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Community Water Fluoridation
and the Benefits for Children

Abstract: Dental caries prevalence in children is high and inequalities are significant, with a major burden for children, families and the
health system. Community water fluoridation (CWF) has been shown to be effective and it may reduce inequalities. Despite concerns,

there is no evidence that CWF has any major side effects. CWF can cause mild fluorosis of the teeth, but this can be associated with

an improvement in quality of life. Economic evaluations of CWF have consistently shown that CWF is cost-saving. Despite the positive
evidence, implementation is limited in the UK, and this appears to be due an inconducive political environment, although this is improving.
CPD/Clinical Relevance: Dental professionals should be aware of the benefits of CWF in order to be able to effectively advocate for

its implementation.
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Dental caries in children remains a
significant public health problem.
Community water fluoridation has

long been advocated as part of the
solution to this problem and yet,
implementation remains limited. This
article explores the problem of caries

in children and the evidence base for
CWEF (effectiveness, safety and cost-
effectiveness). Finally, the reason for the
lack of implementation is explored through
the lens of policy analysis.

Caries in children:
epidemiology and impact

Dental caries is a global epidemic, with the
recent World Health Organization Global
Oral Health Status Report estimating that
514 million children globally experience
caries of the primary dentition.” Across
England in 2021-2022, there were 42,180
NHS hospital dental extraction episodes
involving patients under the age of 19,
with 63% of these having dental decay as
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the primary diagnosis.? In 2020, 10.7% of
3-year-old children and in 2019, 23.4% of
5 year olds in England had experience of
dental decay.>*

Caries does not affect groups of
children with equal prevalence. Of the
3-year-old children with decay experience
recorded in 2020, significant regional
variation exists. For example, in England,
6.7% of children in the East of England
had caries experience compared to 14.7%
in Yorkshire and The Humber.>* Alongside
regional geographic variations, significant
dental inequalities also exist between
different ethnicities and by deprivation
score.>* Of 5-year-old children in England
with decay, significantly higher decay rates
were found in the ‘Other Ethnic Groups’
(44.3%) and ‘Asian/Asian British groups’
(36.9%) compared to the England average
decay rate of 23.4%.3 Toothache was
reported by 25% of 12 year olds eligible
for free school meals in 2020 compared
to 16% of children not eligible for them.?
In the year 2021-2022, the caries-related
tooth extraction rate for children in
England’s most deprived communities was

DentalUpdate 565



Community Water Fluoridation

around 3.5 times that of those in the most
affluent communities.?

The impacts of dental decay on
children are known to be significant, and
include pain, distress, sleepless nights,
struggling to eat, loss of teeth, missed
school days, reduced school performance
and hospital admission.>” In England,
tooth decay is the most common cause of
hospital admission among children of ages
6-10 years.? The implications for the family
of a child with tooth decay can include
sleepless nights, days missed from work and
increased stress.®

While the immediate impacts of decay
are known to be upsetting to children,
treatments can also provide challenges.
General anaesthetic provision for dental
extractions can cause children anxiety,
distress, post-operative pain and difficulty
eating afterwards.® In addition, premature
loss of primary teeth in children is known
to negatively impact oral health-related
quality of life.’

Extraction of carious teeth in under
19 year olds cost the NHS an estimated
£50.9m in the financial year 2021-2022.2
This is an increase on the previous
year; however, this increase is likely to
have been related to service recovery
following COVID-19. Hospital admissions
for preventable disease not only cause
a greater burden on national service
provision, but present psychological
impacts resulting in greater anxiety,
with state anxiety shown to be higher in
hospitalized children in comparison to
non-hospitalized children." As primary,
secondary and tertiary dental services
aim to return their output to pre-COVID
levels, it is likely that children will be faced
with longer waiting times, and present to
clinicians with increased levels of caries.>

The efficacy of community
water fluoridation

Given the significant burden of dental
decay in children, prevention of the
disease is important. Several evidence-
based interventions exist operating at
different levels from upstream regulatory
and community-based interventions to
individual chairside or self-administered
options. This article focuses on the
public health intervention of community
water fluoridation.

The efficacy of community water
fluoridation (CWF) has been the subject of
multiple systematic reviews. A reduction
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of 35% in the number of decayed, missing
or filled (dmft) primary teeth has been
reported as a result of the introduction
of CWF."* Similarly, a reduction of 26%
in DMFT of permanent teeth has been
suggested.”* There was an increase of 15%
in the percentage of caries-free children,
although there was little evidence to
suggest that water fluoridation results in a
change in caries levels among groups with
different socio-economic status." Similarly,
an earlier systematic review concluded
that water fluoridation was associated
with an increased proportion of children
without dental caries, although the authors
highlighted that the quality of studies was
low to moderate, with high risk of bias.™

More recently, a report by Public Health
England showed that caries experience
in 5 year olds was most prevalent (25%)
in areas with the lowest water fluoride
concentration, and least prevalent (20%)
in areas with highest water fluoride
concentration, demonstrating community
water fluoridation can reduce the
prevalence and severity of dental caries.”
The greatest benefit was evident in the
most deprived areas. CWF has also been
associated with a reduction in hospital
admissions for dental extractions.''¢
The prevalence of caries experience
among 5 year olds was significantly lower
with increasing fluoride concentrations
irrespective of deprivation levels, with a
greater effect being seen in areas of greater
deprivation." It is interesting to note that
a new study of re-introduction of CWF in
Cumbria, suggested a lower effect of CWF,
although this has yet to be incorporated
into any systematic reviews.'®

When considering healthcare
inequalities, water fluoridation is associated
with a significant reduction in dental
interventions in the most deprived
populations,' although caution must be
applied when making inferences regarding
an individual’s levels of deprivation, which
may vary greatly from person to person
among a similar socio-economic group.
One study observed greater inequalities
in healthcare following the cessation of a
community water fluoridation programme.?

Two further studies compared a group
exposed to CWF and a non-CWF control
group, concluding that CWF can reduce
dental caries and healthcare inequalities.?’*
It has been suggested that CWF reduces
the gap in dental caries experiences
between different social classes when
compared to alternative community-

based strategies.?* While CWF has been
associated with reduced inequalities in
caries prevalence among different ethnic
groups in more disadvantaged settings, it
does not appear to be as effective within
populations in more affluent areas.? To the
authors’ knowledge, all studies examining
the relationship between water fluoridation,
inequalities and health outcomes are limited
to observational data and insufficient to
draw casual inferences.

Community water fluoridation provides
the opportunity to indiscriminately deliver
health benefits to a wide population, which
may have the greatest impact upon those
with barriers to accessing dental resources
and those in groups with lower socio-
economic status.

Safety and side effects

In recent years, there has been increasing
opposition to CWF owing to a range of
potential safety concerns. The only widely
accepted risk associated with excessive
fluoride consumption relates to enamel
fluorosis.*® When a developing tooth
germ is exposed to high levels of fluoride,
the enamel mineralization is adversely
affected, resulting in a well-mineralized
enamel surface with a subsurface porosity,
which manifests visually as an opacity.26
The development of enamel fluorosis is
dependent on the dose, duration and
timing of exposure, producing deeper
porosities and surface breakdown when
these factors are increased.

At the levels of water fluoridation found
within the UK, the presence of enamel
fluorosis is predominantly of aesthetic,
rather than functional concern, producing
mild to moderate white opacities.” Higher
levels of fluoride can be found naturally
in drinking water in other parts of the
world, producing severe enamel fluorosis,
characterized by brown discolouration
and pitting.”> There is a substantial body
of evidence to demonstrate that enamel
fluorosis is also caused by consumption of
fluoride from sources other than tap water,
as shown by the growing prevalence of
enamel fluorosis in areas without CWF.%
This can occur owing to inappropriate use
of fluoridated dental products, such as
swallowing toothpaste, or inappropriate
prescribing/use of fluoride supplements.

A study of enamel fluorosis in four
cities in England observed the prevalence
to be higher among children in fluoridated
Newcastle and Birmingham (61%),
compared to non-fluoridated Liverpool
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and Manchester (37%).”” Nonetheless, it

is important to acknowledge that enamel
fluorosis is particularly difficult to assess,
not least because of the use of different
measurement indices across studies,

and the potential for misdiagnosis with
other conditions that produce enamel
opacities.”>? It is perhaps more useful to
consider the impact of enamel fluorosis
on an individual’s oral health-related
quality of life (OHRQoL).” Interestingly,
while the evidence suggests that severe
fluorosis has a negative effect on OHRQoL,
mild fluorosis does not appear to cause
concern, and has even been associated with
increased OHRQoL.”

Concerns have also been raised
regarding the potential effects of
incorporation of fluoride into bones, with
claims that it has an adverse effect on bone
strength and mineral density, increasing the
risk of fracture and osteosarcoma. There is
a strong body of evidence to demonstrate
that CWF up to 1ppm does not produce
these adverse effects.>® Furthermore, routine
monitoring of potential adverse effects of
fluoride in England has failed to identify
any association between hip fractures and
CWF.” Moreover, fluoride is not classed
as a carcinogen for humans at any level,
and there is no evidence of an association
between osteosarcoma and CWF.2

It has also been postulated that higher
levels of fluoride exposure (over 1.5ppm
in drinking water) may be associated with
cognitive impairment in children, although
there is no evidence that this occurs at
lower levels of fluoride exposure (such as
those found within the UK water supply), or
in adults.>' A number of these studies failed
to consider any other potential reasons
for cognitive impairment.?® Similarly,
suggested associations between CWF and
hypothyroidism have been disregarded,
owing to a lack of credible evidence.®

Economic aspects of CWF

Despite the clinical efficacy and safety of
CWEF, the costs of implementation must be
offset against these benefits to consider
adopting it is an efficient use of resources.
Resources available for health services
(e.g. national health services (NHS in the
UK)) are scarce, that is, there will never be
enough resources to be able to provide all
the healthcare that is needed. Therefore,
choices must be made to decide what
interventions to provide to maximize the
benefits to society. Economic evaluations
can be conducted to support decision
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makers to allocate limited resources. An
economic evaluation compares two or more
alternative courses of action in terms of
their inputs (costs) and outputs (benefits).
They are often run in conjunction with a
clinical trial, but if the differences in costs
and/or benefits are likely to extend beyond
the trial period, then a decision analytical
model can be produced.** More detailed
information on economic evaluations in
oral healthcare in children can be found in
published literature .34

Economic evaluations, such as cost-
effectiveness analysis (CEA) and cost-benefit
analysis (CBA), are most common in oral
health. Estimating the costs for these
analyses will depend on the perspective
of the analysis (e.g. a health service
perspective will only include costs that fall
on the health service). Estimating outputs
differs across analyses. CEA measures
outputs in natural units (e.g. the number
of episodes of pain avoided), whereas CBA
measures output in monetary terms (e.g.
monetary valuation of health, and non-
health benefits, such as the willingness to
pay for that intervention). CEA reports an
incremental cost-effectiveness ratio, that is
how much extra cost is incurred to obtain
an extra unit of that outcome (e.g. an
episode of pain avoided). In contrast, CBA
presents results as a simple sum (as both
costs and benefits are in monetary terms)
representing the net monetary benefit, or
loss, or the ratio of benefits to costs.>

Considering CWF, costs that should
be included in an economic evaluation
would focus on capital and operational.
Capital costs, primarily include initial
equipment set-up and the expected costs
for maintaining this over the expected
lifespan,®*® and have been estimated to
range between £1.6 million and £2 million.>”
Whereas operational costs of CWF would
include administrative support costs,
costs of fluoride added to the water etc,*
and are estimated to cost approximately
£330,000 per annum.*’” In addition, annual
costs to receive water fluoridation, routine
dental costs, such as the cost of a check
up, as well as decremental costs, such the
costs of receiving a filling, or an extraction,
should be included in any evaluation
into CWF. Of note, Public Health England
reported that CWF would cost about £0.52
per person per annum served by those
fluoridation schemes. However, the costs of
CWF would not fall on customers through
water charges. Rather, the entire costs
are covered by local authorities in their

public health role, but will in the future
fall to the secretary of state for health and
social care.®

In contrast, estimating the benefits of
CWF is more challenging. Measurements of
natural units, such as reduction in number
of decayed teeth, or reduction in number
of general anaesthetics can be ascertained
through routine data sets, where available.
In contrast, ascertaining benefits, such as
societal willingness to pay (WTP), could
be used given that CWF potentially has a
wider benefit than just to the individuals
with dental caries. However, at present
WTP values for CWF are old and limited to a
small sample.®

The most recent comprehensive
systematic review of all dental economic
evaluations reported that only a handful
of studies assessed the value of water
fluoridation, with most presenting their
results as net savings, as derived from the
difference between water fluoridation
programme costs, and costs of treating
of dental caries and productivity losses
averted. However, none of these studies
elicited societal willingness to pay.*® A
specific scoping review studying economic
evaluations of CWF did find that all 24
studies included showed that CWF was
cost saving compared with no CWF, but
judgements on whether it is more cost
effective than other preventive measures
will depend on societal values of whether
the extra cost incurred by CWF is worth the
extra benefits gained.*’

Therefore, it could be argued that
where dental caries remains a significant
public health issue, implementing CWF as
a method to reduce dental caries rates, and
indeed subsequent treatment burden, may
not only benefit patients, but indeed the
wider economy in terms of the costs savings
to society. As such, these cost-savings could
be re-invested into other areas of NHS
dentistry. However, well-designed economic
evaluations are required to fully determine
how cost-effective CWF is, and further
valuations of the benefits are necessary to
make judgements about whether it is worth
implementing CWF over, or as well as,
other measures.

Policy and politics

Despite the positive evidence for CWF,
implementation in the UK remains limited.
This can be explained by understanding
the policy context of CWF. Attempts to
understand water fluoridation policy in
England are particularly well captured
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Window of
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Figure 1. Three streams combine to open a ‘window of opportunity’ Reproduced with kind permission

from Lowery et al.*

by the analytical insights provided by
Kingdon’s multi-streams approach (MSA).*
Put simply, the MSA suggests that policy
implementation requires affirmative
answers to three related questions

(Figure 1):

1. Is there a widely recognized problem
requiring government intervention?

2. (Does a credible policy solution exist?

3. Is the political environment conducive
to supporting that policy?

If aligned, a‘window of opportunity’
opens for policy change. With a clearly
defined problem (paediatric dental health
inequalities), and policy solution (water
fluoridation) already articulated, it is to the
politics stream that we turn presently.

Dental and academic community
efforts to advocate for water fluoridation
have, historically, been frustrated by
government failure to follow the evidence
and legislate for a policy that is highly
effective and cost efficient. This reticence
is attributable to the presence of a small,
but vocal, opposition that ensures that
water fluoridation is a controversial and
risky political intervention. The result has
been that successive governments have
delegated decision making locally, with a
legal requirement to consult the affected
citizenry. The existence of similar incentive
structures has nevertheless contributed to
a prolonged period of policy paralysis with
the political stream never fully aligning with
the problem and policy streams.”®

The COVID pandemic nevertheless
created a rare window of opportunity for
policy change. Political support was most
evidently manifest in both the Health
and Care Act (2022) and the Health and
Care bill: water fluoridation policy paper
which committed to ‘a population health
approach, informed by the evidence;*
with water fluoridation singled out as
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the “most effective public health measure
there is for reducing oral health inequalities
and tooth decay rates, especially among
children”#4 The most significant policy
commitment was to transfer responsibility
for water fluoridation from local authorities
and give the Secretary of State the power
to directly introduce, vary or terminate
water fluoridation schemes and assume
responsibility for local consultations.*
Windows of opportunity can
nevertheless close quickly without action
being taken.* Three current (in 2023 in the
UK) considerations serve as a cautionary
note in respect to water fluoridation.
First, political change in the form of a
quick succession of prime ministerial
appointments has seen each incumbent
eager to disassociate themselves from their
predecessor’s policies. Secondly, the COVID
pandemic has been superseded by a cost-
of-living crisis that has consumed political
attention, thereby potentially displacing
childhood tooth decay (and associated
inequalities) from the Government’s broader
health agenda. This is evident in respect
that, thirdly, numerous public health
commitments have been delayed, scaled
back, or cancelled. Arguably, the most
prominent exemplar is delays to restrictions
on multibuy deals and advertising foods
high in fat, salt, and sugar in light of the
‘unprecedented global economic situation’*
Risks, therefore, exist that childhood tooth
decay becomes part of a more prosaic
social challenge, with water fluoridation
incorporated into the ‘primeval soup’ of
multiple and competing policy initiatives,
including targeted local interventions
and emphasis on individual/parental
responsibility. The dental profession has a
key role to play in advocating that there is a
problem and a viable policy solution, but the
effectiveness of advocacy may be reduced if
the political window is not optimal.

Conclusion

In summary, childhood caries remains

a public health concern with significant
prevalence, inequalities and service delivery
problems leading to a significant quality

of life and economic burden on children,
families and the NHS. CWF is a safe, effective
and cost-saving public health preventive
approach with the potential to reduce
inequalities, although quantification of the
value of CWF is yet to be fully established.

A current lack of implementation is related
to the former lack of a conducive political
environment. It appears that the political
window is currently open but this could
easily change.
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