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Objective: To compare the effect of 10-year exposure to fluoridated water with 

no exposure on the number of invasive dental treatments, including 
restorations, endodontics or extractions, received by adults attending 
NHS dental practices. 

 
Participants: Adolescents and adults (>12 years) attending NHS dental practices in 

England 
 

Structure:  Retrospective cohort study using routinely collected NHS Dental data 
(NHS BSA FP17 data) from 2009 to 2019.  

 

Number of centres:  N/A – England 
 
Primary Outcome:  Number of invasive dental treatments (restorations, endodontics, 

extractions) received by adults attending NHS dental practices over 
ten years of observation (2009-2019) 

 

Sampling frame: It is estimated that the records of 35.6 million individuals will be 
available for eligibility screening and matching 

 
Sample size:   It is estimated that 6.4 million records will be included in the analysis  

 
Duration of study:  Two years (1st Feb 2020 to 31st Jan 2022) 
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Version Control 
 
Minor changes 

 Normally can be made by an authorised member of staff and do not need formal 
approval.   

 Information relating to minor changes can be summarised when a new version is issued.  

 Indicated by points, for example, V1.1 contains a minor change to V1.0.  
 
Major revisions 
 An appropriate authority (Study Steering Committee and NIHR) should usually approve 

major revisions.   

 Each major revision should contain a summary of all the minor changes that it 
incorporates, in the version control table 

 Whole numbers are used to indicate a revised version, for example, V2.0 is a revision of 
V1.0.  

 
Version 
number 

Date 
Issued 

Author Version / update information  

V1.0  1st 
November 
2019 

Deborah 
Moore 

Version submitted to NIHR in pre-contract period.  Name of 
“Study Steering Group” changed to “Study Steering Committee” 
in line with NIHR Project Oversight Group Nomination Form.  
 
This version not yet approved by Study Steering Committee and 
University of Manchester Ethical Approval is still required. 

V2.0 11th Nov 
2019 

Deborah 
Moore 

Version same as above except for the start date; which has been 
changed to 1st Feb 2020. Duration still 24 months, so end date is 
now 31st Jan 2022. Change approved by Sue Pargeter at NIHR.  

V3.0  2nd 
December 
2019 

Deborah 
Moore 

Ethical approval received from Manchester University Research 
Ethics. Added to section 3. ‘Approval of the Protocol’ (p7) 
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1. Introduction 
 

1.1 Background 
 
As the most common disease affecting humanity,(1) tooth decay is a major public health 
problem with significant costs for both the individual and society. Untreated decay can cause 
pain, sleepless nights, sepsis, overuse of antibiotics, embarrassment and the loss of 
productive workdays. As the disease claims progressively more tooth tissue throughout life 
its effects are cumulative and can lead to complete tooth loss; one of the leading causes of 
years lost to disability (1). Treatment can provoke severe anxiety for some, and is an 
uncomfortable experience for many others. Thirty per cent of UK adults report that having a 
tooth drilled would make them very or extremely anxious, and 27% would feel the same 
about a dental local anaesthetic injection (2). It is also very costly; the NHS in England 
spends around £3.4 billion per year on dental services, and patients contribute a further 
£653 million as ‘out of pocket’ expenses.(3) A significant proportion of this spend will be 
related to the treatment and repair of tooth decay, with more than 9 in 10 adults affected by 
their mid-thirties.(4) As with many chronic diseases, health inequalities exist and the number 
of teeth affected by decay is strongly associated with low income and deprivation. (5)  
 
Despite almost universal experience of tooth decay by adulthood, oral health has improved 
greatly in the last forty years. This is considered to be due to the widespread use of fluoride 
toothpastes, which became available in the mid-1970s (6). Fluoride can now be applied in 
mouthwashes, gels, and varnishes; all of which are effective in preventing decay. As a result 
of increased exposure to fluoride, the proportion of 15-year-olds affected by decay has more 
than halved; from 97% in 1973 to 42% in 2013.(7) Correspondingly, in 1968 37% of all 
adults had no remaining natural teeth; in 2009, that figure was just 6%.(8) Increased fluoride 
exposure has significantly improved oral health in both adults and children, but it is now 
becoming accepted that fluoride slows down the decay process, rather than eliminates it. (9) 
Tooth decay has evolved from a rapidly progressing disease of childhood resulting in tooth 
extractions, to a slowly progressing disease with the majority of the burden experienced by 
adults. There is now a major evidence gap around the effectiveness of interventions to 
improve oral health and reduce tooth loss in adults, as the majority of studies to date have 
focused on prevention of caries in children.  
 
The maintenance of teeth into old age should be celebrated, but it does bring new 
challenges. Reduced salivary flow, brought on by multiple medications, reduced dexterity, 
and cognitive decline can all drastically increase susceptibility of older people to decay. 
Furthermore, after a lifetime of repair, the teeth of older people are often heavily filled and 
fragile. Restoring new cavities or replacing old crumbling fillings in such teeth can be 
technically demanding and hence, costlier. With the number of people aged over 75 
projected to double in the next 30 years,(10) this changing pattern of dental disease has 
significant implications, both for the population, the NHS and care providers. A recent 
Healthwatch survey found that 8% of care home managers in one local authority had taken a 
resident to A&E because of dental problems (11). Community water fluoridation is the only 
dental health programme that has the potential to offer preventive benefits for all age 
groups. This presents a significant advantage over targeted fluoride programmes which are 
delivered to children through schools and nurseries or practice-based interventions delivered 
by dentists which are costly and available only to regular dental attenders. However, 
decision makers and the public are faced with a paucity of contemporary evidence on its 
clinical and cost-effectiveness particularly in adults.  
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1.2 Review of Existing Literature 
 
The majority of studies on the effectiveness of water fluoridation have been conducted in 
children. This is in part because recruitment of adults poses greater challenges than for 
children, who can be accessed relatively easily through schools.  A Cochrane systematic 
review ‘Water Fluoridation for the Prevention of Dental Caries’ was published in 2015 and 
although the review inclusion criteria included studies with adults, none were found which 
met the inclusion criteria for study design. (12) This was limited to controlled before-after 
studies where the fluoridation status was the same at baseline and subsequently 
changed.(12)  This inclusion criterion has been criticised as unrealistic for determining the 
effects in adults, because to assess the impact of life-time exposure to fluoridated water for 
50-year-olds would require an interval of 50 years between baseline and outcome 
measurement.(13) Adequately controlled cohort studies or cross-sectional studies have 
been suggested as more appropriate study designs.(13,14) These designs would allow 
evaluation of lengthy exposure to fluoridated water in adults, without necessitating a life -time 
of prospective follow-up. They are also in line with the MRCs guidance on using natural 
experiments, or non-random allocation to intervention, to evaluate population health 
interventions.(15) 
 
To inform this application, a systematic literature search was undertaken to identify relevant 
studies in adults, using the broad search terms “Water Fluoridation” AND “Adults”. The 
databases searched included: Medline, Dentistry & Oral Sciences Source, Web of Science, 
Cochrane Database, Google Scholar and WHO International Clinical Trials Registry.  A 
systematic review and meta-analysis of studies investigating the effects of water fluoridation 
on adults was found, which suggested that the number of teeth affected by decay was 
reduced by 34.6% (95%CI: 12.6% to 51.0%) when including all studies, and by 27.2% (95% 
CI: 19.4% to 34.3%) when including only those studies published after 1975. (16) However, 
there was significant heterogeneity of study designs and the majority of included studies 
were cross-sectional, rather than longitudinal and did not adequately account for known 
confounding factors.  
 
Several more recent studies from the US(17,18) and Australia (14,19–23) have taken a 
natural experiment approach to studying the effect of water fluoridation in adults. Exposure 
to the intervention has been allocated in a non-random way, for example by the participant 
living in fluoridated regions for a varying percentage of their life times,(14,19–23) or by varied 
start dates and coverage of water fluoridation programmes.(17,18)  Information on place of 
residence and dental outcomes has been collected using cross-sectional or longitudinal 
surveys.(14,19–23)  A limitation of several of these studies is that they evaluate effects on a 
highly selective population,(17,19,20)  experience substantial loss to follow-up,(23) or 
exclude large numbers of participants due to incomplete information on residential 
history.(14,21,22)  Only one US study included information on dental treatment costs, and 
this was not relevant to the UK context because of the US health insurance system.(17) 
Additionally, as with many of the other studies, there was no consideration of factors which 
may be linked to both area of residence and tooth decay outcomes such as socio-economic 
status, ethnicity, sex, and frequency of dental attendance.(17) There are no on-going UK 
studies examining the effects of water fluoridation in adult populations.   

The proposed study has been designed to meet the needs of decision-makers by taking a 
pragmatic, natural experiment approach but avoiding the pitfalls of the previous studies by 
using readily available routine data held by the NHS Business Services Authority (NHS 
BSA), in the form of dental records. (14,17–23) Individual exposure to water fluoridation will 
be identified by reference to home postcode held in the dental records. Using routine data 
has several advantages over designs using clinical examinations to assess outcomes. 
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Firstly, recruiting adults to a clinical examination survey would require significant input in 
terms of recruitment, clinical facilities and clinician time, the costs of which would be 
prohibitive, especially if the effects on different age groups are to be evaluated. Secondly, to 
answer the question of whether water fluoridation is cost-effective requires real world 
information on treatment decisions and use of resources, which are available in NHS dental 
datasets. Thirdly, as has been observed in previous studies, loss to follow-up,(23) selection 
bias, (14,21,22)  and lack of generalisability(17,19,20) are common problems in prospective 
cohort studies. Finally, routine datasets often contain substantial  amounts of data over a 
long period of time. Analysis of comprehensive datasets can facilitate the production of 
timely information for decision-makers.  

1.3 Rationale for current study 
 
Informing public health strategies to improve oral health: Several areas of the country 
are currently considering investing in water fluoridation to improve the dental health of their 
populations.(24,25) Cost-effectiveness is a key piece of information for policy-makers who 
are balancing competing priorities within limited budgets. In England, the decision on 
whether to implement a community water fluoridation scheme rests with local 
government.(26) To aid decision-makers, Public Health England have produced a Return on 
Investment (ROI) calculator for the top five recommended community oral health 
improvement programs. Water fluoridation currently comes out as the most cost -effective 
intervention, with a return of £21.98 predicted for every £1 invested after ten  years. 
However, this ROI calculator uses the summary effect size from a Cochrane systematic 
review, where 70% of the studies were conducted prior to 1975 before the widespread 
adoption of fluoride toothpastes; and none of these studies included adults. (12) The size of 
the preventive effect, and therefore the cost-effectiveness of this intervention, is unknown in 
the current context.  
 
Informing current and future provision of NHS dental services in England : The current 
NHS Dental Contract was introduced in 2006 in England and Wales. General Dental 
Practitioners (GDPs) are paid according to activity categorised into three broad Bands using 
a contractual currency known as ‘Units of Dental Activity (UDAs)’. Practices are paid an 
agreed price per UDA provided (national average is approximately £25 per UDA) and have 
an annual UDA activity target to hit. A Band 1 course of treatment is worth one UDA and 
includes an examination, radiographs and a simple scale and polish. Band 2 courses of 
treatment are worth 3 UDAs and include restorations (fillings), extractions and root canal 
treatments, whilst more complex crowns, bridges and dentures attract twelve UDAs as a 
Band 3 course of treatment. Patient charges are tied to each Band of treatment: £21.60 for 
Band 1, £59.10 for Band 2, and £256.50 for Band 3. 
 
Currently all four of the UK home countries are considering and evaluating reform of NHS 
dental contracts (27). TICKLE and WALSH have been co-applicants on a recently completed 
NIHR HS&DR study (HS&DR - 14/19/12) evaluating the impact on activity and costs of a 
move from Fee for Service remuneration model to a Capitation-based model (28). In all four 
of the home countries new approaches to NHS dental contract reform all seek to focus on 
prevention, expand access, reduce inequalities and contain costs. Studies by our research 
group show that the type and volume of activity provided by dentists is very sensitive to the 
way they are paid (29–32). The approach in England has been one of slow evolution with 
piloting of new contracts in a small number of selected practices over the last 5-6 years. 
However apart from these small number of practices the NHS system of remuneration for 
dentists has been stable over the last 10 years. The findings of this study and CATFISH will 
be fed into discussions on development of policy on contract reform, providing an 
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understanding of the role that water fluoridation can play in achieving the policy objectives of 
prevention, expanding access (through reducing the need for dental treatment), reducing 
inequalities and containing costs. 
 

2. Research Objectives 
 

2.1 Aim:  
To pragmatically assess the clinical and cost-effectiveness of water fluoridation for 
preventing the need for dental treatment and improving oral health and in a contemporary 
population of adults, using a natural experiment design. 
 

2.2 Primary Objective: 
 

 To compare the effect of 10-year exposure to fluoridated water with no exposure, on 
the number of invasive dental treatments, including restorations (fillings), 
endodontics or extractions, received by adults attending NHS dental practices   

 

2.3 Secondary Objectives:  
 

 To evaluate the cost-effectiveness of water fluoridation in reducing the amount of 
invasive dental treatment in an adult population with 10-year exposure to fluoridated 
water when compared to a population with no exposure taking a patient, NHS and 
Local Authority perspective 

 

 To compare the impact of 10-year exposure to community water fluoridation with no 
exposure on the oral health (number of remaining natural teeth and decay 
experience) of adults attending NHS dental practices. 

 

 To measure the impact of 10-year exposure to water fluoridation on oral health 
inequalities in adults attending NHS dentists.  

 
For the purposes of this application, ‘adults’ includes adults and adolescents who have their 
adult, permanent teeth. This occurs from 12 years of age (33). 

 
 

3. Approval of the Protocol 
 
 
3.1 Ethical Approval  
 
This study was reviewed and approved by the University of Manchester Research ethics 
committee by proportionate review on the 2nd of December 2019.  
 
Ref: 2019-8391-12289 02/12/2019 
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The Health Research Authority have advised that because we will be access ing the data 
from a centralised source, that is, NHS Digital (NHS BSA), then HRA approval is not 
required.  
 
Studies using previously collected, non-identifiable information are generally also excluded 
from NHS Research Ethics Committee (REC) review, provided that the patients or service 
users are not identifiable to the research team in carrying out the research. The data must 
be anonymised or pseudo anonymised (IRAS filter question 4 guidance). We will receive the 
data only once it has been fully anonymised by the NHS BSA.  
 
 
3.2 Approval of protocol by independent Study Steering Committee  
 
This protocol will be formally approved by the Study Steering Committee at their first 
meeting. The current version number (V1.0) will be amended to reflect any changes, and the 
date of approval by the SSC will be added here.  
 
 

4. Study Design 
 
The study is a retrospective cohort study using the routinely collected electronic records 
(NHS BSA data) of individuals receiving NHS dental care between the periods 2009 to 2019  
 
4.1 Summary of the prosed study (PECOST):  
 
Population:   Adults attending NHS dental practices in England 
Exposure:  10-year residence in a postcode area that has always been in receipt 

of fluoridated water  
Comparison:  10-year residence in a postcode area that has never received 

fluoridated water 
Outcomes:  Dental treatments received, number of remaining natural teeth and 

caries experience (DMFT), cost-effectiveness, and impact on health 
inequalities.  

Setting:  Dental treatment data will be obtained from NHS BSA electronic 
dental health records 

Timing:   The period of observation is 2009 to 2019.  
 
See Appendix 1 for participant Flow diagram. 
 
4.2 Population and sampling:   
 
The sampling frame for the data set will be all adolescents and adults aged over 12 years 
who attended an NHS dental practice in England between 2009 and 2019. The reason that 
we are limiting the period of observation to 10-years is that prior to 2009, the routine NHS 
dental data set did not include the number and types of dental treatment provided, only 
which ‘Band’ of treatment was claimed for by dentists.  
 
The data sources and assumptions that we have used to derive estimates for the number of 
individuals that will form the sampling frame are outlined in Table 1. We estimate that the 
total number of unique individuals with dental data eligible for inclusion will be 35.6 million 
(Table 1, Row 5) (26,34–36).  
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Using this sampling frame (35.6 million), the following exclusion criteria will be applied:  

1. Dental practices will be excluded from further analysis if they did not submit claims 
data for every year of observation 2009-2019 (to exclude those practices who may 
have converted from NHS to private dentistry during the period of observation) 

2. Individuals will be excluded from further analysis if they do not have at least two 
episodes of dental attendance, within the ten-year observation period (2009-2019). 

3. Individuals that lived in both fluoridated and non-fluoridated areas, (i.e. partial 
exposure) will be excluded from further analysis.  

4. Individuals in the exposed group for whom no suitable match can be found within the 
un-exposed group will be excluded 

 

Table 1 Estimated size of sampling frame available 

 
 Receiving fluoridated water Not receiving fluoridated 

water 

1 Total population  
(all ages) 
 
 

5,797,000  
 
 
 
2012 Estimate.  
Source: (26) 

51,809,700  
 
 
2009 Mid-year population.  
Source: (34) 
Minus exposed population (26) 

2 Population aged 
over 12 years in 
2009  
 
86%. Source: (34) 

4,985,420 44,556,342 

3 Number estimated 
to use NHS 
dentistry  
 
85.1%. Source: 
(35) 

4,237,607 37,872,890 

4 Number estimated 
to have attended 
dentist within ten 
years  
 
94% Source: (36) 

3,983,350 35,600,516 

5 Final sampling 
frame 

Exposed Group: 3,585,015 
 
 

Unexposed Group: 32,040,464 

 
There is no existing data available on the proportion of the population who move between 
fluoridated areas and non-fluoridated areas within a ten-year period, but we would expect it 
to be minimal. The 2011 census reported that 12% of respondents had a different address 1 
year previously, and the majority of migration is within the same local authority area (59%) 
(37).  

If approximately 10% of the sampling frame are excluded, we can expect the final size of the 
exposed group to be approximately 3.2 million (see Participant Flow diagram). These 
exposed individuals will then be assigned a ‘nearest neighbour’ match from within the un -
exposed group sampling frame, using propensity scores. We therefore estimate that around 
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6.4 million individuals will be included in the analysis of outcomes (see separate upload, 
‘Participant Flow Diagram’). 

 

4.3 Determination of water fluoridation exposure status 

Water companies in England have a duty to monitor the fluoride concentration of public 
water supplies in the water supply zones (WSZs) they supply, and provide these monitoring 
data to the Drinking Water Inspectorate. Water supply zones are small area geog raphies 
that share a single point of water supply and provide coverage to a maximum of 100,000 
people (38).  

We will use postcode look-up tables supplied by water companies to match postcodes to 
water compliance zone (water supply) geography. These look-up tables will then be supplied 
to the NHS BSA to match to individual’s addresses, and flag each address in receipt of 
fluoridated water. For the main analysis, complete 10-year residence in addresses which are 
all flagged as receiving fluoridated water, will be used to define the exposure group.  
Individuals who have lived in an address flagged as fluoridated and have also lived in one or 
more addresses that are not flagged as fluoridated will be excluded from the analysis (partial 
exposure). Individuals who have not lived at an address flagged as fluoridated will be 
allocated to the un-exposed, comparator group.  

We are aware that due to equipment failures, unexpected weather events, and difficulty in 
obtaining the correct fluoridation chemicals, there are some water fluoridation plants which 
have had periods of inactivity or have been producing water which is sub -optimally 
fluoridated, some for a number of years (39).  

We will account for the effect of variation in achieved water fluoride concentrations in a 
planned sub-group analysis, separating out those individuals who have received optimally 
fluoridated water (annual mean concentration of fluoride greater than or equal to 0.7 Mg F/L 
in every year of observation), and those who have received sub-optimally fluoridated water 
(annual mean concentration of fluoride less than 0.7 Mg F /L in any year of observation). 
Using 0.7 Mg F/L to define ‘optimally fluoridated’ aligns with the approach that was used 
recently in the Public Health England Water Fluoridation Health Monitoring Report (39).  
 

4.4 Outcomes 

The choice of primary and secondary outcome measures has been informed by the patient 
and public engagement undertaken during the development of this application . Avoiding the 
discomfort and anxiety of dental treatment, as well as the costs due NHS patient charges 
were mentioned often as reasons why it was important to have good oral health. Patients 
also talked about good oral health meaning that they would keep their own teeth  for as long 
as possible, so that they could continue to eat a range of foods, smile, socialise, and sing.   

 

4.4.1 Primary outcome: 

 Number of invasive dental treatments (restorations, endodontics, extractions) 
received by adults attending NHS dental practices over ten years of observation  
(2009-2019) 

4.4.2 Secondary outcomes:  
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 Mean cost per episode of invasive dental treatment avoided 

 Total number of natural remaining teeth (routinely recorded from 2017)  
 Total number of teeth affected by decay (DMFT) (routinely recorded from 2017) 

The number of Teeth which are Decayed, M issing due to decay, or Filled (DMFT) has been 
included in the NHS dental data-set since 2017. DMFT is a cumulative measure of lifetime 
decay experience which will be used to quantify differences in the number of remaining 
natural teeth, and the numbers of teeth affected by decay in individually-matched patients 
who have been resident in fluoridated or non-fluoridated regions since 2009. DMFT outcome 
data will be taken from the most recent dental visit (in 2019) where available, or whichever is 
the most recent recording (closest to 2020).  

 

4.5 Analysis 

4.5.1 Creation of balanced comparator groups  

Propensity score analysis has been widely used to assess causal effects in observational 
studies (40). A propensity score analysis will be used to minimise the effects of selection 
bias, controlling for potential confounders at the design stage using propensity score 
estimation and matching of individuals, and at the analysis stage using adjusted regression 
models. 

We will use propensity score matching to account for biases related to differences between 
individuals residing and not residing in areas receiving fluoridated water. Propensity scores 
will be estimated using data from within the NHS BSA dataset, and through data linkage, 
using data from external datasets such as; the English Indices of Deprivation (Index of 
Multiple Deprivation), NHS Dental Statistics for England (dentist: population ratio by Clinical 
Commissioning Group). Covariate selection for the propensity score estimation will be 
undertaken according to the guidelines proposed by Lee and Little (2017) (41). The final 
selection of covariates will be informed by a full and explicit understanding of all causal 
relationships and confounding pathways of relevance to our research question, and how 
they interact (42–44). Covariates will be associated with both exposure and outcome, but not 
on the causal pathway.(42–44) The process of mapping out relevant causal pathways will be 
carried out in partnership with key stakeholders, through a workshop where clinicians, public 
health specialists, statisticians and policymakers will be invited to consider how the potential 
confounders relate to both the exposure and the outcome. 

Following the creation of balanced propensity scores the samples will be matched using 
nearest neighbour matching. Matched sets of individuals from the fluoridated and non -
fluoridated areas will be formed, based on similar values of the estimated propensit y score. 
A key advantage of using such a large dataset is that we anticipate that the propensity 
scores of a substantial number of residents of the fluoridated and non-fluoridated areas will 
overlap, and that consequently we will be successful in being able to match a large number 
of individuals on multiple characteristics. We anticipate that the number of individuals with 
available data in the fluoridated area will be around 3.6 million (see section ‘3.6 Sampling 
frame and availability of data’), whilst the number of individuals in the non-fluoridated areas 
with available data is estimated to be 32 million. The likelihood of finding a suitable match for 
each individual in the fluoridated group is therefore high, when there are so many individuals 
available in the non-fluoridated group. Any individuals within the exposed group for whom a 
suitable match cannot be found, will be excluded from further analysis. We estimate that that 
after exclusions and matching, the final size of each group will be around 3.2 million.  
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4.5.2 Effectiveness  

A descriptive analysis will be undertaken to determine balance on the covariates has been 
achieved. Standardized differences will be used to explore covariate balance, in preference 
to statistical significance tests which can, in large datasets, be overly sensitive to observed 
differences. A generalized linear model will be used to analyse the primary outcome of 
number of invasive dental treatments (restorations, endodontics, extractions) received in the 
period of observation, including the covariates from the propensity score model. Given the 
large number of observations, clinical importance of the magnitude of the treatment effect 
will be preferred over statistical significance.  Thresholds for minimally important differences 
between the groups will be defined in partnership with key stakeholders including decision -
makers, public health professionals, patients, clinicians, and the public.  

4.5.3 Health inequalities 

It is well established that inequalities in dental health are significant. We will examine if the 
effect of fluoridation on dental health (number of remaining natural teeth and number 
affected by decay) differs according to area level measures of deprivation and by exemption 
(from patient charges) status. Deprivation will be primarily measured using the Index of 
Multiple Deprivation generated by the Department for Communities and Local Government. 
This area level measure will be attributed to individual patients via their home postcode. All 
‘potential’ identifiers, (such as postcode, dental practice postcode) to be removed from the 
data set before it leaves the NHS BSA and is available for analysis by the University of 
Manchester.  

4.5.4 Health economics  

Cost-effectiveness will be based on the primary study outcome, assessed as the mean cost 
per episode of invasive dental treatments avoided, from a societal perspective by estimating 
(1) the incremental cost-effectiveness ratio (ICER) and (2) cost-effectiveness acceptability 
curve (CEAC). The ICER is measured by the difference in costs between fluoridated or non -
fluoridated regions divided by the difference in outcomes between fluoridated or non -
fluoridated regions. The CEAC is used to summarise uncertainty in the incremental costs 
and effects via nonparametric bootstrapping of the cost and effectiveness data to relate the 
ICER to subjective assessments of the value of health outcomes. 
 
Cost of dental treatments: In order to assess potential cost savings associated with fewer 
dental treatments in fluoridated areas we will measure the following:  

1. NHS Costs: The average cost of 1 UDA to the NHS in England is £25.00. A Band 1 
course of treatment (examination, prevention, radiographs) attracts 1 UDA (for which 
the NHS pays £25.00). A Band 2 course of treatment (restoration, endodontics, 
extractions) attracts 3 UDAs (for which the NHS pays £75.00). A Band 3 course of 
treatment (crowns, dentures) attracts 12 UDAs (for which the NHS pays £300.00).  

2. Patient Costs: Where patients are not exempt from NHS charges, they pay a portion 
of the above total NHS costs. The proportion of the full NHS cost that is paid by 
patients has increased in recent years. At present, the patient charges for each band 
is as follows: Band 1 (£21.60), Band 1 Urgent (£21.60), Band 2 (£59.10), and Band 3 
(£256.50). Patient costs will be allocated using the true costs for the year in question.  
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3. Cost per item of treatment: Payment bands will also be disaggregated to extract a 
more precise costs of the treatment provided within each band. This will involve 
assigning a unit cost per item of treatment. NHS dental costs are still assigned in this 
way in Scotland based on the estimated mean time taken to provide different items of 
service, so we will utilise Scottish dental treatment costs data as a more ‘resource-
based’ approach to costing.  

 
Patient costs will be deducted from NHS costs to reflect that patient charges are  recovered 
by the NHS and are a source of income. Each costing approach will be applied to the patient 
level data for patients living in fluoridated and non-fluoridated regions.  
 
Cost of fluoridation: Costs of water fluoridation involve capital expenditure for equipment, 
and ongoing revenue costs, which include; maintenance, training of operators, the time 
taken by water company staff, and the fluoride chemical supply. Public Health England, on 
behalf of the Secretary of State, fund capital costs. Revenue costs are paid by Public Health 
England and subsequently recharged to Local Authorities. Capital costs will also need to 
consider the estimated lifetime of the plant and any major refurbishments required. Capital 
and revenue costs of fluoridation will be obtained by liaising with Public Health England and 
the appropriate water companies. Fluoridation costs will be allocated appropriately to the 
whole population in each fluoridated region to calculate the per capita cost. As costs do not 
vary by patient characteristics, the per capita cost will be applied to our patient population. 
We will determine the degree to which the cost of water fluoridation is driven by fixed costs 
and variable cost, the latter varying with the size of the population served. The team has 
already collected the equivalent costs for specific areas in the North of England  for the 
ongoing CATFISH study.    
 
Our current study will provide estimates of the costs and effects of water fluoridation. If 
appropriate (that is, if we detect an effect), these estimates could be used to inform the 
design of a future Cost- Benefit Analysis including eliciting the preferences of the public 
and/or local authorities (via willingness-to-pay) regarding water fluoridation. Such a WTP 
study would also require the effectiveness estimates for children (coming from CATFISH) to 
fully inform the public and / or Local Authorities. We will seek additional funding for this 
future CBA study if an effect is detected.  
 
Study data will be available for use in decision analytic models if fluoridation is effective over 
the 10-year study period.  
 

5.  Data Handling 
 
5.1 Data Protection 
 
We have requested fully anonymised data from the NHS BSA. To allow this to happen, any 
linking that requires the use of the patient’s or their dental practice’s postcodes (for example, 
water fluoridation status, area-based deprivation measure (IMD), Government Office Region, 
dentist: population ratio at CCG level) will be completed prior to data transfer. We will 
prepare the water fluoridation postcode look-up tables to send to the BSA to allow them to 
carry out the linkage within their own secure systems.  
 
When the data linkage has been completed within the BSA, any personal data (name, 
address, previous surname etc) and any ‘potential identifiers’ (home postcode, dental 
practice address and postcode) will be removed prior to transfer. The information will then 



Version Number: Version 3.0 
 

 
 

14 

be fully anonymised. BSA apply data suppression at the level of Lower Super Output Area 
(LSOA) for 5 or less patients to further prevent inadvertent patient identification.   

Despite the anonymity of the data we take data security seriously and will apply the same 
governance requirements as those we would use for patient identifiable data.   The source 
files will be located within the University of Manchester’s Safe Haven data store. This store 
is held within a private subnet only accessible to nominated users with appropriate role-
based access.  Data will be encrypted at rest and hence will be fully compliant with GDPR 
requirements.  Access to the data will be restricted to research team members only and all 
queries will be fully recorded in an access log and will be available for audit. We are 
currently planning on a secure data courier to transport the data to the Manchester 
University site – this is to ensure prompt delivery. However, depending on the final file size, 
we may utilise a secure file transfer protocol. 

 

6. Project Management 
 
6.1 Research Governance 
 
6.2 Study Steering Committee (SSC)  
 
We plan to create an independent Study Steering Committee (SSC), which will be chaired 
by a senior independent public health academic, and in addition to the joint lead applicants, 
will also include an independent Director of Public Health and Health & Wellbeing Board 
member, an independent senior dental clinician, an independent senior biostatistician and 
an independent lay specialist advisor (PPI member). The SSC will provide independent 
oversight of research integrity, study management and the quality of the data and provide 
advice and comment on conclusions drawn and development of our dissemination strategy. 
Formal minutes will be taken during each meeting, to be signed off by the chair and shared 
with NIHR PHR.    
 
 
6.3 Operational management Group (OMG)  
 
Operational management of the project will be overseen by the Operational Management 
Group (OMG) – chaired by WALSH and made up of the co-applicants plus one PPI lay 
specialist. The OMG will meet regularly to ensure progress is maintained according to the 
milestones set out in the Gantt Chart, provide required reports to HTA and SSG and produce 
the final report of the project and oversee dissemination activities. A record will be taken of 
each meeting. Financial oversight will be the responsibility of the University of Manchester 
as contract holder. Annual financial summaries of expenditure will be produced by the 
University finance team and made available to NIHR as required. A final financial report will 
produced at the end of the project.  
 
 

7. Patient and Public Involvement 
 
Patient and public involvement has already been a key part of this research proposal and we 
intend to involve patients and the public throughout the study. During the engagement that 
we undertook to inform the development of this proposal, some members of the public 
stated that if they were aware of the expected benefits of water fluoridation, in terms they 
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understood (i.e. saving money, avoiding unpleasant dental treatments), then they would 
become advocates for water fluoridation by writing to their MP or local councillors. 
 
We will recruit a lay specialist to be a member of both the Operational Management Group 
and Study Steering Group, to ensure that the results of the study will be explained in a way 
that is accessible and understandable to members of the public. It is anticipated the PPI 
members will directly contribute towards the content and design of the infographic and video 
animation, as well as the analysis plan and dissemination strategy. Producing information in 
an accessible way means that it could be used as part of future public consultations on 
water fluoridation proposals.  
 
A range of channels will be used to advertise the lay specialist roles, including the NIHR 
INVOLVE ‘People in Research’ website, local Council and CCG public engagement forums, 
Healthwatch, community and voluntary organisations, the University of Mancheste r 
Facebook page, Twitter account and blogs. The budget includes allocation for the lay 
specialist advisors to receive training, and prepare for and attend meetings, including travel 
and childcare costs. Costs have been calculated using the INVOLVE costs ca lculator.  
 

 

8. Dissemination and Knowledge Transfer 
 
A comprehensive dissemination strategy will be developed in partnership with key 
stakeholders. We intend to leverage relationships with key stakeholder groups that will have 
already been developed as part of the CATFISH project (NIHR PHR project number 
12/3000/40). CATFISH will establish a “Water Fluoridation Evidence to Impact Group”. This 
group will include: 

 Chair: To be determined  

 Joint Cis of proposed study and CATFISH, plus appropriate members of the 
academic team 

 LA representation - one Director of Public Health from a fluoridated locality and one 
from a locality interested in exploring implementation of fluoridation  

 Director of Dental Public Health at Public Health England 
 Senior Representation from NICE 

 Dental leadership in NHSE (Chief Dental Officer)  

 Dental leadership in PHE 

 British Dental Association Representative 
 Senior Leader Cochrane Oral Health Group 

 PPI representative  

We will utilise this existing network and relationships to support the further dissemination of 
the results of this study. 

In addition to statutory bodies with decision-making powers, we recognise the key role 
played by professional and public opinion-leaders and the media. Legislation prescribes that 
Local Authorities must undertake a 3-month public consultation as part of the water 
fluoridation decision-making process. Whilst the local authority holds the final decision on 
the implementation or withdrawal of water fluoridation, local Councilors, MPs, and Health 
and Wellbeing Board members will be influenced by the views of their constituents and 
respected local clinicians (45,46). We will ensure that the results of our study are 
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understandable and have impact with the public through their trusted sources of health 
information, counteracting any sensationalist or political spin from the media.  

We will produce plain-language summaries, an infographic and a PPI-inspired animated 
video. The development of the non-academic dissemination products will be led by the PPI 
members of the study team. We will seek input and feedback on the products from key 
stakeholder representatives during their development. The animated video and infographic 
will be made available as a resource for Local Authorities to use in possible future water 
fluoridation consultations. These will be hosted on the Manchester University website, but 
we will also contact key stakeholders to ask them to link to our site and / or share the results 
through their social media existing channels.  

We will issue press releases coordinated with PHE and CDO’s office as well as holding 
webinars for the UK public health community, promoted via links with the Faculty of Public 
Health and NIHR.   We will distribute the briefing materials, infographic and animated video 
through NHS England regional offices and Clinical Commissioning Groups for distribution to 
their individual dental and medical contract holders via newsletters, meeting notes or 
webpages. We will also share our dissemination products through social media channels 
that are context-sensitive and relevant for that particular target group, for example, the 
popular members-only Facebook group “For Dentists, By Dentists”, which has 14,000 
General Dental Council registered members. We will also seek to publish briefings in 
primary care focused magazine-style publications with high circulation figures, for example; 
“Dental Update”, “Community Practitioner”, and “Pulse Magazine”. 

A full stakeholder engagement plan outlining the range of stakeholders to be engaged with 
and the most appropriate methods to do so, will be developed iteratively by the Operational 
Management Groups of the proposed project and CATFISH and will  be reviewed by the 
CATFISH “Water Fluoridation Evidence to Impact Group”. However, it is envisaged that the 
key targets for tailored dissemination products will include: Parliamentarians and local 
government leaders, evidence producing institutions, commissioning organisations, 
professional societies and associations, primary care medical and dental clinicians and 
community practitioners, and community and voluntary sector organisations.   

From an international perspective we will seek to mobilise the knowledge produced from the 
two projects (this study and CATFISH) by feeding the outputs into an update of the 
Cochrane systematic review of water fluoridation and work with the Cochrane Oral Health 
Group Global Alliance to provide tailored summaries of the outputs of the research to WHO, 
Executive Board of FDI’s Chief Dental Officers section and to governments and agencies of 
countries with high coverage of water fluoridation notably, United States, Australia, Canada, 
Israel, Republic of Ireland.    

The results will be presented nationally and internationally, at PHE Integrated Academic 
Network events, and at conferences held by the Faculty of Public Health, the British 
Association for the Study of Community Dentistry, and the International Association for 
Dental Research. We have also planned in a ‘policy implications workshop’, where we will 
share the findings of the current research, and invite key stakeholders to consider the 
implications of the totality of the contemporary water fluoridation evidence base for their 
organisations and their partners.  
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APPENDIX 1: Study Flow Diagram  
 

 

ELIGIBLE: 
Adults and 

adolescents (>12yrs) 
attending NHS dental 
practices in England 
between 2009 and 

2019 

(n=35.6 million) 

Live in non-
fluoridated 
area 2009-

2019 
(n=32 million) 

 

Live in 
fluoridated 
area 2009-

2019  
(n=3.6 million) 

Natural Experiment = Non-random 
allocation to exposure 

 Outcome assessment undertaken in early 2020 

Participants screened and matched on: 
• Individual factors 

• Dentist and dental practice factors 

• Location factors 

 

Primary outcomes: 

• Number of invasive dental treatments (restorations, endodontics, extractions) received by 
adults attending NHS dental practices over ten years of observation (2009-2019) 
 

Secondary outcomes: 

• Cost per episode of invasive dental treatment  

• Total number of natural remaining teeth (routinely recorded from 2017) 

• Total number of teeth affected by decay (DMFT) (routinely recorded from 2017) 

 
Ancillary analyses: 

• Age group 

• Deprivation 

• Achieved concentration of fluoride in water (optimal Vs sub-optimal)  

EXPOSED 
Group 

(n= 
Approx.3.2 

million) 

 UNEXPOSED 
Comparator 

group  
(n= Approx. 
3.2 million) 

Groups now balanced to minimize 
confounding 

EXCLUDE: 
• Practices not submitting claims for every year 2009-2019 

• Partial exposure to water fluoridation 

• Did not attend on at least 2 occasions 

 

EXCLUDE: 

• No suitable match  
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Inputs

Capital 
investment for 
new scheme

Revenue costs 
for maintenance

Approved 
fluoride 

compounds 
((H2SiF6) or 
(Na2SiF6)

Staff time and 
training at water 
treatment works

Activities

Distribute water 
with fluoride 

added to target 
concentration of 

1Mg/L

Participation

Public drinks tap 
water containing 
fluoride, uses for 

cooking, and 
production of 
commercial 
drinks and 
foodstuffs  

Short term 
Outcomes

Fluoride 
incorporated 

into tooth 
enamel is more 

resistant to 
tooth decay

Medium 
term 

Outcomes

Fewer new 
cavities and less 
extensive lesions

Long term 
outcomes

Fewer invasive 
dental 

treatments 
required 

Lower costs to 
the NHS and 

patients

Reduced 
inequalities in 
the number of 

natural teeth (& 
number affected 

by decay)

Increased 
capacity within 

NHS dental 
services

Actual fluoride 
concentration 

will vary by 
treatment plant 
and over time 

 

We will assign actual annual mean 
fluoride concentration (using records 

from water suppliers) 

 

Tap water 
consumption 
may vary by: 

Age, sex, 
Ethnicity, 

IMD, Region 

Affected by 
other sources 

of fluoride. 
Exposure to 

which may vary 
according to: 

 
Age, Sex, IMD, 

Ethnicity, 
Region 

 

Affected by 
sugar intake. 
Sugar intake 

may vary 
according to: 

Age, sex, 
IMD, 

Ethnicity, 
Region 

Influenced by: 
dentist and dental 
practice factors, 

NHS charge 
exemption, smoking 

(gum disease). 

 



Version Number: Version 3.0 

 
 
 

1 

APPENDIX 3: Gantt Chart 
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Milestones 

O N D J F M A M J J A S O N D J F M A M J J A S O N D

Project month -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Advertise and recruit project manager

Advertise and recruit for PPI lay specialist roles

Training needs analysis for PPI roles

Commission study website 

Submit Publication 1: Study protocol including statistical plan

Complete NHS Digital Data Access Request Process 

Finalise data sharing and IG plan with NHS BSA and UoM

If necessary, apply to University of manchester Research Ethics Committee

Key stakeholder workshop on confounders, to inform statistical analysis and matching

Prepare look-up tables linking WF exposure and other covariates to postcode areas

NHS BSA to identify data and  link necessary variables 

Remove 'potential identifiers' and transfer from BSA to UoM using secure data transfer

Individual matching using propensity scores

Analyse effect of WF on treatment received, numbers of natural teeth, teeth affected by decay and inequalities

Write-up health outcomes

Submit Publication 2: Effectiveness  of water fluroidation in adults

Identify which societal costs and benefits are to be included 

Seek actual costs of water fluroidation from PHE, local authorities and water companies

Assign costs of water fluoridation to population

Cost benefit analysis including sensitivity

Write up health economic outcomes

Submit Publication 3: Cost-effectiveness of water fluroidation in adults

Website updates 

PHE Integrated Academic Network presentations

Publication 1: Protocol

Publication 2: Effectiveness of water fluoridation for adults

Publication 3: Cost-effectiveness of water fluroidation for adults

Conferences

Commission and develop infographic

Commission and develop video animation 

Policy implications workshop 

PPI attendance at OMG (+/- SSG)  includes 1 hour lay specialist pre-meeting 

Operational Management Group meetings

Study Steering Group (SSG) meetings

Financial oversight

GOVERNANCE

STUDY SET-UP

WP:1 RETROSPECTIVE COHORT STUDY DENTAL CLAIMS DATA

WP:2 HEALTH ECONOMICS ANALYSIS 

2020 2021Preparation

DISSEMINATION


