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SUMMARY

Extensive research has established that dental
caries experience can be reduced by adding optimum levels
of fluoride to drinking water. However, it has been
suggested that water fluoridation may be less effective
where caries levels are falling, as in Britain and
Europe. Earlier studies carried out before the period of
temporal decline in caries prevalence, had shown
increases in caries prevalence after fluoridation ended.
The cessation of water fluoridation in Wigtown District
in 1983 has provided the opportunity to study the effect
of the cessation of water fluoridation in a period of
declining caries incidence. Such a study will also throw
some light on the benefit of introducing water
fluoridation when caries experience is declining in the

population.

A series of studies of dental health in 5, 10 and
15 year old children resident in Stranraer, the main town
in Wigtown District, in comparison with a similar non-
fluoridated town, Annan were carried out in 1980, 1986,
1988 and 1991. These studies have used the same
methodology and examiner, allowing secular trends to be
examined over time and the monitoring of any changes in
caries prevalence which may have resulted from the ending
of water fluoridation. The sample in each study was all

life-time residents in the age group in each town.

12
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The original data was analysed using the System for
Planning and Epidemiological Evaluation of Dental
Services (SPEED) suite of programmes on a main-frame
computer. As this system did not provide surface data, it
was felt that the programme should be revised to provide
both DMFT and DMFS scores. With the widespread
availability of micro computers, the opportunity was
taken to change to a data analysis system operating on a
micro computer. As a result a new Dental Analysis System
(DAS) has been developed based on the modular concept of
SPEED and utilising the Statistical Package for the
Social Sciences (SPSS). DAS is a multi-module set of SPSS
programmes, operating on both main-frame and micro
computers, developed to process dental epidemiological

data.

The final study was analysed utilising DAS. The DAS
system has also been tested on a number of other

epidemiological studies in Britain and abroad.

The 1980 study had demonstrated that caries
prevalence in Stranraer children was up to 50 per cent
lower than in the control town, Annan. In 1986, three
years after fluoridation ceased, 5 year old children in
Stranraer had a 65% lower mean dmft than the
corresponding group in Annan. The 10 year old group were
only 38% better than the Annan 10 year old children.

Both age groups in Annan and the 5 year old groups showed
a downward trend in keeping with the temporal decline in

caries rates in Britain. However the 10 year old group in




Stranraer had a marginally higher mean DMFT score in 1986
compared with 1980. This was thought to be an early
indication of an adverse trend in caries levels in

Stranraer.

Five years after the cessation of fluoridation, the
mean dmft/DMFT scores for 5 and 10 year olds had
increased by 24% and 37% respectively (p < 0.01) by 1988,
although the studies were carried out during a period
when there has been a national reduction in caries
prevalence. Over the same period, caries prevalence in
Annan children has followed the national trend with a 23-
27% fall in mean scores (p < 0.01). As a result, caries
prevalence in the study groups in the two towns in 1988
showed a difference of only 0.1 and 0.28 respectively in
mean dmft/DMFT scores. These differences are not

statistically significant.

In 1991, caries levels in Stranraer 5 year olds
were found to be slightly higher than in Annan, although
the difference was not statistically significant. Caries
prevalence in both towns was lower than the levels found
in 1988. This appears to be in line with general trends

in caries rates in Scotland.

The results of this series of studies have
confirmed that cessation of water fluoridation still
leads to increases in caries levels, during a period of
temporal decline. The studies have confirmed that water

fluoridation would be beneficial in Scotland. It is hoped

14
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that water fluoridation will be restarted in Wigtownshire
and these studies will provide a basis for the monitoring

of the effects on dental health following its re-

introduction.
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INTRODUCTION

Extensive research has established that dental
caries can be safely and economically reduced by
adjusting the fluoride content of public water supplies
to the optimum level for a particular region depending on
ambient temperature. In 1969 the World Health
Organisation recommended that member states should
introduce, where practicable, fluoridation of those
community water supplies where the fluoride intake of the
population from water and other sources is below optimum
levels for the prevention of dental caries (1). A World
Health Organisation report, published in 1970, stated
that a level of one part per million fluoride in water in
areas with a temperate climate had no harmful effects on

the community (2).

Following the success of trials of community water
fluoridation in North America, a Government mission from
Britain visited the United States and Canada in 1952 to
study the fluoridation programmes. The mission concluded
that water fluoridation was a valuable health measure and
recommended that trials be carried out in Britain (3).
Clinical trials began in 4 areas with matched control
areas in 1955-56. Despite a number of difficulties the

trials proved successful (4,5) and water fluoridation was
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recommended as a dental preventive measure. By 1980, more
than 10 per cent of the population of England and Wales
were being supplied with fluoridated drinking water. This
included a number of large urban fluoridation schemes,

such as Birmingham and Newcastle.

Unfortunately, less than 1 per cent of the
population in Scotland were benefiting from this public
health measure. There were no major urban fluoridation
schemes operating in Scotland, fluoridation projects
being restricted to a few rural areas. The largest of
these was the Wigtown County scheme which was introduced
between 1967 and 1970. One other scheme which served the
town of Wick in Caithness was terminated in 1979, as a

result of a decision by Highland Regional Council.

The benefits of Fluoridation of the Public Water
Supply were demonstrated by a study carried out in
Stranraer, Wigtownshire in 1980 (6). A 44 per cent
difference in caries prevalence was reported in the
primary teeth of 5 year old children resident in
Stranraer, in comparison with similar children in Annan,
a town with negligible levels of fluoride in its water
supply. A 50 per cent difference in caries prevalence in
permanent teeth was also demonstrated in 10 year old
children resident in the two towns. Substantial
differences were also recorded in the related cost of
providing dental treatment for the Stranraer and Annan

school children (7).
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In view of the proven benefits of fluoridation
Strathclyde Regional Council agreed to a request from the
Health Boards serving its area to introduce a programme
of water fluoridation. This however prompted the raising
of a civil action by Mrs Catherine McColl in the Court of
Sessions claiming that the Council’s decision would
endanger the public, fluoride was ineffective and it was
illegal to tamper with public water supplies. In July
1983, Lord Jauncey gave his judgement (8) that, although
fluoride was beneficial in reducing dental caries
incidence and was not harmful at optimum levels, it was
technically not legal to fluoridate public water supplies
in Scotland. As a result water fluoridation ceased in
Scotland and, despite an amendment to the law legalising
water fluoridation, this still remains the position in

Scotland.

In 1986, a follow-up to the 1980 study was carried
out in Stranraer and Annan to examine secular trends in
caries prevalence to assess whether the reported falls in
caries levels elsewhere in Britain and Europe were also
occurring in Scotland. This study was also designed to
provide a base-line for monitoring any changes in caries

prevalence resulting from the loss of water fluoridation.

Comparison of the 1980 and 1986 studies confirmed
that the trend of reducing caries prevalence had also
occurred in Scotland, in common with other countries (9).
There had been a decrease in caries prevalence and

potential treatment costs in Annan (10). While there was



still a benefit accruing in reduced caries prevalence and
cost of treatment in both the 5 and 10 year old age
groups in Stranraer in 1986 by comparison with the Annan
children. Although caries prevalence was lower for the 5
year old group, the Stranraer 10 year old children
unfortunately showed a slight non-significant increase in
caries prevalence (11). This was considered to be an
early indication of a possible adverse trend in caries
levels resulting from the cessation of water fluoridation
three and a half years earlier. This trend was emphasised
by a greater than 100 per cent increase in the cost of
restorations for caries in the 1986 group of 10 year old
children in Stranraer when compared with the same 1980
age group (10). This change was thought to be due to an
increase in the number of surfaces affected, leading to

more complex and costlier restorations.

As a result of these findings, it was felt to be
desirable to continue to monitor caries prevalence in the
two towns to ascertain whether the cessation of
fluoridation of the public water supply in Wigtown
District had affected caries prevalence in children
resident in the area as suggested by the results of the

1986 study.

Few studies have reported on the effects of ending
water fluoridation. The majority of such studies were
carried out some time ago when caries rates were higher.
Only one study has been carried out since the downward

trend in caries prevalence which appears to have resulted

19
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from the wide-spread use of fluoride toothpaste. This
study found that caries experience in five year old

children was higher after fluoridation ceased.

Since that study was completed in 1984, caries
prevalence has continued to fall in Britain. It has been
suggested that the potential benefits of the fluoridation
of public water supplies may have fallen to a level which
no longer justifies this use of fluoride as a public
health measure (12). It is therefore important to
continue to study changes in caries prevalence in
Stranraer to provide up to date information on the
benefits of fluoridation of water, particularly with
regard to the effect of general falls in caries levels on
these benefits. The series of studies also provides an
opportunity to gain information relating to the pre- and
post-eruptive effect of fluoride on developing and

erupted teeth.

Further information would also be gained regarding
secular trends in caries prevalence in Dumfries and

Galloway.

The 1980 and 1986 studies had utilised the System
for the Planning and Epidemiological Evaluation of Dental
Service (SPEED) suite of programmes written for main-
frame computers (13). As part of the investigation of the
prevalence of caries before and after the cessation of
fluoridation, it was decided to develop a method of

obtaining additional information relating to the
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occurrence of caries in the first two studies. This was
to be undertaken by using either the Statistical Package
for the Social Sciences (SPSS) (14) or modifying the

SPEED suite of programmes to provide extra information.

As micro-computers have become increasingly
available, it was also deemed appropriate to investigate
the use of micro-computers to analyse dental survey data,
either by converting SPEED to operate on a micro-computer
or by using an alternative system. This would enable
future studies to be analysed without the need for access
to a main-frame computer. This would enable clinicians to
undertake locally based epidemiological studies and
process the data without recourse to a main-frame

computer.

The key objective of this thesis is to present data
on the dental health of children in South West Scotland,
which is a unique environment in which the present day
value of water fluoridation can be assessed. As a result
of the McColl court case, Stranraer and Annan have been

placed in the fluoridation spotlight.
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LITERATURE REVIEW

It is proposed to review the literature relating to
four main topics:
1. Water Fluoridation and caries incidence
2. Changing Caries Prevalence
3. Dental Indices

4. Use Of Computers In Dentistry

Over the years a great deal of work has been
undertaken investigating Fluoride and its beneficial
effect of reducing dental caries. Due to the immense
volume of published research, it can not all be covered
here, and only key areas of the discovery of the caries
preventive effect of fluoride and the development of

water fluoridation will be reviewed.

1. Water Fluoridation and caries incidence.

This first topic of the literature review forms the
major part of the chapter, and will be divided into the
following sub-sections:-

1.1 Development of water fluoridation
1.2 Community Water Fluoridation

1.3 Fluoride in Britain

1.4 Fluoridation in Scotland

1.5 Fluoride studies in England & Wales
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1.6 Fluoride studies in Scotland
1.7 Fluoride studies world-wide
1.8 Effects of the removal of fluoride from

water supplies

1.1 Development of Water Fluoridation

Although Fluoride tablets for stronger teeth were
being advertised in Denmark in 1882, it is 1likely that
the first referral to a prophylactic role for Fluoride
was made by Erhade in 1874 (15). He reported that daily
Potassium Fluoride pills were being used in England to
give hardness and durability to tooth enamel, especially
in children and during pregnancy. Sir James Chrighton-
Browne in a speech in 1892 (16), suggested a specific
cause of the increase in dental caries was the change to
white bread, which had changed the amount of Fluoride in
the diet. He thought "it was worthy of consideration
whether the re-introduction of a supply of Fluoride in
some suitable natural form into the diet of child-bearing
women and children might not do something to fortify the

teeth of the next generation”.

The first reference relating to the presence of
fluoride in water in Britain appears to be the report by
Wilson of the presence of Calcium Fluoride in a well in
Edinburgh (17). He also reported the presence of
fluoride in sea water (18). In 1893, Hillebrand reported
the fluoride concentration in water from a thermal spring

in New Mexico as 5.2 parts per million Fluoride (19).



However the history of the fluoridation of water really
begins in 1901, when Dr. Frederick McKay first noted that
many of his patients in Colorado Springs had an
apparently permanent stain on their teeth, known locally
as the "Colorado Stain'". McKay called this stain mottled
enamel and was unable to find any reference to the
condition in the available scientific literature.
Although it was common among long-term residents of the
area, McKay found that the stain was prevalent in the
area around Colorado Springs and in a number of other

districts in the region.

By 1908, he had decided that he needed help from a
recognised dental research worker. He therefore sought
the assistance of Dr. Greene Vardiman Black, a leading
authority on dental enamel. Black agreed to visit
Colorado Springs in June 1909, and in preparation for the
visit, McKay and Dr. Isaac Binton examined the children
attending public schools in Colorado Springs. They
examined 2945 children and found that 87.5% of children
native to the area had mottled teeth. This was the first
statistical data showing the prevalence of the lesion in

a community (20).

McKay continued his investigations and identified
other areas where mottled teeth were endemic. In 1912,
McKay read a paper written in 1902 (21) which reported
that many of the migrants from Naples in Italy had a
condition known locally as "Denti di Chiaie". A doctor

from Colorado Springs, who was visiting Naples, confirmed

24
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that this was the same condition as "Colorado Stain".
Investigations continued and in 1916, Black published a
paper entitled "An endemic imperfection of enamel of the
teeth heretofore unknown in the literature of Dentistry"

(22).

The investigations carried out by McKay were
designed to find the cause of the mottling, but
throughout his investigations, McKay noticed, as did
Black and others, that caries prevalence in patients with

mottled teeth appeared lower than would be expected (23).

The investigations established that the occurrence
of mottled enamel was localised in definite geographical
areas, a very high proportion of children native to the
area were affected, but children who had been born
outside the area and brought to the district when two to
three years old, were not affected. The condition was not
affected by home or environmental factors, as all socio-
economic groups were equally involved (24). This tended
to eliminate the diet as an aetiological factor. Further
evidence came from three cities in Arkansas, where
mottling occurred (24). Although separated from each
other, the cities all received their water from a common
source, Fountain Creek. This and other evidence led McKay
to wonder whether something in the water supply in the

endemic areas was the cause of the mottled enamel.

Further evidence supporting the water supply

hypothesis came from Britton, South Dakota. In 1898,
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Britton had changed its water supply from individual
shallow wells to a single deep-drilled artesian well.
McKay found that natives of Britton who were born after
1898 had mottled teeth, but all those who had been born
and passed through childhood before the change in the
water supply had normal teeth. McKay concluded that some
mysterious element in the water was the cause of the

mottled teeth (25).

In 1923, McKay persuaded the officials of Oakley,
Idaho to change their water supply in an effort to
overcome mottling. The new water source was opened in
1925 and in 1933 McKay reported no mottling in permanent

teeth in children born since 1925 (26).

In 1928, at the request of the United States Public
Health Service, McKay visited Bauxite where mottled teeth
were reported to occur, although the children in the
neighbouring town of Benton had normal teeth. A new deep
well water supply had been introduced in Bauxite in 1909
and McKay found that no mottling had occurred in those
who had grown up before 1909, but all native Bauxite
children who used the deep well water had mottling. No
mottling was recorded in Benton. A report was published
which stated that "the standard water analysis of Bauxite
water throws little light whatsoever on the possible

causal agent" (27).

As the Aluminium Company of America (ALCOA) had

established the town of Bauxite, they were interested in




27

discovering the cause of mottling. The ALCOA laboratory
was instructed to look for traces of rare elements not

usually tested for in water analysis.

A spectrographic analysis revealed 13.7 parts per
million of Fluoride in the Bauxite water. Samples of
water were obtained from other endemic areas and
subjected to the same tests. All the water samples
contained Fluoride, varying between 2 parts per million
in Colorado Springs and 13.7 parts per million in Bauxite
(28) . ALCOA emphasised the fact that no precise
correlation between the Fluoride content of the water and

the mottled enamel had been established.

Meanwhile, N.J. Ainsworth had noted cases of "Rocky
Mountain Teeth" in Maldon, Essex and concluded, "that the
cause of both mottling and stain, will be found in some
quality of impurity of the drinking water not
ascertainable by ordinary analytical methods" (29). After
reading the ALCOA report, Ainsworth had the local water
tested and found approximately 5 parts per million
Fluoride present. Ainsworth also noted that caries
experience in the fluoridated area was lower than

average.

In 1931, the United States Public Health Service
assigned Dr. H. Trendley Dean to full - time research on
mottled enamel, giving new impetus to the study of the
relationship between Fluoride concentration in drinking

water, mottled enamel and dental caries. Dean began by
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establishing the extent and geographical distribution of
mottled enamel in the United States. Dean developed a
standard classification of mottling (30) to allow
quantative recording of the severity of mottling in a
community and to relate this to the concentration of

Fluoride ions in the water supply.

He showed that the severity of mottling increased
with increasing Fluoride ion concentration in the
drinking water (31). He alsoc found that at levels of one
part per million and lower, there was no significant
mottling (32). In 1938 Dean and McKay stated "that there
was conclusive and direct proof that Fluoride in Domestic

Water is the primary cause of human mottled teeth" (33).

Dean was aware of the reports that there may be a
relationship between the level of mottling and the
prevalence of caries in a community. During his studies
to establish the minimum threshold of mottling, Dean had
also examined some of the children for dental caries. He
concluded, in 1938, that '"as it appears that the mineral
composition of drinking water may have an important
bearing on the incidence of dental caries in a community,
the possibility of partially controlling dental caries
through the domestic water supply warrants thorough

epidemiological-chemical study" (34).

To test the hypothesis that an inverse relationship
existed between endemic dental fluorosis and dental

caries, a survey of 4 cities in Illinois was carried out.
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Two cities had water supplies containing 1.7 - 1.8 parts
per million of Fluoride and two had 0.2 parts per million
Fluoride in the water supply. 885 children (between 2 and
14 years old) were examined and caries experience was
found to be twice as high in the low Fluoride cities
(35). This study was followed by a larger study,
involving 7257 children aged 12 to 14 from 21 cities in
four states (28). The results clearly showed an
association between increasing Fluoride concentration in

the drinking water and decreasing caries experience.

In addition, this study demonstrated that near
maximal reduction in caries prevalence occurred at a
concentration of 1 part per million Fluoride ion, in the
water. At this Fluoride concentration only slight

mottling of no significance occurred (37).

As a result of this work, the U.S Public Health
Service planned the crucial experiment to establish
whether dental caries could be reduced in a community by
adding Fluoride to a Fluoride deficient water supply.
Extensive field and laboratory studies were undertaken to
investigate the physiological effects of Fluoride
ingestion. The work of Dean and other investigators into
the relationship between caries experience and the
fluoride content of the water supply to 21 cities in the
United States of America showed that near minimal
reductions in caries incidence occurred at Fluoride
levels of 1-2 parts per million. Noticeable mottling was

observed when the Fluoride content rose above 1.5 parts
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per million. It was therefore concluded that a Fluoride
concentration of 1 part per million was the best for
caries control and this was well within the limits of

safety (38).

In 1944, the city officials of Grand Rapids and
Muskegon in the Lake Michigan area agreed to participate
in the trial. The trial was to be carried out by Dr. Dean
in conjunction with the University of Michigan Dental
School and the Michigan State Health Department. Grand
Rapids was chosen as the experimental community and
Muskegon as the control. In September 1944, Dean and his
co-workers began the dental examination of children aged
between 4 and 16 years old, who were continuous residents
of the cities, to provide base-line data. Children in
Aurora, naturally fluoridated at 1.4 parts per million,
were also examined as an additional control. Caries
prevalence was recorded as Decayed, Missing and Filled

Teeth - the DMF Index (39).

On 25th January 1945, artificial fluoridation of
the Grand Rapids Water supply commenced at a level of 1
part per million. After six and a half years of Water
Fluoridation it was clear that caries prevalence in six
year old children in Grand Rapids was half that of
similar children in Muskegon (40). As a result, the city
officials of Muskegon decided to fluoridate their water
supply in July 1951. Further studies after ten and

fifteen years of fluoridation, confirmed 50% lower levels



of caries prevalence compared with base - line data

(41,42).

This study gave experimental proof that the inverse
relationship between fluoride levels in drinking water
and the prevalence of dental caries was a casual
relationship. Additionally two other fluoridation trials
had been carried out in the United States (43,44) as well

as a similar trial in Canada (45).

The strength of the experimental proof of the
caries inhibitory property of fluoridated drinking water
lies in the results of these four trials carried out by
different investigators in different areas. The
conclusion of each study was that the addition of
Fluoride at a level of 1 part per million to drinking
water reduces caries prevalence by approximately 50 per

cent.

Studies by a number of other investigators have
substantiated these results. Data from Sweden and Denmark
(46) showed the same trend to lower caries levels as
reported by Dean (36 ). Studies in Hungary, Austria,
Spain, and the United Kingdom all demonstrated a decrease
in caries experience with increasing fluoride content of
public water supplies up to 2 parts per million Fluoride

(47,48,49,50,51).

31
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1.2 Community Water Fluoridation

Following these favourable results, many
communities decided to fluoridate their water supplies to
provide optimal fluoride levels. By 1978, approximately
155 million people world-wide were consuming fluoridated
water, in addition to approximately 40 million who had

naturally fluoridated water supplies (52).

In addition to the large number of communities with
fluoridated water supplies in the United States of
America, around 7 million people in Canada have
fluoridated water. Fluoridation in South America has been
fairly widespread with 10.3 per cent of the population
with piped water supplies receiving fluoridated water
supplies by 1968. All piped water supplies in Paraguay
have been fluoridated, although this only supplies about
10 per cent of the population. Fluoridation has also been

implemented in Chile, Panama, Nicaragua, and Brazil (52).

In Asia, water fluoridation has been introduced in
Malaysia. Singapore had fluoridated all of its water
supplies by 1958, serving about 2 million people. 3.6
million people receive fluoridated water in Hong Kong. In
Japan the town of Yamashina began fluoridation in 1952,
but this has now ceased. Water fluoridation has been

widely introduced in both Australia and New Zealand.

In Europe fluoridation began in Belgium in 1956
with the town of Assesse with about 0.4 million people

receiving fluoridated water by 1974, but artificial
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addition of fluoride to water is not allowed by law, and
only natural and "contaminated" fluoride drinking water

is now available (53).

By 1972, ten cities in East Germany had fluoridated
water and further schemes have been introduced to cater

for about half the population (52).

Sweden and West Germany both had pilot water
fluoridation schemes in Norkapping and Kassel-
Wahlerhausen respectively. However both of these schemes
ceased at the end of the study period, despite proving
successful. Holland began water fluoridation in Tiel in
1953 but in 1973, when 15 million or 38 per cent of the
Dutch population had fluoridated public water supplies,
fluoridation suddenly ceased in Holland following a
judgement by the Supreme Court that there was no legal

basis for fluoridation of drinking water (54).

In Finland, although fluoridation started in the
town of Kuopia in 1959, public campaigns have prevented
the introduction of any further fluoridation schemes
(55). Water fluoridation began in Switzerland in 1960
with a scheme serving the community of Aigle. Since 1962
the town of Basel with a population of approximately a
quarter of a million, has artificially fluoridated its
public water supply. Fluoridated domestic salt is widely
available in the rest of the country and accounts for 75

per cent of all salt used (56).
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Fluoridation of public water supplies has advanced
rapidly in Russia since the first scheme commenced in
1958. By 1977, 20 million of the population of the USSR
had access to fluoridated water. Other Warsaw Pact
countries have also introduced water fluoridation,
including Poland, Czechoslovakia, Romania and Bulgaria

(52) .

Nearer to Britain, water fluoridation commenced in
the Republic of Ireland in 1964, following the enactment
of the Health (Fluoridation of Water Supplies) Act of
1960 (57), which provided for mandatory fluoridation of
public water supplies. The Act was challenged in the
Courts on constitutional grounds but, unlike Holland, the
judiciary rejected this claim and declared the Act legal
under the constitution. At the present time, about 68
per cent of the Irish population have public water
supplies containing fluoride (58). Due to practical
difficulties this proportion is unlikely to increase

further.

Artificial fluoridation of water has been
implemented in about 50 countries, benefiting an

estimated 350 million people in the world (59).

Despite changes in caries prevalence, water
fluoridation continued to be an effective strategy for
caries prevention (58). It is the logical approach in

countries with communal water supplies from the



standpoints of cost-effectiveness and total caries-

preventive impact (60).

1.3 Fluoride in Britain

Fluoride studies had continued in Britain. In 1941,
children from South Shields, who had been evacuated to
the Lake District due to the war, were noted to have much
less caries than Lake District children. Following
confirmation of the lower caries prevalence in South
Shields children, the South Shields water supply was
analysed and found to contain 2 parts per million
Fluoride (61). In 1944, Weaver examined 1000 children in
North Shields. North Shields is an industrial town very
similar to South Shields situated on the opposite side of
the river Tyne, but with a different water supply which
contained Fluoride at less than 0.25 parts per million.
The mean DMF teeth in 5 year old children was 6.6 in
North Shields and 3.9 in South Shields. The figures for
12 year old children were 4.3 and 2.4 DMF teeth

respectively (61).

Weaver repeated this study after the Second World
War and also gave results for West Hartlepool, which had
a water supply containing Fluoride at 3 parts per Million
(62) . Other workers studied caries prevalence in other
natural Fluoride areas in England. Forrest et al compared
286 adults living in naturally high fluoridated areas in
England with a similar group from low fluoride areas and

found lower caries levels in the high fluoride adults
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equivalent to a ten year postponement of dental caries
(63). Pre-school children in the same area also had
significantly less dental caries. Forrest also compared
four areas in South East England with levels between 0.9
and 5.8 parts per million Fluoride with two control
areas. The results showed a markedly lower caries
prevalence in the Fluoride areas than in the control
areas (64). Enamel mottling was also recorded in this

study.

In 1952, a Government Mission was sent from Britain
to the United States and Canada to study the Fluoridation
programmes. The mission concluded that Fluoridation of
Water Supplies was a valuable health measure, but
recommended that trials be carried out in selected

communities before its general adoption (3).

Originally four areas agreed to add Fluoride to
their water supplies at a rate of 1 part per million in
1955/56. They were Andover, Watford, Kilmarnock and part
of Anglesey. However, because of opposition, the scheme
in Andover was abandoned after two years. The control
towns were Sutton, Ayr and the rest of Anglesey
respectively. The results after 5 years of Fluoridation
(4) showed that caries prevalence in 5 year old children
was 50 per cent lower in the Fluoride areas than in the
non Fluoride areas. Despite these good results, the
Fluoridation scheme in Kilmarnock was discontinued in
1962 on the instruction of the local council. Further

examinations were carried out in all areas and, after 11
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years, (5) Watford and Anglesey still showed a 50 per
cent reduction in caries prevalence in children who had
been resident since birth. But the Kilmarnock results
showed that caries levels had increased back to

approximately the same levels as Ayr, the control town.

As a result of the early results, the whole of
Anglesey was fluoridated in 1964, leaving the original
fluoridated part of Anglesey without a control. However
Jackson compared 15 year old children from Anglesey, who
had received fluoridated water all their lives, with 15
year old children from the Bangor/Caernarvon area, just
over the Menai Bridge from Anglesey (65). This study was
carried out on a blind basis by conveying all the
children té a central point for the examinations and
ensuring that the children from the two groups were
randomly mixed and wearing no identifying marks. The
results showed mean caries prevalence to be 44 per cent

lower in the Anglesey group.

As can be seen the British Fluoridation Trials were
complicated by the loss of one of the trial areas after
two years, another after seven years and the loss of a
control area after nine years. However the trials clearly
showed a reduction in caries prevalence in the

fluoridated areas (4,5).

While the British Fluoridation trials and
associated studies were being carried out studies were

also continuing in natural fluoride areas. A study in
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East Anglia compared secondary school children living in
three areas. One with a continuous fluoride level of
about 1.2 parts per million, an area with intermittent
natural fluoridation and a low fluoride area (66). To
introduce an element of blindness to the examiner, data
from continuous and non-continuous residents were

separated and compared after the examinations.

Children from the continuous fluoride area had
significantly less dental caries. There was little
difference in caries prevalence in the low and
intermittent fluoride areas when the DMF teeth index was
used. However the DMF surface rates were significantly
lower in the intermittent fluoride district. Continuous
residents of the high fluoride area had double the number
of sound first permanent molars than the non-continuous
residents. This study found that the first molars had
benefited more from fluoride exposure than the incisor
teeth, the opposite of Weaver’s findings in South Shields

(61) .

Murray (67,68) carried out a study of the effect of
continuous residence in Hartlepool, a high fluoride area,
in relation to the dental condition of children and
adults. 5 and 15 year old children resident in York, a
low Fluoride area, were also examined to compare caries
prevalence at the beginning and end of school attendance
between natural high and low Fluoride areas. A difference
of 64 per cent in mean caries prevalence was recorded in

the 5 year olds and 44 per cent in 15 year olds.
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A further study was carried out in the two towns
during 1968-69 to investigate whether "Fluoridation
benefits only children" (69). Examinations were performed
on 5 age groups of adults in Hartlepool and York, to
assess the life time effects of fluoride in water. The
results confirmed that fluorides in drinking water have

substantial life long benefits.

The first large community fluoridation scheme in
Britain started in Birmingham in 1964. The next large
scheme started in Newcastle upon Tyne in 1968. Since then
a number of other communities, particularly in the
Midlands and the North, have introduced fluoridation

schemes in England.

By 1988, several of the 14 English Regional Health
Authorities had some of their populations covered by
water fluoridation schemes, although the proportion
varies from region to region. The most extensive coverage
is the West Midlands Region with 69% of the population
receiving a fluoridated water supply, followed by
Northern Region (39%) and Trent (17%). Natural fluoride
water is found to various extents in Northern, Trent,
East Anglian, North East, Thames and Western Regions
(70) . Artificial water fluoridation schemes are also
found in Wales, the first area being Anglesey in the

original British Fluoridation Trial (4).

A survey carried out in June 1988 by the British

Fluoridation Society reported that overall 6.6 million
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people in England and Wales, residing in 49 Health
Districts, have public water supplies with a fluoride
level of over 0.7 parts per million fluoride content. A
further 2.7 million have water with a fluoride level
between 0.3 and 0.7 parts per million, which still

provides some benefit (70).

Since that survey, the Huddersfield fluoridation
scheme ceased in October 1989 due to water distribution
changes. The Watford scheme in S.W. Herts has also ceased
as the fluoride plant requires refurbishment. However
refurbishment of the West Cumbria plant was completed in
1990 and a new scheme was implemented in S.E.
Staffordshire at the beginning of 1990. Plans are well
advanced for the introduction of water fluoridation

throughout the North West Regional Health Authority area.

1.4 Fluoridation in Scotland

In Scotland Fluoridation of the public water
supply, at a rate of 1 part per million, began in
Wigtownshire in 1967. Also in Scotland, the towns of
Lerwick and Wick fluoridated their water supplies and a
small area of Argyllshire also received fluoridated
water. Plans to commence a large scheme in Strathclyde
Region were halted by legal action challenging
fluoridation on the grounds of legality and health risk.
After a lengthy action, Lord Jauncey delivered the
verdict that fluoridation of Water Supplies was

beneficial and carried no risk to health whatsoever (8).



41

However he found that water fluoridation was Ultra Vires
and it was beyond the legal powers of Strathclyde
Regional Council to add Fluoride to the public water
supply. As a result, fluoridation of public water
supplies ceased in Scotland in 1983. No legal action has
been taken in England and Wales, so fluoridation
continues there. A bill, legalising water fluoridation,
received the Royal Assent in 1985 (71). However, although
it is hoped that fluoridation of public water supplies
will start again in Scotland, an indemnity and guide-
lines had first to be agreed by the Scottish Office and

the Confederation of Scottish Local Authorities (COSLA).

In May 1991, the Secretary of State reaffirmed the
government commitment to supporting water fluoridation
and indicated that circulars would shortly be issued to
Health Boards and Local Authorities setting out the
procedures for implementation of the Water Fluoridation

Act (Appendix 1).

The guide-lines were published on 27th June 1991
(Appendix 2) giving guidance to the Scottish Health
Boards on the consultation process to be followed. A
model agreement and model indemnity were also provided.
The guide-lines confirmed the government view that
fluoridation of public water supplies was a safe and

effective means of reducing tooth decay.



1.5 Fluoride Studies in England & Wales

Five and a half years after the fluoridation of
Birmingham’s water supply a study of caries prevalence in
5 year old children was carried out, with children in the
Borough of Dudley as the control (72). The children were
examined between 1967 and 1970 and caries levels were
found to halve over the period in the fluoridated area,
while caries prevalence remained fairly constant in

Dudley.

Six years after water fluoridation began in part of
Cumbria, examinations were conducted on primary school
infants in 2 towns in the fluoridated area and 2
comparable low-fluoride towns (73). Caries experience in
the fluoridated area was found to be 46 per cent less
than in the non-fluoridated communities. These findings
were in accord with those from naturally and artificially
fluoridated communities with water supplies at 1 part per
million and show water fluoridation to be highly
effective in substantially reducing the incidence of

dental caries.

A blind study was carried out of caries experience
in 5 and 15 year old children in Anglesey who had a life-
time exposure to fluoridated water (65). As the original
fluoridation trial control area had also fluoridated its
water supply in 1964. Two towns, Bangor and Caernavon,
on the mainland side of the Menai Strait where negligible

levels of fluoride were present in the water were
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selected as the control. To avoid bias during the
examination, all children were brought to one central
examination centre. Neither of the two examiners were
aware of the area the children resided. The investigation
found that fluoridation in Anglesey was having a marked
and beneficial effect on the incidence of dental caries.
Caries experience in the 15 year old children of Anglesey
was almost half of that of mainland children. Caries
experience in the 5 year old children was less than might
have been expected, but this was thought to be due to
interruptions and falls in the fluoride content during a
two year period of their life. Incisor teeth were found
to have particularly benefited from fluoridation. It was
also reported that there was little community difference

in the various grades of mottling.

A further fluoride survey was undertaken in
fluoridated Birmingham, comparing the dental health and
treatment needs of infant and secondary school pupils
with similar children in non-fluoridated Salford (74). In
Birmingham, the infants had 54 per cent less dmf teeth
than in Salford, while 47 per cent had no caries
experience compared with only 29 per cent in non-
fluoridated Salford. Similar results were reported for
the secondary group with particularly large differences
in the permanent anterior teeth. This study also
attempted to quantify the economic benefits of water
fluoridation, utilising the Resource Related Index (75)

which is based on the National Health Service item of
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service fee scale. It was found that fluoridation had

halved the cost of treatment needed for caries.

Fluoridation commenced in the Newcastle Upon Tyne
area in October 1968. In order to assess the effect of
fluoridation on the dental health of children, a survey
of caries prevalence in 5 year old children continuously
resident in fluoridated and non-fluoridated urban and
rural areas was carried out in 1974 (76). Dental caries
experience was found to be 57 per cent lower in the urban
fluoride area and 67 per cent lower in the rural fluoride
area compared with the non-fluoride areas. A similar
trend was seen in the mean decayed, extracted and filled
surface results. With a score of 4.5 in the urban
fluoridated area group compared with 11.6 in the non-
fluoride urban area a percentage difference of 61 per
cent. Comparing the rural communities a 74 per cent
difference in mean dmfs was found, with mean scores of
3.1 and 11.7 respectively. The potential costs of
treatment required were 61 per cent lower in the
fluoridated urban area aﬁd 76 per cent lower in the rural
fluoride area. Life-time experience of toothache and
general anaesthesia was around one half lower in the
fluoride groups. There was three times as many children
with no caries experience in the fluoridated areas. No
consistent relationship was found between white flecking
of deciduous enamel and water fluoridation. This study,
in agreement with Weaver (62) found no evidence to

support claims that fluoridation delays the eruption of
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teeth. However the analyses demonstrated that early loss
of deciduous molars leads to accelerated eruption of
first permanent molars. As loss of deciduous molars is
less likely in fluoridated areas, this may explain any

apparent delay in eruption fluoridated areas.

Since 1968 the public water supplied to 4 districts
of Leeds has been fluoridated and ten years after the
commencement of the scheme, a survey was carried out
comparing the caries experience of 5 year old life-time
residents of these districts with two neighbouring low
fluoride districts as comparison (77). Caries prevalence
in the fluoride district was 62 per cent lower with a
mean dmft score of 123 compared with 3.28 in the low-
fluoride group. The number of caries free children in the
fluoridated group was almost twice that of the low
fluoride children. The caries experience of the children
from the low fluoride districts was in accord with the
apparent trend to reductions in caries experience in
English 5 year old children (78). It was suggested that
the factors responsible for this downward trend could

have enhanced the effect of the water fluoridation.

The relationship between caries experience and
social class has been investigated in a number of studies
and age groups and it has been found that caries
experience is higher in lower social classes. Rugg-Gunn
et al. therefore studied what impact the introduction of
water fluoridation might have upon relative caries

experience of different social classes (79). Studying 5
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year old children in fluoridated and non fluoridated
areas they reported a greater effect from fluoridation in
lower social classes with a 71 per cent difference in
social classes IV & V compared with a 26% difference in

classes I & II.

A study in 1978 of four communities in N E England
with differing fluoride levels ranging from <0.1 to 1
part per million Fluoride found that caries experience
varies immensely with water fluoride levels and that
clinically important caries reductions are found in areas
with less than optimal fluoride levels (80). In the four
areas, mean dmf surface scores were 11.6 in the low
fluoride area, 8.9 and 6.2 in the 0.2ppm and 0.5ppm
Fluoride areas, and 4.1 in the optimal fluoride area.
Differences between the adjacent pairs were statistically
significant at the 5 per cent level. This study also
found substantial differences between areas in the

potential cost of treatment required.

In 1981, twelve years after water fluoridation was
introduced in Newcastle Upon Tyne, a further study was
conducted using the same criteria and methods as the 1976
study, although separation of rural and urban areas was
omitted in 1981 (81). Similar results to the 1976 study
were reported. However over the period covered by the two
surveys, caries experience had fallen by over one third
in both fluoridated and non fluoridated areas, but the
percentage differences in mean dmft scores remained

virtually unchanged at 59 per cent overall in 1976 and 58
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per cent in 1981. As in 1976, a higher percentage
difference was found between the mean dmf surface scores
in the fluoridated and fluoride-low areas, mean dmfs
being 2.14 in Newcastle and 5.70 in Northumberland, a 62
per cent difference in tooth surface caries experience.
The relationship between this general fall in caries
prevalence and fluoridation of water appears unclear,

although the benefit of fluoride has remained constant.

In 1981, prior to expansion of fluoridation of
public water supplies in the West Midlands, an
investigation was designed to study the relative effects
of fluoridation and social background on the caries
experience of 5 year old children (82). As the Black
report (83) has reported that a working class person is
at a greater disadvantage when living in a socially mixed
area, the sample was chosen from electoral wards
stratified into predominantly high or low social class
populations rather than utilising the individual
children’s social class. 393 children were examined in
fluoride and non fluoride areas of Birmingham and the
results showed that fluoridation reduced caries
prevalence by almost 50 per cent, with a mean dmft score
of 1.09 in the fluoride and 1.91 in the non fluoride
areas. The children from the low social background were
found to have caries prevalence three times higher than
those from the high social background. This was at

variance with the finding of the study of children in
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Newcastle and Northumberland that fluoridation eliminated

significant social differences (79).

This difference may be due to a combination of two
factors. Carmichael (79) and his co-workers divided the
children on the basis of individual social class rather
than by social background. Additionally caries levels
were higher in N.E. England than in the North Midlands
and fluoride is normally more effective in areas of high
caries levels. If there is little caries to reduce the
power of any inhibitory agent will diminish. Bradnock
concluded therefore that the incompatibility of the
results of the two studies was only apparent and
concluded differences between geographical locations made

locally-based studies necessary (82).

A further study of the effects of water
fluoridation in Anglesey was carried out in 1983 (84).
Despite the steps taken in the 1974 study (72) to
eliminate bias by providing blind examination facilities
some opponents of fluoridation had argued that the
control community was inadequately defined and that the
study was not double blind. Although, unlike clinical
trials, point-prevalence studies are rarely double blind,
a large sample was chosen in each area to enable all
children to be examined and then excluded later on the
basis of non-life-time residence, use of fluoride
supplements and type of water supply to provide a double
blind study. Apart from this, change in the sampling

method, the study method was similar to the 1974
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methodology. Although there had been a secular fall in
caries in children in both fluoridated and non
fluoridated areas of Gwynedd between 1974 and 1983, the
fall had occurred in both areas and the differences in
caries prevalence between the two groups were largely
maintained. 5 year old children in Anglesey had 55 per
cent less caries experience than the control group with a
mean dmft scores of 1.59 and 3.55 respectively, compared
with 2.83 and 4.58 in 1974. Despite secular falls in 15
year old children from a mean DMFT of 6.37 in fluoridated
and 11.44 in non-fluoridated areas in 1974 to 4.73 and
7.69 respectively, caries prevalence in the fluoride area
was still 38 per cent lower in 1983. A 12 year old group
was also studied in 1983 and a 43 per cent difference
found in caries experience between the fluoride and non

fluoride areas (84).

As the North West Regional Health Authority were
planning the implementation of water fluoridation in the
North West area, and caries prevalence had fallen in
England and Wales (85) including the N W of England (86),
a study was carried out to review the potential benefits
of fluoridation. The aim of the study was to compare
caries experience of 5 year old children in Newcastle
(fluoridated) and North Manchester (non-fluoridated)
against the changing levels of dental disease in 1985
(87). The results of the study were in line with previous
studies, caries experience of 5 year old children was

approximately 60 per cent lower in Newcastle with a mean
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dmft of 1.33 compared with 3.31 in North Manchester. The
North Manchester children had suffered significantly more
toothache and undergone more dental extractions. While 62
per cent of Newcastle children had no experience of
caries compared with the 29 per cent in North Manchester,
only 2 of the Newcastle children had a caries rate of at
least dmft=10 compared with 24 in North Manchester. The
investigators concluded that despite the general
improvement in dental health in the past decade, there
was still a significant difference between children
living in fluoridated and non fluoridated districts in

the North of England (87).

A further study in the North West Region was
undertaken in 1987 to consider the benefits of
fluoridation for 14 year old children in the Bolton
Health District which has a water supply with less than
0.1 parts per million fluoride (88). The South
Birmingham District, which had been fluoridated at 1 part
per million since 1964 was the comparison area. Although
the two districts have similar social class profiles, a
statistically significant mean difference of 1.53 DMFT
(40 per cent lower) was reported between South Birmingham
(DMFT 2.26) and Bolton (DMFT 3.79). A difference which is
important in both dental health and economic terms.
Health Authorities in the North Western Region are
currently promoting policies which it is hoped will lead
to 90 per cent of the Region’s 4 million population

receiving fluoridated water by 1993.
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Although the percentage difference in fluoridated
Newcastle had remained virtually unchanged at 58 per cent
in 1981 (81) compared with 59 per cent in 1976 (76) there
had been a decline in caries prevalence of 36 per cent in
the Fluoridated area and 37 per cent in the non
fluoridated area over this period. As this general fall
in caries levels had reduced the absolute saving in dmft
in 5 year old children, a further survey was carried out
in 1987 to determine the current effectiveness of
fluoridation in Newcastle and whether caries levels had
continued to decline in North East England during the
1980’s (89). The survey followed the same methodology as
the previous studies and mean dmft of children in the
fluoridated area was 1.8 compared with 3.9 in the non
fluoride area, a difference of 2.1 teeth per child or 54
per cent less. The corresponding dmfs scores were 2.8 and
7.0 respectively, a difference of 60 per cent or 4.2
surfaces per child. 50 per cent of the children in the
fluoridated area had no caries experience compared with
32 per cent in the control area. The difference in
potential treatment costs was again examined based on the
1986 National Health Service fee scale and was found to
be £9 - 91 per child greater in the non fluoridated area.
Studying secular trends, the reduction of over one third
in caries levels between 1976 and 1981 had not continued
and there was, in fact, a non significant marginal
increase in both areas. It was concluded that water
fluoridation remained a cost effective public health

measure in Newcastle (89).
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1.6 Fluoride Studies in Scotland

Many studies have been carried out in England to
assess the effect of fluoridation on caries prevalence.
The results have all shown average caries prevalence to
be 38 - 63 per cent lower in the fluoridated areas
compared with the controls. The first study of the
effects of fluoridation of public water supplies in
Scotland was the Ayr/Kilmarnock study which was part of
the British Fluoridation Trials (4,5). Five years after
the introduction of water fluoridation, caries levels in
5 year old children in Kilmarnock were 50 per cent lower
than in the control town of Ayr. Fluoridation ended at
this time because Kilmarnock Town Council voted to
withdraw from the trials. Monitoring continued and 11
years after the beginning of the trial, 5 years after
fluoridation ceased, caries levels had increased in

Kilmarnock to the same levels as in the Ayr children.

The next investigation of water fluoridation in
Scotland was a study in 1976, comparing caries
prevalence in three rural areas in Dumfries and Galloway
(90). One area was in the fluoridated area of Wigtown
District, where fluoridation had commenced in 1967, the
other rural areas had water supplies with negligible
levels of fluoride. This small study found that caries
prevalence measured by mean dmft was 52 per cent lower in
indigenous 6 year old children attending state schools in
the fluoridated area compared with the two non fluoride

areas. A fissure sealant study reported caries data for
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5-6 year old children in fluoridated and non-fluoridated
areas in Galloway in 1976 (91). This study found obvious

benefits in caries inhibition in the fluoridated area.

In 1980, a study compared the dental health of
children who were life-time residents of Stranraer, a
fluoridated urban area in the Wigtown District, with
similar children living in Annan, a non-fluoridated town
in Dumfries and Galloway (6). A 44 per cent difference in
mean dmf teeth was reported in 5 year old children
attending state primary schools in Stranraer when
compared with Annan. The mean dmft score for Stranraer
was 2.48 and 4.39 in Annan, a difference of 1.94 teeth
per child. Ten year old children were also examined and
mean DMFT scores of 1.66 and 3.35 respectively were
found, a 50 per cent lower score in Stranraer than Annan.
This study also compared potential treatment costs in the
two towns by means of the Resource Related Index (75),
which is based on the National Health Service dental
practice scale of fees. The differences in the potential
cost of treatment for dental caries were 56 per cent in
the 5 year old children and 76 per cent in the ten year

old children in the fluoridated community (7).

In 1969, the small town of Wick in the far North of
Scotland began to fluoridate its water supply at a level
of 1 part per million Fluoride ion. Following local
government changes in Scotland, Highland Regional Council
became responsible for this water supply and the decision

was taken in late 1977 that fluoridation should cease in
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Wick " to bring it in line with the rest of the region ".
As no caries prevalence data had been collected in Wick,
a study was initiated in 1979 of caries experience in
Primary 1 ( 5 year old ) children in Wick (92). It was
reported that the mean dmft score in children who were
life-time residents of Wick was 2.63 in 1979, with a mean
dmfs score of 7.80. A further study was carried out in
1984 to assess the effect of the ending of water

fluoridation in Wick. This study will be reviewed later.

A follow up survey to identify secular trends in
the dental health of schoolchildren resident in
Stranraer, which had been fluoridated until July 1983,
and Annan was carried out in 1986 (9). The same criteria
and methods were used as in the previous study of 1980
and the examiner was one of the two examiners in the
earlier study (4). A 15 year old age group was added to
the 5 and 10 year old groups studied in 1980 to assess
the effect of a longer period of fluoridation. In 1986,
mean dmft for 5 year old children, who were life-time
residents of formerly fluoridated Stranraer was 1.17, 53
per cent lower than the 1980 dmft figure of 2.48 giving a
mean difference of 1.31 teeth per child between the two
studies. The same comparison of Annan 5 year old children
showed only a 13 per cent reduction in caries prevalence.
Mean dmft in Annan 5 year old children was 3.82 in 1986,
compared with a mean dmft of 1.17 in Stranraer, giving a
percentage difference of 69 per cent. Although

fluoridation had ceased in 1983, the children of
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Stranraer still demonstrated a benefit from previous
exposure to fluoridated water. As early as 1941, Dean and
Arnold had reported that children who had been subjected
to the effects of fluoride pre-eruptively had less caries
even when fluoride ceased post-eruptively (36). In the 10
year o0ld children, mean DMFT was 1.72 in Stranraer and
2.81 in Annan, a difference of 39 per cent. However while
mean DMFT in Annan was 16 per cent lower than in 1980, in
Stranraer it had increased by a non-significant 4 per
cent over the period. It was suggested that, while there
still appeared to be a residual benefit from fluoridation
to the Stranraer 10 year old children, the lack of an
improvement in caries levels over time might be the first
indication of a detrimental effect from the cessation of
water fluoridation (11). There was a 65 per cent
difference between the mean DMFT score of 2.72 in
formerly fluoridated Stranraer and the score of 7.95 in
the 15 year old age group in Annan, with a mean
difference of 5.03 teeth per child (9). There was
therefore still a beneficial accruing in all three age
groups from the previous fluoridation of Stranraer water
supply. A study of potential treatment costs in the 3 age
groups in Stranraer and Annan found similar reductions in

costs calculated by the Resource Related Index (10).

1.7 Fluoride studies world-wide

The following illustration (Figure 1) by Naylor and
Murray summarises the results of a review of 95 studies

in 20 countries (52). For deciduous teeth percentage




caries reductions have been reported in the range of 20 -
80 per cent (93). Figures for permanent teeth range from
20 - 90 per cent. However, as can be seen from the vast

majority of studies reported a reduction of between 40

and 70 per cent (52).
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Figure 1. Summary of 95 fluoride studies (52).
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A further review of a further 113 studies,
including 59 from the United States of America, reported
in the 1980’s was carried out by using the same methods
as the previous survey of world literature (94). The
authors concluded that modal caries reductions for both
deciduous and permanent dentitions are between 40 and 60
per cent, whether a historical or parallel control group
was utilised, justifying the statement that fluoridation

cuts caries by half.

Higher percentage caries reductions tended to be
recorded in studies using historical controls, suggesting
that when background caries levels are changing,
historical control studies should be interpreted with
caution. Table 3 illustrates the results of historical

and parallel control studies (94).

However Sutton in 1974 (95) re-examined data from a
small number of studies and claimed that there was no
statistical basis for linking caries reduction with
fluoride in water. This claim was refuted by several of

the participants in the studies quoted.

This report was followed by an analysis by
Ziegelbecher of 25 papers on dental caries and water
fluoride content published between 1938 and 1976 (96).
Ziegelbecher concluded that at the so-called "caries
prophylactic level" of fluoride of 1 part per million,
some signs of intoxication in the form of fluorosis must

be expected but no caries prophylactic effect. However,
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Busse et al (97) analysed the same data, selecting only
12 - 14 year old groups as Ziegelbecher did, and reported
that this contrary finding arose from three simultaneous
methodological errors. These were the use of a uni-
factorial instead of a multi-factorial model, the quoted
data were only partly used and aggregated and the method
of analysis applied by Ziegelbecher was inappropriate.
They concluded that analysis of all relevant information
in the published studies confirmed an inverse
relationship between the fluoride content of drinking

water and the prevalence of dental caries (97).

Thus a considerable weight of evidence, collected
over a number of years shows that the addition of
Fluoride to the public water supplies at the optimum
level will substantially reduce new caries. The
physiology and metabolism of Fluoride ingestion have been
studied in great detail for many years and no harmful
effects have been found when Fluoride is taken in the
recommended dosage. The World Health Organisation and
many national medical, dental and other health
organisations have actively endorsed fluoridation as a
significant factor in improving the dental health of

communities (98,99,100).

1.8 Effects of Removal of Fluoride from Water

Supplies

Most studies have investigated the effectiveness of

fluoridation in communities where fluoride had been
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continuously present in the water supply once
fluoridation started. The question therefore arises
whether the beneficial effect of fluoride in the water
supply continues or the caries inhibitory protective

effect is lost when fluoride is withdrawn.

MacKay stated "that once acquired, the inhibitory
effect of fluorine is permanent and is not diminished by
later migrations" (101). Further studies indicated that
people moving from fluoride communities to a non-fluoride
area retained the protective effect of fluoride
undiminished. Mackay concluded that the use of
fluoridated water after calcification of the enamel was
necessary (102). Other studies had reported that teeth
with fluoride deposited in them during the development
period appeared to retain their resistance to caries
throughout 1life (103). In Bauxite, it was reported that
children who had been exposed to fluoride during the
formative pre-eruptive stage of their teeth had less
dental decay even when they did not have continued post-

eruptive fluoride exposure (104).

The literature has also shown that the ingestion of
fluoridated water produces an increased resistance in
teeth which had erupted prior to the availability of the
fluoride. Klein reported that there was an increase up to
60 per cent in resistance to caries in non-carious teeth
which had erupted before fluoridation commenced (105).
The New Jersey and Brentford studies confirmed these

findings (43,45).
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However in 1959 the community of Galesburg,
Illinois changed its water supply from three deep wells,
which had water containing an average of 2 parts per
million of fluoride, to the Mississippi with fluoride
content of less than 0.1 part per million. Clinical
observations appeared to indicate carious lesions were
developing in previously caries free children as a result
of this water supply change. Accordingly a study of 6,
10, and 14 year old children was undertaken in 1961
(106) . Previous studies had taken place in 1938 (35) and
1958 (106) and no significant differences found over the
20 year period, for example mean DMFT of the 14 year old
age group was 2.01 in 1938 and 2.02 in 1958. However in
1961 14 year old children who had received fluoride
containing water for the first twelve years of life had
an increased mean DMFT of 2.79. There was also a 10 per
cent decrease in the population of 14 year old children
with no caries experience and a 38 per cent increase in
incremental carious lesions. Similar findings were also
reported in the 6 and 10 year old children in 1961 when
compared with the previous studies. It was concluded that
the significant differences were the result of the change
in water supply. There appeared to be a topical benefit
from the presence of fluoride in the drinking water: The
report of the study concluded that "to maintain the
limited immunity that existed while ingesting the
fluoridated communal water, the continued use of fluoride

was essential for children of all age-groups" (106).



The first study of the dental consequences of
ending controlled fluoridation of a public water supply
was conducted in Austin, Minnesota. Water fluoridation
commenced in Austin in 1952 at a level of 1.2 parts per
million and was discontinued in 1956 after four years.
Annual examinations provided information relating to
dental health from 1952 to 1959. Jordan reported a
progressive decrease in DMF rates from 1952 to 1956.
However rates in 1958 and 1959 began to show an increase.
Jordan concluded that " the trend now indicates the decay

rate may return to its original rate of 1952 " (107).

Fluoridation of the city of Antigo’s water supply
began in June 1949 and the decision was taken to end
fluoridation in November 1960. A dental examination of
school children in 1960 showed that def/DMF rates
compared favourably with those of other fluoridated areas
in Wisconsin (108). A survey of the dental health of the
children in the city school system was carried out in
December 1964, four years after the controlled
fluoridation was discontinued (109). As a result of the
findings of this survey, a referendum was held and
fluoridation restarted in October 1965. A third series
of examinations was undertaken in May 1966 comparing the
results of the 1964 survey with the 1960 findings it was
found that mean def of kindergarten children showed a 92
per cent increase from 2.5 to 4.8 (109). Meaﬁ DMF scores
for second and fourth grade children showed 183 per cent

and 41 per cent increases respectively. Only children
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who were life-time residents of Antigo were included in
the two studies. It was originally planned to follow the
1964 study with a further study two years later. However
due to the reintroduction of water fluoridation, the
second study was carried out after an 18 month interval,
some six months after the restart. The findings of the
1966 study showed a further increase in caries prevalence
and a comparable decrease in caries-free children (109).
Kindergarten children showed an increase of 112 per cent
in mean def to 5.3 when compared with 1960. Second grade
children had mean DMFT counts of 0.6, 1.7 and 2.0
respectively, an overall increase of 233 per cent since
1960. Caries rates in fourth year children in 1966 had
increased by 70 per cent from 1.7 in 1960 to 2.9. Sixth
grade children were also examined in 1966 and a 91 per
cent increase in the DMFT rate found when compared to the
1960 study. The numbers of Kindergarten children with no
caries experience had fallen by 53 per cent in 1960.
Proportions of children with no caries experience in
permanent teeth had decreased between 63 and 67 per cent
over the six year period. The findings of these studies
had confirmed the hypotheses propounded by Russell

regarding the caries inhibitory effect of fluoride (110):

a) Fluorides may be incorporated into
tooth enamel either during the process of calcification
or after eruption and when so incorporated are effective

in the inhibition of dental caries
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b) The inhibitory effect tends to persist
so long as fluoride is continued, but tends to be slowly

lost after fluoride exposure is discontinued

c) Periodic or continuous renewal of
the fluoride content of tooth enamel is required for

maintenance of the maximum caries-inhibitory effect.

After scanning the available data, Newbrun has
concluded that the caries-protective effect of water-
borne fluoride is diminished when fluoride intake is
discontinued and the maximum inhibitory effect is not
permanent but tends to be slowly lost (111). Maximum
caries inhibition requires continued exposure of the
enamel surface to fluoride. This suggests that fluoride
acts systematically and topically in plaque and the

enamel surface.

Although the mode of action of fluoride in reducing
caries has not been fully clarified there are at least

three mechanisms that appear to be important (112):

a) If fluoride is present in appropriate
concentrations during tooth development it is
incorporated into the enamel of the developing teeth
prior to eruption. Fluoride rich enamel is more acid

resistant than fluoride low enamel.

b) After eruption, fluoride ions
counteract enamel dissolution and aid the

remineralisation of very early carious lesions. This



topical action appears to be the most important fluoride

action

c) Fluoride ions may inhibit enzyme
action in the plaque, and thus less acid is produced on

the enamel surface.

Evidence supporting the systemic and topical
effects of fluoride can be seen in the data collected in
Kilmarnock as part of the British Fluoridation Trials
(4). After 5 years, caries levels in deciduous teeth in
Kilmarnock children had fallen compared with the control
town of Ayr, but following the withdrawal of
fluoridation, the topical effect was lost and caries

levels increased to similar levels to those found in Ayr.

Fluoridation of the public water supply at 1 part
per million Fluoride began in Kilmarnock in 1956, as part
of the British Fluoridation Trials (4). After five years
of fluoridation, caries prevalence had fallen by 42 per
cent in Kilmarnock when compared with the control town of
Ayr, mean dmft scores were 3.99 in Kilmarnock and 6.89 in
Ayr. However the Town Council decided to withdraw
Kilmarnock from the Trial and fluoridation was
discontinued in 1962. Dental examinations continued in
Kilmarnock and Ayr in conjunction with the other trial
areas. Eleven years after, fluoridation began and five
years after it had ceased, caries prevalence in deciduous
teeth had risen to the same levels as in Ayr (5). The

mean deft in the control town of Ayr in 1968 was not
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significantly different to the score of 5.81 in

Kilmarnock.

After the decision to end the water fluoridation
scheme serving Wick in late 1977, base-line examinations
were carried out in early 1979 to measure the caries
prevalence in 5 year old children who were born and
raised in the town. Five years later, in May 1984, the
same examiner repeated the examination of 5 year old
life-time residents of Wick (92). The results of the
studies showed that mean dmft had increased by 27 per
cent from 3,14 in 1979 to 4.30 in 1984. Mean dmf surface
counts were 8.42 and 13.93 respectively, a 39.6 per cent
increment. A 60.9 per cent increase in the number of
extracted teeth in 1984 was significant at the 1% level.
There had also been a non-significant reduction of 10 per
cent in the proportion of children who had no experience
of caries. This increase in caries levels had occurred
during a period when caries prevalence in the U.K. was
showing a downward trend. Additionally the social class
profile of Wick had altered during the study period with
a significant reduction in the number of children from
Social Class IV and V, with a matching increase in Social
Class I and II. In the light of other studies, the 1984
sample would therefore be expected to have a lower level
of caries experience than the 1979 sample. It was
concluded that "defluoridation of Wick’s water supply had
been most detrimental to the dental health of children in

that area" (92). The proven efficiency of water
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fluoridation from birth was again demonstrated. The
suggestion that the caries pattern is improving to such
an extent that water fluoridation policy might now be
questioned (12) was not borne out by the Wick results,
especially as the study period covers the time when

fluoride dentifrices have been available to all (92).

The study of secular trends between 1980 and 1986
in schoolchildren resident in Stranraer, fluoridated from
1969 to 1983, and Annan with negligible levels of
fluoride found that there was still a residual benefit
from water fluoridation in 5, 10 and 15 year old children
who were life-time residents of Stranraer by comparison
with Annan (9). However in a period when caries
prevalence in the population of the U.K. was falling
(113), ten year old children in Stranraer did not show
the improvement found in Annan children and mean DMFT was
marginally but not significantly higher (11).
Additionally, it was found that the potential cost of
restorative treatment required in 1986 had increased by
115 per cent, due to an increase in the number of
decayed surfaces (10). Although there was still a benefit
accruing from the period of fluoridation of Stranraer’s
Water Supply, these results suggested that, three years
after the cessation of fluoridation, the dental health of

children had started to deteriorate.

A similar early adverse trend had also been
reported in an East German Study which took place before

the recent declines in dental caries rates were



67

documehted (114). Although the city of Karl-Marx-Stadt
had fluoridated from 1952, due to technical problems the
fluoride level was at sub-optional levels between 1970
and 1972. Caries levels in children between 3 and 15
years of age had been declining, but in 1974, caries
scores increased. This increase was attributed to the
period of sub-optimal water fluoridation (114). Caries
levels began to fall once again once adequate fluoride

concentrations were present in the water supply.



2. Changes in Caries Prevalence

In the past few decades, an increasing number of
studies have examined the prevalence of dental caries in
developed countries. More recently studies have examined

caries prevalence in developing countries.

These many studies have revealed two distinct
trends in caries prevalence. A general downward trend in
caries levels, especially in children, has been reported
in most industrialised or developed countries, with
caries prevalence falling by 35 to 50 per cent since the
1970’s (115). However during a similar period, caries
levels have shown a steady increase in the developing
countries. This increase is believed to be due to dietary
changes resulting in large increases in sugar intake and

consumption (116).

It is proposed to review studies reporting trends
in caries prevalence in Europe and Britain under a number
of headings as follows:-

2.1 Trends in Europe
2.2 Trends in Britain
2.3 Trends in Scotland

2.4 National Surveys

2.1 Trends in Europe

A number of publications have reviewed changes in
caries prevalence in Western European countries

(117,118) and have reported declining levels of caries
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experience in children from about 1970. However data
relating to the then Federal Republic of Germany
demonstrated little change during the 1970’s, but several
recent reports indicate a reduction in caries prevalence
in children in recent years (119). The few studies
carried out in Greece showed an apparent rise in caries
prevalence in children which continued into the 1980’s
(120) . However a recent study of children in Athens
indicates that caries incidence may be starting to

decline in Greece (121).

In Holland, numerous surveys were carried out from
the 1950’s onwards providing evidence of a decrease in

caries prevalence among Dutch children (122).

Dental examinations were carried out every three
years from 1969 to 1984 to monitor a long term Dental
Health Education programme in the Hague (123). The data
collected over a 15 year period showed a decreasing trend
in caries prevalence in children in the Hague. This
decrease was first noticed in 1975 and by 1984 a
comparison with the 1969 data showed an 86 per cent
reduction in dmfs in 5 year olds and a 76 per cent fall
in DMFS in 7 year olds. Substantial increases in the
population of children with no caries experience were
also found. For example 65 per cent of 5 year olds had no
experience of caries in 1984 compared with just 1 per
cent in 1969. In 1984, 10 year old children had a DMFS
score of 2.18, lower than the mean score of 3.94 reported

for 9 year old schoolchildren in 1978 (124). However an




inverse gradient was found to be present during the 15

year study period when comparigg socio-economic status

and caries experience. The cause of this trend to lower
caries levels was thought to be multi-factorial. The

decline was already apparent before fluoride dentifrices

formed the majority of toothpaste sold in Holland.

A comparison of caries prevalence in studies of 14
year old children in Norway between 1959 and 1984
demonstrated a 78 per cent reduction in caries levels
over the period (125). Mean Missing and Filled surfaces
steadily reduced over the 4 studies from 34.1 in 1959 to
7.3 in 1984. Additionally mean DMFT of 12 year old
children had fallen from 10.1 in 1971 to 4.4 by 1982, a
5.5 per cent change (126). However the same age group in
Sweden showed a much lower percentage decline from a
mean of 4.8 in 1972 to 3.4 in 1982 (127). A Finnish study
investigated the occurrence of caries among 15 year old
children in Helsinki from 1976 to 1986 (128). All
indicators showed a significant improvement in dental
health during the ten year period, with the percentage of
intact teeth increasing markedly. The mean DMFT score

fell from 12.5 to 5.1 over the time.

While the trend to lower caries levels was revealed
in most studies in Western Europe, those countries with a
higher base tended to show a steeper decline. Similar
trends in caries levels have been reported in Scandinavia

and throughout most of Europe.
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Although, a comparative study in France showed no
change between 1975 and 1982 (129), later studies have
shown a fall in caries prevalence levels in 12 year old

schoolchildren.

Although data from some countries of Western Europe
is sparse, Oral Health Profiles for European countries
show a general tendency to higher caries levels in
Southern countries compared with Northern Europe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>