the trial

Aim
The aim of the study was to measure the effects and costs of a composite fluoride intervention designed
to prevent caries in young children attending dental services.

Objectives
The objectives of the study were to compare in children, aged 2–3 years who were caries free at baseline,
the effectiveness of a varnish containing 22,600 p.p.m. fluoride, a toothpaste containing 1450 p.p.m.
fluoride and standardised health education, provided twice a year in general dental practice, as a
‘preventative package’ versus standardised health education provided twice a year alone in:

l reducing the conversion of children from caries-free to caries-active states in the primary dentition
l reducing the number of carious surfaces (caries into dentine) in the primary dentition in children who

convert from caries-free to caries-active states
l reducing the number of episodes of pain and/or extraction of primary teeth.

The cost-effectiveness of the preventative package relative to standardised health education alone was
also evaluated.
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Chapter 2 Methods

Trial design

This was a pragmatic, two-arm, parallel-group, randomised controlled trial with an allocation ratio of 1 : 1.
The trial was classified as a clinical trial of an investigative medicinal product (CTIMP) and was authorised
by the Medicines and Healthcare products Regulatory Agency.

Patient and public involvement (PPI) played a major role in shaping the design and management
of the trials, and the interpretation of our findings. We were supported by the Health & Social Care
Research & Development Division through their PPI programme to connect with local groups and
organisations in Northern Ireland. In addition, we had a PPI group made up of parents with young
children, who met on a regular basis with the research team and provided advice and input at key stages
of the research project.

Changes to trial design after trial commencement

A number of changes were made to the original protocol, which was originally published in 2011.83 The
Greater Manchester Central Research Ethics Committee had oversight of the trial. The committee provided
a favourable ethical opinion on 8 July 2009 (Research Ethics Committee reference number 09/H1008/93),
and all of the changes made to the protocol were approved by the Greater Manchester Central Research
Ethics Committee.

In the original protocol we stated that practices would be selected to participate in the trial according to
the following criteria:

l willingness to participate in the study
l access to a suitable population of children
l availability of suitable premises and equipment to host recruitment and baseline assessment activities
l agreement to comply with the protocol and good clinical practice (GCP) requirements of the trial.

A complication affecting the selection of practices occurred because of a change in research governance
arrangements in Northern Ireland in 2010. The new arrangements meant that CDS dentists, who were
responsible for conducting baseline and outcome examinations, were confined to working in the
geographical area covered by their trust. We therefore had to select practices based on:

l Practice size. The total number of children aged 2–3 years registered with the practice was used to
determine the practice size. This information was provided by the Business Services Organisation of
Northern Ireland to ensure there was access to sufficient numbers of eligible children attending the
practice and sufficient space to accommodate the needs of the trial.

l Practice location. Owing to restrictions placed on the geographical boundaries within which the CDS
dentists could work, we selected practices to ensure that the CDS dentists in each trust had a similar, and
manageable, number of practices to visit during the recruitment and follow-up phases of the trial.

We changed the measure of socioeconomic status used in the analyses. In the original protocol we
proposed that we would use the following measures of socioeconomic status: dental charge exemption
status of the child’s parents; eligibility for free school meals; or the Northern Ireland MDM 2005.84

The Northern Ireland MDM was updated in 2010 and we elected to use this contemporary measure in
our analyses.25
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During the follow-up period we provided a £25 gift voucher to recompense parents for the expense and
inconvenience incurred in bringing the child for the final outcome assessment.

Participants: including eligibility criteria

The trial participants were children aged 2–3 years who attended GDS practices in Northern Ireland.
There was a two-stage process of assessing and recruiting participants.

Stage 1: recruiting practices
A flyer was sent out to all practices across Northern Ireland to participate in the trial. An open meeting
available to all practices in Northern Ireland hosted by the Chief Dental Officer was initially held to
explain the aims of the trial and what would be expected of practices if they participated in the trial.
This was followed by a working meeting of representatives of all of the local dental committees in
Northern Ireland to discuss the practical aspects of the trial, for example how to minimise disruption and
what would be a fair financial package to reimburse practices for disruption and loss of earnings as a
result of hosting the trial. A reimbursement package for practices was agreed with the Health & Social
Care Board of Northern Ireland to cover the additional costs to practices from participating in the trial.
This included:

l a £1000 initial payment to each dentist participating in the trial to cover out-of-pocket expenses for
time taken for GCP- and trial-specific training and earnings lost because of the recruitment process

l a £25 fee for each visit to provide the intervention and complete the case report form (CRF) as
per protocol.

Practices were selected based on their size (registered population of 2- to 3-year-old children), location
(to provide a similar and management number of practices for each CDS examining team in each NHS
trust area), willingness to participate in the study and an agreement to comply with the protocol and GCP
requirements of the trial.

Stage 2: recruiting participants
Participants were children aged 2–3 years who attend the selected GDS practices.

Children were eligible to participate in the study if they fulfilled the following criteria.

Inclusion criteria

l Children aged 2–3 years.
l Attending selected GDS practices.
l Person with parental responsibility for the child signs a consent form.

Exclusion criteria

l Children with caries into the dentine.
l A past history of fillings or extractions because of caries.
l Children with fissure sealants on primary molar teeth.
l Children with a history of severe allergic reactions requiring hospitalisation.
l Children already participating in any other investigative medicinal product study at recruitment.

Families usually attend the dentist as a unit; therefore, a rule was needed to guide the participation of
siblings in the trial if more than one sibling was eligible. It was decided that the youngest eligible sibling in
a family would be randomised and all other eligible siblings would be excluded from the study but receive
their NHS dental care in the usual way.

METHODS
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Study settings

The study took place in 22 NHS general dental practices across Northern Ireland, UK. A map of the
province (Figure 3) identifies the location of each practice participating in the study.

Interventions

Intervention group
The intervention was a composite fluoride intervention comprising two elements:

1. A fluoride-containing varnish (at a fluoride concentration of 22,600 p.p.m.) in the form of Duraphat®

(Colgate-Palmolive Ltd, Guildford, UK), provided in its normal commercial packaging. Duraphat (used
off label) is classed by the Medicines and Healthcare products Regulatory Agency as an investigative
medicinal product and, therefore, its use in this CTIMP had to comply with relevant UK regulations.85

A participating dentist applied the fluoride-containing varnish to all of the dried primary teeth of the
children at two visits to the dental surgery each year, at approximately 6-monthly intervals (± 4 weeks).
One drop of varnish was applied to the primary teeth in each arch (two drops in total) using a
standardised brush applicator. After application, parents were advised not to brush their children’s teeth
for 24 hours.

2. Participating dentists and their staff were trained to apply the varnish in accordance with the product
brochure and practices were provided with an illustrated fluoride-containing varnish application guide
describing the process of application. The UK summary of product characteristics86 was also made
available to the dentists. The varnish was dispensed by the pharmacy department at the Belfast Health
and Social Care (HSC) Trust. The temperature of the varnish was monitored during distribution and
storage using maximum and minimum thermometers to ensure the varnish used in the trial complied
with the guidance in the product brochure.

FIGURE 3 Location of the 22 general dental practices that participated in the Northern Ireland Caries Prevention In
Practice trial. Reproduced from Land and Property Services data with the permission of the Controller of Her Majesty’s
Stationery Office, © Crown copyright and database rights. Departmental Memorandum of Understanding 2015.
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3. The second element of the fluoride intervention comprised a free toothbrush and a free 50-ml tube of
toothpaste containing 1450 p.p.m. fluoride. This element was provided to intervention group children
twice a year along with the fluoride-containing varnish. The toothpaste was Colgate® Cavity Protection
(Colgate-Palmolive Ltd, Guildford, UK), which was provided in its normal commercial packaging. Parents
of participating children under 3 years of age were advised to use a smear of toothpaste, and those
whose children were over 3 years were advised to use a pea-sized blob of toothpaste when brushing
their teeth. Photographs of a smear and a pea-size blob were included in a standardised dental health
education sheet (see Appendix 1). It was stressed to parents that an adult must supervise the child
when they brushed their teeth.

Control group
Parents of children allocated to the control group were invited to bring their children for a dental check-up
at 6-monthly intervals. At these visits the children received the same standardised dental health education
as the children in the intervention group. The control group children did not receive any professionally
applied or NHS service-provided fluoride interventions.

The trial visits were integrated into the usual 6-monthly dental check-up appointment of all children in
both intervention and control groups over the 3-year follow-up period of the trial.

The date of visits for both intervention and control groups, and the date of each application of fluoride
varnish, were recorded for each participant in the intervention group by the dentist (local investigator) on
the CRF. The CRF identified the batch number of fluoride varnish used for each application. Empty or
expired tubes of varnish were collected and retained. Participants who did not attend for their check-up
appointments were sent out reminder letters.

Randomisation and blinding (sequence generation, type, allocation
concealment mechanism, randomisation implementation and blinding)

The practices identified potentially eligible children from their practice databases, based on their age and
treatment history. For those practices without a computer, the Business Services Organisation provided the
practice with a list of registered children between the ages of 2 and 3 years.

An invitation letter was sent to parents of identified children asking if they would like their child to
participate in the trial. The invitation included a trial information sheet, which explained the study to
parents. An appointment to attend a dedicated assessment session in the child’s practice was included in
the invitation pack. The child’s dentist or the external CDS dentists (who completed the baseline clinical
examinations) obtained parental consent for the child to take part in the trial. Baseline assessment was
undertaken after consent had been obtained for each child but prior to randomisation. A specific
randomisation schedule was prepared by the clinical trials unit (CTU) for each practice, using randomised
permutated blocks. The block lengths varied to ensure that the CDS examiners undertaking baseline
assessments were blind to patient allocation. Children who met the eligibility criteria and for whom
written, informed consent had been provided by a person with parental responsibility were enrolled onto
the trial. Randomisation was undertaken centrally by the CTU on a dedicated trial telephone line. The CTU
verified the child’s eligibility criteria and provided the local investigator with confirmation of the treatment
allocation via fax (to provide a paper record of the allocation) and assigned a unique participant
information number to each child.

Outcomes (primary and secondary outcomes how and when
they were assessed)

Clinical examinations for caries at baseline and outcome at 3 years were performed by trained and calibrated
examiners, who were dentists employed by the CDS. Calibration took place on at least 15 4- to 6-year-old
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children in a primary school setting prior to baseline and prior to and halfway through the outcome
examination period. Examiners were trained and calibrated against the ‘beacon’ examiner for the NHS Child
Dental Health Survey in the north-west of England. All of the examiners examined each child twice and
intra- and inter-examiner agreements for recording carious teeth were assessed using the kappa statistic.
Intra- and inter-examiner agreements for recording caries status at tooth level must have exceeded a kappa
score of 0.70 or further training was provided and the calibration exercise repeated until acceptable levels of
agreement were achieved. The results of baseline and outcome calibrations were made available to the joint
sponsors, the Trial Steering Group and Independent Data Monitoring and Ethics Committee.

Outcome examiners were blinded to the treatment allocation and the same diagnostic protocol was used
throughout the study.

Primary outcome measures (measured at 3 years)

l Conversion of caries-free children to caries-active (caries into dentine) children. The diagnostic threshold
for caries used in the trial was caries into dentine. We used the same diagnostic protocol and same
examination processes and procedures that are used in the NHS child dental health surveys.20,21

The clinical examination processes and procedures and the caries data collection form used in the CRF
is included in Appendix 2. For the purposes of this study the term ‘caries free’ was used to denote a
child whom the examiners (trained and calibrated to the diagnostic protocol used in the trial) judged to
have no carious lesions into dentine. The term ‘caries active’ was used to denote a child that had at
least one tooth with caries into dentine. Caries in the enamel were not assessed or recorded.

Secondary outcome measures (measured at 3 years)

l Number of carious surfaces (caries into dentine in primary teeth) that develop in children who convert
from caries free to caries active.

l Number of teeth extracted in children who are caries active.
l Number of episodes of pain.
l Costs of dental care plus other health-care costs, as well as parental costs incurred as a result of visits

to the dentist over the 3-year follow-up period.
l Adverse reactions (ARs) and serious adverse events (SAEs).

Table 7 identifies the variables used in the statistical analyses and how these were measured and collected.

All children who converted from caries free to caries active received dental treatment, for example fillings
or extractions, in the usual way as prescribed by their dentist. All children who converted from caries free
to caries active continued to receive the trial interventions (both intervention and control groups) for the
duration of the trial.

Changes to outcomes after trial commencement

There were no changes made to the outcome measure used after commencement of the trial.

Sample size

The principal outcome measure is conversion from a caries-free state to caries-active state in the primary
dentition. The sample size is therefore based on measuring an absolute difference between the intervention
and control groups in the proportion of children who are free of the disease at 3 years. In the sample size
calculation, we expected to see an absolute difference in the proportion of children with caries after 3 years
of 0.1 between intervention and control groups. This expectation was based on the findings of a public
health trial of toothpaste containing 1450 p.p.m. of fluoride, on preschool children in the north-west of
England,87 which reported 0.08 absolute difference in the proportion of children with caries active between
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TABLE 7 Variables needed for all statistical analyses

Variable Collected from When

Age (years) From date of examination and patient’s date of birth Baseline

Gender (male/female) Pretreatment medical history/physical examination form Baseline

MDM (quintiles) Patient’s postcode in dental records and verified at date
of examination

Baseline

Practice (n= 22) Pretreatment medical history/physical examination form Baseline

Caries or not: tooth assessment Caries data recording form. Each of the 20 teeth
indicated in the chart were considered separately. For
each tooth if one of the following surface codes has been
entered on the chart, then the child was not caries free:
1, 2, 3, 4, 5, 6, R, N, C

Baseline

Third year follow-up
examinations

Child caries free or not This outcome was measured at 3 years by CDS dentists
visiting the practices who were blind to the intervention.
These dentists were trained and calibrated on diagnosis
of caries and will examine all the primary teeth of the
participants and record the data on a chart using the
surface codes listed on the caries data recording form.
Children were classified as caries free if all the surfaces
were scored either sound (code 0), extracted for
orthodontic reasons (code 7), unerupted (code 8), sealed
surface reason unknown (code $) or trauma (code T).
All other children were classified as having caries active

Baseline

Third year follow-up
examinations

Number of carious surfaces that
develop in children who convert
from caries free to caries active

This was calculated by adding the number of codes 1, 2,
3, 4, 5, 6, R, N and C in children who were not caries
free. If an incisor tooth was missing (code 8) it was scored
as sound unless there was evidence from forms
completed at each visit by the site research assistants on
the site clinical record form that there was caries active in
that tooth

Baseline

Third year follow-up
examinations

Number of episodes of pain Calculated from the report forms completed at each visit
by the site research assistants on the site clinical record
form. Also from section 1, question 1, in the parental
questionnaire

At each visit during
the 3 years’ follow-up

Number of episodes of
toothache

Calculated from the report forms completed at each visit
by the site research assistants. Also from section 1,
questions 1 and 9 in parental questionnaire
(see Appendix 3)

At each visit during
the 3 years’ follow-up

ARs Reporting of all ARs Ongoing collection
depending on severity

The market costs of varnish,
toothpaste and toothbrushes

By reference to the providing manufacturer At baseline

Time taken to deliver
intervention and other dental
treatments

Calculated from the report forms completed at each visit
by the site research assistants (section 2 of the CRF).
Validated by an observed time-and-motion study
conducted in a sample of practices. The questionnaire
identified any other dental activity to which the child
received for services other than trial sites. Delivery time
was monetised by reference to implicit average NHS
dental pay rates provided by the CSA (see Appendix 4,
Table 33)

At each visit during
the 3 years’ follow-up

Measurement of non-health-care
costs: reported total time taken
to accompany the child for a
dental visit, and time off work,
plus distance travelled

Measured from data collected via the parental
questionnaire. Travel costs were monetised using the AA
reference costs per mile. Time costs were monetised
using average earnings in Northern Ireland

At each visit during
the 3 years’ follow-up

AA, Automobile Association; CSA, Central Services Agency.
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the intervention and control groups. In this proposal, as fluoride-containing toothpaste was supplemented
with biannual applications of fluoride-containing varnish, we expected to see a larger effect size and,
therefore, a 0.1 absolute difference in proportions.

The best data on the event rate for the practice-based population in Northern Ireland came from the
Business Services Organisation database rather than epidemiological studies on other populations. Business
Services Organisation data collected in 2008, at the time of planning the study, showed that 75% of 2- and
3-year-olds in Northern Ireland who were registered with a dentist were caries free at first attendance. Over
a 3-year period, this reduced to 40% of 5- to 7-year-old children being caries free. Therefore, a further 35%
of children were expected to develop caries active over a 3-year period. Based on these data and selecting
caries-free children for inclusion in the trial, it was estimated that 47% would develop caries active over the
3 years. A two-group chi-squared test with a 0.05 two-sided significance level would have 90% power to
detect the difference between a proportion of 0.47 and a proportion of 0.37 [odds ratio (OR) of 0.662],
if the sample size in each group is 510.

We assumed that 2% of children would be excluded because of a history of severe allergic reaction and a
further 1% for other reasons. We also assumed that 75% of children approached would be caries free at
eligibility assessment, a 70% parental consent rate and a 15% dropout rate over the 3-year study period.
Using these assumptions we estimated we would need to invite at least 2356 children to take part in the
study and recruit 1200 children, to ensure we had sufficient power at the end of the trial.

Statistical methods including methods for additional analyses
(subgroups, adjusted analyses and sensitivity analyses)

All statistical analyses were performed using Stata version 14 (StataCorp LP, College Station, TX, USA),
with an intention-to-treat approach using a two-sided 5% significance level.

Primary outcome
The primary analysis compared the proportion of children in the two groups who converted from caries
free to caries active over the 3 years using a binary logistic regression model (‘logistic’ procedure in Stata).
The primary analysis was adjusted for age and socioeconomic status (as measured by MDM 2010
quintiles).25 The assumption of logit of outcome changing linearly with each unit change in age was tested
by categorising age into equal intervals and rerunning the model checking for linearity. The likelihood ratio
goodness-of-fit test was used to indicate model appropriateness and the Wald statistic was used to test
the significance of the difference between groups.

We also report two other analyses: first, an unadjusted analysis and, second, an analysis adjusting for
practice as well as age and MDM 2010 quintile. The latter analysis was a secondary analysis, as we did not
consider the clinical placement of the varnish (or distribution of toothpaste) to be practice specific.
This analysis used the Huber–White approach within Stata [vce(cluster)] to deal with potential practice
clustering effects (also known as sandwich estimator and robust estimator of variance). This technique
relaxes the assumption of independence of the observations and can produce the ‘correct’ standard errors
even if the observations are correlated.

We undertook a subgroup analysis for children from deprived/non-deprived areas. This dichotomy was
achieved by comparing children in the two most-deprived quintiles of the MDM 2010, based on their
home postcode, with those categorised into the three least deprived quintiles of deprivation. This was
formally investigated by means of an ‘interaction test’ of the null hypothesis: that the relative efficacy of
the two interventions was the same in children in deprived and non-deprived areas. It should be noted,
however, that the trial was not formally powered to detect socioeconomic status interaction effects;
consequently, we expected to observe an interaction as being statistically significant only if this was
very large.
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Secondary outcomes

Number of carious surfaces in patients with caries active
The number of carious tooth surfaces was calculated for each patient who had converted to being caries
active. Assumptions of normally distributed data were assessed and, when necessary, log-transformations
or other analysis methods were used. The groups were compared using a multiple linear regression model,
adjusting for the same covariates as the primary analysis (age and MDM). Appropriate descriptive statistics
were undertaken by group.

Number of teeth extracted
The number of teeth extracted for each patient who had converted to being caries active was compared
between treatment groups using a negative binomial model (if appropriate), adjusting for the same
covariates as the primary analyses (age and MDM). Appropriate descriptive statistics were undertaken
by group.

Number of episodes of pain
The number of episodes of pain for each patient was compared between treatment groups using a
negative binomial model, adjusting for age, MDM and for whether or not the child was caries active at
the primary analyses (age and MDM). Appropriate descriptive statistics were undertaken by group.

Economic analysis
The economic analysis compared the mean cumulative costs per child incurred over the 3-year period in
each arm of the trial and related these to primary and secondary outcomes achieved over the same period.
NHS costs were subdivided into those related to the intervention (intervention group only), those
associated with other oral health care provided by dentists (check-ups, fillings, pulpectomies, extractions,
etc.] and those associated with care provided by other health service professionals [general practitioner
(GP) visits, inpatient and outpatient episodes, etc.].

All intervention data were gathered using the site CRF, a paper record, completed at each of the 6-monthly
scheduled visits. Unit costs associated with each activity are set out in Appendix 4, Table 33, together with
the source from which these were obtained. For the intervention group, direct intervention costs comprised
toothpaste and toothbrushes, fluoride-containing varnish and the delivery time involved in applying
fluoride-containing varnish, as well as a dental check-up during the course of which the varnish was
applied. In the control group, the visit to the dentist at the 6-month interval was treated as a check-up for
cost purposes. Details of other dental activity provided during the course of scheduled visits by dentists,
whether to the intervention or control group, were also gathered using the CRF completed at the 6-monthly
scheduled visits. Unit costs associated the various types of activity undertaken are set out in Appendix 4,
Table 33, together with the source from which these were derived, which in the majority of cases was the
Statement of Dental Remuneration (SDR) 2014/15.88 Dentists in Northern Ireland are reimbursed for publicly
funded care on a fee-for-service basis, with reimbursement levels detailed in the SDR. The SDR contains
much more specific data on which to base activity costs, with approximately 450 individual cost codes
existing, than the broader UDAs operated in England. Moreover, as the SDR reflects the actual potential
earnings available from publicly funded dentistry in Northern Ireland, it provides a superior estimate of the
opportunity costs to them than the UDA system.

In respect of other health-care services, data were collected using a questionnaire given to parents at their
scheduled 6-monthly visits. This collected details on GP visits, inpatient days, outpatient visits and accident
and emergency (A&E) service visits in the preceding 6 months. Again, cumulative costs over the 3 years
were examined. Unit costs in respect of these services were taken from standard UK references in the
absence of more suitable data in Northern Ireland. Details are provided in Appendix 4, Table 33.

When participants undertook visits in addition to the 6-monthly scheduled visits, denoted in the study as
unscheduled visits to the trial dentist, details on activity undertaken were captured in the CRF and unit

METHODS
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costs applied in an identical fashion to that in respect of scheduled visits. When participants undertook
unscheduled visits to other dentists, details on activity undertaken were captured in the parental
questionnaire completed at 6-monthly intervals and unit costs were applied again in an identical fashion as
in respect of scheduled visits to trial dentists.

Activity was aggregated over the course of the 3 years of the study and multiplied by the relevant unit cost
to produce an estimate of health-care costs. Health-care costs were examined in total and under separate
subheadings related to the intervention, non-intervention activity provided by trial dentists, non-intervention
activity provided by other dentists, activity provided by GDPs, hospital inpatient units, outpatient units and
A&E units. Direct health-care costs (intervention) and indirect health-care costs (non-intervention-related
health care both dentistry and other) were also examined. Given the relatively short duration of the study,
3 years, neither costs nor outcomes were discounted.

Imputations
When activity was recorded or if it was explicitly recorded that none took place (i.e. a zero was returned),
these values were used in analyses. When a value was not returned in the CRF or parental questionnaire,
imputations were made. When the intervention was not observed to have taken place in the CRF (i.e. a
missing value existed) at a particular time point, no intervention was assumed to have been provided other
than the posting of toothbrushes and toothpaste. A zero cost was applied in respect of delivery time, but
not in respect of these other elements of the intervention. In respect of activity provided by trial dentists
during scheduled visits, related to fillings of primary or permanent teeth, pulpectomies and extractions
involving a local anaesthetic, missing values in the CRF were replaced at the mean for the group at that time
point for the activity concerned. (The assumption was that such activity may have occurred but simply been
unobserved.) An examination of data captured under the heading ‘other activities’ (provided by dentists)
revealed that this largely consisted of fissure sealant application or check-ups/advice. When ‘other activity’
was recorded a unit cost for fissure sealant was applied, and again when missing values arose, imputations
at the mean for the group concerned and time point concerned applied. (An examination of the unit cost
for fissure sealants and check-ups shows that these are virtually identical, as seen in Appendix 4, Table 33.)

In respect of GP visits, missing data were again imputed at the mean of the group for the time point
concerned, as was the case in respect of A&E department visits. In respect of inpatient and outpatient
days, which were rare occurrences, and when data were heavily skewed, imputations were based on the
median of the group (which was zero); the median was thought to provide a more robust measure of
central tendency in these cases.

In respect of unscheduled visits whether to the trial or other dentists, when activity was not observed
(missing values) activity was assumed not to have taken place and a zero value recorded. Similar to
inpatient and outpatient visits, unscheduled visits were relatively rare. Extractions under GA were captured
in the CRF in free-text format and when free text explicitly referenced the use of GA for extractions, a cost
was estimated (see Appendix 4, Table 33).

As part of the sensitivity analyses, costs incurred by parents were included in addition to those incurred by
the health service, these costs related to travel and time taken off work. In respect of travel, the parental
questionnaire captured details of distance travelled to the trial and other dentists. Although this was
captured at six time points, the time point at which the data were most complete was the first, that is,
it had fewest missing values. When scheduled or unscheduled visits were observed to occur the distance
(there and back) for the first visit was used. When missing values existed, these were imputed at the mean
for the group. Distance was monetised using the cost per mile for a typical car journey using Automobile
Association (AA) estimates. (see Appendix 4, Table 33). Although some parents used public transport or
walked what were short distances to the dentist, most drove and car costs were used to impute travel
costs; therefore, all travel costs were monetised using the same unit cost.
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Time off work was captured at six time points for visits to trial and other dentists. Here missing values were
imputed as zeros on the premise that individuals who have taken time off work would remember and
report this. The value of time was estimated at the average gross wage rate for Northern Ireland,
as reported in Appendix 4, Table 33.

As with distance, journey times (there and back) were most complete at the first scheduled visit. It was
therefore used for all observed subsequent scheduled and unscheduled visits to the trial dentist. The group
mean was used to impute those parents for whom data on journey time were missing. In respect of other
dentists, the time point at which data were most complete was the last. It was therefore used to impute
journey time for all other visits when these were reported to occur, but data on journey time were missing.
When visits to other dentists were not explicitly reported to have occurred, journey time was assumed to
be zero. As the cost of journey times would have been included in the cost of time off work, no attempt
was made to monetise this to avoid double counting. Parental costs were then the sum of time off work
and travel costs over the duration of the study.

The economic analysis compared the total cost to the NHS for care in each of the two arms of the trial, in
accordance with the levels of effectiveness for each of the two arms. In additional analyses, parental costs
were added to those falling on the NHS.

We calculated the costs associated with the additional effects produced in the intervention group. A multiple
linear regression model was fitted to the individual costs per child with group, age and socioeconomic status
(measured by MDM 2010) as covariates. The model was estimated with robust standard errors. Ordinary
least squares (OLS) estimates did not provide a good fit to the cost data. A generalised linear model was
estimated with a log-link function and gamma distribution as an alternative. This model, which is commonly
used in the analysis of cost data, was found to provide a superior fit to the data. This generated an
assessment of the additional level of investment required to achieve the measured benefit. Incremental
cost-effectiveness ratios (ICERs) were calculated to provide an estimate of the mean cost per additional unit
of effectiveness produced by the intervention. A series of sensitivity analyses were undertaken. These
included a re-estimation of cost-effectiveness when parental costs (travel and time off work) were included
in costs; an analysis that examined cost-effectiveness based on measured delivery time as opposed to time
reported by dentists (this used data captured during a time-and-motion study of 38 children treated with
topical fluoride during the study); an analysis in which fluoride was assumed to have been applied by a
dental nurse rather than a dentist; an analysis in which fluoride was assumed to have been applied by a
dental hygienist rather than a dentist; and an analysis in which costs were examined solely from the
perspective of a dental care service (i.e. ignoring parental costs or costs to other parts of the health service).

The ICERs were estimated following a bootstrapping exercise in which sample data were used to construct
a sampling distribution of mean costs, effects, incremental costs and effects and ICERs. Net monetary
benefits (NMBs) were also calculated. In the absence of an estimated threshold willingness to pay for the
various measures of effect, a threshold of £1000 was selected for each. Cost-effectiveness acceptability
curves (CEACs) were generated in respect of each outcome to examine uncertainty around the threshold.
One thousand bootstrapped samples were generated. Although the primary analysis focused on the
incremental health-care costs divided by the proportion caries free, additional analyses examined mean
cost per carious surface avoided and per episode of pain avoided. Separate analyses examined health-care
costs and health-care plus parental costs, as well as costs based on observed delivery time, dental
nurse-based and hygienist-based application of fluoride and adopting a perspective of a dental service.

Mean ICERs are presented together with CIs. CIs were constructed by rank ordering the bootstrapped
ICERs and identifying the 2.5th percentile and 97.5th percentile values. To examine uncertainty in the
value of the ICER as a result of sampling variation, as noted, CEACs were also constructed. Issues around
the modelling of uncertainty using ICERs are well documented in the literature. NMB estimates with
bootstrapped CIs were also generated and used to interpret findings.

METHODS
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Adverse reactions
The protocol specified all adverse events (AEs) would be described and that we would compare AEs between
the intervention and control groups, taking into account the same covariates as the primary analyses (age,
MDM, etc.). However, because AEs were potentially so numerous and the majority unconnected with the
intervention, on the advice of our Independent Data Monitoring and Ethics Committee we specified that
only SAEs or ARs related to the fluoride-containing varnish would be monitored and reported. The number
of patients with one or more SAEs or ARs related to the fluoride-containing varnish was summarised
descriptively by treatment group.
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Chapter 3 Results

Recruitment and randomisation

Between April 2010 and September 2010, there were 366 general dental practices in Northern Ireland
providing care for NHS patients. All dental practices in Northern Ireland were sent a letter inviting them to
participate in the trial, and 78 practices responded to express an interest in participating in the trial. From these
78 practices, 22 practices were selected based on size, location and willingness to participate. The 22 dental
practices invited 2455 of their 2- to 3-year-old patients to attend for a screening examination to determine
their eligibility to take part in the trial (Figure 4). Children attending were screened by 12 CDS dentists to
ensure that they were caries free and eligible. Approximately half attended, and were eligible to be enrolled in
the trial, with 624 children being randomised to each of the study arms. The numbers randomised (n = 1248)
therefore exceeded the planned sample size of 1200 children. The reasons that children were not enrolled in
the study are given in the Consolidated Standards of Reporting Trials (CONSORT) flow diagram (see Figure 4)
and fall into five categories: CDS assessor refused, parent withheld consent, did not attend screening,
ineligible (e.g. unco-operative) and other reasons.

Invited for screening for eligibility
(n = 2455)

Randomisation
(n = 1248)

Enrolmenta

Allocation

Analysis

Follow-up
(36 months)

Allocated to intervention 
group (n = 624)
Received allocated intervention 
at least once (n = 624)

Analysed (n = 549;c 88.0%)
Excluded from analysis (n = 0)

Lost to follow-up (n = 74;b 12%)
• Withdrawn,b n = 46
• Not examined,c n = 29

Allocated to control
group (n = 624)
Received allocated intervention
at least once (n = 624)

Analysed (n = 547; 87.7%)
Excluded from analysis (n = 0)

Lost to follow-up (n = 77; 12%)
• Withdrawn,b n = 45
• Not examined, n = 32

FIGURE 4 The CONSORT flow chart. a, Not randomised (n= 1207, 49.2%). CDS assessor refusal (n= 36); parent
withheld consent (n= 138); did not attend (n= 758); ineligible [n= 158; caries (n= 85), age (n= 35), allergies
(n= 22), hospitalisation (n= 10), adverse medical history (n= 2), other trial (n= 2), history of lactose intolerance
(n= 1) and not known (n= 1)]; other reasons [n= 117; patient would not co-operate (n= 64), sibling recruited
(n= 16), appointment cancelled (n= 15), parent absent (n = 11), already on trial (n = 3), language barrier (n= 3),
family migrating (n= 2), patient sick (n= 2) and family left owing to appointment (n= 1)]. b, Timings and reasons
for withdrawals given in Tables 8 and 9. c, One child attended, but did not have caries examination.
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The final clinical outcome assessments were undertaken 36 months later by 12 CDS dentists examining
1096 children, 549 in the intervention and 547 in the control arms, also greater than the sample size required
to detect the difference specified in the protocol of 510 per group. Overall, 87.8% of children randomised
were examined (estimated in the protocol to be 85%). Ninety-one children withdrew from the trial during the
study and a further 60 children did not attend the outcome assessment (28 in the intervention arm and 32 in
the control arm), so were lost to follow-up at this point. One child in the intervention group attended, but
there was no caries charting done. The numbers of withdrawals are shown over time for each study group in
Table 8 and the reasons in Table 9. Table 8 also shows how many children attended or failed to attend their
dentist for each 6-monthly appointment during the trial. Both the numbers of withdrawals and failures to
attend were similar between the different time periods and between the two study groups. The majority of
withdrawals were initiated by dentists as a result of failure to attend successive appointments (see Table 9).

The reasons why dentists were withdrawing children resulting from failure to attend was that they were
following local practice policies on non-attendance. This was picked up at an early stage and these local
policies were stopped for trial children. The dentists with whom these children were registered recorded no
reason for the withdrawal. However, there does not seem to be any bias in the numbers withdrawn by
study group.

TABLE 8 Attendance and withdrawals during the study

Visit (months)

Group, n

Intervention (n= 624) Control (n= 624)

Attended DNA Withdrawn Attended DNA Withdrawn

6 602 16 6 591 26 7

12 579 28 11 578 31 8

18 554 46 7 553 51 5

24 550 43 7 553 42 9

30 542 41 10 540 45 10

36 (caries examination) 550a 28a 5 547 32 6

Total 46 45

DNA, did not attend.
a One child attended, but not examined or included in analysis.

TABLE 9 Reasons for withdrawal by study group

Reason

Group, n (%)

Intervention (n= 46) Control (n= 45)

Dentist withdrew child as a result of failure to attend (n= 38) and child was
unco-operative (n = 1)

22 (48) 17 (38)

Moved to another practice 14 (30) 15 (33)

Moved out of area 5 (11) 5 (11)

Enrolled in error (caries at baseline, sibling in study, wrong age) 1 (2) 2 (4)

Child did not want to participate 1 (2) 0 (0)

Parent withdrew child 3 (7) 5 (11)

Referred to CDS 0 (0) 1 (2)

RESULTS
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Data on the number of varnish applications and the number of study visits for participants who were
examined at the 36-month outcome assessment are shown in Table 10. The number of visits is greater
than the number of varnish applications for children in the intervention group as occasionally, although a
child attended, the dentist was unable to deliver the fluoride-containing varnish. It can be seen that 87%
of children in the intervention group and 85% of the children in the control group attended all the
6-monthly visits to the practice (p = 0.77). All of the children attended at least once.

The recruitment took place over a 14-month period from May 2011 to June 2012, during which time
1248 participants were steadily recruited to the Northern Ireland Caries Prevention In Practice (NIC-PIP) trial
from 22 dental practices in Northern Ireland (Figure 5). The numbers of children recruited and randomised
in each practice are shown in Table 11. The 36-month outcome assessments were carried out between
April 2014 and June 2015, and the numbers examined for each practice are shown in Table 12. None
of the practices dropped out of the trial. The percentage of the randomised children examined at the
outcome assessment varies across practices from 72.4% to 100% in the intervention group and from
61.5% to 100% in the control group.

TABLE 10 Number of visits for the intervention and control groups, and the number of varnish applications for the
intervention group

Summary measures

Group

Intervention (n= 549) Control (n= 547)

Visits Varnish applications Visits

Mean (SD) 5.8 (0.56) 5.8 (0.62) 5.8 (0.57)

Median (minimum, maximum) 6 (1, 6) 6 (1, 6) 6 (2, 6)

Number having six visits (%) 476 (86.7) 470 (85.6) 462 (84.5)

Number receiving no visits 0 0 0

Missing 0 0 0

SD, standard deviation.
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FIGURE 5 Recruitment of the trial participants over time.
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TABLE 11 Number of children recruited by practice and study group

Practice

Group, n (%)

Total recruited, n (%)Intervention Control group

11 120 (19.2) 120 (19.2) 240 (19.2)

12 18 (2.9) 18 (2.9) 36 (2.9)

13 20 (3.2) 21 (3.4) 41 (3.3)

15 14 (2.2) 14 (2.2) 28 (2.2)

16 16 (2.6) 15 (2.4) 31 (2.5)

17 14 (2.2) 13 (2.1) 27 (2.2)

18 44 (7.1) 44 (7.1) 88 (7.1)

19 31 (5.0) 32 (5.1) 63 (5.1)

20 14 (2.2) 14 (2.2) 28 (2.2)

21 26 (4.2) 26 (4.2) 52 (4.23)

22 12 (1.9) 11 (1.8) 23 (1.8)

23 20 (3.2) 20 (3.2) 40 (3.2)

24 22 (3.5) 23 (3.7) 45 (3.6)

25 52 (8.3) 52 (8.3) 104 (8.3)

26 21 (3.4) 22 (3.5) 43 (3.5)

27 12 (1.9) 13 (2.1) 25 (2.0)

29 21 (3.4) 21 (3.4) 42 (3.4)

30 14 (2.2) 13 (2.1) 27 (2.2)

31 58 (9.3) 57 (9.1) 115 (9.2)

32 9 (1.4) 9 (1.4) 18 (1.4)

33 32 (5.1) 32 (5.1) 64 (5.1)

34 34 (5.5) 34 (5.5) 68 (5.5)

Total 624 (100) 624 (100) 1248 (100)

TABLE 12 Number of children examined at 3 years by practice and study group

Practice

Group, n (% from baseline)

Total examined, n (% from baseline)Intervention Control group

11 107 (89.2) 109 (90.8) 216 (90.0)

12 16 (88.9) 17 (94.4) 33 (91.7)

13 19 (95.0) 20 (95.2) 39 (95.1)

15 14 (100.0) 14 (100.0) 28 (100.0)

16 13 (81.3) 10 (66.7) 23 (74.2)

17 13 (92.9) 13 (100.0) 26 (96.3)

18 40 (90.9) 40 (90.0) 80 (90.9)

19 29 (93.5) 28 (87.5) 57 (90.5)

20 12 (85.7) 13 (92.9) 25 (89.3)

21 19 (73.1) 16 (61.5) 35 (67.3)

22 11 (91.7) 11 (100.0) 22 (95.7)

23 20 (100.0) 20 (100.0) 40 (100.0)

RESULTS
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Baseline data

The baseline demographic data for all children randomised are shown in Table 13. It can be seen that there is
good balance between the two study groups for gender, age and MDM quintiles. Two MDM quintile values
are missing, as the postcodes were not on the MDM 2010 databases. These were coded as the middle
quintile in the analysis. Children aged between 2 and 3 years at baseline were recruited and the mean age
was 3.1 years in both study groups. Table 14 shows the same data for children who were examined at the
36-month outcome examination. It can be seen that the numbers of children examined at 36 months were
evenly balanced between groups, and had similar age and MDM quintile profiles to all the children at
baseline. At the 36-month outcome assessment children in both groups had a mean age of 6.0 years.

TABLE 12 Number of children examined at 3 years by practice and study group (continued )

Practice

Group, n (% from baseline)

Total examined, n (% from baseline)Intervention Control group

24 20 (90.9) 20 (87.0) 40 (88.9)

25 47 (90.4) 50 (96.2) 97 (93.3)

26 17 (81.0) 21 (95.5) 38 (88.4)

27 11 (91.7) 10 (76.9) 21 (84.0)

29 18 (85.7) 19 (90.5) 37 (88.1)

30 12 (85.7) 12 (92.3) 24 (88.9)

31 42 (72.4) 43 (75.4) 85 (73.9)

32 7 (77.8) 7 (77.8) 14 (77.8)

33 28 (87.5) 26 (81.3) 54 (84.4)

34 34 (100.0) 28 (82.4) 62 (91.2)

Total 549 (88.0) 547 (87.7) 1096 (87.8)

TABLE 13 Baseline demographic data for all recruited children by study group

Demographic variables

Group

Total (n= 1248)Intervention (n= 624) Control (n= 624)

Gender, n (%)

Male 283 (45.4) 296 (47.4) 597 (46.4)

Female 341 (54.7) 328 (52.6) 669 (53.6)

Age (years)

Mean (SD) 3.1 (0.53) 3.1 (0.53) 3.1 (0.53)

Median (minimum, maximum) 3.1 (2.0, 4.0) 3.0 (2.0, 4.0) 3.1 (2.0, 4.0)

Missing 0 0 0

MDM, n (%)

Quintile 1 (most deprived) 88 (14.1) 106 (17.0) 194 (15.6)

Quintile 2 141 (22.6) 134 (21.5) 275 (22.1)

Quintile 3 172 (27.6) 155 (24.9) 327 (26.4)

Quintile 4 148 (23.8) 155 (24.9) 303 (24.3)

Quintile 5 (least deprived) 74 (11.9) 73 (11.7) 147 (11.8)

Missing 1 1 2

SD, standard deviation.
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Outcomes of calibration of community dental service examiners

Three training sessions were held to calibrate the caries assessors with a gold standard-experienced caries
epidemiologist, prior to the baseline screening, before the outcome assessment and at the mid-point of
outcome assessments. At baseline, one of the 12 examiners failed to achieve a kappa value of > 0.7 for
teeth and did not take part in any of the caries assessments (Table 15). Some additional examiners to
those involved in the baseline assessments were involved in the outcome assessments, and all achieved the
required standard.

TABLE 14 Baseline demographic data for all children examined at 3 years by study group

Demographic variables

Group

Total (n= 1029)Intervention (n= 549) Control (n= 547)

Gender, n (%)

Male 242 (44.1) 265 (48.5) 507 (46.3)

Female 307 (55.9) 282 (51.6) 589 (53.7)

Age (years)

Mean (SD) 3.1 (0.52) 3.1 (0.53) 3.1 (0.53)

Median (minimum, maximum) 3.1 (2.0, 4.0) 3.0 (2.0, 4.0) 3.1 (2.0, 4.0)

Missing 0 0 0

MDM, n (%)

Quintile 1 (most deprived) 79 (14.4) 95 (17.4) 174 (15.9)

Quintile 2 116 (21.2) 117 (21.4) 233 (21.3)

Quintile 3 153 (27.9) 136 (24.9) 289 (26.4)

Quintile 4 136 (24.8) 135 (24.7) 271 (24.8)

Quintile 5 (least deprived) 64 (11.7) 63 (11.5) 127 (11.6)

Missing 1a (< 0.1) 1a (< 0.1) 2 (< 0.1)

SD, standard deviation.
a Coded as quintile 3 in the analysis.

TABLE 15 Summary of results from three calibration exercises at baseline, prior to outcome assessment and during
outcome assessment (full results in Appendix 5, Tables 39–44)

Examination and date

Range of inter-examiner assessments

12 dentists; 25 children; compared with gold standard 12 dentists; 23–25 children

Kappa Kappa

Baseline (5–6 October 2010)

Teeth (n = 500) 0.681a to 0.907 0.855 to 0.955

Surfaces (n = 2200) 0.509 to 0.911 0.864 to 0.955

Prior to outcome assessment (25–27 February 2014)

Teeth (n = 500) 0.738 to 0.897 0.832 to 0.947

Surfaces (n = 2200) 0.793 to 0.902 0.829 to 0.955

During outcome assessment (11–13 November 2014)

Teeth (n = 500) 0.865 to 0.967 0.832 to 0.947

Surfaces (n = 2200) 0.633 to 0.928 0.902 to 0.968

a One dentist failed to achieve a kappa for teeth of > 0.7 and did not take part in the trial.
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Disease outcomes and estimation

Primary outcome: conversion from caries-free to caries-active
The caries data for three binary outcomes are shown in Table 16. The primary outcome, the percentage of
children who converted to caries active over the trial, was 34% in the intervention group and 39% in the
control group. The primary analysis for estimating differences between caries-free and caries-active children
with respect to study group, fitting a logistic model adjusted for age and socioeconomic status measured by
MDM 2010 quintiles, was not statistically significant (OR 0.81, 95% CI 0.64 to 1.04; p = 0.11) (Table 17). This
analysis was repeated categorising age into equal intervals. The likelihood ratio test indicated no difference
between the fit of the two models [likelihood ratio chi-squared (3 degrees of freedom) = 3.84; p = 0.28].

The unadjusted model was similar to the estimate for the adjusted model with an OR of 0.81 (95% CI
0.63 to 1.04; p = 0.09), as was the adjusted model including the clustering of the dental practices, with an
OR of 0.81 (95% CI 0.64 to 1.04; p = 0.10). Results for this model are shown in Appendix 5, Table 45.

TABLE 16 Descriptive data for binary variables: conversion of caries-free children to caries-active children,
the number of children who had teeth extracted and the number who had toothache over the 3 years

Binary outcome

Group, n (%)

Total n (%)
Difference (control – intervention)
in percentages (95% CI)Intervention Control

All children (n = 549) (n = 547) (n = 1096)

Number of children becoming caries
active

187 (34.1) 213
(38.9)

400 (36.5) 4.9 (–0.8 to 10.6)

Number of children with toothache 106 (19.3) 120
(21.9)

226 (20.6) 2.6 (–2.2 to 7.4)

Children who developed caries (n = 187) (n = 213) (n = 400)

Number of children who had teeth
extracted

21 (11.2) 28 (13.1) 49 (12.3) 1.9 (–4.5 to 8.3)

Number of children with toothache 69 (36.9) 95 (44.6) 164 (41.0) 7.7 (–1.9 to 17.3)

Children who remained caries
free (n = 362) (n = 334) (n = 696)

Number of children with toothache 37 (10.2) 25 (7.5) 62 (8.9) –2.7 (–6.9 to 1.5)

TABLE 17 Results from the logistic regression model for the primary outcome, conversion of caries-free children to
caries-active children at 3 years (primary analysis adjusted) (n= 1096)

Independent variables OR Standard error 95% CI for OR p-value

Intervention-to-control ratio 0.81 0.10 0.64 to 1.04 0.11

Age 1.49 0.18 1.17 to 1.89 0.001

MDMa

Quintile 2 0.76 0.16 0.51 to 1.14 0.19

Quintile 3 0.73 0.14 0.49 to 1.07 0.10

Quintile 4 0.61 0.12 0.41 to 0.91 0.015

Quintile 5 0.46 0.12 0.28 to 0.76 0.002

a Quintile 1 (most deprived) omitted.
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It can be seen in Table 17 that the proportion of caries-active children was lower in the least deprived
MDM quintiles. We undertook a subgroup analysis for children in deprived/affluent areas, as described
in Statistical methods including methods for additional analyses. The ‘interaction’ test proved to be
non-significant (p = 0.36), although this test does have low power (see Appendix 5, Table 40).

Secondary outcome: decayed, missing, filled tooth surfaces in primary
dentition in children with caries active
Data for the discrete variables are presented in Table 18 only for children who were caries active. The
secondary outcome was the number of carious surfaces in children who converted to being caries active.
The mean number of carious surfaces among the 187 caries-active children in the intervention group was
7.2, compared with 9.6 among the 213 caries-active children in the control group. The adjusted multiple
linear regression analysis indicates that this difference is statistically significant with a mean difference of
–2.29 carious surfaces (95% CI –3.96 to –0.63 carious surfaces; p = 0.007) (Table 19).

Secondary outcome: number of extracted teeth in caries-active children
In the intervention group, 11.2% of caries-active children had teeth extracted over the 3-year period,
compared with 13.1% of caries-active children in the control group (see Table 16), the mean percentage
difference being 1.9% (95% CI –4.5% to 8.3%). The mean number of extracted teeth was 0.45 in the
intervention group and 0.46 in the control group (see Table 18). A logistic regression model adjusted for
age and MDM quintile was not statistically significant (OR 0.84, 95% CI 0.45 to 1.54; p = 0.56) (see
Appendix 5, Table 47). The negative binomial model for the number of extracted teeth, which indicated
significant overdispersion, was also not statistically significant (regression coefficient –0.03, 95% CI –0.88
to 0.82; p = 0.95) (see Appendix 5, Table 48).

TABLE 18 Descriptive data for discrete variables: number of carious surfaces, number of teeth extracted and
number of episodes of pain in caries-active children at 3 years

Discrete variable

Group, mean (SD)

Mean difference
(95% CI)

Intervention
(n= 187)

Control
(n= 213)

Mean number of carious surfaces in caries-active children (dmfs) 7.18 (7.99) 9.61 (8.75) –2.43 (–4.08 to –0.77)

Mean number of teeth extracted in caries-active children (mt) 0.45 (1.43) 0.46 (1.44) 0.001 (–0.28 to 0.28)

Mean number of episodes of pain in caries-active children 0.85 (1.41) 1.08 (1.60) –0.23 (–0.53 to 0.07)

mt, mean number of missing primary teeth; SD, standard deviation.

TABLE 19 Results from the linear regression model for the number of carious surfaces in caries-active children at
3 years (n = 400)

Independent variables Coefficient Standard error 95% CI for coefficient p-value

Mean difference (intervention – control) –2.29 0.85 –3.96 to –0.63 0.007

Age –0.01 0.82 –1.62 to 1.60 0.99

MDMa

Quintile 2 –0.17 1.31 –2.75 to 2.40 0.89

Quintile 3 –1.20 1.26 –3.67 to 1.28 0.34

Quintile 4 –0.94 1.30 –3.50 to 1.62 0.47

Quintile 5 –4.04 1.71 –7.41 to –0.67 0.02

a Quintile 1 (most deprived) omitted.
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Secondary outcome: number of episodes of pain
There were differences in the proportion of children with pain and the mean number of episodes per child
between children who were or were not of caries-active status. The regression models therefore included
caries status at follow-up as a covariate. There was no difference in the number of episodes of pain or
proportion of children with toothache between the study groups over the 36 months (OR 0.95, 95% CI
0.69 to 1.30; p = 0.74) (see Table 16 and Appendix 5, Table 49). Forty-one per cent of caries-active
children had toothache, compared with 9% of children who were caries free; this difference was
statistically significant (OR 7.1, 95% CI 5.1 to 9.9; p < 0.001).

As it was difficult to determine single discrete episodes of pain (which went up to 17 episodes), this was
capped for each child at a maximum of six over the 36-month period (this affected the scores of eight
children). Among caries-active children, the mean number of episodes of pain was 0.85 in the intervention
group compared with 1.08 in the control group. For all children, the negative binomial model, adjusted for
caries status, for the number of episodes of pain, which indicated significant overdispersion, was also not
statistically significant (regression coefficient –0.03, 95% CI –0.32 to 0.25; p = 0.81) (see Appendix 5,
Table 50). There was a significant difference in the proportion of children with toothache between those
who became caries active (164/400, 41.0%) and those who remained caries free (62/696, 8.9%) (OR 7.1,
95% CI 5.1 to 9.9; p < 0.0001).

Although not identified as outcomes for this study in the protocol, data for other caries indices such as
dmft are presented for all children and those caries active in Appendix 5, Table 53. These data may be
helpful in comparing the results from this trial with other studies. There was a statistically significant
difference (p = 0.0013) in dmft index between the groups when all children are compared; mean dmft
index was 1.15 [standard deviation (SD) 2.18] in the intervention group and 1.64 (SD 2.71) in the control
group, indicating a relative reduction (prevented fraction) in disease of 30%.

Ancillary analyses of disease

The numbers and percentages of children who become caries active are shown for each MDM quintile and
each group in Table 20. It can be seen that there was a large difference between the most deprived and
least deprived quintiles, with, overall, 44% of children in the most deprived quintile being caries active,
compared with 28% in the least deprived quintile. The mean number of tooth surfaces affected by caries
is presented in Table 21 for these children and shows a reduction from 9.6 in the most deprived quintile to
5.3 in the least deprived quintile, a 45% reduction, with marked differences between the study groups.

TABLE 20 Descriptive data for numbers and percentage of children who converted to caries active status,
by quintile of deprivation

MDM

Group), n/N (%)

Total (n= 1096), n/N (%)Intervention (n= 549) Control (n= 547)

Quintile 1a 30/79 (38.0) 47/95 (49.5) 77/174 (44.3)

Quintile 2 41/116 (35.3) 48/117 (41.0) 89/233 (38.2)

Quintile 3 60/154 (39.0) 49/137 (35.8) 109/291 (37.5)

Quintile 4 38/136 (27.9) 52/135 (38.5) 90/271 (33.2)

Quintile 5 18/64 (28.1) 17/63 (27.0) 35/127 (27.6)

a Most deprived.
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Adverse events and reactions

Once causality had been determined, only ARs, SAEs, serious ARs and suspected unexpected serious ARs
defined in the protocol and summarised in Table 22 were recorded on the CRF.

Eighty-two of the 1248 children who were randomised experienced a total of 100 SAEs, 45 (7.2%) in the
intervention group and 37 (5.9%) in the control group. The reasons for these are shown in Table 23.
Eighty-five were considered to be unrelated, and the remainder unlikely to be related (10 in the intervention
group and five in the control group). No serious ARs or suspected unexpected serious ARs were reported.

A logistic regression model for a child having a SAE or not, estimating the difference between the study
groups and adjusted for age and MDM quintile, was not statistically significant (OR 1.23, 95% CI 0.79 to
1.94; p = 0.36) (see Appendix 5, Table 51). The negative binomial model for the number of SAEs, which
indicated significant overdispersion, was also not statistically significant (regression coefficient 0.19,
95% CI –0.27 to 0.65; p = 0.42) (see Appendix 5, Table 52).

A further 10 children in the intervention group had ARs/unexpected ARs of a minor nature that were
considered to be related to the treatment (four gastrointestinal disorders, five general disorders and
administration site conditions, and one skin and subcutaneous tissue disorder).

Economic results

Table 24 presents details on intervention costs and the costs associated with scheduled check-ups among
the control group. The largest elements of cost in the intervention group are seen to be time taken to

TABLE 21 Descriptive data for mean number of carious surfaces (dmfs) in caries-active children at 3 years by
quintile of MDM and study group

MDM

Group

Total (n= 400)Intervention (n= 187) Control (n= 213)

n Mean (SD) n Mean (SD) n Mean (SD)

Quintile 1a 30 7.93 (10.14) 47 10.64 (8.79) 77 9.58 (9.37)

Quintile 2 41 7.80 (7.37) 48 10.48 (8.59) 89 9.25 (8.12)

Quintile 3 60 7.35 (7.53) 49 8.84 (9.05) 109 8.02 (8.24)

Quintile 4 38 6.53 (8.70) 52 10.06 (9.21) 90 8.57 (9.12)

Quintile 5 18 5.33 (5.18) 17 5.18 (5.45) 35 5.26 (5.23)

a Most deprived.

TABLE 22 Reporting criteria for AEs and ARs

AEs to be reported Criteria for reporting

AR l When the local investigator decides that the AR is certainly,
probably or possibly related to the fluoride-containing varnish

Unexpected AR

SAEs l Results in death
l Is life-threatening
l Requires hospitalisationSerious ARs

Suspected unexpected serious ARs
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apply fluoride (delivery time), which in this analysis is based on time taken as reported by the dentist. The
SDs in respect of brushes and toothpaste as well as postage are seen to be zero, reflecting the assumption
that all those who remained in the study received these regardless of whether or not they attended a
scheduled check-up.

In Table 25, indirect health-care costs are reported together with differences in these between treatment
and control groups under a number of separate headings. Statistically significant differences are noted, for
example in respect of a number of cost elements related to dental care, the control group having higher
costs associated with fillings and extractions. In respect of other health-care costs, GP use and the various
aspects of hospital use, no statistically significant differences in cost are evident.

TABLE 23 The causes for the 100 reported SAEs by study group

SAEs category

Group, n

Total, nIntervention Control

Cardiac disorders 4 1 5

Gastrointestinal disorders 4 5 9

General disorders and administration site conditions 5 7 12

Infections and infestations 13 9 22

Metabolism and nutrition disorders 1 0 1

Musculoskeletal and connective tissue disorders 7 4 11

Renal and urinary disorders 1 0 1

Respiratory, thoracic and mediastinal disorders 10 12 22

Skin and subcutaneous tissue disorders 1 1 2

Surgical and medical procedures 9 6 15

Total 55 45 100

TABLE 24 Direct dental health-care costs in intervention and control groups

Activity/consumable

Group

Intervention (n= 549) Control (n= 547)

Mean
cost (£) SD (£) Skewness

Mean
cost (£) SD (£) Skewness

Brushes and toothpaste 2.40 0 – 0 0 –

Delivery time 94.81 26.44 0.88 0 0 –

Fluoride varnish 4.36 0.42 –3.86 0 0 –

Postage including time 5.70 0 – 0 0 –

Cost of check-up at which fluoride varnish is
applied

48.48 4.64 –3.86 0 0 –

Intervention 155.74 28.75 0.37 48.21a 4.76a
–2.94a

a The ‘intervention’ in respect of the control group related to 6-monthly check-ups offered to participants in the study.
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In Table 26, costs incurred by parents associated with the consumption of dental care are reported, again
with between-group differences. No statistically significant differences in cost were found between the
two groups over the 3-year period of the study under the various headings presented.

In Table 27, total direct health-care (i.e. intervention) costs, total indirect health-care costs (other dental
care, as well as care provided by GDPs and hospitals) and total parental costs are presented together
with between-group differences in these. All costs are based on the cumulative use of services over the
course of the 3 years of the study and expressed on a per-person basis. Also shown are total health-care
costs (intervention and other health care) and total costs (total health care plus parental) as well as

TABLE 25 Indirect health-care costs in intervention and control groups

Activity

Group

Mean
difference in
n

Mean difference
in cost (£)

Intervention Control

Mean
number

Mean
cost (£)

Mean
number

Mean
cost (£)

Dental

Non-intervention-related visits
to trial dentist

1.88 29.11 2.38 32.03 0.50 2.92

Non-intervention-related visits
to other dentists

0.09 0.79 0.11 0.93 0.02 0.14

Number of fillings 0.68 6.01 1.02 9.08 0.34* 3.06*

Number of extractions with
injections

0.01 0.09 0.12 0.95 0.10* 0.86*

Number of extractions with
GA

0.016 12.97 0.015 11.57 –0.002 –1.40

Number of other procedures 1.19 10.06 1.25 10.49 0.05 0.43

Non-dental

Number of GP visits 9.04 416.01 8.75 402.65 0.29 –13.36

Number of outpatient visits 0.70 131.51 0.40 76.01 0.29 –55.49

Number of inpatient days 0.34 109.60 0.21 69.94 –0.12 –39.65

Number of A&E visits 1.17 144.76 1.17 145.14 0.00 0.38

*p= 0.05.

TABLE 26 Parental costs (£) associated with consumption of dental care in the intervention and control groups

Resources consumed in association with dental care

Group

Mean differenceIntervention Control

Average travel time to trial dentist 166.57 169.28 2.71

Average travel time to other dentistsa 1.27 2.29 1.02

Average distance to trial dentist 32.25 34.20 1.96

Average distance to other dentistsa 0.65 0.87 0.22

Average time taken off work to visit trial dentist 139.19 137.24 –1.95

Average time taken off work to visit other dentists 4.34 5.65 1.30

a Imputed based on reported travel and activity to trial dentists and reported distance and activity to non-trial dentists.
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between-group differences in these. As can be seen, in respect of direct costs, total health-care costs and
total costs, statistically significant between-group differences in cost are evident. In each case the
intervention group is seen to have higher costs, although, as is evident from a comparison of Table 27
with previous tables, this is largely related to the cost of the intervention.

In Table 28, the results of an OLS regression examining the relationship between total costs, age, gender,
socioeconomic status and group are shown. The model is seen to have limited explanatory power and only
two of the covariates are seen to be statistically significant: gender and membership of the intervention
group. In Table 29, the results of a generalised linear model are reported. The latter was found to provide
a superior fit to the data than a simple OLS model. In terms of predictors, gender and group membership
remained statistically significant. Females and those in the intervention group had higher costs than males
and those in the control group.

A generalised linear model was fitted to the data with a log-link function and a gamma distribution for the
mean–variance relationship.

TABLE 27 Total cost of care in the intervention and control groups

Costs (£)

Group

Mean differenceIntervention Control

Average total direct health service costsa 155.74 48.21 –107.53b

Average total indirect health service costc 831.79 726.76 –105.03

Average total parental costd 39.78 40.72 0.94

Average total health-care costs (sum of rows 1 and 2) 987.53 774.97 –212.56b

Average total coste 1027.31 815.69 –211.62b

a Items in Table 24.
b Statistically significant difference at p= 0.05.
c Items in Table 25.
d Items in Table 26.
e Sum of previous rows.

TABLE 28 Ordinary least squares regression results for the relationship between total costs, age, gender,
socioeconomic status and group

Independent variable Coefficient p-value

Age (at outcome) –39.2326 0.39

Gender (female) 99.7099 0.05

SES Q1 (most deprived) –20.4995 0.78

SES Q2 64.1385 0.45

SES Q3 52.4055 0.59

SES Q4 (least deprived) –59.8999 0.35

Group (intervention) 206.0822 < 0.01

Constant 852.7936 < 0.01

R2 0.02

F-statistic F(6,1089) = 2.64

p= 0.01

Q, MDM 2010 quintiles; SES, socioeconomic status.
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A generalised linear model with identity link and Gaussian distribution was used to reproduce the
estimates in Table 28. Akaike information criterion and Bayesian information criterion statistics were
captured. These were 16.4197 and 8.55e × 108. The model in Table 29 is clearly superior. This in essence
confirmed the estimated relationships between total costs and the regressors.

In Table 30, a series of ICERs are reported together with associated CIs. ICERs are reported for three
outcome measures: caries-free status, carious surfaces and episodes of pain. In each case the negative ICER
should be interpreted as the additional cost per outcome avoided. For example, in respect of caries-free
status, it costs approximately £2093 to prevent one person converting to caries active; in respect of carious
surfaces it costs approximately £251 to prevent the development of one carious surface. As is evident from
Table 30, statistically significant results were obtained only in respect of carious surfaces. That is, and
reflecting the results of the clinical analysis, the intervention was not found to produce a significant benefit
despite incurring additional costs in respect of caries-free status and episodes of pain.

TABLE 29 The results of a generalised linear model for the relationship between total costs, age, gender,
socioeconomic status and group

Independent variable Coefficient p-value

Age (at outcome) –0.0431 0.36

Gender (female) 0.1068 0.04

SES Q1 (most deprived) –0.0047 0.82

SES Q2 0.0820 0.49

SES Q3 0.0577 0.56

SES Q4 (least deprived) –0.0547 0.50

Group (intervention) 0.2310 < 0.01

Constant 6.7337 < 0.01

Diagnostics

AIC 15.5569

BIC –7356.09

AIC, Akaike information criterion; BIC, Bayesian information criterion; Q, MDM 2010 quintiles; SES, socioeconomic status.

TABLE 30 Incremental cost-effectiveness ratios

Costs (£) Mean 95% CI

Mean difference in health service costs/mean difference in proportion
caries free

–2092.59 –30,100.40 to 27,921.80

Mean difference in health service cost/mean difference in number of
carious surfaces

–250.58 –454.39 to –79.52

Mean difference in health service cost/mean difference in number of
episodes of pain

–259.07 –14,664.00 to 14,941.60

Mean difference in total costs/mean difference in proportion
caries free

–2070.51 –29,477.20 to 27,876.60

Mean difference in total cost/mean difference in number of
carious surfaces

–248.80 –456.69 to –78.70

Mean difference in total cost/mean difference in number of
episodes of pain

–263.96 –14,529.80 to 14,560.70
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Note that the ICERs and CIs are based on 1000 bootstrapped samples used to construct the sampling
distribution for costs and outcomes. As these are bootstrapped they will not (other than by chance)
replicate the sample values. ICERs are based on each bootstrapped average incremental cost being divided
by each bootstrapped incremental benefit. The CI is then constructed by rank ordering the ICERs and
identifying those at the 2.5th and 97.5th percentiles.

To avoid issues associated with modelling uncertainty in ICERs, a series of NMB estimates relating
outcomes to cost were also calculated (Table 31). Each is predicated on a threshold of £1000, that is, the
assumption that society would be willing to pay £1000 for a 1-unit increase in the outcome in question.

Note that these are based on bootstrapped NMBs in which a threshold of £1000 is assumed for each
outcome. As with Table 30, a positive NMB was found in respect of carious surfaces only. Here an NMB of
£1063 was found. This suggests that if society was willing to pay £1000 to avoid a carious surface, the
invention would deliver a NMB of approximately £1064 when the intervention and other costs associated
with its generation are taken into consideration. Although the 95% CI around this value is positive, it is
quite wide-ranging, from approximately £298 to £1855.

Cost-effectiveness planes for each outcome and CEACs in respect of each outcome are also reported
(see Appendix 4, Figures 6–11). The appearance of the former in the north-east quadrant of the diagram
(i.e. higher cost, negative outcome), simply reflects the structure of the outcome, that is, caries status,
carious surfaces or episodes of pain avoided.

In respect of the CEACs, it is unclear what value society may place on each of the outcomes modelled. Over
the range of thresholds examined, that the likelihood of the intervention being deemed to be cost-effective
is highest in respect of carious surfaces avoided is entirely consistent with the results of previous analyses.

In Appendix 4, Tables 34–38, the results of a series of sensitivity analyses are reported. Appendix 4,
Table 34, compares the measured time that dentists took to apply fluoride with the reported time taken.
As can be seen, dentists consistently overestimated delivery time and adjusting for this markedly reduced
intervention costs. As can be seen from Tables 30 and 31, however, this did not have a material effect on
cost-effectiveness or on NMB. The cost-effectiveness ratio remained significant only in respect of carious
surfaces, dropping to £150 (see Appendix 4, Table 37) from roughly £251, whereas the NMB rose to
approximately £1119 (see Appendix 4, Table 38) from approximately £1064.

Similar results were obtained in respect of other sensitivity analyses based on using nurses and dental
hygienists to apply fluoride and limiting the focus of the analyses solely to dental costs. That is, the
reduction in staff costs (and exclusion of other health-care costs) improved the cost-effectiveness ratio
and NMB calculation, but the intervention remained potentially cost-effective only in respect of reducing
carious surfaces, and then only dependent on the willingness-to-pay threshold used.

TABLE 31 Net monetary benefit per unit of effect

Effect Mean 95% CI

NMB per caries-free person –£165.06 –£291.04 to –£44.79

NMB per carious surface avoided £1063.81 £298.08 to £1854.62

NMB per episode of pain avoided –£114.13 –£280.45 to £36.46
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Chapter 4 Discussion

This is the first large-scale CTIMP that has been successfully completed in UK general dental practices.
The trial investigated the effects and costs of a composite dental caries ‘preventative package’ in

general dental practice. As the NHS seeks to reform dental contracts to support a preventative approach to
the care of patients, there is a need to understand if this policy direction benefits patients and reduces
costs. Therefore, this trial provides timely and valuable information to inform and support parents,
clinicians, policy-makers and NHS commissioners. In addition to providing information about the effects of
the intervention on caries and its impact on health-care costs, the trial provides contemporary information
about the longitudinal behaviour of dental caries in young children and the consequences of the disease.
This descriptive information makes a valuable contribution to our understanding of the dental caries, as
there are surprisingly few longitudinal data available on this, the most common disease of childhood.

The trial hit all of its recruitment and retention targets: outcome data at follow-up were available for 88%
of children who were randomised. Only one small practice had a retention rate of < 70%. Parents and
children in both arms of the trial exhibited high levels of adherence to the protocol: approximately 85%
of children attended every 6 months for 3 years and a mean of 5.8 varnish applications were provided to
children in the intervention group. The strict monitoring requirements of a CTIMP ensured high levels of
treatment fidelity to the protocol in both intervention and control groups.

Despite the large proportion of children who attended every 6 months, 34% of children in the intervention
group and 39% in the control group converted from caries-free to caries-active status over the 3-year period
of the trial. This high level of disease in the trial population is reflected in the 40% prevalence of obvious
decay experience in Northern Ireland 5-year-olds reported in the Children’s Dental Health Survey 2013.
Report 2: Dental Disease and Damage in Children England, Wales and Northern Ireland.3 The differences in
age groups between the trial and child dental health survey population, and the under-representation of the
most and least socially disadvantaged groups in the trial population (see Generalisability) when compared
with the general population may explain the small observed difference between the trial population and
child dental health survey population.

The high level of adherence demonstrates that parents were well motivated to attend the dentist. In addition
to the fluoride intervention, both groups in the trial received the same caries prevention advice, based on the
guidance in DBOH, it was therefore disappointing that over one-third of children in each group developed
the disease. The failure to prevent disease in over one-third of participants, suggests that the motivation to
attend the dentist on a regular basis did not translate to the adoption of other risk-reducing behaviours in
the home setting, such as frequent use of fluoride-containing toothpaste and limiting the amount and
frequency of sugar consumption. The limitations of health education and lack of strong evidence for
one-to-one dietary interventions in producing sustained behaviour change have been documented.52,89

Owing to ethical and pragmatic constraints, the trial did not have an arm in which children received no
intervention, so we cannot infer that preventative care provided in general dental practice is ineffective.
Instead we compared the costs and effects of an enhanced prevention regime with a proxy for ‘usual
practice’. The results from this trial suggests that ‘enhanced’ prevention using a composite fluoride
intervention provided by health-care professionals, delivered in two, approximately 15- to 20-minute
encounters each year, are limited in their effectiveness to prevent caries.

The consequences of a child developing caries are starkly demonstrated by our results. From a situation of
having no caries active at baseline, 20% of children in the trial population reported one or more episodes
of toothache and 5% had an extraction within 3 years. These figures include the whole-trial population in
the denominator. If we consider only those children who developed the disease, 36.9% in the intervention
group and 44.6% in the control reported one or more episodes of toothache during the trial. Tickle et al.4

conducted a prospective cohort study in 50 dental practices in the north-west of England and reported
that approximately one in five children aged 3–6 years with caries active had an unscheduled dental visit
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because of dental pain each year. The large proportion of children in the trial who, once they developed
caries, experienced pain is a consistent finding with this earlier descriptive study. This strong likelihood of
pain and extraction following the development of the disease justifies the primary prevention rationale for
the NIC-PIP trial, which is attempting to keep children in a caries-free state.

The use of the dmft/DMFT and dmfs/DMFS indices and the preventative fraction have long been used in
dentistry as outcome measures for commercial studies of toothpaste efficacy. They are aggregate scores
and include both caries-active and caries-free populations. These aggregate scores are not particularly
helpful to assess the future caries risk of individuals and populations. This trial corroborates the findings of
previous longitudinal studies in general practice4,22 and demonstrated that the transition from caries-free to
caries-active states represents both a clinical and policy watershed, as this ‘conversion’ results in a significant
risk of adverse outcomes that have a negative effect on patients and their families and have significant cost
implications for the NHS.

Although there was a 5% difference in caries prevalence (primary outcome) between the groups after
3 years, in favour of the intervention group, this was not statistically significant. The trial was powered to
detect a difference of 10%, with a projected 37% prevalence at outcome in the intervention group and
an expected 47% prevalence in the control group. The 47% expected prevalence in the control group was
based on epidemiological data available from the Children’s Dental Health in the UK 200317 when the
study was designed, at that time the population prevalence of caries in 5-year-olds in Northern Ireland was
61%. However, during the trial there was a very large [in the order of a 20% absolute reduction3] fall in
population levels of disease among 5-year olds in Northern Ireland. The effect size we estimated was
based on data available from the 2002 Cochrane fluoride-containing varnish systematic review43

(subsequently updated in 201345) and a large toothpaste distribution trial.87 The estimated effect size was
based on the assumption that there would be an additive effect of fluoride-containing varnish and
fluoride-containing toothpaste over a 3-year period, although at that time (and at the time of publication)
there was very little information on the effects of composite fluoride interventions. An assessment of what
would be a clinically significant effect also influenced the estimated effect size used to produce the sample
size calculation. If we could demonstrate a 10% reduction in caries active, a reduction of this magnitude
would encourage a change in clinical practice and justify the assumptions and costs of a policy to invest in
prevention in practice. We performed a post hoc evaluation of the power of the study by recalculation of
the sample size based on the 39% prevalence of caries active in the control group compared with 29%
prevalence in the intervention group, applying the a priori effect size of a 10% difference between groups
that we stipulated in the published protocol. The resultant sample size needed to demonstrate the
predetermined effect size was less than the number of participants examined at follow-up (470 vs. 510 per
group). The study was therefore not underpowered to detect the original effect size of 10%. One could
argue that we set an ambitiously high effect size; however, we found a statistically significant difference in
dmfs index between caries-active children in intervention and control groups, demonstrating that the true
clinical effect of the intervention on the primary outcome measure is likely to be small and of questionable
clinical and public health value. This interpretation of the findings also assumes that the high levels of
adherence we achieved in the trial can be replicated in the average dental practice.

More sensitive measures of caries, dmfs and dmft showed statistically significant differences between the
groups in favour of the intervention group. Over the 3 years of the intervention decreased caries by two
surfaces per child converting to caries active, or by 0.8 teeth per child converting to caries active. These
represented reductions of 25% and 19% compared with the control group. If all children are included the
denominator then for the dmfs index the use of the intervention over 3 years represents a 34% reduction
in disease, and for dmft index, a 30% reduction. When we consider only the children who developed the
disease, the difference was 2.4 dmfs (25%), which was 0.8 dmft (19%) in favour of the intervention
group. Using the dmfs index, the reduction in disease we report is consistent with the effect size reported
in a recent Cochrane systematic review of fluoride-containing varnish.45 The primary outcome measure for
the review was the prevented fraction, that is, the difference in caries increments between the treatment
and control groups expressed as a percentage of the increment in the control group; therefore, a relative
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percentage difference. The review reported a pooled dmfs-prevented fraction of 37% (95% CI 24% to
51%; p < 0.0001) for the 10 trials that contributed data for primary tooth surfaces.

A 2003 Cochrane review40 of the effectiveness of fluoride-containing toothpaste could not produce
estimates of the effects of fluoride-containing toothpastes on caries increment in primary teeth or tooth
surfaces, as there were no contributing data available in the selected trials. Another Cochrane review
published in 2004 compared combinations of topical fluoride (toothpastes, mouth rinses, gels, varnishes)
with single topical fluoride for preventing dental caries in children and adolescents.41 There were few trials
available to assess the effects of composite fluoride interventions on the primary dentition and no meta
analyses were presented. The review cited one trial90 that compared the effects of fluoride-containing
varnish combined with toothpaste, versus toothpaste alone on caries increment in the primary dentition.
No statistically significant differences in caries increment during the 2 experimental years were found
between the groups. Neither of these reviews has been updated since publication. The results of our trial
are consistent with the outcomes of the fluoride-containing varnish systematic review, but without
comparable data it is difficult to say that combining the two fluoride treatments had an additive effect.

The Cochrane fluoride-containing varnish review reported that there was little information concerning
possible adverse effects or acceptability of treatment in previous trials. We monitored all SAEs and only
ARs that had a possible causal relationship to the fluoride-containing varnish. There was a small number of
ARs with a possible link to the varnish; all of these were minor in nature and self-limiting, which suggests
that fluoride-containing varnish in this young age group is safe. There is a potential increased risk of
fluorosis,48 which will only be apparent when the permanent incisor teeth erupt at 8–9 years of age and,
therefore, assessment of this outcome is outside the scope of the trial reported here.

There was a strong relationship between deprivation and caries, as demonstrated by a mean dmfs index
score of 9.6 among children living in areas in the most-deprived quintile compare to a mean dmfs index
score of 5.3 among children in the least-deprived quintile, when calculated for children with caries.
This strong relationship between deprivation and dmfs was also apparent when all children were included
in the analysis. This relationship was expected, given the well-documented association between caries and
deprivation in the literature.6 Table 13 does not show a smooth, linear gradient in disease severity across
the socioeconomic quintiles, in either intervention or control groups. This could be a result of the use of
an area-based measure of deprivation and unobserved heterogeneity within the area-based measure;
the ecological fallacy. We did not find any interaction between socioeconomic status and group for
making the conversion from caries free to caries active. We therefore cannot deduce that children from
more disadvantaged backgrounds are more likely to benefit from the intervention than their more affluent
peers; however, this analysis lacked power.

Other studies on dental practice populations have reported a non-significant relationship between dental
caries and socioeconomic status in young children.91 Irrespective of their socioeconomic status, the majority
of these children attended the dentist regularly, every 6 months and, therefore, exhibited different oral
health-related behaviour than children in the same socioeconomic quintiles in the whole population.
Children in the most-disadvantaged quintile were under-represented (see Table 32) in the trial population
when compared with the whole population of Northern Ireland. This most disadvantaged quintile in the
whole population will have the highest risk of disease and are most likely to have infrequent dental visiting
patterns.7 As the children in the trial were predominantly regular attenders they will not have the same
caries risk as children in the same socioeconomic quintile in the whole population.

The application of fluoride-containing varnish, according to national statistics, is at a much lower level than
we achieved in the trial. In 2014/15 in England, 32.1% of all children attending NHS primary care dental
services had fluoride-containing varnish applied to their teeth.63 Therefore, the effect size we report is
probably greater than those currently achievable in dental practices in England for a number of reasons.
First, a much larger proportion of children attended regularly and received fluoride-containing varnish in
the trial than is evident in the general population in England. The children who consented to participate in
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the trial, as in any trial,92 are more likely to adhere to treatment regimes than children in the general
population. As the trial was a CTIMP there was close monitoring of fidelity to delivery of the intervention
as per protocol. Fidelity was also reinforced by additional payments to the dentists of £25 per visit of each
child to cover the NHS costs of the dentists supporting the trial. Studies demonstrate that dentists’
behaviour is rapidly and significantly influenced by contractual and financial factors.93 The nature of the
trial population, the tight monitoring and financial incentives used in the trial are likely to have contributed
to the high levels of adherence we achieved, which are unlikely to be replicated in the general population.
The intervention also included provision of toothpaste containing 1450 p.p.m. of fluoride and a free
toothbrush each time they attended as a ‘prompt’ for families to adopt and use fluoride-containing
toothpaste in an optimal manner. This element of the intervention is not routinely provided to children
attending NHS general dental practices and so this is another factor that would contribute to a larger
effect size we found in the trial, than would be achievable in English dental practices that follow the
guidance in DBOH.13

Different aspects of the study’s findings may be emphasised by different stakeholder groups. The results
illustrate the difference between statistical significance and clinical importance. A 34% reduction in disease
sounds impressive, but it is a 34% reduction of a small mean number of carious teeth surfaces per child
(a difference of 1.3 dmfs between the intervention and control groups). This reduction was statistically
significant but it may not be a clinically worthwhile reduction or significant from a policy and
commissioning perspective, and may not in itself warrant or justify the policy of focusing dental resources
to pay dental practices to concentrate on prevention.

Given the small but statistically significant difference in dmfs the economic analyses are important. From a
policy perspective identifying the costs and effects of potentially investing in prevention, at a time when
there are significant and rising financial pressures on the NHS, are crucial. Prevention of disease, particularly
in early years, can take time to provide a return on investment. The costs of care provision in the intervention
group were statistically significantly greater than the costs for the control group over the 3-year period.
For total direct dental service costs per child (see Table 27) there was a mean difference over the 3-years of
the study of £107.53 (£155.74 intervention, £48.21 control; p < 0.05). When all health-care costs were
compared the intervention group’s mean cost per child was £212.56 more that the control group (£987.53
intervention, £774.97 control; p < 0.05) over the 3 years of the trial.

The ICERs are based on each bootstrapped mean incremental cost per child being divided by each
bootstrapped mean incremental effect per child. The mean additional costs per carious tooth surface
avoided over the 3 years of the trial was calculated at £250.58. This was statistically significant but this
value lacked precision, the 95% CIs were wide (£454.39 to £79.52) primarily because of the small effect
size. NMB was calculated based on bootstrapped NMB for which an arbitrary threshold of £1000 was the
assumed as the mean value of carious tooth surfaces avoided. The NMB per carious surface avoided was
£1063.81 (95% CI £298.08 to £1854.62). The NMBs per caries-free child and per episode of pain avoided
were not statistically significant (see Table 31).

It is important to realise that the costs included in our analyses do not include a specific financial incentive
paid to dentists to provide preventative care or the cost of performance management to oversee the
delivery of prevention. The £25 payment (NHS support costs) for each visit of each child and the trial
monitoring infrastructure and processes required of a CTIMP could be considered as surrogates for these
two costs. However, these costs were not included in the health economic analyses. If the intervention
tested was to be translated into a NHS service, consideration would need to be given to the costs of
incentivising practices to deliver it reliably and also the costs of monitoring if the adherence rates we report
in the trial are to be achieved. This would increase the costs of the intervention significantly. However,
other factors could reduce the costs of the intervention. The costs of prevention delivered in practice could
be reduced through use of role substitution by employing appropriately trained health-care professionals,
such as extended duties dental nurses, to provide preventative care. However, in the sensitivity analyses we
conducted, substituting the salary costs of dentist for dental hygienists and dental nurses showed that
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although the mean direct dental costs of using dental nurses (£74.57) and dental hygienists (£106.37)
to deliver the intervention were lower than costs of using dentists (£155.74), this was based on the
assumption that time required to deliver the intervention was the same for each type of provider.
The effect on the mean total costs of the intervention over the 3 years was minimal and there was no
material effect on cost-effectiveness, as reflected in the ICER or NMB. This is perhaps unsurprising because
the cost of the intervention alone was comparatively small.

Our findings only capture and summarise the costs and effects over a 3-year period and do not reflect the
effects and costs incurred throughout later childhood and into adolescence, or indeed over the whole of
the life course. This is very difficult to quantify; we do not know if the effect we report would increase
between the groups as the children get older as a result of a 3-year long intervention delivered at this very
young age. We also do not know if a larger effect would be found if the intervention were to be provided
for a longer time period, extended throughout childhood.

Policy-makers and commissioners also need to consider the potential impact on health inequalities,
because practice-based interventions do not reach a large proportion of children in the most
disadvantaged localities, as is evident from the socioeconomic differences between the registered and the
general population in Figure 6. The children with greatest risk of developing the disease are least likely to
attend and hence receive the benefits of treatment, resulting in increased health inequalities.

In 2014/15 in England, 7.7 million band 1 (check-up, with no treatment) courses of treatment were
provided to children (aged 0–18 years), making up 70% of all courses of treatment provided for children.63

Vital signs data provided by the NHS Business Services Authority demonstrated that 13.5% of all payment
claims were for a child reattending within 3 months of their initial appointment and 55.4% were for the
same child reattending within 6 to 9 months.94 The national average fee dentists receive for a band 1
(check-up) course of treatment is £25.95 Therefore, the activity and costs to the NHS in England alone of
repeat check-ups for children is substantial. According to Health & Social Care Information Centre data in
2014/15, only 32.1% of children received an application of fluoride-containing varnish.63

In Scotland, the Information Services Department published data on HEAT target H9 (i.e. fluoride
varnishing for 3- and 4-year-olds), the national target is at least 60% of 3- and 4-year-old children in each
Scottish Index of Multiple Deprivation quintile to receive at least two applications of fluoride-containing
varnish per year by March 2014. The Childsmile programme is the means by which the target will be
delivered, and the target covers fluoride-containing varnish applications carried out in nurseries, schools
and dental practices. In 2013/14, 33.3% of 3-year-olds and 35.6% of 4-year-olds (34.5% of combined
3- and 4-year-olds) received two or more fluoride-containing varnish treatments.96

If the proportion of children receiving fluoride-containing varnish is to be increased to the adherence rates
in our trial, the NHS may need to provide additional investment or shift resources from other areas to
incentivise practices to provide this type of care. The results of this study suggest that expanding this
enhanced preventative care is unlikely to have a large impact on increasing the number of children who
are caries free, over and above usual practice currently delivered by dentists.

Other community-based interventions may provide better outcomes for lower costs by reaching
disadvantaged groups that attend the dentist infrequently and have a high risk of developing the disease.
The cost-effectiveness of water fluoridation has been recently assessed in Canada97 and Australia,98 and
both studies suggested significant cost savings can be made as a result of water fluoridation, especially if a
large population is covered by a scheme. We have a poor understanding of the cost-effectiveness of
this public health intervention for the UK. A NIHR-funded study,9 currently in progress, will provide
valuable contemporary information on the costs and effects of water fluoridation in the UK. Distributed
fluoride-containing toothpaste programmes through the post have been shown to be effective in a trial
conducted in the north-west of England.87 The same study analysed the costs of the intervention and in
2003 reported that the mean cost per carious tooth avoided was £80.83, the mean cost per child of
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avoiding conversion from caries-free to caries-active states was £424.38 and the mean cost per extraction
avoided was £679.01.99 These cost-effectiveness estimates compare favourably with those we have
identified for the practice-based intervention evaluated in the trial. A recent systematic review100 of the
economic evaluation of caries prevention programmes included a total of 63 studies, evaluating dental
sealants, water fluoridation and mixed interventions. The review could not make firm conclusions, because
of the heterogeneity of the studies and limited information provided on adjustments for discounting and
inadequate sensitivity analyses. It is therefore difficult to compare the cost-effectiveness of the intervention
we evaluated in the trial with alternative prevention strategies. Value for money decisions are a matter for
policy-makers and politicians, but the results of this trial should perhaps give them pause for thought in
relation to the need for investing in enhanced practice-based preventative measures such as incentivising
the expansion of fluoride-containing varnish application.

This trial raises questions about expanding investment in a practice-based approach to preventing dental
caries. The intervention we tested probably represents the maximum that is pragmatically and financially
possible in general dental practice in terms of prevention offered to children who present free of the
disease. Although we found a small, statistically significant difference in the number of tooth surfaces
affected by decay between the groups, perhaps the most startling finding is that over one-third of
children in the intervention group developed the disease. Dentistry has had fluoride as its ‘magic bullet’
and the large fall in population levels of disease over the last 40 years have been largely attributed to
fluoride-containing toothpaste.35 These significant improvements are now levelling off in England3,21 and
one could hypothesise that we are reaching the limits of what professionally applied fluoride can achieve
in dental practice populations. There are still opportunities for targeted community-based fluoride
programmes to reduce health inequalities and such programmes may represent better investments
for policy-makers than practice-based interventions. The Department of Health in Northern Ireland
commissioned a qualitative study that ran in parallel to the trial, which included interviews with the parents
of the children participating in both arms of the trial and also parents of children in the same age group
not involved in the trial. The most striking finding emerging from this study was the ubiquitous presence of
sugar in children’s lives and how most parents found it very difficult to restrict the volume and frequency
of sugar consumption by their children. Perhaps now is the time for a change of focus in the battle against
caries to concentrate on sugar reduction and develop and test behavioural, environmental and fiscal
interventions to reduce sugar consumption in a common risk approach to improving health.

Limitations

This was an ambitious trial; to undertake a CTIMP in a community setting, delivered through research-naive,
small dental practices was a significant risk. However, we exceeded our recruitment target, retained all
practices in the trial and achieved a retention rate of 88% over a 3-year follow-up period.

We could not demonstrate a statistically significant difference in the primary outcome measure. The caries
active prevalence in the control group at the end of the 3-year follow-up period was 39%; lower than
expected in the protocol (47%). However, a post hoc evaluation of the power of the study showed that this
was probably because of the effect size of the intervention being less than we stipulated a priori. The use of
the composite intervention showed a 5% reduction in caries-active children; the 10% difference was inside
the 95% CI for the primary outcome (–1% to 11%). The large fall (in the order of a 20% absolute reduction,
see discussion in Chapter 1, Epidemiology of caries in young children) in population caries over the time the
trial was conducted had no effect on the power of the study, but an overestimation of the additive impact of
fluoride-containing varnish and fluoride-containing toothpaste in the effect size included the protocol was a
factor. We could have set the effect size at 5% at the start of the study; this would have significantly
increased the number of participants required and also the costs but would not have meaningfully altered
our conclusions. We chose a 10% effect size primarily as this was an effect size that would be important
from both clinical and policy perspectives. We did show that the intervention had a statistically significant
effect on dmfs, similar to that reported by the Cochrane systematic review of fluoride-containing varnish.45

DISCUSSION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

50



However, our results (over one-third of children developed the disease in the intervention group and over
40% who developed the disease reported pain) would suggest that this intervention, currently supported
by policy and national guidance will have limited impact on the development of caries into dentine in
young children.

The trial also suffered from the same limitation of all trials; external validity is discussed in the section
Generalisability, but one limitation of the study is that a deeper understanding of the reasons for the
findings cannot be provided by a trial design. Moreover, a single trial alone cannot provide a comprehensive
understanding of how to address all of the multifactorial elements that contribute to an individual’s risk of
developing caries. The intervention we tested was composite; the professionally applied fluoride-containing
varnish and provision of the fluoride-containing toothpaste and toothbrush were designed to trigger and
sustain caries risk-reducing behaviours in the home. To understand how the intervention affected behaviour
in the home requires additional qualitative research. The team conducted a parallel mixed-methods study
to provide a deeper understanding of the impact of the trial on children’s and parental behaviour in the
home in both the intervention and control groups. This study was not funded by the Health Technology
Assessment programme of the NIHR, but by the Northern Ireland Department of Health, Social Services and
Public Safety. The early results of this mixed-methods study have been discussed above, but the full study
will be published in a separate peer-reviewed journal. Additional trials are required of different caries
preventions at different levels (individual, practice, community and population) and of different types of
intervention (behavioural, social, economics and legislative) to increase our understanding of how to combat
this disease.

The trial follow-up period was 3 years; our conclusions are therefore constrained by the time-limited
measurement of outcomes and impact. We cannot say if a greater proportion of children would remain
caries free if the intervention were to be provided throughout childhood and adolescence (sustained
prevention is advocated by DBOH13) or what effect this would have on cost-effectiveness and value for
money. Similarly, without long-term follow-up of the trial population, we cannot say what the long-term
preventative effects, if any, the intervention would have if provision is confined to a 3-year period in
early childhood. One could hypothesise that the intervention could have a lasting effect, as it is provided
during early childhood and seeks to instil behaviour which should reduce caries risk over a lifetime, as a
consequence this behaviour change would result in a widening of differences between intervention and
control groups in late childhood and adolescence.

The primary outcome measure used was children converting from a caries-free state to a caries-active
state. We recognise there are many possible points along the development of caries lesions that diagnosis
can be undertaken. We did not measure enamel caries for a number of reasons. At a single time point
(at baseline or follow-up) it is not possible to distinguish between an arrested enamel lesion (scarring) and
an active enamel lesion; nor is it possible to distinguish between an enamel lesion that will progress to
cavitation and one that will not progress. In contrast, caries into dentine have definite clinical and cost
consequences, and we felt this hard end point was appropriate for this pragmatic trial. We followed
national diagnostic criteria of caries used in routinely undertaken NHS epidemiological surveys. Assessing
enamel caries involves a more complex and time-consuming clinical examination. This would have
increased costs, provided a higher risk of diagnostic error and more importantly would not have been
practical to undertake in a large population of children who were aged 2–3 years at baseline.

The trial was also limited by the costs and time required of large pragmatic trials to provide useful
information for decision-makers. Over the 7- to 8-year period from design to completion of the trial there
was a very large reduction in caries in the primary teeth within the population of young children in Northern
Ireland, but the trial was locked into its procedures and methods via its protocol. Similar to all trials,
this lack of agility and an ability to revise and adapt to changing circumstances is a limitation. Observational
studies and point-of-care trials using electronic health records could play an important role in producing
information in a more timely manner.
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The study could not refer to a commonly used threshold mean willingness to pay for effects against which
to assess the value for money of the intervention in respect of carious surfaces avoided. This limitation was
imposed on the study by our inability to directly assess the utility gain (if any) of children associated with
caries prevention. We could not in consequence assess value for money relative to thresholds frequently
reported in the literature. Moreover, it is unlikely that mean willingness to pay is constant for any gain in
effectiveness, given that differences in the scale of an intervention will have different opportunity costs.
This also limits our ability to draw firm conclusions on whether or not the gains observed here might be
considered to offer sufficient value for money to warrant the investment required by policy-makers.

Generalisability

One of the acknowledged limitations of all randomised controlled trials is external validity.101 However, all
research is subject to limitations in generalisability because of the requirement to obtain informed consent
and the necessary limitations of the geographical, cultural and social environment in which the research
is conducted.

Table 32 compares the socioeconomic profile of the trial population with that of the 2- to 3-year-old
population, who were registered with a GDS dentist in Northern Ireland, and the whole population of
2- to 3-year-olds in Northern Ireland at the time of the baseline examination. This shows that the
registered population had a greater proportion of children in the least-disadvantaged quintile and a
lower proportion of children in the most-deprived quintile compared with the total population. This
socioeconomic difference between the registered population and whole population was expected and
reflects the relationship between socioeconomic status and dental visiting patterns reported by the
Children’s Dental Health Survey 2013. Report 2: Dental Disease and Damage in Children England, Wales
and Northern Ireland.3

The NIC-PIP trial population had a smaller proportion of children in the most-deprived and most-affluent
quintiles when compared with the registered population and the whole population of children in Northern
Ireland and over-representation in the middle three quintiles compared with the registered and general
populations. However, the trial population was not confined primarily to one or two socioeconomic
groupings, with good representation across all socioeconomic quintiles. This socioeconomic spread
of the trial population reflects the varied practice recruitment strategy adopted by the trial team.
The socioeconomic distribution of the NIC-PIP trial population is more likely to be representative of children
who are regular dental attenders, which is different from the registered population. From a policy
evaluation perspective this can be seen as strength rather than a limitation of the study, as this was the
population guidance in DBOH is targeted at.

TABLE 32 Comparison of the percentages of 2- to 3-year-old children according to quintiles of deprivation
(categorised using Northern Ireland MDM25) in the NIC-PIP trial population, the total population registered with a
NHS dentist in Northern Ireland, and the total population in Northern Ireland

Quintiles of
deprivation

Total population of 2- to
3-year-olds in Northern
Ireland (%)

Population of 2- to 3-year-olds
registered with a dentist in
Northern Ireland (%)

Baseline population of NIC-PIP
trial (children aged 2–3 years
between 6 May 2011 and
11 June 2012) (%)

Most deprived 21.4 16.9 15.5

20–40% 21.2 19.2 22.0

40–60% 21.2 22 26.4

60–80% 19.8 22 24.3

Least deprived 16.1 18.7 11.8

DISCUSSION
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Interpretation balancing benefits with harms and costs and
considering other relevant evidence

Over 3 years the patient benefits were small and the costs per child were significant. The analysis of SAEs
and ARs demonstrated that the fluoride-containing varnish was safe, even used in this young age group.
There was insufficient power to detect a statistically significant difference in the primary outcome measure.
However, the significant reductions in dmfs and dmft show that there is a real benefit and the intervention
seems to have shifted the distribution of disease in the population to the left. The 5% difference in
caries-free children is therefore likely to be a real difference, but at this level of power the statistical
significance and precision of this difference cannot be determined. The costs of providing this preventative
intervention outweighed any savings in treatment over the 3-year follow-up period. This intervention
delivered in general dental practice is unlikely to produce a cost saving for the NHS. A key finding is that,
even with this approach to evidence-based ‘enhanced’ prevention, over one-third of children still
developed the disease. This fact, allied to the uncertainty that we can keep children caries free with
interventions delivered in practice, plus the high costs of prevention in practice (which do not include
financial incentives for dentists), we feel do not make a convincing argument for policy-makers and NHS
commissioners to invest in this technology. Other interventions delivered in other settings are more likely
to deliver greater benefits for lower costs.
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Chapter 5 Conclusions

Key findings related to objectives

Aim
To measure the effects and costs of a composite fluoride intervention designed to prevent caries in young
children attending dental services.

Objectives
To compare, in children aged between 2 and 3 years who were caries free at baseline, the effectiveness
of a varnish containing 22,600 p.p.m. of fluoride, a toothpaste containing 1450 p.p.m. of fluoride and
standardised health education, provided twice a year in general dental practice, as a ‘preventative
package’ compared with standardised health education provided twice a year alone in:

l reducing the conversion of children from caries-free to caries-active states in the primary dentition
l reducing the number of carious surfaces (caries into dentine) in the primary dentition in children who

convert from caries-free to caries-active states
l reducing the number of episodes of pain and/or extraction of primary teeth.

The cost-effectiveness of the preventative package relative to standardised health education alone was
also evaluated.

Objective 1
We did not demonstrate that the intervention prevented the conversion of children from caries-free to
caries-active states.

Objective 2
We found a statistically significant difference between the intervention and control groups in the mean
number of carious surfaces (caries into dentine) in children who converted from caries-free to caries-active
states. Children who received the preventative package had on average 2.43 (95% CI –0.77 to 4.08)
fewer tooth surfaces affected by decay than children in the control group.

Objective 3
We did not demonstrate that the intervention prevented episodes of pain or extraction of primary teeth.

Objective 4
The intervention was unlikely to be cost-effective in terms of either keeping children caries free or avoiding
episodes of pain. The mean cost per carious surface avoided after 3 years was estimated at £251, with a
wide 95% CI (£79.52 to £454.39).

Implications for clinical care

Fluoride-containing varnish is not a ‘magic bullet’ for practice-based populations. Although the intervention
produced a 34% (relative) reduction in dmfs, this effect is clinically negligible, a point underlined by the fact
that 34% of children in the intervention group, the majority of whom closely adhered to the intervention,
still developed the disease. This finding demonstrates the limitations of the impact health-care professionals
can have in preventing disease. The intervention we tested probably represents what is pragmatically and
financially possible in busy NHS dental practices, but it was more expensive than routine care and had
minimal impact. Clinicians need to recognise these limitations but should continue to provide advice based
on up-to-date best evidence.

DOI: 10.3310/hta20710 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 71

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Tickle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

55



Implications for policy

The trial compared the effects of an enhanced preventative package based on the interventions advocated
in Delivering Better Oral Health: An Evidence-based Toolkit for Prevention13 with a surrogate of routine
care (advice only). The trial suggests that for very young children it is unlikely that enhanced prevention
over and above the advice dentists currently provide to their patients will produce major improvements in
dental health and may not be a wise investment of public monies.

This also has implications for a new NHS dental contract that seeks to reward practices for producing
improvements in prevention based on a quality outcomes framework. The Department of Health in England
has developed a DQOF.79 The DQOF includes caries in 5-year-old children as a quality indicator: ‘Decayed
teeth (dt) aged 5 years old and under, reduction in number of carious teeth/child’.79 The rationale for use of
this indicator was to ‘monitor the primary dental care team’s adoption of evidenced informed preventative
advice and intervention and their impact on oral health’.79 Irrespective of issues of shifting denominators in a
dynamic practice population, the outcomes of this study suggest that it is unlikely that dental practices will
be able to directly produce a significant change in the mean number of decayed teeth in their practice
population. The findings of this trial suggest that this indicator in the DQOF may require further consideration.

However, there is considerable uncertainty about what people or the state might be willing to pay for an
avoided carious surface or for a child remaining free of the disease. Our calculations of NMB society would
need to value a carious surface avoided approximately 55 times the cost of restoring the surface (based on
the £8.30 NHS costs of a filling in Northern Ireland88) before the intervention was deemed to be value for
money. This difference may be more than society is willing to pay, but we accept that we do not know
if this is the case. Moreover, there is uncertainty about how long the benefit we report would be sustained
for, that is, how long an avoided carious surface remains avoided.

There are a number of key questions for policy-makers:

1. How can children be kept caries free?
2. How can the disease process be stopped once it starts?
3. What would the state or society be willing to pay on average to keep children caries free or to arrest

the disease process once it has started?

The first question is largely a public health question; the second is more of a clinical issue, as those with
the disease require clinical treatment. Policy-makers need to consider how best to spend resources to have
the maximum impact for each pound spent and consider the relative costs and effects of community- and
practice-based prevention programmes. Answers to the third question are required to start to compare the
value for money of different interventions to achieve the goals in questions 1 and 2.

One issue that may need careful consideration is that the NHS may be reaching the limits of what fluoride
can do to prevent dental caries in a dental practice setting in the face of rising sugar consumption.102

Since 1991, government advice is that no more than 10% of a person’s average total energy intake should
come from non-milk extrinsic sugars. Public Health England’s National Diet and Nutrition Survey Results
from Years 1, 2, 3 and 4 (Combined) of the Rolling Programme (2008/2009–2011/2012)102 reported that all
age groups consume well in excess of the 10% guideline. Children consumed the most non-milk extrinsic
sugars: intake for 4- to 10-year-olds was 14.7% of total energy and for 11- to 18-year-olds was 15.4%.

Public Health England’s strategy for sugar control49 puts behaviour change as its main focus for
intervention. Changing behaviour is notoriously difficult,52,89 at least without a restriction of the availability
of sugar in the environment. Legislative, regulatory and fiscal interventions have a stronger evidence base
for changing behaviour than interventions applied to individuals. However, the political and logistical
difficulties of restricting sugar consumption at a societal level are well recognised.

CONCLUSIONS
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Recommendations for future research

This study has produced important information that will influence future research in caries prevention.
In this section of the report we set out our recommendations for research in order of priority.

1. A better epidemiological understanding of the longitudinal development of caries is required. A large
amount of public health resource is spent on local serial cross-sectional surveys of caries. These surveys
produce limited information to inform public health strategies to prevent caries. More longitudinal
studies in different populations would greatly improve our understanding of the development of the
disease, the impact of the disease and associated risk factors.

2. Further qualitative research is required to provide a much deeper understanding of parents’ and
children’s behaviour in the home setting in relation to caries risk and how these behaviours change as
the child matures. These behaviours relate to toothbrushing behaviour and behaviours associated with
diet, in particular sugar consumption. This research is critical if we are to develop interventions to
change behaviour concerning sugar consumption.

3. The significant reductions in caries at the population level seen over the last 10 years in Northern
Ireland have been anecdotally attributed to community-based fluoride-containing toothpaste
interventions. Robust evaluation, including randomised controlled trials, of community-based
interventions including different methods of fluoride delivery and interventions which influence diet,
particularly sugar consumption, are needed to provide high-quality evidence of their costs and effects in
different contexts and their impact on health inequalities. In 2016, the government announced the
intention to introduce a soft drinks industry levy across the UK. This initiative could have a significant
impact on caries in young children; a high-quality research evaluation is needed to quantify its effect.

4. Research is required to help clinicians and parents to arrest the disease once caries into dentine has
developed. We need to develop and test behavioural interventions designed to reduce the volume and
frequency of sugar consumption and support the optimal use of fluoride.

5. We need to better understand how much the state and society are willing to pay to keep children free
of the disease and to arrest the disease once it has started in order to determine whether or not the
most cost-effective intervention represents value for money.

6. Long-term follow-up of the trial population to ascertain if the difference in caries between intervention
and control groups: remains static; increases in favour of the intervention group; or if the small
improvements seen in the intervention group are lost during later childhood. Long-term follow-up
would also enable assessment of the effects of the intervention on the risk of fluorosis.
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Appendix 1 Evidence-based, standardised
parental advice sheet

 

 

 
Oral Health for Children aged 2–7 Years Old 
           
Toothbrushing         
 
1. Supervise and help your child to brush their teeth until they are 7 years old. 
2. Brush teeth twice daily – once just before bedtime and on one other 
occasion. 
3. Use a small headed toothbrush 
4. Clean all tooth surfaces 
5. Use toothpaste containing no less than 1000 parts per million (ppm) 
fluoride.  (This information should appear on the packaging) 

 
  

6. For children aged 0–3 years apply a SMEAR of             
toothpaste 
 

 
 
 
7.  For children aged 3–7 years apply a PEA-SIZED  
     amount of toothpaste   
8. After brushing don’t rinse - encourage your child to spit out excess 
    toothpaste. (Try to avoid swallowing) 
9. Don’t allow children to lick or eat toothpaste from the tube  
    (keep out of reach) 
 
Dietary Advice 
 
1. Limit the eating of sugary foods and drinks to mealtimes and no more than  
    4 x per day. 
2. Avoid eating sugary foods and drinks before bedtime 
3. Always ask for sugar free medicines 
 
Dental Visits 
 
1. Children should visit the dentist approximately every 6 months or as often   
    as their dentist advises.  
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Appendix 2 The Northern Ireland Caries
Prevention In Practice trial caries data recording form
and clinical examination processes and procedures
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Appendix 3 The Northern Ireland Caries
Prevention In Practice trial questionnaire for parents
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Clinical Examination Processes and Procedures 

Primary will be included in the examination. Probes must only be used for 
cleaning debris from the tooth surfaces to enable satisfactory visual 
examination and for defining fissure sealants as indicated below. Radiographic 
examination will not be undertaken. 

 

The teeth will not be brushed, but may be rinsed prior to the dental 
examination.  Where visibility is obscured, debris or moisture should be 
removed gently from individual sites with gauze, cotton wool rolls or cotton 
wool buds.  

 

Data will be recorded by tooth surface 

 

Dentition Status 

The objective is for the examiner to record the present status of the teeth in 
terms of disease and treatment history.  

Conventions  

The following conventions will apply: 

 

a) A tooth is deemed to have erupted when any part of it is visible in 
the mouth.  Unerupted surfaces of an erupted tooth will be 
regarded as sound. 

 

b) When collecting surface data, the demarcation line between 
adjacent surfaces should coincide with the line of maximum 
curvature at their junction. 

 

c) The presence of supernumerary teeth will not be recorded.  If a 
tooth and a supernumerary exactly resemble one another then 
the distal of the two will be regarded as the supernumerary. 

 

Teeth present 

Before coding the status of individual surfaces, it may be useful to identify 
which deciduous and/or permanent teeth are present and which are absent.  A 
staged examination is recommended as follows:- 
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a) the teeth are described :- mirror only 

b) caries examination :- mirror + cotton wool (for drying) 

c) fissure sealants are detected:-mirror + CPITN probe 

 

Absent teeth 

Code 6 - Extracted due to caries 

Surfaces are regarded as missing if the tooth of which they were a part, has 
been extracted because it was carious.  Surfaces which are absent for any 
other reason are not included in this category.  If there has been an extraction 
and root remains have been left in place, this code should be used and not 
Code 3. 

 

Missing deciduous canines and deciduous molars must be included in this 
category. 

 

Missing deciduous incisors will not be counted and should be coded as Code 
8 - Unerupted or missing other. 

 

Obscured surfaces 

All obscured surfaces are assumed sound (surface code 0 – sound) unless 
there is evidence of disease experience on the remaining exposed part of the 
tooth, in which case the tooth should be coded according to its classification 
for those exposed surfaces. 

 

Caries Diagnostic Criteria and Codes 

The diagnosis of the condition of tooth surfaces will be visual and the 
diagnostic criteria and codes will be strictly adhered to.  Unless the criteria are 
fulfilled, caries will not be recorded as present.  A single digit code, the 
descriptor code, will be used to describe the state of each surface.  These 
codes, which are mutually exclusive, are as follows:- 
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Any surface exhibiting caries experience, as defined by the caries criteria, will 
be recorded with the appropriate caries experience code (code 1 - 5), 
irrespective of the presence of traumatic damage. 

 

Surface Code 0 - Sound 

Criteria - A surface is recorded as "sound" if it shows no evidence of treatment 
or untreated clinical caries at the "caries into dentine" threshold.  The early 
stages of caries as well as other similar conditions are excluded.  Surfaces 
with the following defects in the absence of other positive criteria should be 
coded as present and "sound":- 

•  white or chalky spots 

• discoloured or rough spots 

• stained pits or fissures in the enamel that are not associated with a carious 
lesion into dentine. 

• dark, shiny, hard, pitted areas of enamel in the tooth showing signs of 
moderate to severe fluorosis. 

 

All questionable lesions should be coded as sound. 

 

Surface Code 1 - Arrested dentinal decay       

Criteria - surfaces will fall into this category if there is arrested caries into 
dentine. 

 

Surface Code 2 - Caries into dentine 

Criteria - surfaces are regarded as decayed if after visual inspection there is a 
carious lesion into dentine.  On incisors where the lesion starts mesially or 
distally then the buccal/lingual surface will normally be involved. 

 

Surface Code 3 - Decay with pulpal involvement     

Criteria - surfaces are regarded as falling into this category if there is a carious 
lesion that involves the pulp necessitating extraction or pulp treatment 
whether or not there is a filling in the surface.  Retained roots following 
extraction should be recorded as Code 6. 
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Surface Code 4 - Filled and Decayed  

Criteria - a surface that has a filling and a carious lesion fulfilling the criteria 
for code 2 (whether or not the lesion(s) are in physical association with the 
restoration(s)) will fall into this category unless the lesion is so extensive as to 
be classified as "decay with pulpal involvement", in which case the filling 
would be ignored and the surface classified Code 3. 

  

Surface Code 5 - Filled with no decay     

Criteria - surfaces which contain a satisfactory permanent restoration of any 
material will be coded under this category (with the exception of obvious 
sealant restorations which are coded separately as Code N). 

        

Surface Code R - Filled, needs replacing (not carious) 

Criteria - a filled surface is regarded as falling into this category if the 
restoration is chipped or cracked and needs replacing but there is no evidence 
of caries into dentine present on the same surface.  

 

Lesions or cavities containing a temporary dressing, or cavities from which a 
restoration has been lost will be regarded as filled, needs replacing unless 
there is also evidence of caries into dentine in which case they will be coded in 
the appropriate category of “decayed”. 

 

Note: The number of teeth/surfaces scored R should be separately identified.  
However, if categories are to be combined later, Code R surfaces are to be 
considered as part of the "filled" component as no new caries is evident. 

 

Surface  Code C - Crown 

Criteria - This code is used for all surfaces which have been permanently 
crowned irrespective of the materials employed or of the reasons leading to 
the placement of the crown. 

 

Sealed surfaces 

The  ball-ended probe will be used to assist in the detection of sealants.   Care 
should be taken to differentiate sealed surfaces from those restored with tooth 
coloured materials used in prepared cavities which have defined margins and 
no evidence of fissure sealant. The latter are regarded as fillings and are 
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allocated the appropriate code, i.e. 4, 5 or R.  Sealant codes should only be 
used if the surface contains evidence of sealant (including cases with a partial 
loss of sealant), is otherwise sound and does not contain an amalgam or 
conventional tooth coloured filling. 

 

Surface Code $ - Sealed Surface, type unknown 

Criteria - All occlusal, buccal and lingual surfaces containing some type of 
fissure sealant but where no evidence of a defined cavity margin can be seen 
(note: this category will inevitably include both preventive and therapeutic 
sealants.)  

 

Where a clear sealant is in place and there appears to be a lesion showing 
through the material, the surface should still be coded Code $ - Sealed 
Surface, type unknown. 
 

Surface Code N - Obvious Sealant Restorations 

Criteria - All occlusal, buccal and lingual surfaces containing a sealant 
restoration where there is evidence of a defined cavity margin and a sealed 
unrestored fissure. If doubt exists as to whether a preventive sealant or a 
sealant restoration is present, the surface should be regarded as being 
preventively sealed - Code $. 

 

When doubt exists about the classification of any condition, the lower category 
should always be recorded. 
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Appendix 4 Additional health economic analyses

TABLE 33 Unit costs

Cost item Cost (£) Reference

Brushes and toothpaste per
visit

0.4 Professor Martin Tickle, University of Manchester, 2014, personal
communication

Duraphat per visit 0.75 Professor Martin Tickle, University of Manchester, 2014, personal
communication

Delivery time by dentist per
minute

1.50 Northern Ireland dental survey of adental earnings103 and bPSSRU times
2014104

Postage per visit 0.62, post,
0.33 time

Assuming a letter with stamps purchased online105 and average Northern
Ireland hourly earnings with 2 minutes to post (Northern Ireland Annual
Survey of Hours and Earnings November 2014106)

Filled surfaces per filling 8.9 Statement of Dental Remuneration 2014–2015 (1401)107

Extractions with LA per
extraction

8.24 Statement of Dental Remuneration 2014–2015 (2101)107

Extractions with GA per
extraction

791 Mrs Solveig Noble, Clinical Director of Community Dental Services, Northern
Health and Social Care Trust, 2014, personal communication

Pulpectomy per pulpectomy 8.60 Statement of Dental Remuneration 2014–2015 4403107

Advice/check-up per
consultation

8.34 Statement of Dental Remuneration 2014–2015 0101107

Polish per consultation 13.23 Statement of Dental Remuneration 2014–2015 1001107

Other (check-up) per
consultation

8.34 Statement of Dental Remuneration 2014–2015 0101107

GP per consultation 46 PSSRU, assuming 11.7 minutes104

Outpatient per episode 189 PSSRU, paediatric outpatient104

Inpatient per night 327 UK NHS reference costs charge per day based on excess bed-day charge for
elective inpatient108

A&E per episode 124 UK NHS Reference Costs 2013–14108

Travel time 0.167 per
minute

cNorthern Ireland Annual Survey of Hours and Earnings November 2014106

Time off work 0.167 per
minute

cNorthern Ireland Annual Survey of Hours and Earnings November 2014106

Travel 0.4804
per mile

AA total standing and running costs, assuming 15,000 miles per year,
petrol car109

Delivery time by dental
nurse per minute

0.22 British Dental Association estimate of trained dental nurse earnings of £8.93
per hour.110 Adjusted by earnings-to-expenses ratio for dentists of 55.4%104

Delivery time by dental
hygienist per minute

0.72 British Dental Association estimate of trained dental hygienist earnings of
£27.76 per hour.110 Adjusted by earnings-to-expenses ratio for dentists of
55.4%104

AA, Automobile Association; LA, local anaesthetic; PSSRU, Personal Social Services Research Unit.
a Average gross earnings of all self-employed GDS dentists in Northern Ireland, including overheads of £160,400.
b Estimate based on 43.4 weeks, 41-hour week.
c Assumes median hourly earnings of £10.
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F igure 6 denotes the cost-effectiveness plane based on bootstrapped ICERs, together with the sample
estimate. The numerator is incremental health-care costs and the denominator is incremental caries.
The vertical axis shows incremental costs (the intervention group cost more) and the horizontal axis shows
incremental caries (the intervention group has less caries). In standard terminology, the intervention results
in a health gain, but has an associated cost.

Figure 7 denotes the cost-effectiveness plane based on bootstrapped ICERs, together with the sample
estimate. The numerator is incremental health-care costs and the denominator is incremental caries-free
status. The vertical axis shows incremental costs (the intervention group cost more) and the horizontal
axis shows the incremental proportion caries free (the intervention group have more caries-free people).
In standard terminology, the intervention results in a health gain, but has an associated cost. Note,
however, with reference to Table 30, the ICER is not significantly different from zero.

Figure 8 denotes the cost-effectiveness plane based on bootstrapped ICERs, together with the sample
estimate. The numerator is incremental health-care costs and the denominator is incremental episodes of
pain. The vertical axis shows incremental costs (the intervention group cost more) and the horizontal axis
shows incremental proportion caries free (the intervention group have fewer episodes of pain). In standard
terminology, the intervention results in a health gain, but has an associated cost. Note, however, with
reference to Table 30, the ICER is not significantly different from zero.
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FIGURE 9 Caries free. The CEAC shows the probability of the intervention being deemed value for money at
various hypothecated willingness-to-pay thresholds.
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FIGURE 10 Carious surfaces. The CEAC shows the probability of the intervention being deemed value for money at
various hypothecated willingness-to-pay thresholds.
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TABLE 34 Sensitivity analysis: results from time-and-motion study comparing reported and measured time to
provide the intervention

Summary measures

Time (minutes) to provide the intervention

Reported Measured

Mean 10.03 6.15

Median 10.00 5.37

Skewness 0.93 1.22

SD 3.59 3.71

n 38 38

Note
The median percentage difference between reported and measured time was 82.89%. That is, reported time was 1.8289
of actual time. On this basis, delivery time in the sensitivity analysis was divided by 1.8289 and results compared.

TABLE 35 Sensitivity analysis using measured time to provide the intervention: direct dental health-care costs

Activity/consumable

Group

Intervention (n= 549) Control (n= 547)

Mean cost (£) SD (£) Skewness Mean cost (£) SD (£) Skewness

Brushes and toothpaste 2.40 0 – 0 0 –

Delivery time 51.84 14.46 0.88 0 0 –

Fluoride varnish 4.36 0.42 –3.86 0 0 –

Postage including time 5.70 0 – 0 0 –

Cost of check-up at which fluoride
varnish is applied

48.48 4.64 –3.86 0 0 –

Intervention 112.77 17.03 –0.14 48.21a 4.76a
–2.94a

a The ‘intervention’ in respect of the control group related to 6-monthly check-ups offered to participants in the study.
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FIGURE 11 Episodes of pain. The CEAC shows the probability of the intervention being deemed value for money at
various hypothecated willingness-to-pay thresholds.
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TABLE 36 Sensitivity analysis using measured time to provide the intervention: total costs (£)

Costs

Group

Mean differenceIntervention Control

Average total direct health service costsa 112.77 48.21 –64.56*

Average total indirect health service costb 831.79 726.76 –105.03

Average total parental costc 39.78 40.72 0.94

Average total health-care costs (sum of rows 1 and 2) 944.56 774.97 –169.59*

Average total costd 984.34 815.69 –168.65*

*Statistically significant difference at p= 0.05.
a Items in Table 24.
b Items in Table 25.
c Items in Table 26.
d Sum of previous rows.

TABLE 37 Sensitivity analysis using measured time to provide the intervention: ICERs

Costs (£) Mean 95% CI

Mean difference in health service costs/mean difference in proportion caries free –2514.37 –24,313.00 to 17,617.10

Mean difference in health service cost/mean difference in number of carious
surfaces

–150.25 –338.87 to –50.32

Mean difference in health service cost/mean difference in number of episodes of
pain

–2030.53 –13,031.80 to 7989.71

Mean difference in total costs/mean difference in proportion caries free –2494.17 –24,586.60 to 17,856.90

Mean difference in total cost/mean difference in number of carious surfaces –149.48 –337.06 to –50.06

Mean difference in total cost/mean difference in number of episodes of pain –2017.56 –13,130.80 to 7912.04

Note
The ICERs and CIs are based on 1000 bootstrapped samples used to construct the sampling distribution for costs and
outcomes. As these are bootstrapped they will not (other than by chance) replicate the sample values.

TABLE 38 Sensitivity analysis using measured time to provide the intervention: NMB (£) per unit of effect

Effect Mean 95% CI

NMB per caries-free person –120.70 –243.92 to –4.47

NMB per carious surface avoided 1118.95 399.16 to 1863.53

NMB per episode of pain avoided –64.63 –238.40 to 94.97

Note
These are based on bootstrapped NMBs for which a threshold of £1000 is assumed for each outcome.
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Appendix 5 Additional analyses of caries, pain
and extraction outcomes
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TABLE 46 Results from the logistic regression model for conversion of caries-free children to caries-active children
at 3 years (interaction: deprivation × group)

Independent variables OR Standard error 95% CI for OR p-value

Intervention: control 0.90 0.14 0.65 to 1.23 0.50

Deprivation (quintiles 1 and 2 vs.
quintiles 3, 4 and 5)

1.90 0.77 0.86 to 4.19 0.11

Interaction (group × deprivation) 0.79 0.20 0.47 to 1.31 0.36

TABLE 45 Results from the logistic regression model for the conversion of caries-free children to caries-active
children at 3 years (including clustering for practice)

Independent variables OR
Robust standard
error 95% CI for OR p-value

Preventative package: standard care 0.81 0.10 0.64 to 1.04 0.103

Age 1.49 0.15 1.22 to 1.80 < 0.001

MDM

Quintile 2a 0.76 0.14 0.54 to 1.08 0.13

Quintile 3 0.73 0.21 0.41 to 1.28 0.27

Quintile 4 0.61 0.13 0.40 to 0.94 0.026

Quintile 5 0.46 0.13 0.27 to 0.80 0.006

a Quintile 1 (most deprived) omitted.

TABLE 47 Results from the logistic regression model for whether or not children with caries active had teeth
extracted over 3 years (n= 400)

Independent variables OR Standard error 95% CI for OR p-value

Intervention: control 0.84 0.26 0.45 to 1.54 0.56

Age 1.22 0.37 0.68 to 2.22 0.50

MDM

Quintile 2a 1.29 0.60 0.52 to 3.22 0.58

Quintile 3 1.03 0.48 0.42 to 2.58 0.94

Quintile 4 1.04 0.50 0.411 to 2.68 0.93

Quintile 5 0.72 0.50 0.18 to 2.83 0.63

a Quintile 1 (most deprived) omitted.

TABLE 48 Results from the negative binomial regression model for the number of teeth extracted in children with
caries active (n = 400)

Independent variables Regression coefficients Standard error 95% CI p-value

Intervention: control –0.03 0.43 –0.88 to 0.82 0.95

Age 0.08 0.46 –0.81 to 0.98 0.86

MDM

Quintilea 0.16 0.68 –1.18 to 1.50 0.82

Quintile 3 0.16 0.68 –1.17 to 1.49 0.82

Quintile 4 0.32 0.71 –1.08 to 1.72 0.65

Quintile 5 –0.72 0.96 –2.61 to 1.16 0.45

a Quintile 1 (most deprived) omitted.
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TABLE 49 Results from the logistic regression model for pain or not in all children over 3 years (n= 1096)

Independent variables OR Standard error 95% CI for OR p-value

Intervention: control 0.95 0.15 0.69 to 1.30 0.74

Caries status 6.92 1.17 4.97 to 9.65 < 0.0001

Age 1.14 0.18 0.84 to 1.55 0.39

MDM

Quintile 2a 0.92 0.23 0.56 to 1.51 0.75

Quintile 3 0.64 0.16 0.39 to 1.04 0.07

Quintile 4 0.85 0.21 0.52 to 1.38 0.51

Quintile 5 0.63 0.21 0.33 to 1.20 0.16

a Quintile 1 (most deprived) omitted.

TABLE 50 Results from the negative binomial regression model for number of episodes of pain in all
children (n= 1096)

Independent variables Regression coefficients Standard error 95% CI p-value

Intervention: control –0.03 0.15 –0.32 to 0.25 0.81

Caries status 2.18 0.16 1.87 to 2.48 < 0.001

Age 0.20 0.14 –0.07 to 0.46 0.15

MDM

Quintile 2a
–0.14 0.22 –0.58 to 0.30 0.53

Quintile 3 –0.41 0.22 –0.84 to 0.02 0.06

Quintile 4 –0.25 0.22 –0.68 to 0.18 0.25

Quintile 5 –0.30 0.28 –0.86 to 0.26 0.30

a Quintile 1 (most deprived) omitted.

TABLE 51 Results from the logistic regression model for SAEs or not (n= 1248)

Independent variables OR Standard error 95% CI for OR p-value

Intervention: control 1.23 0.28 0.79 to 1.94 0.36

Age 0.79 0.17 0.52 to 1.21 0.29

MDM

Quintile 2a 1.07 0.41 0.50 to 2.28 0.87

Quintile 3 1.04 0.39 0.50 to 2.17 0.91

Quintile 4 0.91 0.35 0.42 to 1.94 0.80

Quintile 5 1.61 0.66 0.72 to 3.59 0.25

a Quintile 1 (most deprived) omitted.
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TABLE 53 Descriptive data for different caries indices

Caries indices

Group, mean (SD)

p-value from chi-squared test/t-testIntervention Control

All children (n = 1096)

dmfs 2.45 (5.77) 3.74 (7.19) 0.0010

dfs 1.67 (0.16) 2.86 (0.23) < 0.0001

ds 1.35 (0.14) 2.27 (0.20) 0.0002

fs 0.41 (0.06) 0.79 (0.10) 0.0012

dmft 1.15 (2.18) 1.64 (2.71) 0.0013

dft 0.98 (1.92) 1.43 (2.50) 0.0006

Children with caries active (n = 400)

dmft 3.39 (2.54) 4.20 (2.88) 0.0003

dft (children with caries active) 2.74 (2.17) 3.69 (2.79) 0.0015

dfs, mean number of decayed and filled tooth surfaces in the primary dentition; dft, mean number of decayed and filled
teeth in the primary dentition; ds, mean number of decayed tooth surfaces in the primary dentition; fs, mean number of
filled tooth surfaces in the primary dentition.

TABLE 52 Results from the negative binomial regression model for the secondary outcome number of
SAEs (n= 1248)

Independent variables Regression coefficients Standard error 95% CI p-value

Intervention: control 0.19 0.24 –0.27 to 0.65 0.42

Age –0.20 0.23 –0.64 to 0.25 0.39

MDM

Quintile 2a 0.23 0.39 –0.54 to 0.99 0.56

Quintile 3 0.09 0.39 –0.67 to 0.85 0.81

Quintile 4 –0.07 0.40 –0.86 to 0.71 0.85

Quintile 5 0.36 0.44 –0.50 to 1.23 0.41

a Quintile 1 (most deprived) omitted.
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